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1. Introduction

Most of the genital traumas are seen as traumatic genito-urinary injuries
on the way.

The incidence of genital trauma is higher in men than in women. Not only
because of anatomical differences, but also exposure to violence, heavy
sports and motor vehicle accidents are also effective.

Genitourinary trauma is seen in all age groups and mostly occurs with
blunt trauma.

>

In the last 10 years, clinical approaches in children with urogenital
system injuries have been discussed: According to this, the urogenital
system is affected in approximately 10% of trauma cases admitted to
the emergency units.

Most injuries occur as a result of motor vehicle accidents. Early
diagnosis and treatment are important to prevent serious complications
in such traumas.

Genital system traumas are seen in a different and wide range
according to the mechanism of occurrence and the age of the person.

Urinary system injuries and rectal traumas are also seen
accompanying genital traumas.

It is important to know the mechanisms of genital trauma and physical
examination findings, as well as to make the diagnosis and initiate
appropriate treatment in a timely manner (1, 2).

Pathophysiology: For the appropriate treatment of genital trauma, it is
necessary to evaluate the accident, the conditions of the other people
involved in the accident, the status of the injury and determine the potential
risk of the associated lesions (2, 3).
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Diagnosis: Examination of genital trauma requires information about the
accident and clinical examination. In the research, the confidentiality of the
patient's personal and sexual relations should be protected.

» Vaginal swab and other samples are taken for the detection of
spermatozoa in suspicious cases.

» In penetrating injuries or gunshot wounds, it is necessary to search for
and find information about the object and to state its role in the injury.

» A urinalysis is required.

» Flexible or rigid cystoscopy is recommended to determine whether a
woman has urethral and bladder injury.(2,4)

1.1. How should the approach be to the patient in urogenital traumas?

Generally, history and physical examination are sufficient, but hematuria
should be investigated by dipstick method in all patients without gross
hematuria. The chance of predicting underlying urethroi damage can be
reported as 50%. On physical examination, due to the mass effect of the
hematoma, the penis deviated in the opposite direction of the fracture site.
Treatment of penile factor requires urgent surgical intervention to evacuate
the hematoma and repair the laceration in the tunico albugineo.(2,3)

1.2. What should be the first evaluation of the patient in urogenital
traumas?

After the 112 health personnel arrive at the scene, they go to the patient
with the necessary equipment. Incident and patient safety, especially the
safety of the health personnel are ensured. If the bleeding is due to trauma,
neck spine immobilization is provided. Then the patient's consciousness and
ABC are evaluated and the continuity of the airway patency is ensured. The
patient is informed about what to do and the patient is calmed down. Clothes
are cut out. A full inspection is carried out in detail. In case of anus, penis
and vaginal bleeding due to laceration, abrasion, ovulation or puncture, local
pressure is applied with a moist cotton compress. Vaginal or rectal tapping
and compresses should never be placed. What has been done is recorded. The
patient is transferred to the appropriate health centre. (2-4)

1.3. Approach to urogenital trauma

It is possible that patients with urethral trauma may have other traumas
accompanying abdominal trauma. Reliable information may not be obtained
for many reasons such as the patient's state of consciousness. Blunt or
penetrating chest trauma can also affect the abdomen. It is difficult to
understand at first glance whether there is any damage in abdominal trauma.
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The most important finding of abdominal trauma is the picture of
unexplained shock.

While shock is seen in 30% blood loss in adults, shock may develop in
young adults in the presence of 50% loss. While physical examination
findings are more reliable in the presence of penetrating and abdominal
trauma, it is necessary to evaluate the patient more carefully in blunt traumas.
Urogenital injuries occur in 14% of pelvic fractures. The bladder neck is the
most injured area. It is less common in women because the urethra is short
and mobile. Horse riding-style injuries can be seen as a result of childbirth
and vaginal surgery. It is seen in situations such as sexual assault or
harassment. Girls younger than 17 are more likely to get high injuries due to
the more elastic pelvic ring. It is mostly seen in children with severe pelvic
pain.

Primary Evaluation: Detailed history (SAMPLE) and physical
examination should be taken and brief consciousness control (CABDE
should be evaluated).

» It is evaluated whether the patient needs ACLS. Airway safety is
ensured after the spinal cord is immobilized. It is checked whether
there is a foreign body in the mouth.

» Respiration is evaluated and oxygen is given to keep the saturation
above 94%.

» Circulation is evaluated, pulse, blood pressure, capillary refill time are
evaluated.

» Two vascular accesses are opened with a 16-18 branula.

» Open wounds are covered with sponge. The protruding organs are
covered with a sterile damp cloth.

» The patient's blood pressure is kept at 90 mmHg.

» If hypotension is present, 2L isotonic or linger lactate is given. In
children, the infusion rate is 20 mL/kg. The development of
hypothermia should be prevented.

» The abdomen is not palpated; the pulse and blood pressure values are
followed. CCC is informed about the hospital where the patient will
be transferred and its duration.

Secondary Evaluation: The patient is evaluated in detail from head to
toe.

> Injection (observation), palpation (touching with hands), auscultation
(listening with a stethoscope) and percussion (tapping with fingers)
and genital examination are performed.
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» A history of trauma to the pelvic region is taken. It is checked whether
there is blood in the vaginal dome.

» Gross hemaruria (any color other than bright and yellow, which is a
sign of urological injury).

» Pelvic pain may be detected during trunk and pelvis examination.

> Blood at the mouth of the urethra, inability to urinate, and a full
bladder are palpated. In 90% of the cases, blood is seen in the urethra
mouth.(1-5)

1.4. Conditions to be done during patient transport

In-hospital approach to trauma patients usually consists of initial
assessment (ABCDE), resuscitation, secondary assessment and monitoring,
treatment and, if necessary, transfer periods. If deterioration in the patient's
condition is detected, the first and second evaluation should be repeated
immediately and the necessary treatment should be started promptly. It is
associated with significant mortality and morbidity due to urogenital system
injuries. In order to prevent mortality and morbidity, a fast and aggressive
approach is required for diagnosis and treatment in the emergency
department. During the transport, the patient is placed in the position that is
most comfortable for him. Vital signs are followed. Keeping the airway open
and providing respiration is the first priority and should be provided in all
circumstances. In addition, significant external bleeding should be stopped,
precautions should be taken against the possibility of cervical injury, and
major fractures should be fixed in a way that prevents damage to tissues by
the fracture ends during transport.

The opinion of not wasting time with interventions other than these
predominates. Researchers have shown that the minimum time required to
administer 1V fluids at the scene of a multiple trauma patient is over 10
minutes. In addition, the possibility of blockage of this vascular access during
transport is quite high. For these reasons, the most accepted approach is to
transfer the patient to the hospital as soon as possible without any other
intervention, except for the above priorities, if the transfer of the patient from
the scene to the health institution will take 20-25 minutes or less. In addition,
it is possible to make additional attempts during transport in advanced
vehicles when necessary. The shorter the transport time of the patient, in
other words, the earlier the main treatment can be started, the lower the
morbidity and mortality.(1-3,6)
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2. Emergency Applications in Urogenital Traumas
2.1. Physical Examination in Urogenital Diseases
» The level of consciousness should be evaluated.

» Blood pressure, respiratory rate, and pulse rate should be evaluated
primarily.

» Respiratory status should be monitored during anamnesis and
examination.

»  Skin temperature, moisture, color, whether there is jaundice in the
sclera should be checked.

» The general appearance of the patient should be evaluated.

2.2. Things to Consider in Genital Examination

In both male and female patients, priority should be given to the privacy
of the patient, and genital examination should be performed in a separate
place, if possible.

It should be checked whether there are signs such as swelling, redness,
bruising, temperature increase, tenderness in the genital area.

Female pelvic examination: In the pelvic examination performed in the
lithotomy position, atrophic changes, ulcers and discharge can be detected on
inspection of the external genital organs.

Male penis examination: The examination should be done by pulling
back the foreskin (preputium) if the patient is not circumcised. Difficulty in
retraction of the prepuce is defined as phimosis. If the patient has a complaint
of bad discharge, tumor or balanitis may be revealed by withdrawal of
phimosin in the examination.

Neurological Examination: Perianal skin sensation, anal tone,
bulbocavernosus and cremasteric reflexes should be evaluated during the
neurological examination. Careful neurological examination may reveal a
sensory or motor abnormality causing residual urine or incontinence.
Bulbocavernous reflex in sacral spinal cord and peripheral nerve lesions; in
the differential diagnosis of testicular torsion and acute epididymitis, the
cremaster reflex is absent on the testicular torsion side.

Testicular Torsion: It should be diagnosed and treated in the first 6
hours. Cold application should be applied to painful testicles. (1,2-6)

3. Emergency Applications in Trauma of the Urogenital Region:

v’ Renal Colic
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v/ Acute Scrotum

v Circumcision related emergency complications (Urinary Retention,
Infection)

v Catheter insertion into the globe bladder

4. Treatment in Trauma of the Urogenital Region - Liquid Support:

v Bed rest, cold application, analgesia, prophylactic antibiotics and
scrotal elevation can be applied in mild injuries of the scrotum.

v If there is erosion, incision or tissue loss in the scrotum, it should be
washed with physiological saline first and then antibiotherapy should be
started by dressing with antiseptic solutions. After proper debridement, the
skin of the scrotum should be sutured. If the tissue loss is too great to be
closed primarily, it should be referred to an advanced center for
reconstructive surgery.

v If there is a testicular injury or suspicion, he should be referred to an
advanced center with an urology specialist for scrotal exploration.

v Topical antibiotics, wet dressing (In Circumcision)

v Parenteral fluid therapy (6,7)

5. Treatment in Urogenital Region Trauma

The type of injury, its localization and the severity of the damage
determine the treatment in urogenital traumas. When it is noticed that the
ureter is injured during the procedure, the ureter should be opened and the
vitality of the ureter checked, if there is any doubt about the viability, the
damaged area should be ureteroureterostomy (connection of two different
parts of the same ureter to ensure permeability) and end-to-end anastomosis
(the suturing of hollow organs).(8)

Examination under general anaesthesia is the most reliable way. A
vaginal examination should be performed if a perforation associated with the
bladder, rectum, and perifoneal cavity (intra-abdominal) is suspected.
Cystoscopy may be necessary at vaginoscopy or rectoscopy. Primary closure
of simple tear injuries with absorbable sutures is usually sufficient. A catheter
can be inserted to prevent a urination difficulty that may develop after edema.

After checking the integrity of surrounding tissues such as bladder and
rectum, necessary surgical treatment is applied. When a hematoma located
inside the vagina is detected, the decision is made according to the size of the
lesion (organ and tissue change). While it can be expected to disappear
spontaneously in small hematomas, a growing hematoma should be
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surgically evacuated, the vessels causing bleeding should be ligated and
repaired in accordance with the anatomy after hemostasis is achieved.(6,8)
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1. Carbon nanotubes

Carbon nanotubes (CNTSs) are highly essential molecules in future drug
designs with properties like strength, electrical conductivity, and thermal
conductivity, as well as an outstanding cargo support in the transport of
biomaterials. They can reach lengths of millions of times their diameters. The
materials utilized in producing technology are continually getting smaller in
response to changing human demands, and the doors to the nano world are
opening more and more to people as new technologies are discovered. As the
interest in nanotechnology increases, analysis methods created using
nanotechnology and nanoparticles with various shapes are becoming
increasingly valuable. Carbon nanotubes are extremely useful in chemical
analysis because of their various properties, including excellent stability,
elasticity, durability, and light weight.

1.2. CNT Properties

CNTs diameters of which can vary from 1 nm to 100 nm can be single-
layered or multi-layered. They differ in size starting from 0.1 pm. They have
different characteristics depending on whether they are multi-layered or
single-layered. Generally, single-layered carbon nanotubes have more
specific and perfect mechanical characteristics than multi-layered carbon
nanotubes. CNTs may easily agglomerate due to strong Van der Waals
forces, despite their good characteristics. Their usage is limited due to their
low chemical compatibility. As a result, numerous chemical techniques are
used to functionalize carbon nanotubes. Carbon nanotubes' solubility and
dispersion in liquids are improved by carboxyl, hydroxyl, and amino groups.
Electromagnetic shielding, biosensors, and energy storage devices are just a
few of the applications for conducting polymers. Polyaniline is one of the
conductive polymers used to give conductivity in polymeric matrices because
of its low cost, ease of production, and compatibility with other polymers.
Polyaniline, on the other hand, is a poorly soluble and difficult-to-process
polymer. For this reason, combining it with a variety of chemicals improves
its processability. Because they are extremely resistant to acidic and basic
conditions, these nanoparticles, with diameters in the nanometer range, may
be studied in a wide pH range.
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The primary goal of nanocarrier medication and cancer monitoring
systems development is to improve the efficiency of therapeutic and tracer
technologies while lowering the toxicity of the chemicals used. Traditionally,
spherical vesicle nanocarriers have been used to attain this purpose. Carbon
nanotubes, which are cylindrical molecules made mostly of carbon atoms,
can also be employed. CNTSs, which can be open-ended or closed-ended, are
continuous and cylindrical graphene sheets with a width of 1 nm and a length
of several micrometers. Single-layer walled nanotubes (SWNTSs) are made
from a single layer of graphene, whereas multilayer-walled
nanotubes(MWNT) are made from many layers. [1,2] (Figure 1)

Figure 1. Single and multi-layered CNTs

1.3. Usage of CNTs

Since their discovery by Lijima [1] in 1991, CNTs have been exposed to
intense interest due to their unique physical and chemical properties and high
durability in addition to their low weight nanocomposite materials and their
usage in many fields from electronic devices to sensors. Before being
functionalized with organic groups, pure carbon nanotubes are insoluble. The
usage of soluble CNTs for bioapplication has been opened the way after the
invention of these functionalization techniques. They can offer absorption or
conjugation reactions with numerous medicinal and fixative compounds due
to their large surface area. Surface engineering can be used to improve CNTSs'
dissolved dispersion rates and add functional groups that allow them to bind
to the required therapeutic material or perform therapeutic effects on the
targeted tissue. CNTs can be used in the therapy and diagnostics of diseases
by delivering the molecules they bind into the targeted cells [2-6]. The
addition of several functional groups to a recently created CNT makes it
highly promising for application in cancer treatment and monitoring [7].
Numerous studies have shown that CNTs may be taken up by cells, although
the mechanism behind this is still unknown. CNTs may penetrate the cellular
membrane and deliver the components they bind into the cell without causing
further harm because of their needle-like structure [3,4, 8-11].

46



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 02

Chen et al. [6] used an atomic force microscope tip to construct the
nanoinjector CNT system in vitro, attaching the functionalized MWNT to the
carrier chemical with a disulphate binder. The MWNT nanoinjector was
effectively carried inside the cell, where the disulphate bond was broken and
the carrier component was released into the cell fluid. The uptake of CNTs
into the cell is similar to nanoneedles removed from the membrane via
diffusion without triggering cell death [5] when the nanotubes are positioned
perpendicular to the cell membrane. The presence of fluorescent proteins
bound to SWNT biotin in the endosome has led to the belief that nanotubes
are taken up through endocytosis, according to a research by KAM et al. [12].
Despite this, in the absence of nanotubes, no protein was absorbed. Cell
penetration of fluorescently labeled functionalized CNTs in the cytoplasm or
nucleus of fibroblasts was seen using epifluorescence and confocal
microscopy [2]. In another study, it was detected that the uptake method of
MWNTSs is dependent on their size, that they are easier to internalize into the
cell when they are shorter than 1 m, and that the cellular uptake process is not
through endocytosis [13].

2. Clinical Compatibility

Because of their physical and chemical characteristics, carbon nanotubes
(CNTs) are a promising field of research for application in the diagnosis and
treatment of illnesses, particularly cancer, in the biological area. With the
unique optical characteristics, single-walled CNT materials display
photoluminescence in the near infrared range and are employed as an in vivo
fluorescence imaging tool. They also have an advantage in penetrating
through the cell wall and releasing the medications they carry into the cell
because of their needle form. They can show great biocompatibility and reach
cancer cells without being detected by the body's immune system if they are
functionalized with the proper amphiphilic surface material. PEG chains are
being studied extensively for biomedical applications such as implants,
biosensors, and protein/drug transport throughout the body due to their
hydrophilic nature. Therefore, molecular dynamics/molecular mechanics
studies on a wide variety of PEG-containing compounds are frequently
encountered such as protein-PEG-coated solid surface interactions [14-16],
protein-PEG polymer brushes [17-20], PEG-wrapped proteins, PEG-
liposome-drug systems [21]. At this point, PEG is suggested for converting
CNTs into biocompatible nanomaterials. Molecular dynamics simulations
have recently been used to investigate the length and density of PEG chains
attached to the CNT surface [22-23].
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2.1. Medical Applications of CNTs

CNTs have been presented in medicine and pharmacy for the application
of drug delivery system in therapeutics from the beginning of the 21st
century. Some biomedical applications of CNTs have been designed
including examples such as drug vectors, biomolecule, gene delivery to cells
or organs, tissue regeneration, and biosensor diagnostics and analysis [23].
Actually, owing to their high surface area, excellent chemical stability, and
rich electronic polyaromatic structure, CNTs make that possible to adsorb or
combine with a wide variety of therapeutic molecules (drugs, proteins,
antibodies, DNA, enzymes, etc.) and to move them near the targeted cell. The
drug can be loaded into the structure of CNT or attached to the surface of
CNT. These two different systems of drug delivery combined with CNT have
been defined without internalization of the CNT carrier. Also, the drug and
the CNT carrier can enter the cells by the endocytosis pathway or by the
insertion and diffusion pathway. The method of internalization is more
powerful than the surface attachment. Actually, after entering the cells, in the
method of internalization, the intracellular environment demages the
conjugated drug releasing pharmacological agents into the cells; whereas in
the surface attachment method, the drug can be demaged in the physiological
fluids prior internalized by the cells. Both of these new approaches in drug
delivery were first used respectively to bind antineoplastic and antibiotic
drugs to CNTSs for the treatments of cancer and infection [24, 25].

2.2. Usage Areas in Anti-Cancer Treatment

Various anti-cancer drugs such as epirubicin, doxorubicin, cisplatin,
methotrexate, quercetin and paclitaxel have been combined with the CNTs
which are functionalized and have been successfully evaluated both in vitro
and in vivo [24]. The chemotherapy agents can bind to a complex which is
formed by CNT and antibody against antigen overexpressed on the cancerous
cell surface. By this means it is possible to carry the drug mostly at the level
of the tumor cells. The drugs can be attached to the surface of the nanotubes
with a magnetic CNT complex obtained by fixing a layer of magnetite
(FesO,4) nanoparticle. In that case, an externally placed magnet to target a
desired organ which is interested in the cancer cell localization by sparing
normal counterparts [26] can lead the system CNT drugs. In addition, owing
to their tiny size and accessible external modifications, CNTs can cross the
blood-brain barrier (BBB) by a variety of mechanism aimed at acting as
effective delivery carriers in order to treat brain tumors [27]. The CNTs have
indicated that some properties in targeting the drug for different tumor types.
Taghdisi et al. explained that a tertiary complex of Sgc8c aptamer,
daunorubicin, and SWCNT can effectively internalized the human T-cell into
the leukemia cells (MOLT-4 cells) [28]. Compared with free taxol in a

48



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 02

murine 4T1 breast cancer cell model, a water-soluble SWCNT-Paclitaxel
(PTX) conjugate has been found to have a very significant effect in
suppressing tumor growth; and it is possible for both the extended blood
circulation and enhanced permeability and retention (EPR) effect by SWCNT
[29]. Ji et al. evolved an impelling drug delivery system (DDS) based on
chitosan and folic acid modified by SWCNTs for the controllable
loading/release of the anticancer agent doxorubicin. The obtained DDS not
only Killed effectively the hepatocellular carcinoma SMMC-7721 cell lines
and suppressed the growth of liver cancer, but also exhibited less in vivo
toxicity than free doxorubicin. Some studies have shown that the CNTs
which are used as carriers can be effectively applied in antitumor
immunotherapy [30]. These approaches rely on stimulating the patient’s
immune system to hit malignant tumor cells. The stimulation can be provided
by the administration of a cancer vaccine or a therapeutic antibody which is
used as a drug. The conjugation of CNTs with tumor immunogens can
activate immune effector T cells in vitro. This activation is the result from the
high avidity of antigen on the surface and the negative charge of CNTs. Thus,
it is possible to apply the inert materials (CNTs conjugated to tumor antigens)
to the patients by avoiding the administration of biological material, which
increases both risks and costs depending on the preparation methods of the
immunogens [31].

2.3. Gene Therapy and Drug Delivery

SWCNTSs show the potential to act as carriers for small molecules in
biological systems, and that is a practice which has engaged much attention
from academia and industrial research departments for several years [32]. It
has been detected that in some cases SWCNTs may have low cytotoxicity;
and also because of their large specific surface area, they are able to carry
more active drug molecules per weight unit when compared to vesicles and
other vehicles which are typically used. In considering the situation where
SWCNTSs are used to carry genes, it has been observed that they are able to
cross the cell membrane and deliver the gene inside the cell and into the
nucleus. The majority of research conducted in different variations of CNT
based drug delivery systems is directed towards cancer theraphy [33, 34].
Because not much is known about the transport mechanisms, fate and adverse
effects of CNTs in cell-level applications in the biomedical field, it is
supposed that they will not reach the market in the immediate future [35].

2.4. Organ Toxicity of Medical CNTs and Respiratory System

One of the most important study areas and target organs for the CNT is
the respiratory system. Also, one of the most common ways which people are
exposed to airborne CNT is through the inhalation in the workplace and the
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environment (Fig. 4). The inhalation exposure to CNT can cause significant
adverse respiratory effects, at least as seen in experimental animal studies,
such as multifocal granulomas, peribronchial inflammation, progressive
interstitial fibrosis, chronic inflammatory responses, collagen deposition,
pleural lesions and gene mutations. The accumulation of CNT in the
respiratory tract is greatly defined by the aerodynamic or thermodynamic
diameter of the particle, which gives the NP the probability of reaching deep
alveoli about 20 nm in size. Thus, although it consists of the same carbon-
carbon bond arrangement, Mercer et al. revealed great differences in the
distribution, toxicity and clearance rates of the CNTs from the lungs,
depending on the size of their structures [36, 37].

3. Conclusion:

The application of nanotechnology in medicine is anticipated to become
widespread as quickly as possible. During the recent years, the
pharmaceutical industry has been using nanoparticles to reduce toxicity and
side effects of drugs [24, 38]. Carbon nanotubes have become commonplace
in global medical research today, where scientific research focuses on drug
delivery properties, biosensor methods for disease treatment and health
control. Carbon nanotubes have demonstrated that they have the ability to
change and transform the drug delivery process and biological diffusion
methods for the better and better of the current situation. Therefore, carbon
nanotubes have become the focus of attention in different fields of medicine.
The single-walled carbon nanotubes have been proven to be functional due to
their ability to increase solubility and enable to target tumors or adequately
deliver the drug. In addition, the functionality prevents single-walled carbon
nanotubes from becoming toxic for cells or altering the function of immune
cells. We can state that cancer, from a group of diseases in which cells grow
irregularly, is one of the diseases that has been studied by considering how it
responds to the drug delivery process using carbon nanotubes. While noting
that treatments for cancer today mainly include surgery, radiotherapy, and
chemotherapy. On the other hand, it should be kept in mind that these
treatment methods carry a lot of pain, and they are very painful, and also they
kill many cells as well as cause multiple side effects [39, 40].
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1. Introduction

Glanzmann Thrombasthenia (GT); It is a rare autosomal recessive
inherited disorder of platelet function originating from megakaryocytes,
characterized by a partial or complete decrease in platelet aggregation, caused
by mutations in the ITGA2B and ITGB3 genes that encode the glycoprotein
[Ib/IlTa (GPIIb/IIa, allbB3, CD41a/CD61) receptor located on the platelet
surface (1,2). The disorder is characterized by the failure of platelets to bind
to fibrinogens and to form aggregates in the presence of a number of
physiological agonists such as ADP, thrombin, epinephrine, or collagen (3).
GT is the most common inherited platelet disorder (4). GT consists of three
phenotypic subgroups as autosomal recessive type 1, type 2 and type 3
(variant type). Cases with CD41a/CD61 expression level less than 5% are
considered as type 1 GT. In these cases, coagulation does not occur
adequately due to alpha granule disorder and severe bleeding is observed.
The phenotype with CD41a/CD61 expression level of 5-20% is considered as
type 2 GT. Type 2 GT has a relatively better course. Type 3 GT with
CDA41a/CD61 expression level greater than 20% is a rare phenotype (5).

Cell adhesion molecules are membrane-bound proteins that allow one cell
to interact with another cell or extracellular matrix. These proteins are located
as transmembranely in the cell. During adhesion, the number or affinity of
the molecules increases. Adhesion molecules are either stored in the cell as
granules and quickly take their place on the cell membrane when necessary,
or they are re-synthesized by the cells. These molecules also play a role in
endothelial damage (6).

Cell adhesion molecules are divided into four groups. These are
respectively; integrins, selectins, immunoglobulin superfamily and cadherins
(7). Integrins are heterodimeric type I transmembrane proteins composed of o
and P subunits. It is an important member of the receptors associated with
conditions that control its development and lead to pathologies such as cancer
and thrombosis (8). Integrins are divided into three main groups according to
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their B chains. Of these, those containing the B2 subgroup are LFA-1
(CD18/CD11a), Mac-1 (CD18/CD11b) and P150, 90 (CD18/CD11c) (9). The
genetic inability to synthesize the B2 integrin subgroup is called leukocyte
adhesion defect (LAD). One hypothesis is that in this syndrome, differences
in cellular traffic can be seen with altered expression of cell adhesion
molecules in lymphocytes or endothelial cells (7). In recent years, LAD type
3 patients who have frequent infections and have a bleeding tendency similar
to those with GT have also been evaluated as a subgroup of GT (10).

Analysis and screening of cellular responses after experimental treatment
are important for the mechanistic understanding of treatment effects and for
the identification of sensitive and resistant cell phenotypes. Modern
multicolor flow cytometry has been noted to be an effective method for such
analysis (11). It has been reported that flow cytometry can be used in GT
detection (12).

In this study, CD41a/CD61 expression level in platelet-rich plasma was
measured by flow cytometry to diagnose GT and determine its subgroups in
the relevant patient group. Differences in CD18/CD11a, CD18/CD11b and
CD18/CD11c expression levels in leukocytes were investigated in the same
patient group. In addition, it was aimed to measure the expression differences
between the data obtained from the parameters of both groups by comparing
the data of the control group and the relatives of the patients.

2. Materials and methods
2.1. Patients and study design

This study included 32 patients (18 males, 14 females) from 23 families
followed with a diagnosis of GT, 48 relatives (22 males, 26 females) and 22
healthy controls (12 males, 10 females). Clinical and demographic features of
the patients were requested from their medical records. These records
involved clinical history, laboratory test results, and mutation analysis of
each patient. Patients, patient’s relatives and healthy controls were evaluated
by staining of CD41a FITC, CD42b PE, CD61 PerCP in platelet rich plasma
and CD18 APC, CDlla FITC, CD1lb APC-Cy7, CD1lc PE-Cy7 in
leukocytes via flow cytometry.

This study was supported by grants from Erciyes University Scientific
Research Projects (BAP) Unit as TDK-2013-4601 project. The authors of this
paper have no conflicts of interest, including specific financial interests,
relationships, and/or affiliations relevant to the subject matter or materials
included.

The study was approved by the Erciyes University, School of Medicine
Ethics Committee (2013/271), and a written informed consent was obtained
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from all parents. The study was carried out in accordance with the principles
of the Helsinki Convention on Human Rights.

We would like to thank, Prof. Dr. Nazan Sarper, Prof. Dr. Emine Zengin,
Prof. Dr. Canan Albayrak, Prof. Dr. Davut Albayrak, Prof. Dr. Bulent
Zulfikar, Prof. Dr. Mustafa Cetin, Prof. Dr. Bulent Eser, Prof. Dr. Yavuz
Koker and Assoc Prof. Dr. Basak Koc Senol who contributed to the sample
collection phase of the study.

2.2. Staining Pretreatment with Platelet-Rich Plasma (PRP)

Preparation and use of PBS: The solid material in tablet form prepared
by the manufacturer was taken into a 250 mL flask. The solid material was
dissolved by adding distilled water in parts. A total of 200 mL of distilled
water was used. Mixing was continued until the turbid color of the mixture
disappeared. After the resulting mixture became colorless and ready to be
used as a solution, it was taken into 50 mL plastic falcon tubes and stored at
room temperature.

Use of each monoclonal antibody in the study: CD4la FITC, CD42b
PE, CD61 PerCP kits were used without any dilution as prepared by the
manufacturer.

Isotype control kits: All isotype control kits were used as prepared by
the manufacturer.

Monoclonal antibodies and isotype control kits were each stored in the
dark at +2°C to +8°C when not in use.

2.3. Staining Pretreatment with Leukocyte

Preparation of BD Lysing solution: 1 volume of BD Lysing solution
(10x) was diluted with 9 volumes of distilled water. The resulting mixture
was stored at room temperature and used.

Usage of BD Cell Wash Solution: It was used without any dilution and
preparation at room temperature.

Use of each monoclonal antibody in the study: CD11a FITC, CD11c
PE-Cy7, CD18 APC kits were used without any dilution as prepared by the
manufacturer. CD11b APC-Cy7, prepared by the manufacturer as 0.1 mg,
was diluted with 500 uL of PBS and used after wortexed slowly.

Isotype control Kits: The isotype control kit labeled with APC-Cy7
fluorescence was diluted with 500 pL of PBS and vortexed slowly. All other
isotype control Kits were used as prepared by the manufacturer.

Monoclonal antibodies and isotype control Kits were each stored in the
dark at +2°C to +8°C when not in use.
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2.4. Measurement of CD41a, CD42b and CD61 Expression Levels

Peripheral blood sample taken into EDTA tube was centrifuged at 800
rpm for 10 minutes at room temperature. The obtained plasma was taken into
a separate tube and centrifuged again at 800 rpm for 10 minutes at room
temperature. 500 pL was taken from the top and an equal volume of PBS was
added. The mixture was vortexed and centrifuged at 4100 rpm for 5 minutes
at room temperature. PRP was obtained by discarding the supernatant. Two
tubes were then prepared for each sample. FITC Mouse IgG1 k, PE Mouse
IgG1 «, PerCP Mouse IgG1 « isotype control kits were added to the first tube
and CD4la FITC, CD42b PE, CD61 PerCP monoclonal antibodies were
added to the second tube. 5 uL of each of the FITC, PE, and PerCP
fluorescently labeled monoclonal antibodies were used. Then, 100 pL of PRP
was added to the tubes and incubated for 15 minutes in the dark at room
temperature by vortexing. After incubation, 2 mL of BD Cell Wash was
added to the tubes and centrifuged at 4100 rpm for 5 minutes at room
temperature. At the end of centrifugation, the supernatant was discarded and
analysis was performed by counting 50000 cells in a flow cytometer.

2.5. Measurement of Beta 2 Integrin Expression Levels

Two tubes were prepared for each sample. FITC Mouse IgG2a k, APC
Mouse IgGl k, APC-Cy7 Rat 1gG2b «, PE-Cy7 Mouse IgGl « isotype
control kits were added to the first tube, CD11a FITC, CD11b APC-Cy7,
CD11c PE-Cy7, CD18 APC monoclonal antibodies were added to the second
tube. 5 pL of monoclonal antibodies labeled with FITC fluorescent; 2 pL of
monoclonal antibodies labeled with fluorescence of APC, APC-Cy7, PE-Cy7
were used. Then, 100 pL of peripheral blood was added to the tubes and
incubated for 15 minutes in the dark at room temperature by vortexing. 1.5
mL of BD Lysing solution (1x) was added to each tube removed from the
incubation and incubated for 10 minutes in the dark at room temperature by
vortexing. After incubation, each tube was centrifuged at 1500 rpm for 5
minutes at room temperature. The supernatant was discarded. 2 mL of BD
Cell Wash was added to the cell pellet remaining on the bottom surface of
each tube and centrifuged again at 1500 rpm for 5 minutes at room
temperature. At the end of centrifugation, the supernatant was discarded and
the suspended cells were vigorously vortexed. Then, 200 puL. of BD Cell
Wash was added to each tube and data analysis was performed on the flow
cytometer.

2.6. Data Acquisition of Target Cells by Flow Cytometry

Suspended cells were analyzed with a BD FACSCanto Il flow cytometer
(Becton Dickinson, Franklin Lakes, NJ, USA). Analysis was performed by
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counting 50000 cells in the instrument's BD FACSDiva Software v6.1.3
program.

2.7. Gating Strategy Used in Data Acquisition

Two distinct combinations were created by gated PRP populations. In the
first combination, only the proportions of cells expressing CD42b were
determined. Thus, a distinction was made between Glanzmann
Thrombasthenia and Bernard-Soulier Syndrome. In the second combination,
it was aimed to determine the ratio of cells expressing CD41a only, cells
expressing CD61 only, and cells expressing these two proteins together.
Thus, it was aimed to distinguish subgroups of Glanzmann Thrombasthenia
in patients and to see possible loss of expression in family members. For
FITC, PE and PerCP channels, the region between 10 and 10° units was
determined as the negative expression limit. Percentage values were used to
measure CD41a, CD42b, CD61 and CD41a/CD61 expression levels on PRP.

The level of CD18/CD11a, CD18/CD11b, CD18/CD11c expressions was
measured by omitting the debris and platelet population from the analysis,
and leukocytes were gated. Three different combinations were formed by
labeling these cells and cell groups in which CD18 and CD11a, CD11b and
CD11c were co-expressed were investigated. The negative expression limit
for the APC channel is between 10° and 10 units; FITC was determined as
10° for APC-Cy7 and PE-Cy7 channels. Percentage values were used for the
measurement of CD18/CD11a, CD18/CD11b and CD18/CD11c expression
levels on the leukocyte surface.

2.8. Statistical analysis

The conformity of the data to the normal distribution was evaluated with
histogram, g-q graphs and Shapiro-Wilk test. Comparisons between groups
were evaluated with chi-square analyzes for qualitative variables,
independent two-sample t-test and Kruskal-Wallis H tests for quantitative
variables. Data analysis was evaluated with SPSS 15.0 (Statistical Package
for Social Science, Chicago, ILL) software. A p<0.05 level was considered
significant.

3. Results and discussion

In the present study, in blood samples of 32 patients with GT (23
families), 48 family members and 22 healthy controls, CD41a/CD61
expression level in PRP was analyzed by flow cytometry and found that
phenotypes of 19 out of 32 patients were consistent with type 1 GT (59.4%),
4 were consistent with type 2 GT (12.5%), and 9 were consistent with type 3
GT (28.1%).
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CD41a/CD61 expression level in the patient's relatives was found to
be significantly lower than the control group in flow cytometric analyzes
performed by gated population obtained from PRP on the FSC-SSC screen
(p<0.05). When CD4la and CDG61 expression levels were evaluated
separately, expression levels in the relatives of the patients were found to be
significantly lower than in the control group (p<0.05). There was no
significant difference between the groups in terms of CD42b expression
(p>0.05) (Table 1).

Table 1: Comparison of CD18/CD11a, CD18/CD11b and CD18/CD11c
expression levels measured in leukocytes in control group, patient’s relatives
and GT subtypes

Protein Expression Groups

Level % :-I;:zltzr;y controls Patient’s relatives (N=48) P
CD41a% 99.141.1 90.946.1 <0.05
CD42b% 98.3+1.7 94.743.2 >0.05
CD61% 98.5+1.9 82.9+13.8 <0.05
CD41a/CD61% 97.942.1 81.2415.0 <0.05

Flow cytometric images of healthy control, patient’s relatives and GT
subgroups in terms of CD41a and CD61 expression levels are given in Figure
1.
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Figure 1: llustration of CD41a, CD42b, CD61 and CD41a/CD61 expression
levels by flow cytometry in a) healthy controls, b) patient’s relatives, c) type
1 GT, d) type 2 GT, e) type 3 GT samples

In flow cytometric analyzes performed by gating of leukocytes on the
FSC-SSC screen; no statistically significant difference was observed between
the control group, patient’s relatives and GT subtypes (p>0.05) (Table 2,

Figure 2).
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Table 2: Comparison of CD18/CD11a, CD18/CD11b and CD18/CD11c
expression levels measured in leukocytes in control group, patient’s relatives
and GT subtypes

Groups
Protein :gﬁ::‘l’s Typel GT|Type2 GT|Type3 GT| Patient's
Expression (N=19) (N=4) (N=9) relatives (N=48) P
(N=22)
Level %
CD18/CD11a |24.6+42 [213+48 |21.8+58 [20.1+4.4 |21.945.1 >0.05
CD18/CD11b | 75.848.9 [72.9+7.4 |715+7.3 [69.5+8.2 |69.1+7.1 >0.05
CD18/CD11c | 81.747.0 |71.8+6.5 |73.148.0 |[715+6.6 |75.6+6.4 >0.05
a)
b)
iR
c)
d)
¢) 3
| o

Figure 2: lllustration of beta 2 integrin expression levels by flow cytometry in
a) healthy controls, b) patient’s relatives, c¢) type 1 GT, d) type 2 GT, e) type
3 GT samples
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Flow cytometry is a technique that allows rapid analysis of multiple
characteristics of cell populations. These systems, which came into routine
use in the 1960s, have shown rapid development. From monochromatic
experiments to multicolored experiments, many different and new cell types
were defined. Parallel to these, with the developments in optics, electronics
and computer systems, the increase in automation and the renewed data
analysis programs, more complex and large numbers of data can be analyzed.
Despite all these advances, data analysis in flow cytometry systems requires a
great deal of researcher experience (13). Relative estimation of platelet
GPlIb/Illa molecules by binding to specific monoclonal antibodies allows
diagnosis of GT by flow cytometry using very few blood samples (14). Many
genetic mutations cause defects or loss of CD4la and/or CD61 receptors in
GT. Flow cytometry can be used to measure CD41a and CD61 expression
levels and to diagnose and identify GT subtypes (10, 12, 15).

LAD syndromes are primary immunodeficiency disorders classified as
defects in the adhesion-dependent functions of myeloid phagocytes, mainly
polymorphonuclear leukocytes (PMN) and monocytes (16). LAD syndrome
has different characteristic features (17)

B2 integrins are expressed on leukocytes and mediate endothelial
adhesions at various stages of extravasation during inflammatory responses
(18). ITGB2 gene encoding the 2 integrin molecule; It is located on the long
arm of chromosome 21. LAD caused by mutations in the CD18 gene (9).
Loss of B2 integrin expression causes LAD-I, a disease characterized by
recurrent infections (18)

LAD-III patients show similar clinical features as LAD-I and there is a
defect in the tight adhesion of activated PMNs to endothelial cells and
purified B2 integrin ligands in vitro and/or in vivo (19). In these patients, in
contrast to LAD-I, B2 integrins are expressed at normal levels. However,
there are findings indicating a functional defect in integrin signal transduction
from inside to outside (20).

Platelet allbB3 and leukocyte B2 integrins are prototypes to study integrin
activation due to dramatic changes in their affinity for ligands following
inside-out signal transduction (21).

A study investigating the relationship between platelet allbf3 and
leukocyte P2 integrin expression levels, in which platelet-leukocyte
simultaneous analyzes are directly related to GT, has not been found in the
literatiire.

In our study, no statistically significant difference was observed between

the control group, patient’s relatives and GT subtypes in terms of
CD18/CD11a, CD18/CD11b and CD18/CD11c expression levels in flow
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cytometric analyzes performed by gating of leukocytes on the FSC-SSC
screen (p>0.05).

As a result, it can be stated that the loss of CD4la, CD61 and
CDA41a/CD61 expression levels in flow cytometric analyzes performed by
PRP in GT patients and their relatives is not associated with CD18/CD11a,
CD18/CD11b and CD18/CD11c expression levels on the leukocyte surface.
Evaluation of B2 integrin function analyzes may provide access to more
detailed interpretations.
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1. Epigenetics and Assisted Reproductive Technologies (ART)

Epigenetics refers to phenomena where modifications of DNA
methylation and/or chromatin structure underlie changes in gene expression
and phenotype characteristics (Reik et al., 2001; Soini et al., 2006). These
modifications include DNA methylation, imprinting, RNA silencing,
covalent modifications of histones (acetylation), and remodeling by other
chromatin-associated complexes (Dupont et al., 2009). Inheritance or
persistence of these epigenetic modifications is referred to as epigenetic
reprogramming (Morgan et al., 2005). The most critical periods at which
epigenetic reprogramming occurs are those during gametogenesis and the
preimplantation embryonic stage (Reik et al., 2001; Santos and Dean, 2004).
Reprogramming during gametogenesis is essential for the imprinting
mechanism that regulates the differential expression of paternally and
maternally derived genes. Primordial germ cells undergo demethylation, both
globally (Hajkova, P. et al., 2002) and within imprinted loci as they migrate
along the genital ridge (Hajkova, P. et al., 2002; Yamazaki et al., 2003).
These alterations to the DNA allow cells to alter the expression level of the
different genes in response to environmental factors without having to change
the DNA code itself (Jacob, S. and Moley, K. H., 2005).

Various techniques in ART have been developed, some of which are quite
invasive: intracytoplasmic sperm injection (ICSI) with mature and immature
spermatozoa, embryo biopsy for preimplantation genetic diagnosis (PGD)
and transfer of ooplasm to a recipient oocyte. Finally, reproductive cloning
by nuclear transfer, MII spindle transfer has been achieved in different
animal species (Reznichenko et al., 2016). Recently, several confluent
streams of evidence from human and animal studies have suggested that ART
may lead to epigenetic defects in the offspring (Jacob, S. and Moley, K. H.,
2005; Maher, 2005; Niemitz, E. L. and Feinberg, A. P., 2004; Paoloni-
Giacobino, 2006; Sutcliffe et al., 2006; Thompson and Williams, 2005; Yoon
et al., 2005).

Recent reports suggest the increased incidence of imprinting disorders
such as Beckwith-Wiedemann syndrome, Angelman syndrome, and
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retinoblastoma in children who are conceived with the use of ART (Shufaro
and Laufer, 2013). These may result from an accumulation of epigenetic
alterations during embryo culture and/or by altered embryonic developmental
timing. Therefore, this review explores the epigenetic reprogramming in the
gametes and early embryo and how normal epigenetic modification may be
influenced by ART during preimplantation (Jacob, S. and Moley, K. H.,
2005; Wrenzycki et al., 2005).

1.1. Are Children Born After ART Under Risks to Have Birth Defects?

Concern about birth defects and health problems in children born as a
result of ART has led to the initiation of risk assessment studies to evaluate
the safety of these techniques (Hiura et al., 2012). The safety aspect of
assisted reproduction at the epigenetic level has not been well studied
(Doornbos et al., 2007). Retrospective and prospective follow-up studies
have shown that the major and minor malformation rates for IVF and ICSI
babies like those in the general population. Some studies showed an increase
in de-novo chromosomal aberrations in ICSI babies (Bonduelle et al., 1999;
Tarlatzis and Bili, 1998). Neonatal data also show that rates of low and
extremely low birth weight observed in IVF and ICSI singletons are higher
than in the general population. (Bonduelle et al., 2002; Buitendijk, 1999;
Niemitz, E. L. and Feinberg, A. P., 2004; Sutcliffe et al., 2001). Recent
studies who studied 42,000 offspring of ART, comparing them with the rest
of the U.S. population born in that year, and found an increase in low birth
weight (LBW), even in singletons (Niemitz, E. L. and Feinberg, A. P., 2004).

On the other hand, Place and Englert (2003) compared 66 1CSI-conceived
children up to age 5 with 52 conceived by IVF and 59 conceived naturally
and found no developmental differences (Niemitz, E. L. and Feinberg, A. P.,
2004; Place and Englert, 2003). Hansen et al. (2002) compared 1,138
offspring of ART in Australia and also found LBW, as well as a two-fold
increase in major birth defects (Hansen et al., 2002; Niemitz, E. L. and
Feinberg, A. P., 2004; Oldereid et al., 2018). Given that the authors are
limited by confidentiality rules and cannot specify the specific mode of
conception or the number of birth defects for each child, it is impossible to
unambiguously classify the offspring with birth defects (Niemitz, E. L. and
Feinberg, A. P., 2004). Anthony et al. (2002) compared IVF-conceived
children with naturally conceived children in a Dutch national database and
determined small (odds ratio 1.20) but statistically significant increase in
malformations as cardiovascular malformations (Anthony et al., 2002;
Niemitz, E. L. and Feinberg, A. P., 2004). Given that birth weight and
Prader-Willi syndrome are both partially epigenetically controlled, an
epigenetic link for the increase in malformations seen in the ART population
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seems plausible (Mann and Bartolomei, 2002; Niemitz, E. L. and Feinberg,
A. P., 2004).

Epigenetic regulation participates in early embryo development, fetal
growth, and birth weight. DNA methylation and histone deacetylation are the
major forms of epigenetic modifications (Inbar-Feigenberg et al., 2013).

2. Epigenetic Mechanisms

Epigenetic is the change of gene expression without any gene sequence
changes. Epigenetic mechanisms are separated as three main class: DNA
methylation, histone modifications and non-coding RNAs. Especially, these
modifications are functional in mammals. DNA methylation is known to be
in the inactivation of genes especially. If methylated gene is an oncogene,
carcinogenesis can occur in organism. The importance of epigenetic
mechanisms is well-known and important mechanisms in differentiation,
proliferation or/and viability of cells (Fig. 1) (Handy et al., 2011).
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Figure 1. Types of epigenetic mechanisms

The subgroups of Histone Modifications and Non-coding RNAs are the
main types of epigenetic.

2.1. DNA Methylation

In mammalian cells, the principal epigenetic modifications found in DNA
is DNA methylation. DNA methylation is the covalent bond of a methyl
group to the C5 position of cytosine residues in CpG dinucleotide sequences
(Bird, 1986). DNA methylation is a chemical modification of the DNA which
is regulated by an enzyme called DNA methyltransferase (DNMT) (Paulsen
and Ferguson-Smith, 2001). Methylation can directly switch off gene
expression by preventing the ability of transcription factors to access DNA
and binding to promoters. DNA methylation can be regulated
transcriptionally. Human CpG-binding protein is a transcriptional activator
which plays a crucial role in embryo viability and preimplantation
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development. Loss of methylation control rarely in preimplantation
development lead to abnormal development and cell death (Carlone and
Skalnik, 2001). On the other hand, the distribution of cytosine methylation in
the genome and the potential effects of regional plasticity on subsequent
development were reviewed by Thurston et al. (2007) (Fig. 2) (Thurston et
al., 2007).
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Figure 2. The mechanism of DNA methylation

In DNA methylation, the methylated group is determined at the fifth
carbon of cytosine. The methylated DNA causes DNA from euchromatin
form to heterochromatin form. While DNA is in euchromatin form, the genes
which are in DNA is active. Furthermore, DNA is inactive in
heterochromatin form.

In the development, the pattern of CpG methylation changes in manner.
In early stage of embryogenesis, DNA methylation is deleted along the
genome and then reestablished only in CpG regions (regions of the genome
with CpG residues). CpG regions remain hypomethylated until some of them
become methylated (lllingworth and Bird, 2009; Shen et al., 2007).
Methylation of cytosines in CpG islands and at other CpGs is associated with
transcriptional repression (lllingworth and Bird, 2009; Weber et al., 2007)
especially when these methylated regions involve promoter or other gene
regulatory part (Bird, 1986). DNA methylation may be activating if it
prevents linking the methyl groups or limits expression of transcriptional
repressors. Recent studies defining the grade of methylation in mammalian
promoter regions indicate that methylation occurs at only a small amount of
CpGs and inhibits transcription of genes in differentiated cells. Many of
repressed genes are germline-specific (Weber et al., 2007), like pluripotency
genes, methylation is a crucial mechanism by which to suppress key genes
during differentiation (Handy et al., 2011).

The establishment and maintenance of methylation patterns depend on at
least three different DNA methyltransferases, one ‘maintenance’
methyltransferase, DNMT1, which prefers hemi-methylated DNA as a
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substrate, and two ‘de-novo’ methyltransferases, DNMT3A and DNMT3B,
which act preferentially on non-methylated DNA. Preimplantation expression
of the somatic form of DNMT1 suggests a role in the inheritance of genomic
imprints (Berndsen and Denu, 2008). Loss of Dnmt3b and Dnmtl genes
causes embryonic lethality in mice at mid-gestation. Dnmt3a knockout mice
are live-born but they fail to thrive and die shortly after birth (Okano et al.,
1999).

In humans, several genetic diseases have been associated with
methylation defects (Robertson and Wolffe, 2000). ICF (Immunodeficiency-
centromeric instability-facial anomalies syndrome) involves pericentromeric
hypomethylation due to mutations in the methyltransferase DNMT3B gene.
Rett syndrome (RTT), an X-linked dominant disorder limited to girls, is
characterized by initial normal development, followed by progressive
degeneration of acquired motor skills, loss of speech and mental retardation
(Amir and Zoghbi, 2000). Mutations in the methyl CpG binding gene
MECP2 underlie the disease. Mutations in the same gene, but distinct from
those involved in RTT, have been identified as the cause of nonspecific X-
linked mental retardation (Couvert et al., 2001). Fragile X mental retardation
is associated with aberrant de novo methylation and histone acetylation of an
expanded polymorphic CGG repeat (200 repeats) in the 5 untranslated region
of the FMRI gene (Oberlé et al., 1991; Verkerk et al., 1991). This
methylation spreads to the CpG island in the promoter region and silences the
gene. FMR1 plays a role in protein synthesis in neurons. ATR-X (X-linked a-
thalassemia/mental retardation) is characterized by mental 2489 retardation,
facial dysmorphism, a-thalassemia and urogenital abnormalities. The ATRX
protein is a transcriptional regulator acting through chromatin remodeling.
Mutations in ATRX induce changes in the methylation patterns of highly
repeated sequences (Gibbons et al., 2000). A common aspect to the above
diseases is mental retardation. DNA promoter methylation is an important
mechanism of transcriptional regulation in neural cells.

Methylation defects may not only arise by genetic mutations in the
methylation machinery, but also by epigenetic alterations at their target
genes. Moreover, the methyltransferases themselves may be deregulated
epigenetically by time variations.

DNMTL1, 3A and B and chromatin remodeling complexes are cell-cycle
regulated. Changes in embryo developmental timing, such as can be caused
by embryo culture, may interfere with their activity and finally with
methylation patterns and expression levels. Few studies have been performed
on the possible effects of assisted reproduction on the expression of non-
imprinted genes. Using RT-PCR for mRNA phenotyping in bovine
preimplantation embryos, it has been shown that the expression patterns of
several genes important for development differ between embryos cultured in-
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vitro and embryos obtained in-vivo. Furthermore, the mRNA levels of in-
vitro-produced embryos are altered by the presence or absence of serum in
the medium (Niemann and Wrenzycki, 2000). In the follow up studies of IVF
and ICSI children, little attention has been given to methylation defective
disorders in the form of, for example, neurodevelopmental problems. Often,
the study groups are small, and most surveys stop when the children reach the
age of 2 years, which means that problems which become manifest only later
in development will not be detected. An Australian study showed that there
was an increased proportion of 1 year old ICSI children with a mildly
delayed mental development, compared with IVF or naturally conceived
children (Bowen et al., 1998). An UK case—control study again found no
difference in mean neurodevelopmental score between ICSI children and a
control group (Sutcliffe et al., 2001).

2.2. Histone Modifications

Histone acetylation: Histone acetylation is one of the epigenetic
mechanisms takes part in activate or inactivate the genome regions. Histone
acetylation caused histones to remove from DNA helix. The removal of
histones from DNA caused promoting DNA via transcription. Histone
acetylation, at the g-amino group of lysine residues in H3 and H4 tails, is
most consistently associated with promoting transcription. Acetylation is
targeted to regions of chromatin by recognition and binding of DNA
sequence-specific transcription factors that recruit one of a growing family of
histone acetyltransferase (HAT) cofactors such as CREB binding protein
(CBP), and p300, MYST, and GNAT (Berndsen and Denu, 2008). Disruption
of normal acetylation of CBP/p300 family members is associated with
Rubenstein-Taybi syndrome, an autosomal dominant syndrome (Petrij et al.,
1995; Zimmermann et al., 2007), highlighting the importance of these
cofactors in regulating the proper expression of gene combinations important
in development and differentiation (Fig. 3) (Barrett et al., 2011).

Histone deacetylation: Another chemical modification of DNA is histone
deacetylation. Histone deacetylation of histones correlates with CpG
methylation and the inactive state of chromatin (Barrett et al., 2011). In this
process, enzymes called histone deacetylases (HDACs) are associated with
methyl-binding domain (MBD) proteins and are attracted to DNA. Activation
of these HDACs leads to alteration of the histones and chromatin structure,
thereby causing the chromatin condensation, inaccessibility of the DNA
promoters, and gene silencing (Jacob, S. and Moley, K. H., 2005). There are
4 classes of histone deacetylase enzymes (HDACs), with members of
deacetylation of histones or other proteins (Michan and Sinclair, 2007).
These regulatory proteins are subject to regulation by acetylation,
phosphorylation and sumoylation which affect their function, distribution and
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protein-protein interactions (Fig. 3) (Codd et al., 2009; Mellert and
McMahon, 2009).
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Figure 3. The Mechanism of Histone Modifications

Heterochromatin structure is inactive form of DNA. Supercoiled
heterochromatin structured DNA transforms to euchromatin structured active
DNA form by histone methylation, acetylation, or phosphorylation. Histone
Acetyltransferases (HAT) remove histone proteins and open supercoiled
structured DNA. Histone removed DNA is active for transcription. Histone
Deacetyltransferases (HDAC) close the opened supercoiled DNA, the active
parts of DNA return to inactive form. When HDACs are active, transcription
is not occurred.

3. Epigenetic Reprogramming During Gametogenesis

There are at least two critical periods in which epigenetic reprogramming
occurs, one during gametogenesis and another during the preimplantation
embryonic stage (Reik et al., 2001). Reprogramming during gametogenesis is
essential for the imprinting mechanism. Imprinting regulates the differential
expression of paternally and maternally derived genes. Imprints are
established differentially in sperm and oocyte and are maintained in the
zygote and further through all somatic cell divisions.

The sperm genome is more methylated than the oocyte genome. The
chromatin is well compacted with protamines in sperm but with histones in
oocytes. They are reset in the germline in a sex-specific way. Epigenetic
germline reprogramming starts when primordial germ cells (PGC) enter the
gonads. Demethylation processes occur for non-imprinted genes as well as
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for imprinted genes, after which cell division is arrested at mitosis for male
gametes and at meiosis for female gametes. Erasure of epigenetic
modifications in the PGC ensures genetic totipotency which is necessary for
the development of a new organism. At cell cycle resumption, methylation
and chromatin remodeling take place, providing the genome in the gametes
with molecular programs for oocyte activation and embryonic development.
The effects of ART are thought to be more on the sperm, and the changes in
the environment and maturation process may affect the full functioning of the
procedure (De Rycke et al., 2002; Niemitz, Emily L. and Feinberg, Andrew
P., 2004).

At fertilization, the oocyte and sperm genomes are transcriptionally silent.
Epigenetic changes that occur shortly after fertilization, before specification
of the germ line, will involve both somatic cells and germ-line cells and thus
be transmitted to the next generation (John and Surani, 1999; Tremblay et al.,
1997). After fertilization, chromosomes from the sperm decondense and are
remodeled (Silva, Alcino J. and White, Raymond, 1988).

4. Epigenetic Reprogramming During Preimplantation

Epigenetic reprogramming during the preimplantation period is essential
for correct development because this phenomenon regulates expression of
early embryonic genes, cell cleavage, and cell determination. In adult tissues,
the early embryonic genes are repressed, and tissue-specific genes are
activated. Imprinted genes maintain their methylation marks from the gamete
stage, and they escape these general (de)methylation processes of the
preimplantation stage. At the time of implantation, a genome-wide
methylation takes place.

Aberrant or incomplete epigenetic reprogramming at the preimplantation
embryo stage or earlier may result in developmental delays and embryonic
lethality. The epigenetic disturbances that are tolerated may result in
phenotype changes that will manifest at a later stage. Epigenetic
modifications are normally erased in the germ line, whereas genetic
mutations or modifications are not.

After implantation, embryonic genome wide methylation patterns are
established in a lineage-specific pattern by de novo methylation (Hajkova,
Petra et al., 2002; Rossant et al., 1986).

4.1. Epigenetic Inheritance

Failure or incomplete epigenetic reprogramming at the gamete and
preimplantation embryo may lead to developmental problems and early
mortality. Some epigenetic disturbances will be tolerated during
development, and these will result in phenotype changes which will show at a
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later stage. An important characteristic that distinguishes epigenetic
modifications from genetic modifications or mutations is their reversibility.
Epigenetic modifications are erased normally in the germ line. Incomplete
erasure results in epigenetic inheritance.

At present, not many examples are known of epigenetic inheritance in
mammals: methylation blue prints in humans have been shown to be
inherited to some degree (Silva, A. J. and White, R., 1988) and incomplete
erasure in the maternal germ line has been shown to be responsible for the
epigenetic inheritance of the Avy allele in mice (Morgan et al., 1999).
Nuclear transplantation experiments with early mice embryos have induced
altered patterns of gene expression which have resulted in phenotype changes
(reduced body weight) later in development. Such epigenetic modifications
were transmitted to most of the offspring of the manipulated parent mice
(Roemer et al., 1997).

An intriguing question that is raised in this context is whether the reduced
birthweight of the IVF and ICSI children will be transmitted to their
offspring. In a worst case scenario, where low birthweight results from
incomplete epigenetic erasure in the preimplantation embryo during in-vitro
culture, both somatic and germ cells will be affected, as they are not yet
separated. This would affect the children as well as their offspring.

5. Epigenetic Disorders
5.1. Imprinting Disorders

The part of the genome that is particularly prone to epigenetic alterations
during the preimplantation stage is the imprinted genes. However, imprinted
genes are an example of non-Mendelian genetics, in which only one member
of the gene pair is expressed and expression is determined by the parent of
origin (Spielman et al., 2001). Imprinted genes may account for 0.1-1% of
all mammalian genes.

Another critical step, apart from the initiation of general (de)methylation
patterns at the preimplantation stage, is the resetting and the maintenance of
differential methylation marks at imprinted loci in the germline and zygote,
followed by their differential expression (Reik and Walter, 2001). Again, as
with the other epigenetic phenomena, the relative timing of imprint processes
with respect to the developmental stage is critical. Minor differences between
the embryonic clock and the timing of the imprinting mechanism may cause
major disturbances. This is illustrated by the explicit activity of the oocyte-
specific isoform of Dnmt1 during the 8-cell stage of the mouse embryo. This
maintenance methyltransferase protein is localized in the cytoplasm of
oocytes and blastomeres until post implantation stage, but at the 8-cell stage
it enters the nucleus to ensure maintenance of imprinted methylation marks.
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Mice deficient in the Dnmtl isoform die at different times pre- and
postnatally (Dean and Ferguson-Smith, 2001; Howell et al., 2001).

It is known that imprinted genes play key roles in embryonic growth and
behavioral development, and they are also involved in carcinogenesis. Genes
that are regulated by imprinting have been shown to be essential for: fetal
growth (IGF2r, Cdknlc, H19/IGF2, Gnas, Peg 1,Peg 3 Ins2, Kcnglotl, Ndn,
and Rasgrfl), placental function (Slc22a3, H19/IGF2, Pegl, Peg 3, Ascl2,
and Tssc3), neurologic development (Kcngl, Ube3a, Pegl, Peg 3, Ndn,
Snrpn, and Nnat), and carcinogenesis (IGF2, WT1, M6P/IGF2R, andp73)
(Falls et al., 1999).

Mutations in these genes are associated with various human syndromes,
including Silver-Russell (chromosome 7), Albright hereditary dystrophy
(chromosome 20), Prader-Willi/Angelman (chromosome 15), Beckwith-
Wiedemann (chromosome 11), and Wilms’ tumor. Altered imprinting is also
suspected in other neurobehavioral disorders such as autism, epilepsy,
Tourette syndrome, late-onset Alzheimer’s, schizophrenia, and bipolar
affective disorders (Dean and Ferguson-Smith, 2001). Imprinted genes
occasionally function as oncogenes or tumor suppressor genes (IGF2, WT1,
MG6P/IGF2R, p73). The functional monoallelic loci are particularly
vulnerable to proto-oncogene activation and tumor suppressor inactivation
(Jirtle, 1999).

Aberrant imprinting may arise not only at the time of preimplantation, but
defects may be generated at an earlier step, at the time of imprint resetting in
the gametes. Imprinting is controlled epigenetically. Although DNA
methylation has a crucial role in the process as evidenced by differential
methylation of gametes in highly methylated domains within or near the
imprinted genes (Jirtle, 1999), other processes such as exclusive histone
acetylation of expressed allele (IGF2- H19, IGF2r, Snrpn, and U2afl-rsl),
antisense transcripts (KCNQ1/KCNQ10T1 and UBE3A/UBE3A-AS), and
the presence of repeat elements near or within the differential methylated
domains (IGF2r DMD?2) are also involved (Reinhart et al., 2002).

Another disease associated with epigenetic changes is Beckwith—
Wiedemann syndrome (BWS) (Laprise, 2009). These alterations occur on the
maternal allele at 11p15.5, which contains imprinted genes H19, IGF2,
CDKN1C (p57KIP2), KCNQ1, and KCNQ1OT1 (LIT1). BWS is
characterized by prenatal overgrowth, abdominal wall defects (exomphalos,
omphalocele, or umbilical hernia), neonatal hypoglycemia, visceromegaly,
macroglossia, characteristic indentations of the ear, placentomegaly, and
placental chorioangioma. Embryonic tumor development such as Wilms
tumor and hepoblastoma is more common in children with BWS (Niemitz,
Emily L. and Feinberg, Andrew P., 2004). Two different methylation defects
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or loss of imprinting (LOI) have been described in patients with BWS.
Moreover, 4% of patients with Angelman syndrome (AS) have a maternally
inherited microdeletion of an imprinting control center (ICC) (Buiting et al.,
1995), epigenetic changes or an abnormal maternal hypomethylation at 15q
(Buiting et al., 1998).

It is important to determine whether there is a direct association between
ART and epigenetic defects. If the association of epigenetic alterations with
ART is confirmed, there have been two equally important alternative
explanations suggested for this issue (Niemitz, E. L. and Feinberg, A. P.,
2004);

1. Epigenetic changes can result directly from some aspects of ART. The
most obvious mechanism is the in vitro culture or the medium. Some possible
mechanisms are also effective. For example, medically induced ovarian
hyperstimulation that precedes fertilization, such as changes in the timing of
maturation of harvested gametes, may be responsible.

2. Epigenetic changes can be an important cause of infertility rather than
being a result of the procedure used to treat infertility. Thus, infertile couples
using ART may have an increased prevalence of epigenetic defects in their
gametes that ART simply elicits. It is crucial to identify the underlying basis
of infertility in any study design (Niemitz, Emily L. and Feinberg, Andrew
P., 2004).

5.2. Uniparental Disomy (UPD) Disorders:

UPD that arises spontaneously has been well documented in humans and
causes birth defects when imprinted genes are affected (Engel and DeLozier-
Blanchet, 1991). It occurs when the patient takes two copies of a
chromosome, or part of a chromosome from only one parent without any
copies from the other parent. In early stage of embryogenesis or germ cell
(egg or sperm) development, it may happen as a random event. Another
cause for UPD is mosaicism as a result of postzygotic somatic segregation
errors (Robinson et al., 2000). Embryos that possess two maternal genomes
form teratomas, whereas embryos that possess two paternal genomes form
trophoblastic tumors. In gestational trophoblastic tumors, including
hydatidiform mole, there is hyperplasia of extraembryonic tissue with lack of
embryo development. They arise from fertilization of enucleated egg or
develop after loss of maternal chromosome from the embryo and develop
into completed mole with only two paternal sets of chromosomes
(androgenetic) or partial mole with triploidy (two paternal and one maternal
set of chromosomes). Recently, completed mole with biparental origin has
been reported and is associated with global disruption of maternal imprinting,
likely occurring during oocyte development (Judson et al., 2002). There is
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LOI in the normal maternally methylated genes (KCNQ1OT1, SNRPN,
PEG1, and PEG3) and a recessive maternal effect mutation causing the
maternal genome to assume the paternal epigenetic appearance. Silver-
Russell syndrome is thought to be caused by maternal UPD of a region on
chromosome 7. The syndrome is characterized by low birth weight,
dwarfism, and lateral asymmetry (Preece, 2002).

5.3. Childhood Cancers

Recently, multiple pieces of evidence are emerging associating epigenetic
disorders with childhood and adult cancers (Feinberg and Tycko, 2004). Both
methylation and imprinting defects are implicated. DNA methylation is one
mechanism by which cancer cells switch off the expression of different tumor
suppressor genes, thus allowing the cancer cells to escape normal growth
control mechanisms. Wilms’ tumor is the most common childhood kidney
tumor. Recent studies suggest that in 54% of cases, the tumor suppressor
gene RASSF1A in the 3p21-3 region is hypermethylated, whereas in 10%,
pl6 promotor gene is methylated (Wagner et al., 2002). LOI at IGF2/H19
locus (BWSIC?2) is noted in Wilms’ tumor, occurs very early in development,
and is seen in kidney tissue adjacent to the tumor (Okamoto et al., 1997). In
embryonal rhabdomyosarcoma, silencing of the active copy of imprinted
gene H19 occurs by methylation (Lynch et al., 2002). Hypermethylation of
cell regulatory gene p15 (INK4b) has been shown in acute myeloid leukemia
and myelodysplastic syndrome (Tessema et al., 2003). In retinoblastoma
(RB), another early childhood tumor of the retina, the RB1 gene is
epigenetically silenced by hypermethylation of the promoter region and exon
1 (Greger et al., 1994) and results in reduced RB1 expression (Moor et al.,
1998). Epigenetic alterations are also observed in adult cancers. Methylation
defects are noted in renal cell carcinoma (G250 promoter gene and 3p21.3
suppressor gene), personal and familial colorectal cancer including hereditary
nonpolyposis colon cancer (RASSF1A gene and GATA-4 and GATA-5
gene), and breast and gastric cancers (TMS1 gene).

LOI is common in childhood and adult tumors, and LOI in normal cells
has recently been associated with an increased family history of colorectal
cancer (Cui et al., 2003). Relevantly, the LOI may play a gatekeeper role in
the tumorigenesis of various childhood embryonal tumors such as Wilms
tumor (Feinberg and Tycko, 2004; Niemitz, Emily L. and Feinberg, Andrew
P., 2004).
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6. Interference of Epigenetic Programming by ART

6.1. Culture Media and Low Birth Weight and Kl Large Offspring
Syndrome (LOS)

As indicated above, there are concerns that epigenetic alterations could be
caused by ART involving gamete and embryo culture and manipulation
(Fernandez-Gonzalez et al., 2007; Gosden et al., 2003; Moriai et al., 2002).
In-vitro culture and embryo manipulation have been associated with aberrant
fetal growth. In mice and humans, there seems to be a reduction in birth
weight, whereas in cattle and sheep several reports have described an
enhancement in fetal growth, heavier newborn animals, and an increased
mortality during pregnancy and at birth, all major characteristics of what is
referred to as LOS. The LOS phenotype has also been described in reports on
cloned animals. So far, it has not been observed in humans born because of
assisted reproduction. It has been suggested that at least some of the
problems may result from an accumulation of epigenetic alterations during
embryo culture (Duranthon et al., 2008; Jacob, S. and Moley, K. H., 2005;
Young and Fairburn, 2000).

Reduction in birth weight was observed in mice and was associated with
decreased expression of H19 and IGF2 and increased methylation of H19
DMD (Khosla et al., 2001), whereas in cattle and sheep, several reports have
described an enhancement in fetal growth referred to as LOS (Sinclair et al.,
2000) with an increase of ~8-50% from mean control weight 442 (Young et
al., 1998). LOS is characterized by a significant increase in birth weight,
increased gestational length, breathing problems at birth, and increased
frequency of perinatal death. LOS can arise after embryo -culture,
asynchronous transfer, and maternal diet rich in urea and after nuclear
transfer cloning. All culture systems associated with LOS contain sera or are
co-culture with support cells, such as granulosa cells, oviductal cells, or
fibroblasts, and may play a role in epigenetic alterations (Young and
Fairburn, 2000).

Components in culture media could also affect the methylation pattern.
Media components could remove or interact with methyl groups on DNA or
on histone tails and cause methylation defects. The critical difference
between culture media is their methionine content, which can affect DNA
methylation and imprinting (Waterland and Jirtle, 2003; Wolff et al., 1998).
Alternatively, the culture media could alter the embryonic developmental
timing and could cause epigenetic disturbances, especially when prolonged
use of culture media is used as in blastocyst culture for IVF cycles in which
preimplantation genetic diagnosis is used.

The hypothesis of the occurrence of epigenetic unprogramming during in-
vitro culture predicts that: (i) diverse outcomes will be found depending on
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the types of epigenetic disturbances and on the developmental stage at which
they occur; (ii) similar disturbances will occur in different species and result
in similar phenotypes, but some might lead to different phenotypes as a result
of species-specific differences in embryonic development and/or differences
in epigenetic programming (De Rycke et al., 2002). For instance, it has been
shown that imprinting may vary between species, tissues, cells and stage of
embryonic development (Grace and Sinclair, 2009). It is therefore possible
that the contradictory growth disturbances-a reduction in mice and humans
versus an increase in fetal growth in cattle-result from similar epigenetic
disturbances. It was demonstrated that fetal overgrowth in sheep after embryo
culture was associated with reduced expression of M6P/IGF2R through loss
of methylation (Young et al., 2001). M6P/IGF2R plays a role in fetal
organogenesis, tumor suppression and T-cell-mediated immunity. The locus
is imprinted in mice, sheep, cows and pigs, but not in humans (Killian et al.,
2001).

The hypothesis of aberrant phenotypes because of epigenetic deregulation
during in vitro culture is supported by a number of studies. Alterations in
methylation and expression levels were observed for the imprinted IGF2/H19
locus in preimplantation mouse embryos (Khosla et al., 2001). One group
reported that culture of preimplantation mouse embryos in media without
serum resulted in loss of methylation at the H19 imprinted locus. However,
the imprinted expression of Snrpn was maintained, indicating that culture
conditions can selectively affect the expression of imprinted genes. The use
of prolonged culture systems may deregulate epigenetic mechanisms to a
further extent (O'Doherty et al., 2000). Khosla et al. (2000) determined that
increasing the serum level of mouse embryos which was cultured in M16
medium caused to change the expressions and methylations of H19, IGF2,
Grb10, and Grb7 imprinted genes. Furthermore, this application also caused
to reduce fetal weight (Khosla et al., 2001; Niemitz, Emily L. and Feinberg,
Andrew P., 2004). Doherty et al. (2001) found that the imprinted paternal
allele was aberrantly expressed and hypomethylated when H19 expression
and methylation occurred in the culture medium of mouse embryo
(O'Doherty et al., 2000). These changes occurred according to the culture
medium type with specificity in Whitten’s medium; without specificity in
KSOM containing amino acids. The key difference between them may be the
methionine content, which causes DNA methylation and suppression of
genes (Waterland and Jirtle, 2003; Wolff et al., 1998). Therefore, the use of
medium from companies that do not disclose the formulation of the medium
used for human embryo culture in IVF clinics is of concern.

Oocyte maturation in vitro is associated with loss of developmental
competence (Trounson et al., 2001), unless the oocyte is near completion of
its preovulatory growth phase. This loss of developmental competence is
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associated with the absence of specific proteins in oocytes cultured to
metaphase Il in vitro and loss of methylation at IGF2R and PEG1 and
methylation at H19 (Kerjean et al., 2003). Their subsequent embryonic
development seems to be severely compromised (Kerjean et al., 2003; Moor
et al., 1998) and may be attributable to suboptimal culture conditions,
incomplete oocyte growth, or abnormal cytoplasmic maturation (Amir and
Zoghbi, 2000; Kerjean et al., 2003; Urrego et al., 2014).

The use of prolonged culture systems may deregulate epigenetic
mechanisms to a further extent. In-vitro culture up to the blastocyst stage is
used in some centers for selected patients and in Preimplantation genetic
diagnosis (PGD) cycles. Follow-up studies comparing blastocyst transfers
versus early cleavage-stage embryo transfers showed no differences in
birthweight (Dokuzeyliil Giingor et al., 2021).

The lack of information on how epigenetic controls are lost during in
vitro culture, and on the long-term consequences of ART, underscore the
necessity for sustained epigenetic analysis of embryos produced in vitro and
long-term tracking of the health of the human beings conceived using these
procedures (Fernandez-Gonzalez et al., 2007).

6.2. Use of Immature Spermatozoa for ART:

There are concerns about reproductive outcome when immature gametes
were used for ART, especially the use of round spermatids obtained after
epididymal or testicular aspiration procedures (Shamanski et al., 1999; Zech
et al., 2000). Immature sperm cells are epigenetically quite different from
mature sperm cells. A first issue of concern is the imprinting status (Dada et
al., 2012). It is unclear whether imprint establishment has been completed in
immature gametes. Most studies on imprint resetting have been performed in
mice and almost no studies have addressed the problem in humans. In mice it
was demonstrated that imprint resetting for the paternally expressed SNRPN,
IGF-2, PEG1 and the maternally expressed MASH2, IGF-2R and H19 has
been largely or entirely completed by the time the spermatid stage is reached
(Shamanski et al., 1999). In humans, it has been shown that the methylation
patterns of H19 and MEST/PEGL1 are established during spermatogonial
differentiation (Kerjean et al., 2003). From the limited data available and
assuming that the resetting mechanism is similar in mice and humans, imprint
establishment is completed by the time the spermatid stage is reached.

Another difference in epigenetic organization between immature and
mature sperm cells is that spermatid chromatin has not yet been so densely
packed. It is reported that in men with spermiogenesis anomalies, abnormal
DNA packaging is observed because of a lack of exchange of histone with
protamines, resulting in problems with chromatin remodeling, abnormal
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DNA methylation, and increased sensitivity of DNA to damage. The lack of
chromatin condensation in immature sperm cells can cause delayed oocyte
activation, which could cause aneuploidy in the embryo (Jacob, Saji and
Moley, Kelle H., 2005).

Another point of concern relates to the finding that spermatogenesis-
specific genes undergo late epigenetic reprogramming at the level of the
epididymis (Jacob, Saji and Moley, Kelle H., 2005). Genome-wide
methylation patterns have been initiated at the prespermatogonia stage in the
testes. However, genes involved in spermatogenesis are specifically
demethylated for transcription and they become remethylated again in the
epididymis. This implies that methylation patterns of spermatids and sperm
derived from testes and epididymis will differ from the hypermethylated
patterns found in ejaculated sperm. Hence, use of immature sperm for ART
could increase the risk for an imprinting disorder or malformation
(Shamanski et al., 1999).

Follow-up studies of children born after ICSI with epididymal and
testicular sperm have shown no additional risks as compared with children
born after ICSI with ejaculated sperm (Bonduelle et al., 2002). However,
there is a case report of two major malformations out of four pregnancies
obtained after ICSI with elongated spermatids (Zech et al., 2000). Another
study on a larger series did not detect an increased incidence of
malformations (Sousa et al., 2000). Furthermore, the mature sperm genome is
in a silent state, but the spermatid genome is transcriptionally active and the
introduction of spermatid transcripts into the oocyte may interfere with
epigenetic reprogramming during the preimplantation stage. A comparative
expression study performed on preimplantation mouse embryos derived from
oocytes injected with round spermatids or sperm showed that activation of
the embryonic genome is much less efficient with spermatids.

A higher rate of developmental arrest has indeed been found in embryos
derived from round spermatid injection compared with embryos obtained
after standard ICSI (Vicdan et al., 2001). The expression patterns of several
genes were disturbed in early embryos (4-cell stage) derived from
spermatids. The results also suggested that regulatory mechanisms were
activated in the oocyte to repress inappropriate spermatid transcription
(Ziyyat and Lefevre, 2001).

6.3. Ooplasmic Transfer:

The procedure of ooplasmic transfer was developed for patients with
advanced maternal age and/or with poor embryo development and recurrent
implantation failure. About 30 babies have been born using a modified ICSI
protocol for the injection of a sperm together with 5-15% good-quality donor

86



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 04

ooplasm (Rubino et al., 2015). Although the presence of donor mitochondrial
(mt) DNA was observed in some of the babies, it is not clear whether this had
a therapeutic effect (Brenner and Kroemer, 2000). Ooplasmic transfer
remains an experimental technique since the underlying factors and
mechanisms leading to the observed increased embryo implantation rate are
not yet known.

Some small series of clinical cases of ooplasmic transfer have been
reported (Rubino et al., 2015). Extraordinarily little is known about the
factors and organelles that are possibly transferred. The function of
mitochondria is controlled by interactions between both nuclear and
mitochondrial genes. The dual nature of this control sets up potential
conflicts between the different genome parts. Ooplasmic transfer into human
oocytes may induce conflicts between the multiple genome parts (nuclear
DNA, recipient mtDNA, donor mtDNA) and lead to unpredictable outcomes
(Cummins, 2001).

6.4. Reproductive Cloning by Nuclear Transfer:

Finally, reproductive cloning by nuclear transfer has been achieved in
different animal species, but the success rate is low: only one embryo out of
100 will develop into an adult cloned animal. The possibility of reproductive
human cloning raises major legal, ethical and social issues, and so far it has
been banned in many countries (Solter, 2000).

The long-term in vitro culture and manipulations of embryonic stem (ES)
cells may adversely affect their epigenetic integrity including imprinting
(Mitalipov, 2006). Successful cloning requires that the epigenetic state of the
donor nucleus is reprogrammed to that of the zygote. The donor nuclei are
not silent and their chromatin organization is likely to be different from that
of the gametes (Rideout et al., 2001). Moreover, there is a time limit to this
reprogramming as it must be completed by the time that the embryonic
genome is activated. The available data clearly demonstrate that
reprogramming is incomplete in most nuclear transfer (NT) embryos. A
comparison of global methylation patterns in cloned and normal bovine
preimplantation embryos showed disturbances in methylation dynamics in
the cloned embryos (De Rycke et al, 2002). The epigenetic state of
undifferentiated ES cells may resemble that of the early embryo better and
require less reprogramming. On this basis, a higher cloning efficiency is
expected for ES cell nuclear transfer. The percentage of ES cell NT
blastocysts that develop to term is 10-20-fold higher than with somatic
nucleus transfer. However, the percentage of initial clones that reach
blastocyst stage is much lower with ES cell NT. This is related to the cell
stage as well as to the epigenetic instability of the ES cells. Donor nuclei
should preferentially be in the GO/G1 or G2 phase, and many ES cells are in
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the S phase. Examination of imprinted gene expression in cloned mice and in
donor ES cell lines from which they were derived showed that the expression
of the imprinted H19 and Pegl genes varied between ES cell subclones and
even among mice derived from cells of the same ES cell subclone. These
results indicate an unstable epigenetic state of ES cells (Hall et al., 2009). In
addition, Wee et al. (2007) suggested that the chromatin of a donor cell is
unyielding to the reprogramming of DNA methylation during
preimplantation development, and that alteration of the epigenetic state of
donor cells may improve in vitro developmental competence of cloned
embryos (Wee et al., 2007).

6.5. Epigenetic modifications and cryopreservation in ART:

Another potential concern is that disturbances in imprinting could occur
during sperm and embryo freezing. Cryopreservation potentially could affect
the cytoskeleton and the availability of enzymes such as DNMT, which
maintain methylation of imprinted loci during the preimplantation phase.
With time, IVF and ICSI technology were complemented with
cryopreservation and blastocyst culture/transfer/freezing techniques to
increase pregnancy rates and to avoid multiple pregnancies. The
cryopreservation process appeared to have no negative influence on neonatal
outcome and child development as compared with fresh embryo transfer
(Wennerholm, 2000).

7. Conclusions

There is convincing evidence to show that normal embryogenesis cannot
occur without epigenetic regulation, which is also critical during
gametogenesis. Although the exact mechanism by which ART cause these
changes are unknown, culture media components (e.g., sera, methionine) that
could interact with methyl groups on DNA or histone tails and epigenetic
modifications are implicated. Another explanation may be that embryonic
developmental timing is disturbed by the culture media. It is interesting to
note that most (not all) of these ART-associated imprinting disorders involve
the maternal allele, suggesting that ART effects are greater on the oocytes
than on the sperm, although the data are limited.

Data on imprinting and methylation defects have often been collected in
small study groups. Another reason, epigenetic risks have been studied
insufficiently is that the phenotypes associated with epigenetic defects may
be difficult to recognize in short-term studies. Phenotypes due to imprinting
defects may be obvious and show up early in life while clinical findings of
neurodevelopmental delays and mental retardation may point in the direction
of phenotypes caused by methylation defects. Other phenotypes may be
subtler, such as the phenotypes of cancer predisposition that can measured
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only later in life. Molecular studies on preimplantation embryos may
highlight the details about epigenetic reprogramming and can used to
evaluate the safety of ART.
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1. Giris

Insan hayatina teknolojide meydana gelen gelismelerin etkisi biiyiiktiir.
Rehabilitasyonda kullanilan ileri teknoloji 6nemli bir parga olarak karsimiza
cikmaktadir. Ozellikle yetiskin norolojik hastalarda kullanilan teknoloji

destekli rehabilitasyon uygulamalari, pediatri alaninda da zaman igerisinde
kendini gostermeye baglamistir (Liu, Luo ve ark. 2013).

Teknolojik rehabilitasyon uygulamalarinin motor 6grenme prensiplerine
uygun, gorev odakli, gorsel ve isitsel geribildirim mekanizmalar1 ile
motivasyonu arttirict etkisi sayesinde; bir grup kalict hareket bozuklugu
sonucu aktivite kisitlamasma sebep olan serebral palsili (SP) cocuklarda
uygulanmasi yaygindir (Bax, Goldstein ve ark. 2005, Chen, Kang ve ark.
2007, Qiu, Ramirez ve ark. 2009, Huber, Rabin ve ark. 2010). SP’li
bireylerde teknoloji destekli uygulamalar; robotik rehabilitasyon sanal
gergeklik, tele-rehabilitasyon, sensér tabanli rehabilitasyon, mobil
uygulamalar ve fonksiyonel elektrik stimiilasyonudur (Reyes, Niedzwecki ve
ark.2020).

2. Noroplastisite ve Teknolojik Rehabilitasyon

Noroplastisite, sinir sisteminin ¢evresel, genetik ve davranigsal
degisiklikler sonucunda fizyolojik degisikliklere ugrama kapasitesidir.
Gelisim, yaslanma, hafiza, 6grenmeye bagli ndrol tepki siireclerinin tiimii
noroplastisite kavramii igerir (Cheung, Tunik ve ark. 2014). Noroplastisite
mekanizmalarmi noral iletimdeki degisiklik ve anatomik degislikler olmak
iizere iki ana baslik da inceleyebiliriz.

2.1. Noral Iletimdeki Degisiklikler

Sinaptik budama: sinir sistemindeki biitiin duyu-motor iletimden sorumlu
fiziksel sinaps sayisinda meydana gelen azalama olarak disiiniilebilir.
Cevreden gelen uyarilar, hebbian etkilesimi olarak da adlandirilan 6grenme
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sirasinda noronlar arasindaki etkilesimden meydana gelir. Yani birlikte
uyarilan noronlar arasinda etkilesim artar ve giiclenirken ayr1 ayr1 uyarilan
veya daha az uyarilan ndronlar arasindaki baglant1 kaybolur. Ayn1 sekilde sik
kullanilan noronlar arasindaki baglant1 giliglenirken daha az kullanilan
noronlar arasindaki baglant1 giderek kaybolur (Tessier and Broadie 2009).

Uzun siireli giiclendirme: birden fazla ndron aymi anda uyarildiginda
ndronlar arasinda meydana gelen sinyal iletiminde uzun siireli bir gelisme
olarak tanimlanir. Uzun siireli giiclendirmenin tersine uzun siireli depresyon
ise belirli bir ndronun digeri iizerindeki post sinaptik etkileri zayifladiginda
ortaya ¢ikar (Bliss and Lemo 1973).

2.2. Anatomik Degisiklikler

Baglantidaki degisiklikler: beyin herhangi bir yaralanmadan sonra kendini
iyilestirmek igin yeni iglevsel baglantilar kurma yetenegindedir. Nudo ve
ark.’larinm yaptigi ¢alismada inmeli bireylerde el fonksiyonuna 6zgii motor
korteks alanlarinda lezyon yerinin yakinindaki noéronlarin gorevi iistlendigi
goriilmiistiir (Nudo and Milliken 1996).

Beyin Aktivite Modellerinde Zaman Iginde Degisiklikler: fonksiyonel
manyetik rezonans goriintiileme (fMRG) beyin aktivitelerindeki degisiklikleri
degerlendirmek i¢in siklikla kullanilan ydntemlerden biridir. fMRG, kan-
oksijen diizeyine bagli (BOLD) sinyali 6lcer ve yiliksek uzaysal ¢oziiniirligii
nedeniyle, beyin aktivite modellerinde zamanla meydana gelen degisimlerin
olup olmadigmni aragtirmak igin 6zellikle uygundur. fMRG, kan- oksijen
diizeyinin hem konumunda hem de seviyesindeki sinyal degisiklikleri
noroplastisite oldugunun bir gostergesidir. Meehan SK. ve ark.’nmn yaptigi
calismada motor Ogrenmenin fonksiyonel etkilerini incelemek igin sag
kortikal inmeli ve saglikli katilimeilara joystick ile ekranda belirlenen bir
deseni takip etmeleri istendi sonra da bireylerin fMRG’leri istendi. Sonucta
saglikli kontrol grubunda premotor korteks de kan-oksijen diizeyinin arttig1,
inmeli bireylerde kan oksijen diizeyinin sol orta frontal gyrus da arttig1
goriilmiistiir. Bu da inmeden sonra motor 6grenme tabanli bir dikkat agmnin
onemini vurgular (Meehan, Randhawa et al. 2011).

2.3. Noroplastisite Nasil Degerlendirilir?

Beyindeki noroplastik degisimleri degerlendirmek igin birden fazla
yontem vardir. Beyin bdlgelerinin uyarilabilirlik derecelerini, beyindeki
metebolik degigiklikleri ve davranigtaki degisiklikleri dlgerek noéroplastik
aktivasyon degerlendirilebilir. Uyarilabilirlik seviyelerini degerlendirmek
i¢in motor  uyartlmigs  potansiyeller, elektroensefelografi ve
manyetoensefelografi yontemleri; metebolik degisiklikleri 6lgmek igin
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fonksiyonel manyetik rezonans goriintileme ve manyetik rezonans
spektroskopisi ile saglanmaktadir.

2.4. Teknoloji temelli yaklasimlar ve Noroplastisite

Motor 6grenme calismalariyla birlikte noroplastisite gelisimi gergeklesir.
Motor dgrenme beyinde hizli ve yavas adaptasyon gdsteren iki nérofizyolojik
sire¢ ile gergeklesir. Beceri ve islevsel organizasyondaki kisa vadeli
degisiklikler hizli 6grenme siireciyle gergeklesir beyindeki néronlar arasi
transmitterlerin lokalizasyonundaki hizli degisim ve miktar1 hizli 6grenme
stirecini destekler (Nudo 2006), siirecin her asamasinda bu egim artarak
ilerlemez egitim yogunlastirildikga 6grenme ile iyilesme arasindaki egim
diizlesir noronlar arasindaki yeni temaslar yavas 6grenme ile iligkilendirilir
(Kleim, Hogg ve ark. 2004). Hem hizli hem yavas 6grenmenin desteklenmesi
icin teknoloji temelli yaklasimlar oldukga sik kullanilmaktadir.

Teknoloji temelli yaklasimlar, sanal ger¢eklik uygulamalar1 bireyde beyin
hasarini takiben azalan ¢evresel etkilesimi desteklemek amaciyla son yillarda
oldukga yaygin olarak kullanilmaya baslanmistir (Rose, Brooks et al. 2005,
Merians, Poizner et al. 2006). Sanal gergeklik birden ¢ok duysal kanal
aracilig1 ile kullanicinin aktif katilimini gerektiren, bir ortamm gergek
zamanli simiilasyonunu iceren, kullanici-bilgisayar arayiiziine sahip bir
yaklasim olarak tanimlanmaktadir (Adamovich, Fluet et al. 2009). Sanal
gerceklik uygulamalari sirasinda verilen gorsel bilgi sensorimotor sistemin
yeniden diizenlenmesini saglayabilir (Kenyon and Ellis 2014). Aktif ve
odiillendirilmeye dayali bu sistem sayesinde gonderilen gorsel geribildirimler
ile motor ve premotor alanlarda aktivasyon hizlanir ve tekrarlanan eylemlerle
birlikte artan aktivasyon motor uyarilmis potansiyellerde de artisa neden olur
(Patuzzo, Fiaschi et al. 2003, Bray, Shimojo ve ark. 2007). Motor, premotor
ve parietal alanlardaki ndronal aktivasyonun gorsel bilgilerle modiile edildigi
birgok g¢alisma ile gosterilmistir (Graziano and Gross 1998, Graziano and
Gandhi 2000, Kakei, Hoffman et al. 2003). Sanal ger¢eklik uygulamalar
karmasik ve duysal bilgiler saglar. Ornegin istemli kontrolii olmayan
hastalardan hareket etmeye ¢aba gostermeleri istenir ve bu sekilde ekrandaki
gorsel uyaridan gelen geribildirim ile ekstremite hareketi ile birlestirilebilir
(Adamovich, August ve ark. 2009). Bu baglamda sanal gergeklik
uygulamalarinin en giiglii 6zelliklerinden biri ger¢ek diinyada miimkiin
olmayan maniiplasyonlara olanak tanimasidir. Boylece ndral yeniden
yapilanma orani en iist diizeye ¢ikabilir. Inme gegirmis hastalarda sanal
gercgeklik uygulamalarinin fonksiyonel iyilesme {izerindeki etkisini incelemek
amaciyla Jang ve ark.’nin yaptig1 calismada terapi dncesi agirlikli olarak
kontralezyonel sensorimotor aktivasyon goriilirken terapi sonrasi agirlikli
olarak ipsilesyonel aktivasyona gec¢is goriilmistiir (Jang, You ve ark. 2005).
Benzer sekilde You SH. ve ark. kronik inmeli bireylerde sanal gerceklik
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uygulamasmin kortikal reorganizasyon ve lokomotor iyilesme iizerinde
etkisini incelemistir. On iki inmeli hastay: sanal gergeklik ve kontrol grubu
olmak iizere iki gruba aymrmiglardir. Sonug olarak sanal gerg¢eklik uygulanan
grupta birincil sensérimotor korteks aktivasyonunda kontrol grubuna kiyasla
daha fazla noral aktivasyon goriilmistir (You, Jang ve ark. 2005). Bu
caligmalar 15181inda sanal gergeklik uygulamalarmm motor islevi dnemli
olgiide etkiledigini soyleyebiliriz.

3. Sanal Gergeklik, Video Bazh Oyunlar ve Rehabilitasyon
3.1. Nintendo Wii

Nintendo Wii, oyun konsolu, aktivite kontrolii saglayan kumanda,
hareketlerdeki degisimi algilayan sensor bar ve ekrandan olusan; farkli oyun
secenekleri ile bireye 6zgili aktivitelere imkan sunan bir cihazdir (Deutsch,
Borbely ve ark. 2008).

Sensor bar, yapilan hareketi algilar ve ana kasaya gonderir. Oyun
konsolu, oyun CD leri i¢in giris yeri, gii¢ kablosu, ekrana baglant1 yeri, agma
kapama diigmesi burada bulunur. Sensoér bardan gelen uyarilar burada
islenerek tekrar ekrana gonderilir (Deutsch, Borbely ve ark. 2008).

Uc eksende hareket olgen ivmedlger ile hareket sensoriinii algilar.
Kumandalar oyunlari 6zelligine ve amacima gore kullanilabilir (Chiu, Ada
ve ark. 2014). Ornegin tenis oyunu simiilasyonu yansitildiysa kumandalar
raket gibi veya golf oyunu yansitildiysa golf sopasi gibi kullanmak gerekir.
Oyun swrasmda birey gergekten o aktiviteyi yapiyor gibi davranmaldir.
Boylece tiim viicut komponentleri aktif olarak oyunun iginde yer alir. Oyun
ekranindan gelen geribildirimler ile otokontrol saglanir. Kumandalar ise bir
nevi uzaktan kumandadir. Hareketleri sensor bara iletir. Rehebilitasyon
uygulamalarinda proprioseptif egitim verme, denge, koordinasyon, agirlik
aktarma amaglariyla uygulanabilir (Lange, Flynn ve ark. 2010).

Tarakci ve ark. hafif SPli ¢ocuklarda Nintendo Wii denge tabanli oyunlari
(kayak slolomu, ip yiiriiyiisii ve futbol) standart denge egzersizleri ile
karsilastrmistir.  Tedavi sonunda denge skoru ve giinlik yasam
aktivitelerinde her iki grupta da iyilesme goriilirken yagsam Kkalitesi
degerlendirmesinde Nintendo Wii grubunda daha fazla iyilesme goriilmiistiir
(Tarakci, Ozdincler et al. 2013). Yine denge ve kaba motor
fonksiyonlarindaki degisimi degerlendirmek i¢in yapilan bagka bir ¢alismada
14 spastik hemiplejik SPli ¢ocuk dahil edilmistir. Agirlik aktarmanmnin her
yone oldugundan emin olmak igin oyunlar su sekilde belirlenmistir:
Snowboard (6n-arka), orta-yan (kayak, penguen oyunu ve futbol) ve ¢ok
yonlii agwlik degistirme (kabarcik oyunu ve hula hoop). Tedavi
standardizasyonunu saglamak i¢in ise agirlik aktarmanin her pargasi alt1 kez
oynanmas1 gerekir, Her oyun en az on dakika oynanmalidir ve her oturumda

106



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 05

¢ocuk her biri farkli kategoriden iki farkli oyun segebilir, 3 haftanin sonunda
her bolimde en az alt1 tik olmali ve her oyun en az bir kez oynanmis
olmalidir. Sonug Olgiitlerine bakildiginda belirgin iyilesme s6z konusu
olmustur. Zamanli merdiven inip ¢ikma, kogma hizi ve zamani, Bruininks—
Oserestky test of Motor Performance Skalasina gore). Nintendo Wii SPli
¢ocuklarda denge ve postural kontrol amaciyla siklikla kullanilmakla beraber
ist ekstremite fonksiyonlarinin aktive edilmesinde de etkin bir tedavi
secenegi olarak kullanilir. Winkels ve ark. SP'li ¢ocuklarda Nintendo Wii™
egitiminin st ekstremite fonksiyonu lizerindeki etkisini aragtirmustir. 15 SPIi
cocuk ¢alismaya dahil edilmistir. Ust ekstremite fonksiyonlar: Melbourne Ust
Ekstremite ~ Fonksiyonu = Degerlendirmesi  ve ~ ABILHAND-Kids
degerlendirmeleri kullanilarak tedavi dncesi ve alt1 hafta sonrasi 6l¢iilmiistiir.
Sonugta iist ekstremite hareketlerinin kalitesi degismezken giinliik aktiviteler
sirasinda iist ekstremiteleri daha rahat kullandigi goriilmistiir (Winkels,
Kottink et al. 2013). Nintendo Wii tedavisi SPli ¢ocuklarda konvansiyonel
fizik tedavi programlari ile kombine edildiginde fonksiyonel aktivitelerde ve
denge iizerinde daha fazla iyilesme oldugu goriilir (Winkels, Kottink et al.
2013, Montoro-Cardenas, Cortés-Pérez et al. 2021). Yapilan bir meta-analiz
¢alismasinda Nintendo Wii, konvansiyonel rehabilitasyon ile birlikte en az ii¢
hafta ve 30 dakikalik seanslarda uygulandiginda etkili oldugu goriilmiistiir
(Montoro-Cardenas, Cortés-Pérez et al. 2021).

Nintendo Wii oyun konsolunun her zaman ulasilabilir olmamas: ve
maliyetli olmas1 dezavantaj olarak goriilebilir.

3.2. Xbox Kinect

Sanal gerceklik uygulamalar1 iginde Xbox Kinect bir hareket algilama
cihazi olarak gelistirilmigtir. Standart bir kamera ve bir ¢ift kizil6tesi derinlik
sensOrii icerir. Uygulamada eldiven ya da kumanda ya gerek yoktur
uygulama baglatildiginda viicut hareketleri ile etkilesime girmeye uygun
olarak c¢alisir, diger yontemlere gore daha diisiik maliyetli bir oyun
konsoludur. Sanal gergeklik ortamini herhangi bir kontrolci olmadan
gormeye olanak tanmmasi, kullanicilarin hareketini ger¢cek zamanli olarak
kaydedip aninda geribildirim saglamasi Xbox Kinect uygulamasmi oldukca
kullanigh kilmaktadir (Sin, Lee et al. 2013).

Oyunlarin gelencksel tedavi yontemlerinden daha ilgi cekici olmasi,
hastalar arasinda daha iyi motivasyon saglamasi programin uzun vadeli
basarisini beraberinde getirir (Chang, Chen et al. 2011). Xbox Kinect sistemi
Nintendo  Wii ile karsilastirildiginda  herhangi  bir  denetleyici
gerektirmediginden oyuncunun sadece kendisi (govdesi ve ekstremiteleri) ile
kontrol edildiginden maliyet agisindan daha uygun ve daha uygulanabilir
secenek sunmaktadir. Jung SH ve ark. SPli (SP) ¢ocuklarda Xbox Kinect
egitiminin motor fonksiyon (selektif motor kontrol), denge (pediatrik denge
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Olgegi), yiirliyiis (zamanl kalk ve yiirii testi) ve fonksiyonel hareketlilik (6
metre ylirlime testi) tizerindeki etkilerini arastimistirt. Spastik SP1i dort gocuk
¢alismaya dahil edilmistir. Bu vaka serisinde sonuglar umut verici olmustur.
Tedavi uygulanan hastalarda tiim degerlendirme parametrelerinde iyilesme
gorilmiistiir (Jung, Song et al. 2018). Bir baska ¢alismada SP’li ¢ocuklarda
sanal gerceklik kullaniminin reaksiyon siiresine etkisi arastirilmistir.
Calismaya katilan 30 SP’li ¢ocugun basit reaksiyon siireleri ve ayirt edici
reaksiyon siireleri ‘RT-888 Otomatik Reaksiyon Siiresi Cihaz1’ kullanilarak
degerlendirilmis, Xbox Kinect cihazi ile sanal gerceklik uygulamalari
saglanmistir. Calismanin sonunda alinan 6lgiimlere gore Xbox Kinect sanal
gerceklik uygulamalari arasinda reaksiyon siiresini arttrmada umut vaadedici
oldugu goriilmustiir (Pourazar, Mirakhori et al. 2018).

Xbox Kinect ile yapilan ¢alismalarda yasam kalitesi, fiziksel performans
ve 0z- yeterlilik lizerine 6nemli 6lgiide iyilesmeler tespit edilmistir (Chang,
Han et al. 2013). Gelecekte daha ¢ok sayida ve daha biiyiik 6rneklem
gruplariyla yapilan ¢aligmalara ihtiyag vardir.

Teknoloji  tabanli  egitimlerin  kullanilmast  giiniimiizde  giderek
artmaktadir. Katilimecilarin normal egzersize kiyasla daha gergek¢i bir
ortamda hareket etmeleri, hareketlerine 6zgii hemen geribildirim almalar1
daha iyi bir katilim ve daha iyi 6grenme avantaji sunar (Adams, Finn et al.
2009). Cevresel ortamin kisa siirede degistirilebilir olmasi, katilimcmin
tehlikeli durumlar1 simiile etmesine izin verilmesi sanal gergekligin diger
avantajlar1 arasinda sayilabilir.

3.3. Leap Motion Controller (LMC)

Leap Motion tarafindan gelistirilmis olup hastanin viicuduna sensor
yerlestirilmesini gerektirmeyen temassiz bir etkilesimdir (Khademi, Mousavi
Hondori et al. 2014) .

LMC, etkilesimli yazilim uygulamalarinda el hareketlerini ve parmak
pozisyonlarmi tanimak, algilamak yakalamak i¢in tasarlanmugtir. Ayni
zamanda, dort katilimeiya kadar el, bilek ve kol pozisyonlarinin izlenmesine
izin verir (Bachmann, Weichert et al. 2018). Bu cihaz, kisiyle ilgili el tanima
icin el geometrisi dlglimlerini hesaplamak i¢in ii¢ kizilotesi sensor ve iki sarj
baglantili cihaz kamerasi igerir (Jiang, Xu et al. 2007). LMC, stereo-goriintii
goriintiilerinden el ve parmak konumlarint almadik¢a ve tiim matematiksel
hesaplamalar  6zel bir algoritma kullanilarak ana  bilgisayarda
gerceklestirilmedikge, herhangi bir yapilandirilmis 151k yaymaz veya sahne
haritast olusturmaz. Parmak ucu konum algilamasindaki sensér dogrulugu
yaklasik 0,01 mm'dir (Bachmann, Weichert et al. 2018).

LMC, bir veya iki elin miikemmel entegrasyonuna izin veren yaklasik
sekiz fit kiip etkilesimli 3D alanla 150° goriis alaninda saniyede 200 kareye
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kadar el izleme hizina izin veren yiiksek hassasiyetli bir optik izleme modiilii
ile donatilmigtr (Han and Gold 2014). LMC, bilgisayar ekraninda {ist
ekstremitenin sanal bir temsilini olusturur ve hastaya hangi gorevin
gergeklestirilmesi gerektigini belirtir (Ofia, Balaguer et al. 2018). Denge ve
yurilylis analizinde en yaygmn kullanilan viicut tanima cihazi olan Kinect®
gibi diger hareket yakalama sistemleriyle karsilastirildiginda, LMC, disiik
maliyeti de dahil olmak iizere c¢esitli avantajlar gostermektedir. kiigiik
boyutu, kullanim ve kurulum kolayligi, fiziksel rehabilitasyon ve
degerlendirme, tip egitimi gibi kullanilabilecek ¢ok ¢esitli mithendislik
uygulamalar1 avantajlarindandir (Bachmann, Weichert et al. 2015).

Avcil ve ark.’larmin ndrogelisimsel tedavi tabanli ve video oyun bazl
tedavinin etkinligini karsilastirdigi ¢alismaya 30 SP’li ¢ocuk dahil edilip 2
gruba randomize edilmistir. Her iki grup da 8 hafta boyunca haftada 3 giin
egitim almistir. El becerisi "Minnesota El Becerisi Testi (MMDT)" ile
fonksiyonel yetenek "Cocukluk Saglhigi Degerlendirme Anketi (CHAQ)" ve
"Duruoz El indeksi (DEI)" ile kavrama ve sikistirma giicleri dinamometre ile
degerlendirilmistir. Tedaviyi takiben her iki grupta da MMDT, kavrama ve
sikigtirma giicii, CHAQ ve DEI skorlarinda 6nemli degisiklikler bulunmustur
ancak, video oyun bazli tedavi grubu, MMDT'deki degisiklikler agisindan
istatistiksel olarak daha istin bulunmustur. Ayrica, her iki tedavi
programmin kavrama kuvvetleri ve fonksiyonel yetenek tizerindeki etkileri
benzer sekilde faydali oldugu gosterilmistir (Avcil, Tarakci et al. 2021).

4. Robotik Rehabilitasyon

SP’de son donemlerde teknoloji de meydana gelen gelismelerle birlikte
uygulanan teknoloji temelli tedavilerden olan robotik rehabilitasyon tedavide
siklikla kullanilmaya baslanmistir (Li 2017). Robotik cihazlar, yiiksek
yogunlukta ve ¢ok sayida tekrar igeren goreve 6zel egzersizlerin kullanimiyla
motor dgrenme prensiplerine dayanir (Zhang, Yue et al. 2017). Alt ve ist
ekstremitelerin motor fonksiyonlarmi gelistirir ve izole eklem hareketlerinin
gerceklestirilmesine olanak tanir (Baxter, Morris et al. 2007).

Kortikospinal yol disfonksiyonu olan ve motor gelisimde gecikme
goriilen ¢ocuklarda c¢ok tekrarla yapilan egitimler motor gelisim iizerine
genel etkiler olusturur (Rosenbaum, Palisano et al. 2008). Sensorimotor
deneyim, pratik yaparak becerilerin kazanilmasi seklinde ifade edilen motor
ogrenmenin temelidir. Robotik rehabilitasyon sayesinde SP'li ¢ocuklarda hem
yeni motor fonksiyonlarin grenilmesi hem gelistirilmesiyle sensérimotor
deneyim gelistirilerek motor O6grenmeye katki saglandigi gosterilmistir
(Hogan, Krebs et al. 2006, Bar-Haim, Harries et al. 2010). Yeni olusan
ogrenmeler, tekrarlanan veya deneyimlenen aktiviteye bagli meydana gelen
noral plastisiste yoluyla kazanilmaktadir (Jenkins and Merzenich 1987,
Nudo, Wise et al. 1996).
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SP'li ¢ocuklarm motor kontrol becerileri, tekrarlayici goreve spesifik
tedavi programlariyla gelistirildigi bilinmektedir. Robotlar, ndrolojik hasar
sonucu bireylerin motor rehabilitasyonunda 6zellikle yiiriimenin iyi hale
gelmesinde one ¢ikan teknolojik yaklasimlardan biridir. Robot yardimli
yiirime egitimlerinin, kismi destekli treadmil galismalarina veya geleneksel
tedaviye gore avantaji; daha yogun, kontrollli, tekrarlayic1 ve gérev-hedef
odakli egitime imkan vermesidir. Ayrica motor 6grenme yoluyla kortikal
reorganizasyona yardimct olmasidir. Noroplastisitenin  yiiksek olmasi
sonugalrin daha iyi olmasina neden olur ve bu amagla kullanilan robotik
rehabilitasyon yaklagimlarinin 6zellikle SP’li ¢ocuklarda 6nemi giin gectikce
artmaktadir. (Meyer-Heim and van Hedel 2013).

Rehabilitasyon robotlar1 sayesinde iyilesme hizlanir, fizyoterapistin
verimliligi artar ve hastalar daha objektif degerlendirilebilir. Robotlar ile
ritmik hareketler ayni kosullarda ve istenilen tekrarda yapilabilir. Hastalara
evde tedavi imkani1 sunarak internet alt yapisiyla uzaktan programlanabilirler.
Fizyoterpiste ayni anda ¢ok sayida hasta tedavi etme imkan1 sunar. Robotlar,
on tanimli kuvvetleri olusturabilir ve bu kuvvetlerin devamli kontroliinii
meydana getirebilir. Robotlar ayni rehabilitasyon sartlarmi, fizyoterapiste
oranla daha dogru ve kesin olarak yerine getirebilir. Robotlar, bir
fizyoterapiste birden fazla hasta tedavi imkani saglar. Eklem agilar1 gibi
degiskenlerin kantitatif 6l¢iimlerini saglamak i¢in sensorlere sahiplerdir ve bu
objektif 6l¢lim imkani sunar (Reinkensmeyer, Emken et al. 2004).

Robotik sistemler;

-Alt ve st ekstremiteler igin sabit egzersiz robotlari,
-Giinliik yagam aktivitelerine yardim eden robotlar,
-Viicuda giyilebilen robotlar (robotik ortezler),
-Robotik yiiriitegler seklinde smiflandirilabilir.

Rehabilitasyon robotlar1 tasarim temeline gore eksoskeleton ve end-
effector cihazlar olarak 2 gruba ayrilabilir (Cao, Xie et al. 2014, Schwartz
and Meiner 2015).

End-effector tip cihazlar ekstremitenin distal kismma mekanik kuvvet
uygulama prensibiyle ¢aligirlar. Destek noktalar1 kinetik zincirin son halkast
olan ayaktir. Diz ve kalca eklemleri ise serbest aktif katilim gerektirir.
Ekstremitenin proksimal kisminda yetersiz kontrol sonucu anormal postiir ve
hareketler meydana gelir. Bu tipte cihazlar farkli zeminlerde yiiriime, yokus
¢ikma ve inme ¢aligma imkant sunar.

Eksoskeleton sistemler, sabit veya ambulatuar sekilde olabilirler.
Eksoskeleton sistemlerde robotik cihazlar, hastanin anatomik eksenlerine
gore diizenlenmis eksenlerden olusur ve bu eklemlerin dogrudan kontroliinii
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saglarlar. Sonu¢ olarak anormal postiir ve hareketlerin meydana gelme
ihtimali azalir.

Yiriiylis bandi destekli eksoskeleton sistemlere Ornek olarak Alex,
Arthur, Lokomat, UcA PMA, Pam-Pogo ve Bot verilebilir. RoboGait de
iilkemizde Ortadogu Teknik Universitesi Teknokent’te iiretilmistir ve
eksoskeleton treadmill egzersiz robotuna 6rnek olarak verilebilir (Demir and
Dergisi 2015).

Sabit treadmill egzersiz robotlar;; viicut agirhigini destekleme ve
yiikseltme sistemi, gogiis askis1 sistemi, kisiyi aski sistemine baglayacak olan
bir govde korsesi (harness) ve viicut agirhigr desteginin viicudun her iki
yarisina esit olarak dagilmasmi saglayan defleksiyon makarasindan olusur.
Ayrica egzersiz esnasinda hastanin pelvik rotasyonuna engel olmak igin bir
cift pelvik aski, siirtiinmeyi engel olan pedler ve robotik siiriicii donamindan
olugur (Demir and Dergisi 2015).

Robotik rehabilitasyon uygulamalar1 iist ve alt ekstremiteye yonelik
yapilan uygulamalar seklinde 2 baslik altinda incelenebilir.

4.1. Ust Ekstremiteye Yonelik Rehabilitasyon Uygulamalar

Ust ekstremite motor becerilerini gelistirmeye yonelik farkli robotik
sistemler gelistirilmistir. Boylece {ist ekstremiteler giivenli, yogun ve dogru
paternde cahsir. Ust ekstremitede robotik cihazlariyla; hastalarin temel
giinliik yagsam aktivitelerini gergeklestirmeleri ve fiziksel egzersiz yapmalar1
saglanir. Pediatri alaninda iist ekstremite rehabilitasyonu amaciyla kullanilan
smirli sayida robotik sistem vardir (Frizera, Ceres et al. 2008). Ust
ekstremitelerin igleyisini iyilestirmek i¢in robotlarin kullanilmas: umut verici
olsa da, pediatrik gruptaki kanit diizeyi yetiskinlere gore daha az
goriinmektedir. SP'li gocuk ve ergenlerde yapilan robotik ¢alismalarin ¢ogu,
nispeten kiiciik 6rneklem biiyilikliigline ve az sayida randomize kontrollii
¢alismaya (RCT) sahiptir (Reyes, Niedzwecki et al. 2020).

Ust ekstremite rehabilitasyonunda kullanilan robotlar; pasif, aktif, taktil
ve yonlendirici olmak {izere farkli sekillerde harekete yardim ederler. Bunlar
kullanim amacina gore geribildirim ve dokunma hissi saglayarak hareketi
kolaylastirtp veya zorlastirarak harekete yardimci olurlar (Maciejasz,
Eschweiler et al. 2014).

Inmotion: Ust ekstremite robotik sistemler yetiskinler icin tasarlanmistir.
Cocuklar i¢in modifiye edilen robotik sistemler i¢inde yapilan ilk ¢aligma
2008 yilinda InMotion2 ile yapilmistir. Bu sistemde sadece el cihazla
temastadir. Fasoli ve ark.’larinim yaptig1 bu ¢alismada 5-12 yaslar1 arasinda
orta ila siddetli motor bozukluklar1 olan on iki hemiplejik SP’li gocukta
robotik rehabilitasyonun etkisi arastirilmistir. 8 hafta siiresince haftada 2 kez
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olmak tizere 1 saatlik robotik terapi seanslarindan sonra QUEST skorunda ve
Fugl-Meyer testinde anlamli gelismeler gosterilmistir (Fasoli, Fragala-
Pinkham et al. 2008).

YouGrabber: YouGrabber® sistemi, farkli boyutlarda veri eldivenleri, bir
kizilotesi izleme kamerasi, hoparlorlii biiyiikk bir monitdr ve bir kisisel
bilgisayar igerir. Her bir eldivenin tizerindeki ivmeolgerler, sistemin kol ve el
hareketlerini 6lgmesini saglar. Kizilotesi kamera ile izleme, uzayda dl¢timlere
izin verir. Eldivenlere takilan titresim motorlar1 dokunsal geri bildirim
saglarken, farkli oyun senaryolar1 gérsel ve isitsel geri bildirim saglar. Ince
parmak hareketleri, uzanma, kavrama, dirsek fleksiyon ve ekstansiyon, kol
kaldirma ve digerleri gibi gesitli hareketler egitilebilir. Oyuna bagl olarak,
bireysel hareketler segilebilir (Wille, Eng et al. 2009). Hareketleri aktif olarak
yapabilen hastalarda kullanilir. Bilateral kullannoma uygun olarak
tasalanmistir. Parmaklardan omuza kadar tiim ekstremite c¢alistirilabilir.
Literatiirde bu sistemle yapilmis sinirlt ¢aligma bulunmaktadir (Meyer-Heim
and van Hedel 2013).

Van hedel ve ark.’lart SP’li 17 g¢ocuk ve gengte eldiven tabanli
YouGrabber sistemin kol ve el fonksiyonu iizerindeki etkilerini
aragtrmiglardir. 45 dakikalik 2 seans boyunca deney grubuna YouGrabber
sistemle egitim verilirken kontrol grubuna bilgisayar oyunlar1 oynatilmistir.
Kavrama kuvveti i¢in dinamometre, kutu blok testi ve 9 delikli Peg Test
kullanilmis, kutu blog test sonuglarinda ¢alisma grubunda, kontrol grubuna
oranla daha iyi gelismeler gosterilmistir (van Hedel, Wick et al. 2011).

Armeo Spring: Ust ekstremitede aktif hareket olup kas kuvveti 3 iin alt1
olan ¢ocuklar igin tasarlanmistir. Ekstremite agirlig1 almarak aktif harekete
yardimcr olur. Unilateral tasarima sahiptir. Her iki ekstremite i¢in de
kullanima hazir hale getirilebilir. Omuzdan ele kadar olan kisimlar1
calistirirken izole parmak hareketleri calistirilamaz (Sanchez, Liu et al
2006).

Robert ve ark,’larinin yaptig1r ¢alismada ArmeoSpring ile desteklenen
zorunlu kisitli hareket tedavisinin el fonksiyonu ve mesleki performans
iizerine etkilerinin incelendigi ¢alismaya 31 hemiparetik SP’li ¢ocuk dahil
edilmigtir. Assisting Hand Assessment (AHA) ve Canadian Occupational
Performance Measure (COPM) da kilinik olarak anlamli geligsmeler
bulunmustur ve tedavi etkileri 6 ay sonrada devam etmistir. MUUL daki
iyilesme ise istatistiksel olarak anlamli bulunmustur fakat klinik olarak
anlaml1 bulunmadig1 gosterilmistir (Roberts, Shierk et al. 2020).

Haptic Master: Bir halka gimbal ile birlestirilmis 6 serbestlik derecesine
sahip bilgisayar ile kullanici arasinda ii¢ boyutlu veri transferine izin veren
bir cihazdir. Bu cihaz, hastaya sanal ortamda olan bir nesneyi gérme ve bu
sanal nesneye dokunma imkami sunar. Ek olarak bu cihaz, gercek bir
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nesneden verileri alarak; bu verilerin sanal ortamda kullanilmasini da saglar.
(Adamovich, Fluet et al. 2009).

Qiu ve ark.’larinm hemiplejik SP’li iki ¢ocuk iizerinde yaptig: fizibilite
caligmasinda 3 hafta siiresince haftanin 3 giinii olmak {izere birer saat egitim
aldiktan sonra genel performansta, iist ekstremite aktif hareket agikliginda ve
hareketlere ulasma kinematik Olgliimlerinde iyilestirmeler gostermislerdir
(Qiu, Ramirez et al. 2009).

Fluet ve ark.’larmin yaptigi diger bir ¢aligmada ise 9 hemiparetik SP’li
¢ocuk dahil edilmistir ve denekler toplamda 3 hafta olmak iizere haftanin 3
giinii 1 saat egitim almislardir. Melbourne Tek Tarafli Ust Ekstremite
Fonksiyon Testi Degerlendirmesi'nde istatistiksel olarak onemli gelismeler
gosterilmistir (Fluet, Qiu et al. 2009).

REAPIlan: Hastanin kavrayabilecegi veya eli ¢cok zayifsa bir ortez ile
baglanabilecegi bir tutamag araciligiyla hastanin iist ekstremitesini yatay bir
diizlemde hareket ettirebilen bir end efektér robotudur. Hasta ve robot
arasindaki etkilesim kuvvetlerinin kontroliine izin veren kuvvet ve konum
sensorleriyle donatilmistir (Sapin 2010).

REAPIlan Robot yardimli rehabilitasyonun etkinligini degerlendirmek
amaciyla yapilan bir ¢aligmaya 16 ¢ocuk dahil edilmistir. 8 hafta boyunca her
seans 45 dk olmak flizere kontrol grubundaki sekiz ¢ocuk, haftada 5 giin
konvansiyonel tedavi seansi, deney grubundaki sekiz ¢ocuk ise, haftada 3 giin
konvansiyonel tedavi seansi ve 2 robot destekli seans almislardir. Kutu ve
Blok testi ile degerlendirilen hareketin diizgiinliigii ve el becerisi, robotik
grupta 6nemli 6l¢iide daha fazla iyilesmistir (Gilliaux, Renders et al. 2015).

4.2. Alt Ekstremiteye Yonelik Rehabilitasyon Uygulamalari

Robotik sistemler norolojik bozukluklarin ve daha c¢ok alt ekstremite
fonksiyonu olan yiiriiyiis paterninin gelistirilmesinde 6nde gelen bir teknoloji
olarak ortaya c¢ikmugtir (Meyer-Heim, Ammann-Reiffer et al. 2009).
Spinalize edilmis kedilerin viicut agirliklar1 alinarak treadmilde
yuriitiilmelerinin yapilabilir olmasi, alt ekstremite eklem hareketlerine
odaklanarak yapilan ilk robotik rehabilitasyon yaklagmmdir (Meyer-Heim,
Ammann-Reiffer et al. 2009).

Daha sonra gelistirilen alt ekstremite rehabilitasyon robotlarinin; yiiriime
parametrelerini ve bozulmus/tamamen ortadan kalkmis hareketleri yeniden
ogrenmek, cesitli kaslardaki kuvvet dengesizligini minimuma indirgemek,
kas kuvveti, alt ekstremite eklem hareket miktar1 ve kas kuvvetinin ortaya
¢ikan yilirime paterninin degerlendirilmesi amaglarindandr (Krebs, Dipietro
et al. 2008, Koceska and Koceski 2013).
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Cocuklarda robotik yardimli rehabilitasyon kullanimi ile ilgili yapilan
¢aligmalarda siklikla alt ekstremite robotlarina yonelik oldugu goriilmektedir.

Gait-Trainer: Viicut agirligi destek sistemiyle hastanin agirligi azaltilir.
Yiriyligiin durus ve salinim fazlarini simiile eden ayak tablasi iizerinde
hastanin alt ekstremitesi pozisyonlanir.

Smania ve ark.’larmin diplejik ve tetraplejik SP’li ¢ocuklar iizerinde
tekrarli lokomotor rehabilitasyonun etkinligini degerlendirmek i¢in yaptiklari
calismada 2 hafta, 10 tedavi seansi boyunca deney grubuna Gait Trainer ile
yirime egitimi, kontrol grubuna ise konvansiyonel tedavi uyulanmustir.
Deney grubu, kalga kinematigi, ylirlime hizi, enduransi ve adim uzunlugunda
tedavi sonras1 6nemli iyilesme gostermistir (Smania, Bonetti et al. 2011).

Lokomat: Viicut agirhgmm desteklendigi kalga ve diz ekleminde
ekstansiyon ve fleksiyon hareketine izin veren robotik sistemdir. Sallanma
fazinda ayak siirtiinmesini engellemek icin pasif dorsifleksiyona yardime1
olur. Yiiriime sirasinda pelvisi sabit tutarak ortezle vertikal harekete yardimci
olur (Briitsch, Schuler et al. 2010).

Wallard ve ark.’larmin bilateral SP'li ¢ocuklarm yiiriiylislerinde dinamik
denge kontrolii {izerindeki Lokomatin etkisini ve ¢ocuklarin yiiriiyiis
sirasinda dengelerini korurken kendilerini ileriye tasimak igin kullandiklar
farkli stratejiler lizerindeki etkisini belirlemek igin yaptiklar: ¢aliymada tim
viicudun sagital ve frontal diizlemdeki kinematik verileri, Kaba Motor
Fonksiyon Olgiimii testinin (D ve E) &n ve son test degerleri arasinda ve
yiiriiyiis sirasindaki denge kontroliinde 6nemli gelismeler gézlemlenmistir
(Wallard, Dietrich et al. 2017).

Yapilan baska bir ¢aligmada bilateral SP’li yirmi dort ¢ocuga 12 hafta
boyunca haftada 30-45 dakikalik iki seans Lokomat egitimi verilmistir.
Egitim sonucunda kas kuvveti yilirlime hizi ve adim uzunlugunda olumlu artis
goriiliirken kinematik paternlerde anlamli degisiklik goriilmemistir (Cherni,
Ballaz et al. 2020).

Innowalk: Dinamik ayakta durmaya yonelik tasarlanms olup, agirhk
vererek ayakta dururken alt ekstremitelerin pasif hareketini destekler. Dogal
bir yiirlime hareketi saglar. Bacaklarin pasif hareketini saglarken, gerekli ve
giivenli govde destegi ile dik agirlhik tasima pozisyonunda diizenli giinliik
fiziksel aktivite hedefine ulasmayr miimkiin kilar. Bu nedenle, bireysel
fiziksel smirlamalarin iyilestirilmesine katkida bulundugu gosterilmistir
(Lauruschkus 2015). Schmidt-Lucke ark.’larmim bilateral SP’li ¢ocuklar
iizerinde innowalk kulanilarak yaptiklar1 ¢aligmada kas giicli, mobilite,
yuriime parametlerinde ve vital fonksiyonlarda gelisme goriilmiistiir
(Schmidt-Lucke, Kaferle et al. 2019).
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Robogait: Tiirkiye'de {iretilen Robogait hastanin viicut sekline gore
ayarlanabilen dis iskelet tipi robotik yiiriime cihazidir. Cihaz ayarlanabilir
entegre sistem olarak c¢aligmaktadir. Kemere takilan aski sistemi viicut
agirligini tasir, askili kosu ortezleri bacaklari ii¢ bolgede tutar ve kosu bandi,
operator bilgisayar1 ve gorsel destek monitorii dahildir. SP’li ¢ocuklarin
ayakta durma ve ylirime becerilerine geleneksel terapinin yani sira robot
yardimli yiiriiylis egitiminin (RAGT) etkilerini arastirmak igin yapilan bir
calismaya 4-18 yas aras1 38 SP'li gocuk dahil edilmistir. Tedavide RAGT (30
dk/seans) ve konvansiyonel fizyoterapi (30 dk/seans) birlikte uygulanmistir.
Tedavi siiresi seans basma 60 dakika, haftada 3 veya 4 seans, 8-10 hafta
boyunca toplam 30 seans olarak verilmistir. Tedaviden sonra GMFM-66nin
ayakta (D) ve ylirime (E) boliimlerinde, 6 dakika yiirlime testi ve 10 m
yiuriime testinde anlamli iyilesmeler goriildiigii gosterilmistir (Sucuoglu
2020).

Exoskeleton tip cihazlar birgok ticari isimle anilmakla birlikte pediatrik
alanda ve norolojik rehabilitasyonda lokomat diginda, Innowalk, Innowalk-
Pro, ReoAmbulator, alt ekstremite destekli exoskeletonlar (LOPES), ve
ALEX siklikla kullanilmaya baslanan modern cihazlardir.

5. Tele-Rehabilitasyon Uygulamalar

[letisim araglarindan yararlanilarak saglik hizmetlerinin uzak mesafelerde
de kullanilabilmesi Tele-tip; rehabilitasyon hizmetlerinin bu sistemler
sayesinde konum olarak daha uzak bir alana veya direkt olarak hastaya
ulastirilmasi ise Tele-rehabilitasyon olarak adlandirilmaktadir. Farkli hasta
gruplarinin (erigkin ve/veya ¢ocuk) cesitli nedenlerden dolay: rehabilitasyon
hizmetlerine ulagmada giiglikk yasadiklar1 goriilmektedir. Merkezlerin uzakta
olmasi, ikamet edilen bolgede uzmanlarin bulunmamasi, transfer sorunlari
gibi problemlerden dolayr yasanilan bu durumun ¢oziimiinde Tele-
rehabilitasyon hizmetleri nem arz etmektedir (Aktas I 2021).

Kablosuz cihazlar (izleme cihazi, cep telefonu), internet aglari, bilgisayar
ve/veya telefon yardimiyla yapilan sesli, video konferans goriigmeleri, sanal
gerceklik uygulamalari, web tabanli teknolojiler, mobil uygulamalar gibi
farkli yontemler kullanilarak tele-rehabilitasyon uygulamalari
gergeklestirilmektedir (Holden 2005, Russell 2007). Tele-rehabilitasyon
hizmetlerinin gelisiminde en temel faktor teknolojidir. Ileride ozellikle
robotik sistemler, sensor tabanli teknolojiler kullanilarak tele-rehabilitasyon
hizmetlerinin yayginlasacagi diisiiniilmektedir (Peretti, Amenta et al. 2017,
Chen, Abel et al. 2019).

SP’li bireylerin farkli sensorimotor alanlarda goriilen patolojileri (duyu,
algi, iletisim, motor bozukluklar vb.) diisiiniildiiglinde devamli olarak
rehabilitasyon hizmetlerinden yararlanmalari prognoz agisindan Snemlidir
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(Bax, Goldstein et al. 2005, Colver, Fairhurst et al. 2014). Bu siiregte
tedaviye ulagmada yasayabilecekleri zorluklar géz Oniine alindiginda tele-
rehabilitasyon uygulamalar1 alternatif bir segenektir (Novak, Morgan et al.
2020).

Literatiir incelendiginde tele-rehabilitasyon hizmetleri inme gibi diger
norolojik hastaliklarda daha yaygin olarak kullanilsa da SP’li bireylerde de
uygulandigr goriilmiistiir (Sarfo, Ulasavets et al. 2018, Molinaro, Micheletti
et al. 2020). Yaslar1 5-12 arasinda 10 SP’li ¢ocukta tele-rehabilitasyon
tabanli eylem gozlem egitiminin etkinligi incelenmis, haftada 5 giin 3 hafta
boyunca bilgisayar destekli tele-rehabilitasyon uygulamasi yapilmustir. Ust
ekstremite ve el fonksiyonlarinda baslangica gore anlamli farklilik
saptanmistir (Molinaro, Micheletti et al. 2020). Bir ¢alisma kapsaminda
hemiplejik SP’li bireylere giinde 30 dakika haftada 5 giin sanal gergeklik
tabanli bir video oyunu yardimiyla sensor sisteminden yararlanarak eldiven
takmalar1 ve oyun sirasindaki aktiviteler yardimiyla st ekstremiteyi aktive
eden egzersiz yapmalar: istenmistir. Bilgisayar destegi ile uzaktan izleme
yapilmig ve 3 aym sonunda yapilan Slglimlerde el fonksiyonu ve 6n kol
kemik saghgmda olumlu gelismeler gorildigi bulunmustur (Golomb,
McDonald et al. 2010). SP’li ve normal gelisim gosteren bireylerde yapilan
bir caligmada sanal gergeklik tabanli bir tele-rehabilitasyon uygulamasinin iki
grupta da fiziksel aktivite seviyesi ve enerji harcanmasinda artisa yol actig1
goriilmistiir (da Silva, da Silva et al. 2021). Covid-19 Pandemi siirecinde
tele-rehabilitasyonun kaba motor fonksiyonlara etkisini gozlemlemek
amaciyla yapilan bir ¢alijmanin sonucunda SP’li  g¢ocuklarda
telerehabilitasyonun kaba motor fonksiyon iizerinde olumlu etkisi oldugu
bulunmustur (Cristinziano, Assenza et al. 2021).  Ayrica literatiirde
hemiplejik SP’li cocuklarda tele-rehabilitasyon uygulamasinin giinliik yagam
aktivitelerini, iist ve alt ekstremite fonksiyonlarmi iyilestirmede etkili
oldugunu ortaya koyan ¢aligmalar da mevcuttur (A, Ross et al. 2017, Chen,
Fanchiang et al. 2018).

Diger yontemlerde oldugu gibi tele-rehabilitasyon hizmetlerinin de bir
takim dezavantajlar1 vardir. Onceleri daha yiiksek maliyet olmakla birlikte
son zamanlarda maliyet diisliriilmeye ¢alisilmis ama ne yazik ki bu diisiis tim
popiilasyonun kullanima uygun olacak seviyeye heniiz ulagsmamistir. Ayrica
telefon hatlar1 ve internet baglantilarina bagli oldugundan meydana
gelebilecek ag kesintileri de bir dezavantaj olarak karsimiza ¢ikmaktadir
(Rizzo, Strickland et al. 2004).

Sonug olarak SP’li bireylerde fizyoterapistlerin; video konferans, robotik
rehabilitasyon, sanal gerceklik gibi yontemlerle tele-rehabilitasyon
protokollerini uyguladiklar1 ve sonucunda anlamli gelismeler elde ettikleri
goriilmektedir. Tedavi etkinligine ek olarak takip kolayligi, iletisim,
motivasyon gibi onciillerde de anlamli gelismeler ortaya konulmustur. Tele-
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rehabilitasyon hizmetleri ulagilmasi daha kolay, esnek, etkili, bireye 6zgii bir
tedavi metodu olarak ayaktan rehabilitasyon hizmetlerine alternatif olarak
goriilmektedir. Ozellikle rehabilitasyon merkezlerine uzak kirsal alanlarda
yasayan, ulagimdaki aksakliklardan dolay1 merkezlere gidemeyen, transfer ve
ambulasyon problemi nedeniyle giigliik yasayan, siirekli takip gerektiren bir
popiilasyon olan SP’li bireylerde koronaviriis pandemisi gibi saglikla ilgili
acil durumlar gerektiren kosullarda da uzaktan takip ve tedavi olanaklari ile
tele-rehabilitasyon etkili bir hizmet olarak karsimiza ¢ikmaktadir (Fazzi and
Galli 2020).

6. Mobil Uygulama Yardimiyla Rehabilitasyon

Teknolojide yasanan gelismelerin etkisi ile cep telefonu kullanim1 giderek
yaygmlagsmistir. Son yillarda, bilgiye erisimin yayginlagmasiyla birlikte,
saglik sektoriinde uygulanan bilgi ve iletisim teknolojilerindeki ilerlemeler;
gelencksel yaklasimlarda degisikliklere gidilmesine yol agmaktadir.
Teknolojinin gelisimi saglk sektdriiniin daha Ozellesmis, kapsamli, ve
Onleyici hizmetlere erigimini kolaylastirmaktadir. (Becker, Miron-Shatz et al.
2014, Jazayeri and Jamshidnezhad 2019). Saglik sektoriine uygulanan yeni
teknolojiler, mobil uygulamalar; SP'li ¢ocuklarm degerlendirme, teshis,
tedavileri i¢in umut vadetmektedir.

Literatiir incelendiginde bir ¢alismada ayak tabanina yerlestiren sensor
tabanliklar bir mobil uygulama ile etkilesim haline gegirilerek parmak ucu
yiiriiyiisii sirasinda mobil uygulama yardimi ile igitsel bir uyart verilerek
bireyden yiriylisiini  diizeltmesi istenmistir. Caligmanin  sonucunda
goriilmiistiir ki bu sistem sayesinde SP’li ¢ocuklarda parmak ucu
yuriiylisiinde diizeltme potansiyeli saglanmistir (Pu, Fan et al. 2014). Bir
caligmada da 25 SP’li ¢ocuk ile 25 tipik gelisen ¢ocuk iki gruba ayrilmis, her
gruba cep telefonu iizerinden oyun yardimi ile bir gorevi tamamlamalari
istenmigtir. Normal gelisim gdsteren bireylerin dahil oldugu grupta
performanslar daha iyi olsa da SP’li grup i¢in de gorev odakli uygulama
sonucunda performans gelisiminin goriildiigii ortaya konulmustur (de Paula,
de Mello Monteiro et al. 2018).

Aragtirmalar 1g1ginda cep telefonlarinin ve Dbilgisayarlarm, engelli
bireylerin akademik programa, iglere, eglence etkinliklerine, rehabilitasyon
hizmetlerine ve diger faaliyetlere bagimsizligini, iiretkenligini ve katilimini
en iist diizeye ¢ikarma yetenegine sahip oldugunu bildirmistir (Burgstahler,
Comden et al. 2011).

7. Sensor Teknolojileri

Farkl tiirdeki uyaranlar1 (uzaklik, gerilim, basing, 1s1, 151k gibi) elektronik
ortama ileten mekanizmalara sensdr denilmektedir. Sensdr tabanli

117



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 05

uygulamalar saglik sistemlerinin pek ¢ok basamaginda kullaniimaktadir.
Rutin hasta takibi ve rehabilitasyonu gerektiren SP’li bireylerde de saglik
hizmetlerine ulasimda kolayliklar saglayarak kullanimi yaygmlasmaktadir
(Patel, Park et al. 2012). Giyilebilir, ortam, harekete duyarl, 1518a duyarl,
fiziksel aktivite monitdrleri ve biyosensorler gibi farkl tiirde sensor gesitleri
bulunmaktadir (Patel, Park et al. 2012, Tao, Liu et al. 2012).

SP’li bireylerde sensor tabanli uygulamalara genellikle degerlendirme
asamasinda yogunlasilmistir (Choi, Shin et al. 2018, Li, Wang et al. 2021).
28 SP’li ¢gocugun dahil edildigi bir ¢alismada hareket sensori ile etkilesimi
bulunan oyun tabanli sanal gergeklik uygulamasi 8 hafta uygulanarak motor
fonksiyon diizeyindeki degisim incelenmis ve motor fonksiyonda iyilesmeyi
sagladig goriilmiistiir (Camara Machado, Antunes et al. 2017). Hemiplejik
SP’li ¢ocuklarda el rehabilitasyonu i¢in gelistirilen sensor tabanli bir eldiven
ve sanal gergeklik klavyesi yardimiyla paretik ve paretik olmayan ele hem
SP’li gruba hem de tipik gelisim gosteren gocuklarn bulundugu gruba es
zamanli uygulama yapilarak bimanuel egitim verilmis ve pilot caligma
yapilmistir. {1k sonuglara gore cihaz yardimiyla hem nesnelerin dogru sekilde
manipiile edilmesi igin gerekli olan izometrik parmak ucu kuvvetinin
degerlendirilmesi hem de terapiye rehberlik ederek egitim platformu seklinde
kullanilmasi saglanmistir (McCall, Ludovice et al. 2019).

Siirekli kendini yenileyen, gelisen sensorlerin; objektif yontemler olarak
karsimiza ¢ikmast ve rehabilitasyona Onemli fayda saglayacagi
diistiniilmektedir.

8. Fonksiyonel Elektrik Stimiilasyonu

Elektriksel uyar1 sonucunda kas kasilmasi saglayan modalite
Noromuskiiler Elektrik Stimiilasyonu (NMES)’dur (Ozdemir and Kabayel
2007). Fonksiyonel Elektrik Stimiilasyonu (FES), NMES’in formlarindan bir
tanesidir. Giinliikk yasamda fonksiyonel aktif hareketin agiga ¢ikmasi igin
uyarilmasinda bozukluk olan kaslara uygulanan algak frekansl elektrik akim1
FES olarak adlandirilmaktadir. SP’de fonksiyona 6zgii hareketi meydana
getirerek motor 6grenme temelli rehabilitasyona katkida bulunmaktadir.
SP’de klinikte genellikle yiizeyel uygulamalar kullanilsa da perkiitan
uygulamalar da bulunmaktadir (Chiu and Ada 2014).

Literatiirde; FES’in SP’li gocuklarda yiiriiylis fonksiyonunu gelistirdigi
(Corsi, Santos et al. 2021), ayakta artan dorsifleksiyon sayesinde diismelerde
azalmayr sagladigi (Moll, Vles et al. 2017), ayrica iist ekstremiteye
uygulanan Botulinum Toksin enjeksiyonunun ardindan uygulanan FES ile iist
ekstremite fonksiyonunda olumlu degisiklikler goriildiigii ortaya konulmugtur
(Pieber, Herceg et al. 2011). Bir ¢calismada geleneksel fizyoterapi programina
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ilaveten govdeye uygulanan FES’in gévde kontroliini arttrmada etkili
oldugu goriilmiistiir (Karabay, Oztiirk et al. 2015).

[laveten fonsiyonel ortez gibi diisiiniilen, SP’de ortezlere alternatif olarak
kullanimi hakkinda goriisler olan FES uygulamasimnin ortotik ve terapotik
etkinliginin  belirlenmesi i¢in daha kapsamli c¢alismalara ihtiyag
duyulmaktadir (Khamis, Herman et al. 2018).
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1. Introduction and Purpose

The spleen is one of the intra-abdominal organs located anatomically in
the left upper quadrant of the abdomen, under the left hemidiaphragm, lateral
to the greater curvature of the stomach. The spleen is a lymphopoietic organ
that physiologically constitutes 25% of the body's lymphoid mass and has an
important role in the recognition of encapsulated microorganisms.

Blunt abdominal trauma accounts for 80% of abdominal traumas admitted
to the emergency department. (1) 75% of blunt abdominal traumas are related
to traffic accidents inside or outside the vehicle. (2) 15% occur after falls and
6 to 9% after assault. (3) The prevalence of patients admitted to the
emergency department with blunt abdominal trauma is approximately 13%.
(1) The spleen and liver are the most frequently injured solid organs in blunt
abdominal trauma. Pancreas, intestine and mesentery, bladder, diaphragm,
retroperitoneal structures, albeit rare, occur after blunt trauma injuries. (2)
Isolated spleen is affected in 60% of injuries in blunt abdominal trauma. (3)
Our main goal in spleen injuries is to diagnose a life-threatening hemorrhage
and to perform its rapid management. In the presence of ongoing bleeding or
accompanying mortal injuries, attempts to save the spleen are abandoned;
however, non-surgical options can be applied in selected patients. Currently,
emergency splenectomy remains a life-saving treatment for many types of
injuries.

Spleen injuries most commonly occur following blunt trauma after motor
vehicle accidents. Spleen injuries can also be seen after falling, sports
injuries, and trauma. (4) Penetrating injuries are rarer than blunt injuries. Due
to its anatomically protected position, the spleen is less affected by stab
wounds than gunshot wounds. Spleen injuries can also be observed less
frequently as iatrogenic. Injuries to the spleen, albeit rarely, have been
observed during colon, stomach, pancreas, renal surgery, aortic operations,
and endoscopic procedures. (5)

2. Clinical Findings and Diagnosis

A history of trauma in the left upper quadrant, left rib cage, and left flank
region should raise suspicion for spleen injury. However, spleen injury
cannot be clearly excluded in multiple trauma or in the absence of a clear
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history from the counted regions. In penetrating traumas, spleen injury may
occur even if the entry site is not close to the spleen, since the tracing of the
abdomen is not clearly known. The patient may complain of left upper
quadrant, left chest wall pain. In the presence of left phrenic nerve damage,
pain that reflects to the left shoulder and increases with respiration may occur
(Kehr’s Sign). Although abdominal tenderness and peritoneal irritation
findings are the most common findings suggestive of intra-abdominal injury;
it cannot be said to be sensitive or specific for splenic injury. In the physical
examination findings related to spleen injury; left upper quadrant pain or
generalized abdominal tenderness, signs of abdominal wall abrasion or
hematoma (eg, seat belt sign) and tenderness on palpation of the left lower
chest wall, instability due to rib fractures may be seen. However, even with
negative physical examination findings, spleen injury cannot be completely
excluded. (6)

If the consciousness of the patients has worsened due to multiple trauma,
if they are currently intubated under sedation or if they are unable to state
their medical history in any way, family members should be reached in order
to determine the diagnosis and treatment options if possible.

Patients with blunt abdominal trauma may also have lower rib fractures,
pelvis fracture, and spine fractures. (7) Blunt spleen injuries may be
accompanied by hollow organ injuries at a rate of 3%. (8) The presence of rib
fractures increases the possibility of injury to the spleen. However, no
correlation was found between the number of broken ribs and the severity of
injury. (9) In penetrating traumas, other internal organ injuries may
accompany the spleen injury according to the trace.

FAST (Sonography Focused Evaluation in Trauma) or computed
tomography (CT) are frequently used in the evaluation of patients with
abdominal trauma. Although FAST is more useful for rapid diagnosis in
hemodynamically unstable patients, negative findings in FAST are not
sufficient to exclude spleen injuries. Although the use of DPL is less
common, it is one of the diagnostic methods.

FAST findings; in patients with splenic injury, signs of hypoechoic circles
representing subcapsular fluid or intraperitoneal perisplenic fluid may be
seen. Apart from this, free fluid findings can be seen in the Morisson pouch
(hepatorenal space).

CT findings: In intra-abdominal solid organ scans, both oral (PO) and
intravenous contrast-enhanced imaging techniques are generally used in non-
traumatic patients. However, most trauma centers no longer practice PO. IV
contrast is sufficient to determine the spleen injury and its degree. Non-
contrast imaging has a lower sensitivity for detecting active bleeding and
parenchymal injury. However, especially in elderly patients, the choice
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should be made by considering the benefit of non-contrast imaging against
contrast agent complications. (10) CT findings showing spleen injury are as
follows; Localized fluid collections around the spleen suggest
hemoperitoneum. Injuries to the rapidly bleeding spleen may produce diffuse
intra-abdominal fluid; hypodense areas in the parenchyma suggest
intraparenchymal or subcapsular hematoma; Active contrast extraction
indicates ongoing bleeding and the need for immediate intervention. (11) (12)

Direct radiographs, magnetic resonance (MR) imaging, and organ-based
USG are of limited value in the diagnosis of acute splenic injury.

Spleen injuries are divided into 5 stages according to CT findings by the
American Association for Trauma Surgery. (13) (14)

Stage 1: Subcapsular hematoma less than 10% of the total surface area,
parenchymal laceration depth less than 1 cm, and signs of capsular rupture

Stage 2: Subcapsular hematoma 10% to 50% of total surface area,
intraparenchymal hematoma less than 5 c¢cm in diameter, and parenchymal
laceration depth of 1 to 3 cm

Stage 3: Subcapsular hematoma greater than 50% of the total surface
area, intraparenchymal hematoma greater than 5 cm in diameter, and
parenchymal laceration depth greater than 3 cm

Stage 4: Vascular injury or presence of active bleeding limited to the
splenic capsule, signs of more than 25% devascularization in the splenic
hilum

Stage 5: Signs of splenic vascular injury with signs of hemorrhage in the
peritoneum not adjacent to the spleen and, ruptured spleen.

3. Treatment

In the presence of spleen injury, the treatment modality is determined
depending on the hemodynamic status of the patient, the stage of the spleen
injury, the presence of other injuries and the patient's comorbidities.
Generally, 3 methods have been adopted; non-surgical follow-up of the
patient, angiographic embolization or surgical intervention. (15) (16) The
methods used may differ according to trauma centers. (17) The treatment
approach algorithm is summarized in Table 1.

135



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 06

Table 1: Treatment algorithm in spleen trauma

INJURY | HEMODYNAMICS | RISK PROFILE | MANAGEMENT | NEXT MANAGEMENT
CANNOT SPLENECTOMY | ANGIOGRAPHY
ws, | TOLERATE TO (eg. high-injury, active
RECURRENT contras extravasation, etc.)
STABLE BLEEDING
SPLEEN CAN TOLERATE | NON-SURGICAL ¥
e | TORECURRENT | METHODS &
BLEEDING o
UNSTABLE RISK OF SUDDEN | SPLENECTOMY | SPLENECTOMY IF NON
= | DEATH SURGICAL METHODS
FAIL

In patients with positive findings in hemodynamically unstable DPL or
FAST, urgent abdominal exploration is required to detect the source of
intraperitoneal bleeding. (18) Hemodynamically stable patients with stage 1
to 3 splenic injuries can generally be observed safely. Non-operatively
observing patients with contrast extravasation or signs of vascular injury on
CT findings has high failure rates. (19) Such patients can be observed after
splenic embolization is performed. Intraparenchymal pseudoaneurysm
formation is another indication for embolization. Spleen embolization is
controversial in high-grade (stage 4.5) injuries and in patients older than 55
years. Surgical treatment is indicated in the patient group that cannot be
adequately observed due to other injuries or limited resources of the trauma
center, in patients with resistant and intolerable hypotension, and in patients
for whom non-surgical treatment has failed. More than 70% of iatrogenic
spleen traumas, especially during surgery, result in splenectomy. (20)

Non-surgical methods are now preferred in the management of 50 to 70%
of cases. The majority of these cases are low-grade injuries. This method is
preferred in patients where it is possible to save functional spleen tissue, as
well as because it eliminates the risk of postsplenectomy sepsis from
complications related to anesthesia and laparotomy. (21) Non-surgical
observation is contraindicated in patients who are hemodynamically unstable
and have signs of peritonitis. (15) The presence of portal hypertension, liver
cirrhosis, and high-grade spleen injury are also relative contraindications for
non-surgical observation. (22) Although sometimes conservative follow-up
can be performed in hemodynamically stable high-grade (stage 4-5) patients,
55% of the patients for whom follow-up decision was made required surgery
afterwards. (23) In patients with conservative follow-up, service or intensive
care follow-up can be decided according to the condition of the trauma
center. Patients are followed as an oral stop for the first 24 hours.
Hemoglobin monitoring is done every 6 hours. Oral intake may be
considered if there is no significant reduction in hemoglobin after 24 hours
and surgery is less likely. As a general opinion, it is known that 95% of the
patient, who has a stable course after 5 days of follow-up, does not need
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surgery. However, this period can be kept long or short according to the
decision of the clinical center. (24)

Angioraphic embolization was first applied in 1981 for the treatment of
splenic injury. Active contrast extravasation on CT has been reported to be
beneficial in hemodynamically stable patients in the presence of splenic
pseudoaneurysm or large volume hemoperitoneum. (19) Some studies state
that the use of angioembolization in addition to the non-surgical method
increases the success rate in patient follow-up. (11)

Surgical exploration or direct splenectomy is required for spleen salvage
in patients who have had blunt or penetrating abdominal trauma, are
hemodynamically unstable, or have failed conservative observation and
follow-up. This choice is made depending on the cause and severity of the
spleen injury, the patient's clinical condition, and other injuries. Asplenic
patients undergoing emergency surgery due to elective or trauma are
considered immunocompromised to encapsulated organisms and should be
included in the vaccination schedule. Patients should be routinely vaccinated
against pneumococci, meningococci, and hemophilus influenza type B within
2 weeks after splenectomy. (25)

Angioraphic embolization was first applied in 1981 for the treatment of
splenic injury. Active contrast extravasation on CT has been reported to be
beneficial in hemodynamically stable patients in the presence of splenic
pseudoaneurysm or large volume hemoperitoneum. (19) Some studies state
that the use of angioembolization in addition to the non-surgical method
increases the success rate in patient follow-up. (11)

Surgical exploration or direct splenectomy is required for spleen salvage
in patients who have had blunt or penetrating abdominal trauma, are
hemodynamically unstable, or have failed conservative observation and
follow-up. This choice is made depending on the cause and severity of the
spleen injury, the patient's clinical condition, and other injuries. Asplenic
patients undergoing emergency surgery due to elective or trauma are
considered immunocompromised to encapsulated organisms and should be
included in the vaccination schedule. Patients should be routinely vaccinated
against pneumococci, meningococci, and hemophilus influenza type B within
2 weeks after splenectomy. (25)
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1. Genel Bilgiler

Gozlik veya kontakt lens kullanirken veya fotorefraktif tedavide ve goz
i¢i lens cerrahisinde monovizyon tedavi uygulanabilir. Fotorefraktif tedavi
yapilirken presbiyopi yas grubunda monovizyon diisiiniilebilir. Dominant
gbziin uzaga goére, nondominant goziin yakina gore diizeltilmesi okuma
gozIligii ihtiyacini azaltabilir. Bu duruma monovizyon denir. Nondominant
gbziin refraksiyonu - 0,75 D (mini monovizyon), -1,50 D (monovizyon) veya
-2,50 D (yiiksek monovizyon) olarak hedeflenebilir (6rnegin 40-50 yas icin -
0.75 D ile -1.50 D arasi, 50-60 yas i¢in -2.50 D’ye kadar). Bazi cerrahlar
presbiyopik monovizyon tedavide nondominant goze 2 D eksik diizeltme
yaparlar.

Presbiyopik hipermetropik, miyopik ve emetropik hastalarda kisiye 6zel
(custom) Q uygulanarak asferisitede diizenleme ile nondominant goze
mikromonovizyon yapilmasi da yakin goriiste diizelme saglar. Bu yontemde
dominant ve nondominant gozler arasinda Q profili diizenlemesi yapilirken Q
-0,30 fark uygulanabilir.

Monovizyon diizeltmede, genellikle dominant gdziin uzak gormesi
diizeltilir ve ¢ogu cerrah, uzak goriis icin dominant gdzl tavsiye ederler
ancak bu kesin degildir. Baz1 hastalar dominant g6z yakina ayarlandiginda
daha ¢ok rahat ederler. Dominant goziin en kolay ve basit tespit etme
yontemi icin; iki el uzatillarak kiigiik bir gozetleme penceresi, deligi
olusturulur (altta bagparmaklar, iistte isaret parmaklar1 veya dorder parmak
birlestirilerek). Bu delikten uzaktaki kiigiik bir objeye bakarken bir goziinii
kapatmasi istenir. Hangi gozle o objeyi goriiyorsa dominant goz olarak
degerlendirilir.

2. Monovizyonda hasta se¢imi

Hasta uzak ve yakin mesafede gozlik takmayi azaltmaya siddetli
arzuluysa, uzak ve yakin mesafede en yiiksek gorme keskinligi kalitesini
istiyorsa, okiiler kontrendikasyon yoksa monovizyon tedavi diisiiniiliir.

Monovizyonun basgarisi i¢in hasta se¢imi esastir. Hastanin yasam tarzi ve
aktiviteleri géz Oniinde tutulmalidir. Yakin goérme i¢in cerrahi olmayan
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alternatifler: yakin gozIligii, monovizyon kontakt lensler, multifokal kontakt
lenslerdir. Bu segeneklerin herbiri, uzak igin yapilan refraktif cerrahiden
sonra veya monovizyon diizeltme i¢in kullanilabilir. Duruma goére tiim
mesafelerde optimal bir gorme keskinligi elde etmek igin siklikla cerrahi ile
birlikte kontakt lens, gozlik vesaire gerekir. Ornegin hasta, bilgisayar
kullanimi, arag¢ siirerken ekrani goérme, gilindelik okuma igin gozlik
kullanmama gibi modifiye monovizyonu arzulayabilir, fakat zorlayici ince
yakini okuma, uzun siire yakin g¢aligma durumunda gozlige ihtiyact
olabilecegini anlamalidir. Alternatif olarak, hasta tam monovizyon
diizeltmeyi tercih edebilir fakat ara¢ kullanirken, film seyrederken veya diger
uzak mesafe mesguliyetlerde gozlikk kullanabilir. Binokiiler gormenin daha
onemli oldugu tenis, golf oynama gibi durumlarda en iyi uzak gérme igin
hasta, yakin gérmeye ayarlanmis géze kontakt lens takabilir.

3. Monovizyon Degerlendirme

Monovizyon hastalar1 temel olarak 3 gruba ayrilir, miyop, hipermetrop,
planopresbiyoplar. Monovizyon tedavisini uygulamadan oOnce hastanin
monovizyonu tolere edip edemeyecegi, monovizyon basarisini etkileyecek
herhangi bir sorunu olup olmadigi degerlendirilmelidir. Daha 6nce
monovizyon kontakt lens uygulamasi yapip yapmadigr Ogrenilebilir.
Presbiyopik hastada daha once monovizyon kullanilmadiysa, operasyon
Oncesi ofiste gozlik cami veya daha ideali kontakt lens ile monovizyon
denemesi yapilabilir. Once kontakt lens ile nondominant gdze monovizyon
tedavisi denenerek ne kadar diizeltmeden hastanin konfor duyacagi gozlenir.
Sonug siipheli, miiphem olursa evde kisa siireli giinliik yasamda kontakt lens
denemesi yararli olabilir. Baz1 hastalar dominant gézden yakin diizeltme ile
rahat ederler.

Miyopik hastalarda monovizyon i¢in kisitliliklar en azdir ve monovizyon
icin en kolay degerlendirilen hasta grubudur. Bir géze daha az diizeltme
yapilir, tekrar tedavi gerekirse, uzagi diizeltecek ilave miyopik ablasyon
basitge  yapilir. Hipermetrop ve planopresbiyoplarda daha derin
degerlendirme gerekir, monovizyonu olusturmak ve monovizyonu tersine
¢evirmek igin farkli ablasyon profilleri gerekir. Hipermetropik ablasyonlar
icin +6.0 D’ye kadar onay vardir ancak ¢ogu cerrah daha azini tercih eder,
genellikle +3.0, +4.0 D’ye kadar total hipermetropik diizeltme tavsiye edilir.
Bu nedenle hipermetroplardaki monovizyonda gereken tedavi miktari,
tavsiye edilen total ablasyon miktarini asabilir. Monovizyonu Onceden
hastaya demonstre etmek Onemlidir. +7.0 D kontakt lens kullanimi ile
monovizyonu test etmenin degeri yoktur ¢iinkii cerrahi olarak bu sonug aynen
elde edilemez.

Hipermetropik ablasyonda santralizasyon ve operasyon Oncesi
keratometri daha 6nemlidir. Hipermetropik ablasyonda, miyopik ablasyona
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gore daha sik regresyon olur. Bu nedenle, hipermetropik monovizyonda,
yaslanma ve regresyon ile daha hizli olarak fonksiyonel etki kayb1 meydana
gelebilir. Planopresbiyoplarda fazla hipermetropik ablasyon gerekmez.
Ancak, planopresbiyoplarda bilateral gormenin kaybedilmesine adaptasyon
giicligii daha zordur. Bu nedenle, uzun siire kontakt lens ile monovizyon
caligmas1 tavsiye edilir. Nondominant gdze customvue yapilmaz g¢iinkii
tedavi miktar1 ve refraksiyon arasindaki fark biiyiik olur. Tki gozden tekine
customvue yapmak da uygun olmadigi i¢in monovizyonda 2 gbze lazer
yapilacaksa uzak goze de customvue yapilmamasi tercih edilmektedir.

4. Monovizyondan Sakinilacak Durumlar

Meslegini yapabilmek igin iyi derece stereopsis gereken kisilerde
monovizyon tedavisinden sakmilmast uygundur. Ambliyopisi olan
hastalarda, forya veya tropya oykiisii olanlarda ve 6zel bir mesafede yiiksek
gorme  beklentisi olan hastalarda monovizyondan  sakmilmalidir.
Monovizyonda stereopsis azaldigi i¢in ve monovizyon diizeltme fiizyonu
bozabilecegi i¢in foryalar, tropyaya doniisebilir ve diplopi meydana
gelebilmektedir. Nadir vakalarda sasilik cerrahisi gerekebilmektedir. Sagilik
cerrahisi geg¢irmis hastalar ise monovizyon i¢in uygun degildir. Hastanin
geemiginde goz tembelligi, goze kapama yapma, diplopi, kayma Oykiisii
arasgtirilmalidir.  Tropyali gdézde monovizyon tedavisinin ideal oldugu
diistiniilebilir, ancak hasta, kayan gdzle fiksasyon yapabilmelidir. Orta, genis
acili alternasyon gosteren tropyasi olan hastalar monovizyonu tolere
edebilmektedirler. Ancak, bir gozde sabit, alternasyon gdstermeyen tropyasi
olan, ve bir goz i¢in giicli dominant fiksasyon tercihi olan hastalar i¢in
monovizyon uygun bir segenek olmayabilir. Ayrica 20/30 veya daha koti
miktardaki orta derece ambliyoplar i¢in monovizyon uygun degildir,
ambliyopik goz siklikla diger goziin yardimi olmadan herhangi bir mesafede
yeterli gdrme saglayamaz. Monovizyon tedavisi yapilan hastada
nondominant gbzde gece goriis problemi olabilir ve gozliik verilebilir.

Monovizyon LASIK bagart orani degiskenlik gostermektedir. Hastalarin
%90’1nda basarili oldugu yaymlanmistir, ancak %30 unda tekrar tedavi orant
vardir. Bu durumda uzak goziin gérme keskinligini artrmak ic¢in veya
monovizyonu tersine ¢evirmek i¢in fotorefraktif cerrahi yapilmaktadir.

5. Monovizyonun Tersine Cevrilmesi

6-12 hafta veya daha uzun siirede hasta monovizyonu tolere edemezse
tekrar fotorefraktif tedavi yapilabilmektedir. Cerrahi riskler ilk cerrahi
tedaviye benzer, ancak, LASIK yapildiginda epitel yiiriimesi riski artar.
Hastaya bu risk anlatilmalidir.
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Hasta daha Once emetrop veya hipermetropsa; myopik ablasyonla
emetropi yapilir, cogu hasta i¢cin makul bir se¢enektir, ancak, hipermetropik
ablasyondan sonra miyopik ablasyon yapilinca daha fazla olarak irregiiler
astigmatizma riski olugabilmektedir.

6. Monovizyonun Cerrahiye Alternatifleri

Amerika Birlesik Devletleri’nde fotorefraktif tedavi ile monovizyonun
cerrahi  alternatifleri; konduktif  keratoplasti, multifokal  veya
ps6doakomodatif iol ile refraktif lens degisimidir. Amerika Birlesik
Devletleri diginda ayrica korneal inlay’ler, multifokal korneal ablasyon
uygulanmaktadir, ancak bu tedavilerde diizeltilmis goérme keskinligi kayb1
riski belirgin derecede fazladr.

Daha o6nce LASIK yapilip hipermetrop gelismis presbiyop hastada
monovizyon tedavisi diisiiniilebilir, CK (konduktif keratoplasti) yapilabilir.
Kontakt lens denemesi ile monovizyonu tolere edemeyen hastada akomodatif
iol veya multifokal iol diisiiniilebilir. Ancak LASIK nedeni ile bazi hastalarda
iol giicliniin kesin hesaplanmasi zorluk gosterebilir.

Normal presbiyop hastalarda CK yapildiginda blended vision olur. Ama
lazerden sonra CK yapildiginda uzak gérme geri gelmez, ger¢gek monovizyon
olur. Daha 6nce LASIK gegirmis hastalarda CK yapildiginda minimal
tedavi ile dramatik bir refraktif degisiklik olusabilir.

7. Goz ici Lens implantasyonunda Monovizyon

Katarakt ameliyatinda monovizyon planlaniyorsa once yakin gozil
yapmak daha uygundur. Nondominant goéze -1.50 planlanabilir. Bazi
cerrahlar ise Tecnis Eyhance iol ve Alcon Vivity iol implantasyonunda veya
diger baz1 multifokal intraokiiler lenslerde bir gozii -0,50 gibi hafif miyop
birakmayi tercih ederler (mini monovizyon).
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1. Genel Bilgiler

LASIK veya PRK ile ilk cerrahiden sonra tedavi gerektiren ametropi
orani genellikle %5’in altindadir ve iki cerrahi i¢in de birbirine denktir.
Fotorefraktif  tedaviyi tekrarlamayr diisiindiigiiniizde refraksiyonun
stabilazyonu i¢in beklenmelidir. Fotorefraktif tedavi tekrar yapilmadan once
refraktif kusur, topografi ve wavefront haritalar stabil olmalidir. 3-6 aylik bir
stire bunun i¢in genellikle yeterli olur.

PRK yapildiginda, stabilite ve maksimum goérme keskinligine
kavugulabilmesi i¢in uzun bir donem beklenmeli, yeniden tedavi 6ncesinde
haze veya keratit varsa tedavi edilmelidir. Kornea kalmligi ve keratometri
degerleri degerlendirilir. LASIK yapilacaksa yeterli stromal yatak
bulundugundan emin olunmalidir. Bunun igin OKT, konfokal mikroskopi
kullanilir veya eski kayitlara bakilabilir. Stromal yatak kalinlig1 i¢in yalnizca
reoperasyon esnasindaki korneal kalinliga bakmak yeterli degildir, ¢iinkii
epitel hipertrofisine bagli bu 6lgiim etkilenebilir. Yiizey ablasyonu igin de
yeterli korneal kalinlik aranir. Ik cerrahide oldugu gibi diizeltme sonunda
beklenilen keratometri smirlarina dikkat edilmelidir. Genellikle operasyon
sonucu olusacak diiz K'nin 34 diyoptriden biiyiik, dik K'nin 49 diyoptriden
kiiciik olmast tercih edilir. Fotorefraktif cerrahi tekrar sikloplejik refraksiyon
baz almarak yapilmalidir. Manifest refraksiyon ¢ok farkli olabilir.

Bazi hastalarin ilk tedavi sonrasi refraksiyon kusuru az ama yiiksek sirali
aberasyonlar: yiiksek oldugu i¢in ciddi klinik sikdyetleri olabilir. Olgiilen
kirma kusuru ile orantisiz subjektif sikayetleri olan hastalarda, kisiye 6zel
diizeltme (wavefront, CustomVue tedavi) diigiiniilebilir. Bu tedavi,
baslangicta, hastanin kisiye 6zel fotorefraktif cerrahi gegirip gegirmedigine
bakilmaksizin yapilabilir.

Kirma kusuru, kornea topografisi, kalinligi, korneanin biyomikroskop
muayenesi ve wavefront haritalar1 stabil ise hastaya birden fazla sayida
fotorefraktif tedavi uygulanabilir. LASIK ten sonra 2. kez fotorefraktif tedavi
yapilacagr zaman ilk flep kaldirilabilir, mitomisin ile PRK yapilabilir
veya ilk cerrahiden daha derin flep kaldirilabilir. LASIK yapilmis
hastada erken donemde tedavi gerektiginde flebin tekrar kaldirilarak ablasyon
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yapilmasi biiyiik bir avantajdir. LASIK'ten sonra regresyon gelistiginde
tekrar lazer ile diizeltme gerekiyorsa, flebin ylizey ablasyonu, bazen
LASIK'ten daha iyi bir alternatif olabilir. Ancak, LASIK’ten sonra yapilan
PRK’larda iyilesme uzun siirebilir ve varyasyonlar gosterebilir. LASIK’ten
sonra yapilan PRK’lardaki sonuglar primer PRK kadar kesin olmayabilir.
Ayrica ikinci cerrahide PRK yapildiginda, LASIK’e oranla, enfeksiyon riski
anlamli derecede daha yiiksektir. LASIK’ten sonra PRK yapildiginda
postoperatif haze riski nedeni ile eskiden kontrendikasyon kabul edilirdi,
fakat simdi modern lazer platformlar1 ve uygun vakalarda Mitomisin C
kullanimi nedeni ile bu komplikasyon minimal goriinmektedir. Haze
geligimini 6nlemek i¢in Mitomisin C gerekebilir (0.2 mg/cc 15 sn gibi kisa
stire, endotel hasar goérmesin). Mitomisin C nin diizlestirme etkisini telafi
etmek i¢in sferik degerin ayarlanmasi gerekir. Yeniden operasyonda PRK
yapildiginda santral subepitelyal fibrozis gelisirse 0.2 mg/cc 2 dk mitomisin
kullanarak yilizeyel keratektomi yapilabilir.

Kalitesiz flepler ile ¢alisildiginda ve ilk LASIK cerrahisi hakkinda bilgi
yoksa, yiizey ablasyonu, genellikle yeniden flep kesiminden daha iyi bir
alternatiftir. Flep kalitesi kotii (kiiglik, serbest, giidiik, merkezde strialar ve
diizensizlik olan flep gibi) vakalarda tekrar fotorefraktif tedavi yapilacaksa
mitomisin kullanarak PRK yapmak flebi kaldirmaktan daha giivenlidir. Boyle
bir reoperasyonda gérmenin diizelmesi bazen aylar alabilir.

LASIK'ten sonra 2. kez lazer yapilacakken stromal yatak yeterli
olmayabilir. Bu nedenle de LASIK'ten sonraki tercin PRK olabilir. Serbest
flepli hastada tekrar operasyon yapilacaksa mitomisinli PRK uygundur.
Lasikten sonra PRK yaparken haze riski yiiksek oldugu ig¢in mitomisin
kullanilir. Mitomisin kullanildiginda astigmati arti yazilmis sferik miyop
miktarmi %10 azaltmak uygun olur. Epiteli kazirken flebe zarar vermemeye
calisilir. Ornegin yukar: menteseli flepte epitel asagiya dogru dikkatlice
kazinir. Epitelin glivenli bir sekilde kaldirilmas: i¢in transPRK, no touch
teknigi kullanilabilir. Mitomisin normal iyilesme siirecini inhibe ettigi i¢in
sikloplejik refraksiyondan %10 azaltilir. Mitomisin 0.2 mg/cc 1-2 dk
uygulanabilir, 30 cc soguk BSS ile yikanir.

Yeniden tedavi zamanmma, korneal anatomiye ve risk profillerine bagh
olarak ikinci tedavi zamaninda tedavi planlar1 farklilik gosterir. Erken
postoperatif donemde flebin yeniden kaldirilmas: siklikla tercih edilir. Baz1
cerrahlar 1 yildan sonra flebin yeniden kaldirilmasini tavsiye etmezken,
digerleri 5 yila kadar flebin yeniden kaldirilabilecegini sdylerler. LASIK ten
3 il sonra flebin tekrar kaldirilmasmin, epitel yiirlimesi riskini anlaml
derece artirdigi yaymlanmistir (ancak yine de diisiik orandadir). LASIK ’ten
sonra 3-4 yil gegmisse eski flep yeniden kaldirilabilir veya PRK yapilabilir.
Boyle bir durumda flebin yeniden kaldirilmasi ile epitel yiiriimesi riskinin ve
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flep travmasi riskinin fazla olacagi, PRK yapilirsa enfeksiyon ve rezidiiel
ametropi riskinin artacagi konusunda hasta bilgilendirilir.

Cogu cerrah 5 yil ve fazlasi zaman gegmisse, flep iyilesirken epitel
yiriimesi ve diizensiz astigmatizma riskinin artmasi nedeni ile flep kaldirmak
yerine PRK’y1 tercih ederken, az bir kisim cerrah, 10 yila kadar flep
kaldirmay1 tercih eder. LASIK’ten sonra mikrokeratomla yeni flep
olusturmak iyi bir segenek degildir, 2 flep arasindaki ince stromal dokunun
kaybedilmesi ile skar, diizensiz astigmatizma olusabilir. Femto ile yeni flep
olusturmak belirli bir siire gectikten sonra diisiiniilebilir. Bazi cerrahlar,
femto ile sadece yeni bir yan kesi yapilarak eski flebin kaldirilmasini
savunurlar. Ancak bunun i¢in yeterince bilyiik bir ilk flebin olmas1 gerekir ve
daha kiigiik flep olusacaktir.

Yeniden tedaviye giden tiim hastalar, erken ektazi veya katarakt gelisimi
gibi diger ametropi nedenleri yoniinden degerlendirilmelidir. LASIK’ten
sonra Ozellikle miyopi ve astigmatizma goriillen tiim hastalar, yeniden
tedaviden once erken ektaziyi ekarte etmek icin taranmalidir. LASIK’ten
sonra miyopik kaymaya katarakt da neden olabilir, ancak bu durum genglerde
pek sik gozlenmez. Hipermetropisi veya astigmatizmasi olan hastalarda
yeniden operasyon orani miyoplardan daha fazladir. Monovizyon hastalari,
uzak gozdeki kiiciik ametropilere daha hassastirlar ve bu nedenle daha
yiikksek yeniden tedavi oranina sahiptirler. Uzun donem sonuglari daha
stabildir, yeniden tedavi oranini pek artirmazlar.

LASIK’ten sonra yeniden diizeltme yapilacagi zaman flep daima dikkatle
kaldirilmahdir. LASIK'ten birgok yil sonra eski flep kaldirilip yeniden lasik
yapilabilirken, aradan uzun siire geg¢migse keratom flebinin kenarlarini
bulmak gii¢ olur. Femto flebi kenari, skar nedeni ile daha kolay bulunur
ancak femto flebi daha giicli yapistigi i¢in kaldirmast zor olur. Flep
kaldirihirken eski mentese yeri dikkate alimmahdir. Flebi yerine tekrar
yerlestirirken kolaylik olsun diye flebi kaldirmadan once flep kenari
isaretlenmelidir. Flep kenar1 genellikle hafif kabarik veya fibrotik olarak
gozlenir. Kiint ince bir spatulla dikkatlice kenar yapisikliklar1 agilarak flep
kaldirilir. Yirtmamaya dikkat edilir. Flebi tekrar kaldirirken Seibel gibi
keskin uclu flep elevatorlerinden sakinilmalidir, flebi yirtabilirler. Flebin
altinda aletle ¢alisirken hastanin  basini  oynatmamasit konusunda
bilgilendirme yapilir, flep yirtilabilir. Flep yurtilirsa; epitel yiiriimesi,
enflamasyon, diizensiz astigmatizma riski artar. Baz1 nadir vakalarda flep
yirtilabilir, pargalanabilir. Pargalar tekrar yerlestirilerek bandaj lens konur,
korneal kontur ve refraksiyon stabillesinceye kadar beklenir, daha sonra haze
riskini azaltmak i¢in Mitomisin C (6rnegin 0.2mg/cc 30 sn) kullanarak PRK
yapilabilir.
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Katarakt cerrahisi veya PK (penetran keratoplasti) gibi gbz ici
cerrahilerinden sonra olusan refraksiyon kusurlarinda LASIK miikemmel bir
yontemdir. Postkeratoplasti yiiksek derece astigmatlarda sutiirlii veya
sutiirsiiz korneal gevsetici insizyonlar, astigmati LASIK ten daha giivenli
diistiriirler. Keratoplasti sonras1 yapilacak LASIK flepleri, genellikle greft
capindan daha biiylik hazirlanarak keratoplasti yarasi ruptiiriinden sakinilir.
Sadece flep olusturmak bile belirgin refraktif degisiklik yapabilir bu nedenle
bazi cerrahlar ablasyonu daha sonra yaparlar. Daha 6nce katarakt cerrahisi
yapilmigsa; Katarakt operasyonu sonrasi keratorefraktif cerrahi igin
refraksiyonun stabillesmesi  beklenir. Refraksiyonun ve korneanin
stabilizasyonu igin, EKKE'den sonra en az 12 ay, fakodan sonra en az 6 ay
gegmesi uygundur. Katarakt operasyonu sonrasi emetropik diizeltmeler igin
genellikle gerekli diizeltme miktar1 disiktiir, pakimetri ve konturlar
yeterlidir. Bu nedenle piggyback iol veya iol degisimi yerine keratoreftaktif
cerrahi tercih edilir. Katarakt cerrahisinden sonra yiiksek vakum basinct
nedeniyle bazi cerrahlar mekanik mikrokeratom kullanmaktan kacmirlar,
femto ile LASIK veya yiizey ablasyonu giivenli teknikler olarak
kullanilabilirler.

Katarakt cerrahisinden sonra astigmatizmanin tedavisinde topografik
Olgtimler degil, manifest ve sikloplejik refraksiyon Olgtimleri kullanilir.
Yashlarda kuru goz ve diger yasa bagli hastaliklar dikkate almmalidir.
Yaglilarda dogal olarak kollajen crosslinking'i olustugu i¢in hafif¢ce daha
diisiik tedavi gerekebilir.

2. Yeniden Operasyonda Wavescan (Wavefront) Uygulanmasi

LASIK sonrast minimal objektif refraksiyon bulgusu olan ama belirgin
subjektif sikayetleri olan hastada custom (wavefront) tedavi diisiiniilebilir.
Hastaya PreVue lens kullandirildiginda sikayetleri azaliyorsa custom tedavi
belirgin yarar saglayabilir. Giindiiz gérmesi iyi ama yalnizca gece gérme
problemleri olan hastalarda da custom tedavinin yarar saglama potansiyeli
vardir. Bu hastalarda wavescan analizlerde coma, trefoiller yiiksek olabilir.

Yeniden diizeltmelerde CustomVue tedavi ¢ok etkili olabilir. Yeniden
tedaviden oOnce refraksiyonun stabillestiginden ve yeterli stromal yatak
kaldigindan emin olunmalidir. Yeniden tedavi disiinildiigiinde, stromal
yatak bazen beklenildiginden daha kalin olabilir. Manifest refraksiyon ile
WaveScan arasinda belirgin fark oldugunda CustomVue tedavi yapmayip,
manifest refraksiyona gore diizeltilir. Subjektif refraksiyon ile wavescan
refraksiyon birbirine yakinsa CustomVue uygulanabilir. Belirgin fark varsa
konvansiyonel tedavi uygun olur.

154



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 08

3. Referanslar

Feder R. S. (2013). The LASIK Handbook A case Based Approach
Second edition, Wolters Kluwer Lippincott Williams Wilkins

Randleman, J. B. (Ed.). (2014). Refractive Surgery: An Interactive Case-
Based Approach. SLACK Incorporated.

Sinjab M. M. (2014). Refraktif Cerrahiye Baslamak Icin Bes Adim
Olguya Dayali Sistematik Yaklagim. Diinya T1p Kitabevi

Mimouni, M., Kaiserman, I., Spierer, R., Spierer, O., Rabina, G.,
Varssano, D., & Sorkin, N. (2021). Factors Predicting the Need for
Re-treatment After Laser Refractive Surgery in Patients With High
Astigmatism: A Large Database Analysis. Journal of Refractive
Surgery, 37(6), 366-371. https://doi.org/10.3928/1081597X-2021
0226-01

Bamashmus, M. A., Al-Akhlee, H. A., Al-Azani, Y. A., & Al-Kershy, N.
A. (2020). Results of laser enhancement for residual myopia after
primary laser in situ Kkeratomileusis. Taiwan Journal of
Ophthalmology, 10(4), 264. DOI: 10.4103/tjo.tjo_32_19

Hecht, 1., Mimouni, M., Rabina, G., & Kaiserman, I. (2020). Re-
Treatment by Flap Relift Versus Surface Ablation After Myopic Laser
In  Situ  Keratomileusis. Cornea, 39(4), 443-450. doi:
10.1097/1C0.0000000000002189

Chan, C., Lawless, M., Sutton, G., & Hodge, C. (2020). Re-treatment in
LASIK: to flap lift or perform surface ablation. Journal of Refractive
Surgery, 36(1), 6-11. https://doi.org/10.3928/1081597X-20191211-02

Caster, A. I. (2018). Flap-lift LASIK 10 or more years after primary

LASIK. Journal of Refractive Surgery, 34(9), 604-609.
https://doi.org/10.3928/1081597X-20180703-02

155



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 08

156



INS@

Contemporary Trends in
Human and Health Sciences
Research

Yara Iyilesmesinde Nanofarmasotikler
(Afife Biisra Ugur Kaplan, Yasar Furkan Kilinboz)



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 09

158



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 09

Yara fyilesmesinde Nanofarmasotikler

Afife Biisra Ugur Kaplanl, Yasar Furkan Kilinboz*
Y Atatiirk Universitesi, Eczacilik Fakiiltesi, Farmasdotik Teknoloji Anabilim Dall,
E-mail:busra.ugur@atauni.edu.tr
2 Atatiirk Universitesi, Eczacilik Fakiiltesi, Farmasotik T eknoloji Anabilim Dalt,
E-mail:yasark@atauni.edu.tr

1. Yara

Yara, gesitli i¢ veya dig etmenlerin sebep oldugu, cildin ya da mukozanin
biitiinligliniin bozulmasina sebep olan, yiizeysel (sadece cilt yapisinda
bozulmalar olan) veya derin yapida olabilen (sinirler, tendonlar, kaslar ve
damarlar gibi cildin altindaki yapilar1 da etkileyen) durumlar olarak
tamimlanmaktadir.?

1.1. Yara Simiflandirmasi

Yaralarin iyilesme siirecinde en onemli faktorlerden biri zaman oldugu
icin yara simniflandirmasi da genellikle zamana dayanarak yapilarak akut ve
kronik yaralar olarak siniflandirilir.® Bunun disinda yaralarin siniflandirilmasi
kismi yara ve tam kalinlikta yara ya da agik yara ve kapali yara olarak da
yapilabilir.*

Akut olarak smiflandirilan yaralar genellikle tedavi siireci sorunsuz
ilerleyen ve herhangi bir aksama veya problem olusmadan iyilesen yaralardir.
Genellikle 5-30 giin arasinda bir iyilesme siirecinin ardindan yara bdlgesi
anatomik biitiinliigiine geri doner.'?

Kronik yaralar tedavi siirecinde olusan problemler sonucunda genellikle
Sorunlu bir sekilde ilerleyen ve yara bolgesinin anatomik, fizyolojik
biitiinliigliniin yeniden saglanamadig: yaralardir. Genellikle altta yatan baska
sebeplerden (hastalik vb.) kaynakli olarak iyilesme siireci aksar. Yara
tedavisinden Once altta yatan diger sebepler kontrol altina alinmali ve
hastaliklar tedavi edilmelidir." Genellikle bu durumlar sebebiyle (yanik,
devamli enfeksiyon vb.) yara iyilesme asamalarindan bazilar1 ya da tamami
aksar ve bu sebeple yaranin iyilesme siireci uzar. Ornegin yarada devamli

inflamasyon olusmasi yaranm iyilesmesini geciktirir ve yaralar sik sik niiks
edebilir.?

2. Yara lyilesmesi

Yara iyilesmesi yaralanmanin gerceklestigi andan itibaren baslayan ve
¢esitli hiicre tiirlerini ve hiicre matrisini igeren dinamik bir siireg:tir.3 Bu
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siireg, aylar hatta yillar siirebilir ve dogrusal degildir yani siire¢ zamanla ileri
veya geri isleyebilir. Bu durumun sebebi yara iyilesmesinin mekanizmalarini
etkileyen intrinsik ve ekstrinsik faktorlerdir.® Yara iyilesmesindeki temel
amag¢ doku perflizyonunu ve oksijenlenmesini artirmak, yaranm yeterince
beslenmesini, nemlenmesini saglamaktir. Bu sayede doku hasari en aza
indirilir.*

2.1. Yara lyilesmesi Evreleri

Yara iyilesmesi yara bolgesi ve tipi degisse de temel olarak ayni prensipte
gerceklesir ve genellikle dort evreden olusur. Bu evreler hemostaz,
inflamasyon, proliferasyon ve maturasyondur.®

2.1.1. Hemostaz

Hemostaz yara iyilesmesinin ilk adimidir. Vazokonstriiksiyon ve gegici
pthtilagsma ile baslayan bu siire¢ vazodilatasyon, artmis gegirgenlik ve
inflamasyon asamasinin baglangici ile sona erer.’ Yaralanma gergeklestigi
anda kan kaybini azaltmak veya durdurmak i¢in hizli bir sekilde hemostaz ve
koagiilasyon gergeklesir. Yaralanmanin etkisi ile damarlarda ani ve refleks
olarak vazokonstriiksiyon meydana gelir ve boylece kanama azaltilmaya ve
durdurulmaya calisilir.? Ardindan damar kenarlarmdan aciga cikan kolajen
trombositlerle etkileserek koagiilasyonun (Tromboksan A2’nin etkisiyle)
gerceklesmesini saglar ve ilk/gecici piht1 olusur. Bu sayede kanama biiyiik
Olgiide azaltilr veya durdurulur.’® Bu kan pihtisi, fibrin molekiillerini,
fibronektini, vitronektini, trombospondinleri icerir ve hiicre gocii i¢in adeta
bir iskele gorevi iistlenir.?> Go¢ edecek bu hiicreler fibroblastlar, nétrofiller,
monositler ve endotelyal hiicreler ve benzeri istilaci hiicrelerdir.” Tiim bu
olaylarin gerc¢eklesmesinde sitokinler ve biiylime faktorlerinin  6nemi
biiytiktiir. Trombositlerden salinan sitokinler vazokonstriiksiyona yani dolayli
olarak trombosit tikacinin olugmasina neden olurlar. Piht1 olusturan faktorler
ise inflamasyon asamasi igin gerekli olan sitokin ve biiylime faktorlerinin
(PDGF, TGF a, TGF B, FGF-2, EGF, VEGF) salimmna yol agar. Hiicre
gbglinliin  saglanmasinda da kemotaktik etki gosteren sitokinlerin rolii
biiyiiktiir."®

2.1.2. inflamasyon

Genellikle 1-4 giin arasinda bir siire igerisinde gergeklesen yara
bolgesinde kizariklik, agri, sislik ve sicaklik gibi semptomlarin gorildiigii bir
evredir.! Notrofil alim ile erken asama ve monositlerin ortaya ¢ikmasi ile geg
asama olarak 2 asamaya ayrilabilir.® inflamasyon evresinde temel amag
yabanct madde invazyonunun Oniine ge¢mek ve yarali bdlgeyi iyilesmeye
hazir hale getirmektir. inflamasyon hiicreleri hemostaz evresinin ardindan
yarali bolgeye go¢ ederler ve inflamasyon evresi baslar. ik asamada
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nétrofiller baskin hiicrelerdir fakat zamanla proliferasyon fazi yaklastik¢a
makrofajlar ve T lenfositleri nétrofillerin sayisimi azaltirlar.’® Bu durum
enfeksiyon gelismemesine baglidir. Enfeksiyon gelismesi durumunda
nétrofillerin azalmaya baslama siiresi ve dogal olarak inflamasyon siiresi
uzayabilir. Inflamasyonun baslangicinda nétrofiller mikroorganizmalar1 ve
yabanci maddeleri yara bolgesinden temizler. Inflamasyonda ikinci bdlge
olan makrofajlarin olusumu monositlerin doniisiimii ile olur, monositlerin
hiicreye gogii ise kolajen, TGF-B, TNF-0, IL-1, PDGF gibi kemotaktik
maddelerin katkisiyla gergeklesir ve notrofillerin gergeklestirdigi gorevler
makrofajlar tarafindan devam ettirilir. Makrofajlarin diger 6nemli bir gérevi
ise yara iyilesmesinde ¢ok dnemli etkileri olan sitokinlerin salimimni (TGF-f,
IL-1, TNF-0, PDGF, FGF gibi) gerceklestirmesidir.’

2.1.3. Proliferasyon Evresi

Inflamasyon evresi ile yara bbdlgesinin mikroorganizmalardan
temizlenmesinin ardindan baglayan ve genellikle 5. giinden 2. haftaya kadar
devam eden bir siiregtir. Bu evrede en biiyiik rolii fibroblastlar ve endotel
hiicreleri iistlenir. Fibroblastlar yara bolgesine yarayi ¢evreleyen dokulardan
go¢ ederken, endotel hiicreler ise veniiller araciligiyla yara bolgesinde
¢ogalma gergeklestirir. Bu hiicrelerin yara bolgesinde iretimi ve goégiinii
saglayan biiyime faktorleri ve sitokinler (IL-1, PDGF, TNF-a, TGF-B1,
TGF-B2, EGF ve FGF), trombositler ve makarofajlardan iiretilirler.®*? Genel
olarak bu evre fibroblastlarm yara bolgesine gocii, kolajenlerin tretimi,
anjiyogenez ve graniilasyon dokusunun olusmasi olarak asamalandirilir.?
Cesitli sitokin ve biliylime faktorlerinin etkisiyle yara bolgesine go¢ eden ve
burada proliferasyon gergeklestiren fibroblastlar 6zellikle Tip III olmak iizere
kolajen sentezlemeye baslarlar. Bu kolajenlerin temel gorevi en basta
kanamay1 durdurma amaciyla olusan gegici pihtinin yerini alacak yeni bir
membran olusturmak ve yara bdlgesinde gerilmeye karst yeni bir direng
saglamaktir. Bu esnada Onceki matristeki yapilar yikilir. Kolajen sentezi
yaklasik olarak 14. giine kadar devam eder.”® Bu evrede yara kenarlarini baz
alan epitel hiicreler devamli go¢ ederek asagida bulunan matrisle birlesir.
Fibroblastlar miyofibroblastlara doniistiiriiliir ve yara bolgesindeki proteinler
ve kolajenlerle birleserek yarali bolgenin kontraksiyonu gerceklestirilir.
Yaranin derinligi ve sekli gibi faktorler bu siirecin siiresini etkiler.'* Son
olarak anjiyogenez ve graniilasyon dokusunun olusumu gerceklesir.
Baglangigta yarali bolge gerekli maddeleri damarlanma olmadigi igin
cevredeki damarlardan almaktadir fakat anjiyogenez ile damarlanma
gerceklesir ve yarali bolge daha iyi kanlanir. Anjiyonegezin gergeklesmesi,
hemoliz asamasinda salgilanan biiylime faktorleri ve sitokinlerin (VEGF,
FGF, PDGF, TGF-a, TGF-p ve anjiyogenin) etkisiyle gerceklesir.® Tiim bu
asamalarin ardindan epitelizasyonun sona ermesi ve graniil dokunun
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olusumu ile proliferasyon fazi sona erer ve yerini maturasyon evresine
birakir.®

2.1.4. Maturasyon Evresi (Re-modeling)

Proliferasyon evresinin hemen ardindan yani 3. Haftadan itibaren
baslayan bu siire¢ iki yila kadar siirebilecek uzun bir siirectir. Bu evre, yeni
epitel doku gelisimini ve son skar dokusunun olusumunu igerir. Bu evre
bozulmanin ve yapimin dengede oldugu bir evredir.* Proliferasyon fazinda
fibroblastlar araciligiyla iiretilen kolajenler Tip III kolajenlerdir ve bu
kolajenler jelatinimsi bir yapidadir. Bu evrede bu kolajenler Tip I kolajenlere
doniistiiriilirler. Bu kolajenler ise daha siki ve diizenlidir.! Ayrica
yaralanmalarin erken evrelerinde kolajenler daha gelisigiizel dizilirken bu
evrede yeniden diizenlenirler. Aslinda bu erken safthalarda yaralarm neden
kolajen seviyeleri daha iist diizeylerdeyken daha az gerilim direncine sahip
olduklarint agiklar. Bu yeniden diizenlenme ilk 6 ayda en ist seviyededir
fakat sonraki 6 ayda azalir ve devaminda her ne kadar sifirlanmasa da ¢ok
diisiik bir seviyeye iner.”® Bu evrede sadece kolajenler diizenlenmekle ve
doniismekle kalmaz ayni zamanda sayilar1 da azalir. Bu azalmada TNF-a,
kolajenin kendisi, y- interferon ve kolajen yikimmda gorevli olan
metalloproteinaz (MMP) enzimi rol oynamaktadir. Artik maturasyon
evresinin ve yara iyilesmesinin sonuna dogru yaklagirken yara bolgesinde
fibroblastlar, makrofajlar ve yarali bolgedeki damarlanma miktari
(anjiyogenez) azalir ve skar dokusunun olusumu ile yara iyilesmesi sonlanir.’
Fakat yara yaralanmamig dokuya gore eski giiciiniin %80 ’nine ancak
ulasabilir. Bu kazanilan gili¢ yaranin lokalizasyonuna ve yarali bdlgenin
iyilesme siiresine baglidir. Fakat tamamen yaralanmamis halindeki eski
giiciine donmesi miimkiin degildir. 2

2.2. Yara lyilesmesini Etkileyen Faktorler

Yara iyilesmesi ¢ok gesitli faktorlerden kolayca etkilenebilen ¢ok hassas
bir siiregtir. Genel olarak yara iyilesmesini etkileyen faktorler lokal ve
sistemik faktorler olarak ikiye ayrilir. Lokal faktdrler genel olarak yaranin
kendisini dogrudan etkileyen faktdrlerken sistemik faktorler viicudun yara
iyilesmesine genel etkisini kapsayan ve yara iyilesmesine olan etkisini lokal
faktorleri etkileyerek dolayh yoldan gosteren faktérlerdir.'® Bu béliimde yara
iyilesmesini etkileyen baslica faktorlerden bahsedilecektir.

2.2.1. Yara lyilesmesini Etkileyen Lokal Faktorler
Oksijenasyon

Oksijen gerek hiicre metabolizmas: gerekse yara iyilesmesi i¢in g¢ok
onemli bir faktordiir. Yara iyilesmesinde oksijenin sayesinde anjiyogenez
miktar1 artar. Anjiyogenezin artmasi sonucu fibroblastlarin ¢ogalmasi ile
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kolajen iretimi, yara gerilim direnci, re-epitelizyon artar. Tim bunlar
oksijenin yara iyilesmesine etkilerinden sadece bazilaridir.*® Oksijen ayrica,
l6kositlerin islevlerini yerine getirmesinde, biiyiime faktorlerinin ve radikal
oksijen tiirlerinin (ROT) iiretiminde de etkilidir. Fakat burada 6nemli olan,
her faktor ve asamada oldugu gibi, oksijenin miktarindaki dengedir. Ciinkii
hipoksi yara iyilesmesinde normaldir ve gerek anjiyogenez gerekse biiyiime
faktorlerinin salimi i¢in gerekli olan bir durumdur.”’ ROT’un yara
iyilesmesinde bir uyarici bir faktér oldugu diisiiniilmektedir. Hem oksijen
eksikligi hem de fazlaligmm ROT diretimini arttirdigi ve fazla {iretiminin
doku hasarina yol agabilecegi gbz oniine alindiginda dengenin 6nemi daha da
anlagilacaktir.™®

Enfeksiyonlar

Yara enfeksiyonu, yaranin iyilesmesi esnasinda sik gelisen bir durumdur.
Yaralanma gerceklestigi zaman, ylizeydeki mikroorganizmalarin oniindeki
engel kalkar ve mikroorganizmalar alttaki dokulara kolayca erisebilirler.®
Normal sartlar altinda, inflamasyon evresi, temelde yara bolgesinde
mikroorganizmalarin temizlenmesinin saglandigi ve diger asamalar igin
uygun ortamin hazirlandigi  bir evredir.’®  Fakat, yara bdlgesinin
dekontaminasyonu gergeklestirilemezse ve yara bolgesinde c¢ok fazla
mikrobiyal yiik olusursa bu sitokinlerin (IL-1, TNF-a gibi) daha fazla
salimma neden olur ve bdylece inflamasyon evresi uzar, yaranin iyilesmesi
gecikir. Bu durum kronik yaralara sebep olabilir.*®

2.2.2. Yara lyilesmesinde Sistemik Faktorler
Yas

Yash niifus, gelismis ve gelismekte olan iilkelerde hizla yiikselmektedir.
Amerika Birlesik Devletleri’'nde 2004 yilinda niifusun yilizde 12.4’lni
olusturan yaslilarin 2030 yilinda niifusun yiizde 20’sini olusturacagi tahmin
edilmektedir. Bu yiizden yashlarda yara iyilesmesi ciddi bir sorun haline
gelmektedir. Genel kani yaslilarda yara iyilesmesinin kalite olarak cok
farklilik gostermedigi fakat yara iyilesmesinin yaslanma ile geciktigi
yoniindedir. Bunun nedeni olarak artmis o-graniil salimi ve trombosit
agregasyonu, azalmis biiylime faktorii salimi, gecikmis proliferasyon ve
azalmig kolajen dongiisii sayilabilir.”® Nitekim sicanlarla yapilan bazi
caligmalarda da yaslilarda yara iyilesmesinin geciktigini kanitlar nitelikte
sonuglara ulagilmistir. 2°

Diyabet

Diyabet diinyada milyonlarca insani etkileyen kronik bir hastaliktir.
Gerek yara iyilesme siirecinin diyabetli hastalarda bozulmasi gerekse
diyabetli hastalarm tahminen yiizde 15’inde bulundugu diisiiniilen ve kronik
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yaralar olan diyabetik ayak iilserlerinin varlig1 diyabeti yara iyilesmesini
etkileyen sistemik faktorlerde 6nemli bir yere tasgimaktadir.'® Diyabetli
hastalarda hiperglisemi, kemotaksis ve fagositozu yani notrofil ve
lenfositlerin islevlerini negatif yonde etkileyerek yara iyilesmesine olumsuz
etkide bulunur. Bunu, kilcal damarlarda kan akimini bozarak yaranin
yeterince kan yani oksijen ve besin almasini engelleyerek yapar. Bu yiizden
yara enfeksiyonlara agik hale gelir. Fakat bu durum diyabet hastalig1 kontrol
altmma alinmayan kisiler i¢in gecerlidir. Diyabet kontrolii saglanan hastalarin
saglhkli bireylerden farki olmamaktadur.'®

Obezite

Obezite giiniimiizde ¢ok yaygin bir problemdir ve gerek diger birgok
hastaliga sebep olabilmesi (Tip 2 diyabet vb.) gerekse viicudun artan
kivrimlarmin  hem siirtiinme ile {ilserasyon riskini yiikseltmesi ve bu
kivrimlarda olusan ortamin mikroorganizma ¢ogalmasimna katkida bulunmasi,
obezitenin yara iyilesmesinde etkili bir faktor olmasina sebep olmaktadir. Bir
obezite hastasinda hem kalbin artan yiikii hem de hiperlipidemi sebebiyle
g6giis geniglemesinin ve diyaframin tam iglev gérememesinin etkisiyle kanin
oksijenasyonu ve dolayistyla yaranin oksijenlenmesi azalir. Bu durum
kolajen sentezini olumsuz etkiler, nétrofiller fagositoz yapamaz ve bu sebeple
yara enfeksiyona agik hale gelir. Tiim bunlarin sonucunda, yara iyilesmesi
obez hastalarda gergeklesmesi zor ve uzun bir hal alir.?

Beslenme

Beslenme yara iyilesmesi i¢in gerekli olan bir durumdur ve yaranin
beslenmesi iyilesmesi i¢in sarttir. Nitekim cesitli c¢aligmalarda da bu
gereklilikten bahsedilmistir. Eger beslenme tam olarak gerceklesmezse yara
iyilesmesinde gerekli olan enerji ve anabolik olaylar saglamaz ve bundan
dolay1 yara iyilesmesi aksar. Besinlerin yara iyilesmesine etkileri gesitlidir.
Karbonhidratlar ve yaglar enerji kaynagi olarak ve hiicre sentezinde
kullanilirlar. Proteinler, inflamatuar fazda ve fibroblastlarin gogiinde yani
kolajen sentezinde 6nemli rol ustlenirler. Tiim amino asitler 6nemlidir fakat
ozellikle metionin, sistein, arjinin ve sistin yara iyilesmesinde dzellikle ¢ok
biiyik o6neme sahiptirler. Vitaminlerde ise A vitamini makrofajlarin
¢ogalmasini ve kolajen aktivitesinin diizenlenmesini saglarken, B vitamini
hiicre g¢ogalmasint ve bagisiklik sistemini desteklemektedir. C vitamini
anjiyogenez ve kolajen sentezine katkilarmin yani sira eksikliginde
enfeksiyona yatkinlik olustururken, K vitamini pihtilasmada 6nemli bir rol
oynamaktadir.  Minerallere bakildiginda ¢inko eksikliginde epitel ve
fibroblast proliferasyonu azalirken, demir eksikliginde kolajen iiretiminde
bozukluk ve oksijen tasmmmasinda olusan problemlerden dolay: oksijenlenme
problemleri olusmas1 muhtemeldir. Bakir eksikliginde ise kolajenlerin ¢apraz
baglanmalarinda problemler goriilebilir. Magnezyum protein ve kolajen
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sentezinde gorev alir ve Selenyum radikal oksijenlerin temizleyicisidir.?
Ozetle, beslenmenin hemen hemen her 6gesi yara iyilesmesinde biiyiik rol
oynamaktadir. Dogru beslenme olmadan yara iyilesmesi siireci aksayacak ve
zorlagacaktir.

Sigara Kullaninm

Sigara kullanim1 yaygin ve insan saglig1 i¢in ciddi bir problem olup, yara
iyilesmesini de ciddi sekilde etkilemektedir. Sigarada bulunan bir alkoloid
olan nikotin, vazokonstriiksiyona sebep olarak kutanéz kan akismnin
azalmasma yol agar ve proteazlarmm salimina bagisiklik sisteminin
zayiflamasina neden olarak enfeksiyonun olusma ihtimalini yiikseltir. Ayrica
kolajen iretiminin zayiflayip yavaslamasina sebep olur. Kemotaksisi bozup
hiicre gogiinii zorlastirirken nétrofil hiicre sayismi artirir. Karbon monoksit
icerdigi i¢in hemoglobinin oksijen tasima kapasitesini azalmasina neden olur
ve bu da yaranin daha az oksijenlenmesi ile sonuglanwr. Tiim bunlarin
sonucunda sigara kullanimmin yara iyilesmesini geciktirdigi ve siireci
olumsuz etkiledigi soylenebilir. Nitekim yapilan c¢alismalar da sigara
icmeyen bireylerin igen bireylere kiyasla daha az komplikasyon ve daha
yiiksek yara iyilesmesi gosterdigini gostermistir.?*

ila¢c Kullanim

flaglar gerek direkt olarak gerekse viicut fonksiyonlarimizi etkileyerek
yara iyilesmesini etkileyebilirler. Glukokortikoid steroidler, sistemik ve lokal
uygulamalarda yara iyilesmesini farkli sekillerde etkilerler. Sistemik
uygulamada fibroblast proliferasyonunu ve bununla baglantili olarak kolajen
sentezini azaltirlar. Enfeksiyon riskini artirir, azalan kontraksiyon ve tam
olugamayan graniilasyon dokusu ile yara iyilesmesini sonug¢landirabilirler.
Fakat yapilan ¢alismalarda, diisiikk dozda lokal uygulamada yara iyilesmesi
hizinin artmasma katkida bulunduklart ve agriy1 azalttiklart bulunmustur.
Non-steroidal antiinflamatuar ilaglar ile hayvanlar iizerinde yapilan
calismalarda uzun siireli kullanimlarinin azalmis kontraksiyon, azalmig
fibroblast sayisi, bozulan anjiyogenez ve geciken epitelizasyona sebep
oldugu gosterilmistir. Topikal uygulamada (ibuprofen kopiik) agriy1 azaltmis
ve yaranin kurumasini engelleyerek nemli bir iyilesme saglamistir.
Kemoterapotik ilaglar da yara iyilesmesinin birgok evresini olumsuz
etkileyen ilaglardir. Hiicre metabolizmasini, hiicre bdliinmesini, anjiyogenezi
ve hiicre gogiinii engellerler. Fibroblastlarn ¢ogalmasini, bundan dolay1
kolajen {iiretimini azaltirlar. Ayrica bagigiklik sistemini baskilayarak
inflamasyon evresini engeller ve yaranin enfeksiyona ugramasmi
kolaylastirirlar. Boylelikle yara iyilesmesi aksar ve iyilesme bir ¢ok sebeple
bozulur.®® Sonug olarak yara iyilesme evresindeyken alman ilaglar yaray:
sistemik veya lokal olarak etkileyebilir. Bu sebeple hasta yara iyilesmesi
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esnasinda kullandig: ilaglara dikkat etmeli ve kullanimlarini uzman kontroli
altinda gerceklestirmelidir.

3. Yara Tedavisi

Kronik yaralar toplumda kronik rahatsizliklarin, obezitenin ve yas
ortalamasinin yiikselmesi sebebiyle gittikge ciddi bir hal almakta ve ciddi bir
mali yik olusturmaktadir. Bu sebeple yara tedavisi ¢ok Onemli bir
konumdadir. Basta kronik yaralar olmak {izere yaralarmn tedavisi i¢in gesitli
yontemler bulunmaktadir.”® Yara tedavisi, topikal/sistemik ilag tedavisi,
debridman, eger gerekirse cerrahi yaklasim ve yara ortilileri/pansumanlari
olarak smiflandirilabilir.”®

3.1. Topikal ve Sistemik ila¢ Tedavisi

Yara enfeksiyonlar1 yaralarda sik sik goriilebilen bir durumdur. Bu
durumun sebebi yaralanmanim mikrobiyolojik yiikii fazla olan bir bolgesinde
(ayak parmaklari, el parmaklar: arasi, agiz kenari ile temas eden yaralar)
bulunmasindan, varsa yaralanma aletinden, topraktan veya yaray1 tedavi eden
personelden kaynakli olabilir.?” Mikroorganizma yiikiiniin yiiksek seviyede
olmasi, inflamasyon evresinin uzamasina, yara iyilesmesinin gecikmesine ve
kronik yara olusumuna sebep olabilir. Bu yilizden mikrobiyal yiikiin
diistirilmesi, inflamatuar mediatorlerin daha kolay kontrol edilmelerini
saglar. Dokudan alinan biyopsiler ve yaradan alman siiriintiiler, bakteri
yikiiniin ve tiiriiniin belirlenmesini ve ona uygun bir tedavi belirlenmesini
saglar.”® Enfekte olmus yaralarda siklikla goriilen patojenler Staphylococcus
aureus ve aneoroblardir. Topikal antibiyotikler tedavi amaciyla
kullanilabilirler ve mikrobiyolojik yiikil azaltabilirler. Ancak kronik yaralarda
sistemik antibiyotik kullanimi daha dogru uygun bir yaklagimdir.?® Bunun
sebebi olarak uzun siireli antibiyotik kullaniminda gelisebilecek antibiyotik
direnci de gosterilebilir. Ayrica yara bdlgesini zararli mikroorganizmalardan
temizlemek i¢in topikal antiseptikler kullanilabilir ve bunlara 6rnek olarak
iyot igeren preparatlar, Dakin-Carrel ¢ozeltisi, hidrojen peroksit ve giimiis
salim1 gergeklestiren maddeler verilebilir. Fakat bu antiseptikler doku igin
toksik olduklarindan dolay1 kronik olarak kullanilmamali, eger hasta yarasini
evde temizlemek istiyorsa sabun ve su kullanmalidir.”®

3.2. Debridman

Debridman, kroniklesmis ve iyilesmeyen yaralarin tedavisinde tercih
edilebilen bir yontemdir. Yara bolgesindeki 6lii doku, ¢esitli sebeplerden
dolay1 enfeksiyon geligmesine ya da enfeksiyonun artmasima sebep olabilir.
Bu durumun temelde 3 nedeni vardr. Ik olarak cansiz doku
mikroorganizmalarin ¢ogalmas i¢in uygun bir ortam olusturur. Ikinci olarak,
olii doku Iokositlerin fagositoz yapmasmi yani bakterilerin 6ldiiriilmesini
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inhibe eder. Son olarak, aneorobik bir ortam olan 6lii dokuda oksijenin
yoklugu lokositlerin islevlerini smnirlar.”’ Tim bu sebeplerden dolay:
debridman tercih edilebilen bir islemdir. Debridman yaradan deri
dokiintiileri, bakteriyel biyofilmler, kallus ve eskarin uzaklagtirilmast
islemidir. Bu uzaklastrma iglemi igin ¢esitli debridman ydntemleri
mevcuttur. Bunlardan ilki keskin debridmandir. Keskin debridman, makas,
nester, forceps, kiiret kullanilarak yarali bolgenin canli dokuya ulasincaya
kadar tamamen temizlenmesidir. Dezavantaji ise lokal anestezi uygulanmasi
durumlarinda bile ¢ok agrili bir yaklasim olmasidir. Bir diger debridman
yontemi ise islak-kuru debridman yontemidir. Bu yontem gazli bezin
nemlendirilip yara bolgesine yerlestirildikten sonra kurutulmas: ve yarali
bolgeye yapisan gazli bezin ¢ekilmesi ile yapilan bir islemdir. Fakat bu islem
son derece agrilidir ve segici degildir. Bu yodntemde sadece 6li doku
alinmakla kalmaz, ayn1 zamanda yara bolgesindeki makrofajlar, fibroblastlar
ve keratinositler de alinir. Otolitik debridman ise nemli yara pansumanlari
yardimiyla gergeklestirilir. Pansuman yardimiyla re-hidre edilen ince
tabakanin ve nekrotik dokunun saglikli bolimden ayrilmasini saglar. Uzun
stiren bir yontemdir. Son olarak enzimatik debridman ise yara bdlgesine
uygulanan topikal proteaz preparatlar1 yardimla yaral bdlgeden 61i dokunun,
yara eksilidasinin fibrinlerinin ve kolajenlerinin par¢alanmasi iglemidir. Gene
otolitik debridmana benzer sekilde uzun siirebilen bir iglemdir.?

3.3. Yara Bandajlan

Yara tedavisinde doniim noktast Nature dergisinde 1962 ve 1963
yillarinda yayinlanan 2 makale ile ger¢eklesmistir. Bu makalelere gére nemli
bir ortamda yar1 kapali film ile nemli ortamda tutulunca re-epitelizasyon
oranlarinda artig goriilmiistiir. Ardindan 1970’lerde kronik yaralar i¢in ilk
pansumanlar gelistirilmistir. Yani yara iyilesmesinde yaranin kurumasini
saglamak ya da engellememek yerine artik optimum seviyede nemli yara
tercih edilmektedir. Bu yaranmn tamamen islatilmasi gerektigi anlamina
gelmemektedir, yara bdlgesi ne kuru ne de yas olmali bir denge halinde
bulunmalidir. Eger yara, inflamasyon evresinde asir1 eksuda {iretiyorsa bu
eksudanin pansuman tarafindan emilmesi gereklidir. Ancak, yara yeteri kadar
eksuda iretiyorsa bu durumda dengenin korunmasi yaranin nem
kaybetmesini engelleyen fakat emilim yapmayan pansumanlarin kullanilmasi
gerekmektedir. Son olarak eger yara kuru olarak nitelendirilebilecek bir
yaraysa, bu durumda da yarayi nemlendirecek pansumanlarin kullanilmast
gerekmektedir. Buradan da anlasilacagi gibi pansumanlar kisaca asir1
eksuday1 emen pansumanlar, yaranin nemini koruyan pansumanlar ve yaraya
nem saglayan pansumanlar olarak tice ayrilir. Asirt eksudayr emen
pansumanlar genelde inflamasyon evresinde kullanmilir ve gazli bez gibi
emiciligi olmayan pansumanlara gére daha uzun siire kullanilabilmesine ve
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daha az pansuman degisimi yapilabilmesine olanak saglar. Ornek olarak
kalsiyum aljinat ve kopiik pansumanlar verilebilir,?®#

Yara nemini koruyan pansumanlar ise yara iyilesme siireci ilerledikce
eksuda iiretiminin azalmasi ve bu seviyede yaranin kurumasmi engellemek
i¢cin kullanilir. Buna 6rnek olarak hidrokolloid ve seffaf film pansumanlar
verilebilir.?**

Son olarak yaraya nem saglayan pansumanlar, yarayr nemlendirmek,
otolitik debridman yapmak ve 6lii dokuyu uzaklastirmak amaciyla kullanilir.
Bunlara drnek olarak hidrojel pansumanlar verilebilir.%%

4. Yara lyilesmesinde Nanofarmasétikler

Geleneksel olarak kullanilan ilag sistemlerinin stabilitelerinde yasanilan
problemler, yiiksek dozda ila¢ kullanim gerekliligi, oral kullanilan sistemlerin
¢ogunda goriilen ilk gegis etkisi, gecimsizlik problemleri, siirekli ilag
kullanim1 gereksinimi ve plazma seviyesinde olusan dalgalanmalar sebebiyle
yeni ilag tasiyict sistem gereksinimi dogmustulr.30 Nanofarmasoétikler,
nanoteknoloji yardimiyla gelistirilen, terapotik aktiviteye sahip olan ve etkin
maddeye benzersiz ek zellikler kazandiran sistemlerdir.®* Nanofarmasétikler
yara iyilegsmesinde fonksiyon ve estetik agisindan cilt yenilenmesini arttirma,
enfeksiyon  kontrolii, yara  kapanmast  gibi  ¢esitli  amaglarla
kullanilabilmektedir.*

4.1. Nanopartikiiller

Nanopartikiiller boyutlar1 10 nanometre ile 1000 nanometre arasinda
degisebilen kati  kolloidal partikiillerdir.*®**  Etkin maddeler bu
nanopartikiillere ¢ozlinerek, hapsedilerek veya yiizeye tutunarak/kovalent
baglanarak eklenebilirler.*® Tip, elektronik, fotonik, kirlilik kontrolleri, ¢cevre
teknolojileri ve bir ¢ok mithendislik alaninda ilgi géren nanopartikiiller tip
alaninda basta kiigiik boyutlar1 olmak tizere sahip olduklar1 avantajlar
sebebiyle ozellikle son zamanlarda ciddi anlamda ilgi goren sistemler haline

gelmislerdir. %’

Polimerik nanopartikiiller, bilesimleri ve yapilari agisindan farklilik
gosteren nanokapsiiller ve nanokiireler (yap1 tam bir kiire seklinde degilse
nanopartikiiller olarak adlandirilir) olmak {izere iki alt baslik altinda
incelenebilir.*** Nanokapsiiller etkin maddenin igerisinde bulundugu sulu
veya yagl bir ¢ekirdekten ve bu ¢ekirdegi ¢evreleyen polimerik bir kabuktan
olusur. Nanokiireler (nanopartikiiller) ise etkin maddenin ve polimerin bir
arada bulundugu matris seklinde bir yapidan meydana gelir.** Bu polimerik
nanopartikiiller etkin maddeleri diflizyon veya erozyon yoluyla veya her
ikisinin birlikte gerceklesmesi ile salarak etki gosterirler.*® Nanokiirelerde ve
nanokapsiillerde kullanilan polimerler genel olarak aynidir. Ayrica iiretimleri
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de temel olarak monomer polimerizasyonu ve polimer dispersiyonu olarak iki
sekilde gerceklesir. Aralarindaki temel fark nanokapsiillerde {iretim
gergeklesirken organik faza yag eklenmesi ve bu yagin ¢ekirdegi

olusturmasidir.**#?

Nanopartikiillerin ilk ve en 6nemli avantaji ¢ok kii¢iik olan boyutlaridir.
Nanopartikiiller boyutlar1 sayesinde ¢ok kiigiik kilcal damarlardan dahi
gegebilir, hedef bolgelerdeki hiicrelere rahatlikla ulasabilir ve boyutlar
ayarlanarak viicudun farkli bolgelerine hedeflenebilirler. Aktif ve pasif
hedeflendirmeye uygun sistemlerdir. Viicuttaki dagilimlary, klirensleri
ayarlanip etki bolgesinde salimi saglanarak ilacin daha az yan etki gdstermesi
ve terapotik etkisinin artmasi saglanabilir. Matris bilesenlerinin degistirilmesi
ile kontrollii salimi saglanabilir. Etkin maddenin stabilitelerini ve
biyoyararlanimlarini arttirabilirler. Topikal, okiiler, nazal, oral gibi farkli
uygulama yollarma uygundur.***

Nanopartikiiller, ¢ok kiigiik partikiil boyutuna sahip olmalar1 ve genis
yiizey alanlar1 sebebiyle agregasyona ugrayabilirler, bu da tretimlerini ve
kullanimlarmi  zorlastirabilir. Uretimi ve dolayistyla kullanimi  pahali
sistemlerdir. Bazi  durumlarda  planlananin  aksine ani  salim
gergeklestirebilirler ve hazirlanmalarinda kullanilan materyallerden dolay1

toksik etkiler gosterebilirler.**

Celik Soysal ve arkadaslari®® tarafindan yapilan cahismada, yara
iyilesmesinde birgok agsamada goérev alan (fibroblast kemotaksisi ve
proliferasyonu, kolajen sentezi, makrofaj kemotasisi ve olgunlasmasi vb.) ve
makrofaj, lenfosit, endotel hiicreler gibi farkli hiicrelerden salinabilen TGF-
B1 biiylime faktori ile FDA onayli, giivenli, biyopargalanir/biyouyumlu olan
ve kolayca modifiye edilebilen PLGA nanopartikiilleri yara iyilesmesini
hizlandirmak i¢in birlikte kullanilmiglardir. PLGA’nin yara iyilesmesindeki
bir diger avantaji ise parcalandiginda olusan laktat nedeniyle yara
iyilesmesine prokolajen faktorlerin aktivasyonunu ve anjiyogenezini
destekleyerek fayda saglamasidir. Nanopartikiillerin hazirlanmasinda, TGF-
B1’in  hidrofilik olmasi sebebiyle, ¢ift emiilsiyon olusturma-¢oziicii
buharlastirma yontemi kullanilmig ve farkli PLGA konsantrasyonlarinda
(%1-5) hazirlanmigtir. Hazirlanan nanopartikiiller 217.4+3.4-289.4+3.9 nm
araliklarinda partikiil buyiikligii, (-29.6)-(-26.8) mV degerleri arasinda zeta
potansiyeli gostermistir. PLGA konsantrasyonundaki artigin zeta potansiyeli
ve partikiil biylikliiglinii anlamh sekilde etkilemedigi goriilmiistiir. Dar bir
aralikta polidispersite indeksi ve 99.8’e varan enkapsiilasyon etkinligi elde
edilmistir. Hiicre kiiltiirii ¢aligmalarinda en yiiksek hiicre canlilig1 ve hiicre
¢ogalmasi gostermis olan %3 oraninda PLGA igeren formiilasyon se¢ilmis ve
serbest TGF-B1 %7 oraninda hiicre artis1 gosterirken segilen formiilasyon
%92.5 oraninda hiicre artig1 gostermistir. Ayrica TGF-B1 yiikli PLGA
nanopartikiilleri in vitro yara iyilesmesi lizerinde denendiginde, tek basina
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TGF-B1 uygulamasina gére maksimum hiicre gociine sebebiyet vermis
oldugu ve TGF-B1 in keratinosit proliferasyonu etkisini de inhibe ettigi
gOrilmiistiir. Tiim bu sonuglar hazirlanmig formiilasyonun serbest TGF-B1°e
gore yara iyilesmesindeki iistiinliigiini géstermistir.46

Karri ve arkadaslari®’ tarafindan yapilan ¢aligmada antiinflamatuar ve
antioksidan Ozelliklerine sahip olan kurkuminin zayif olan stabilitesi ve
sahip oldugu disiik biyoyararlanimi sebebiyle kitosan nanopartikiilleri
hazirlanmig ve gerek hiicre etkilesimlerini gerekse ekstraseliiler matriks
liretimini tesvik etmesi sebebiyle 3 boyutlu kolajen iskelelere yiiklenmistir.
Kurkumin maddesinin ¢6ziiniirliikk problemi nedeniyle kurkumin dnce kitosan
nanopartikiillere yiiklenmis ve ardindan nanopartikiiller kolajen iskelete
eklenmistir. Kitosan nanopartikiillerin hazirlanmas: i¢in iyonik jellesme
yontemi kullanilmig, nanopartikiil yiikli kolajen iskele ise kolajen ile
nanopartikiillerin uzun siire karistirilmas: ardindan karigimm liyofilize
edilmesi ile olusturulmustur. Sonugta +30.3 mV zeta potansiyeline sahip ve
196.4 nm partikiil biiylikliglinde nanopartikiiller elde edilmistir. Yapilan
sitotoksisite ¢alismasinda yapmin sitotoksik olmadigi, biyouyumlu oldugu
gosterilirken salim ¢aligmalarinda nanopartikiiller yiiklii iskelenin 14 giine
kadar salim gerceklestirdigi gosterilmistir. In vivo hayvan galismasinda ise
15. glinde kontrol grubu %44.6 + 6.3, bos iskele ile tedavi edilen grup %61.6
+ 5.8 ve nanopartikiil yiiklii iskele ile tedavi edilen grup %98.1 + 3.4 iyilesme
gostermistir. Tiim bu sonuglar hazirlanan nanopartikiil yiikli iskelenin yara
iyilesmesine etkisini kanitlamstir.*’

Ali ve arkadaslari®® tarafindan yapilan ¢aligmada, yanik yara tedavisinde
¢oklu ilag direncinin giderek yiikselmesi ve artan yeni antimikrobiyal ajan
arayislar1 sebebiyle iyi stabilite gostermeleri, biyouyumlu, antimikrobiyal,
antifungal etkili olmalar1 ve toksisite gdstermemelerinden dolay: ¢inko oksit
nanopartikiilleri tercih edilmistir. Nanopresipitasyon yontemi ile hazirlanan
nanopartikiiller 15-25 nm partikiil boyutu ve kiiresel sekil gdstermistir.
Yapilan in vitro c¢aligmalarda antiinflamatuar, antibakteriyel, antifungal
aktivitesi gosterilen nanopartikiillerin yara iyilesmesine etkisi in vivo olarak
Yeni Zelanda beyaz tavsanlart {izerinde calisilmistir. Tavsanlar 4 gruba
ayrilmigti: 1. grupta yara olusturulup enfekte edilmemis ve tedavi
uygulanmamig, 2. grupta yara olusturulup enfekte edilmis ancak tedavi
uygulanmamis, 3. grupta enfekte edilmis ve yara ¢inko oksit nanopartikiilleri
iceren merhem ile tedavi edilmis, 4. grupta ise enfekte edilmis ve yara giimiis
siilfodiazinli merhem ile tedavi edilmistir. Sonugta 3 haftanin ardindan en
yiiksek yara kapanmasi ¢inko oksit nanopartikiilleri ile tedavi edilen grupta
goriilmiistiir. In vitro ve in vivo sonuglara dayanarak c¢inko oksit
nanopartikiilleri yara tedavisi i¢in uygun bulunmustur.*®

Chereddy ve arkadaslari®® tarafindan yapilan ¢aligmada, antiinflamatuar
etkisi sebebiyle yara iyilesmesinde etkili olan kurkumin kullanilmis,
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kurkuminin stabilite ve ¢Oziiniirliik sorunlar1 sebebiyle nanopartikiilleri
hazirlanmistir. Calismada, FDA onayli olan ve pargalandiginda ortaya ¢ikan
laktat sayesinde yara iyilesmesinde etkili olan PLGA polimeri kullanilmis ve
emillsiyon  olusturma-¢oziici  buharlagtirma  yontemi  kullanilarak
nanopartikiiller hazirlanmistir. Bu nanopartikiiller 176.5+7.0 nm partikiil
biyikligi, —23.2+3.8 mV zeta potansiyel, %89.2+2.5 enkapsiilasyon
etkinligi ve uzun siireli salim gostermistir. In vivo calismada ise fareler
kullanilmis ve serbest kurkumin, bos nanopartikiiller ve kurkumin yiiklii
nanopartikiiller yara kapanmasi agisindan kiyaslanmistir. Sonugta kurkumin
yiiklii PLGA nanopartikiiller 5. giin diger formiilasyonlara gore en yiiksek
yara kapanmasini gosterirken, 10. giin PLGA nanopartikiil uygulanan grupta
yara tamamen iyilesmistir. Diger gruplarda ise tam iyilesme gozlenmemistir.
Kontrol grubuyla kiyaslandiginda bos PLGA nanopartikiillerinin de yara
iyilesmesini arttirdig1 gozlenmistir.*®

Wang ve arkadaslar®™ tarafindan yapilan cahsmada yara iyilesmesini
hizlandirma amaciyla kitosan nanopartikiillerinin yiiklendigi kalsiyum aljinat
hidrojelleri hazirlanmistir. Caligmada, antibakteriyel etkili, inflamatuar evreyi
ve neovaskiilarizasyonu diizenleyen bir sistem hazirlamak hedeflenmistir.
Hazirlama yontemi olarak iyonotropik jelasyon yontemi kullanilmis ve
208.4+15.7 nm partikiil boyutu ve 24.2+3.9 mV zeta potansiyele sahip
nanopartikiiller elde edilmistir. Antibakteriyel aktivitesini test etmek igin
Staphylococcus aureus ve Escherichia coli igeren besi yerine bos kalsiyum
aljinat hidrojel, kitosan konjuge hidrojel ve kitosan nanopartikiil yiikli
hidrojel uygulanmis ve en yiiksek aktivite nanopartikiil yiikli hidrojellerde
goriilmiistiir. In vivo deney icin ise fareler kullanilmus, farelerde olusturulan
yaralara fosfat tamponlu salin, kitosan nanopartikiil yiiklii kalsiyum aljinat
hidrojel ve kitosan konjuge kalsiyum aljinat hidrojel uygulanmistir. Sonugta
7. ve 14. giinlerde yapilan 6lglimlerde en yiiksek yara kapanmasi kitosan
nanopartikiil yiiklii hidrojellerde goriilmiistiir (7. giin %85.6-14. giin %98.7).
Elde edilen sonuglar, kitosan nanopartikiilleri yiikli kalsiyum aljinat
hidrojellerinin yara iyilesmesinde etkili oldugunu gostermistir.>

4.2. Kat1 Lipit Nanopartikiiller (KLN) ve Nanoyapih Lipit Tasiyici
(NLT) Sistemler

Kat1 lipit nanopartikiiller ve nanoyapili lipit tasiyict sistemler
nanopartikiil, lipozom, emiilsiyon gibi diger sistemlere alternatif olarak
gelistirilmis sistemlerdir.>* Genel olarak bakildiginda 100 nm’den kiigiik veya
1000 nm’ ye kadar biiyiikliige sahip olabilseler de genellikle 150 nm ile 300
nm arasinda partikiil biiyiikliigii olan sistemlerdir.’® Lipit nanopartikiilleri
temelde kati lipit nanopartikiiller (KLN) ve daha sonraki nesil tastyicilar olan
nano-yapili lipit tagtyicilar (NLT) olarak smiflandirabilmek miimkiindiir.”®
Kat1 lipit nanopartikiilller kati lipitlerden olusurlar ve bu kat1 lipitler
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balmumlar, trigliseritler ve gliseritleri igerebilirler.* Her ne kadar sahip
olduklar1 6zellikler sayesinde tercih edilen sistemler olsalar da kati lipit
yapidaki ¢Oziinlirlik problemleri ve kristallesme ihtimali kati lipit
nanopartikiiller i¢in sorun teskil etmektedir. Bu sebeple 1990’larda nano
yapil lipit tastyicilar (NLT) gelistirilmistir.”>*® NLT” lerin KLN’ ler den
temel farki igerisinde bulunan kati lipit yapmim yan sira sahip oldugu sivi
lipittir.>” Hem kat: hem de siv1 lipitlere sahip olmas1 NLT lere diizensiz bir
yap1 kazandirir ve bu diizensiz yap1 daha ¢ok etkin madde hapsedilmesine
imkan verir. NLT ler 3 farkl: tipten olusur bu tipler kusurlu tip, amorf tip ve
coklu tiptir.>®*®° Kusurlu tip, lipitlerin kristalizasyonunda ve farkl tiplerdeki
lipitlerin etkilesimleri sirasinda olusan bosluklarda etkin maddelerin
barinmasidir. Eger ¢ok fazla bosluk olusturulmak isteniyorsa az miktarda
ama ¢ok sayda farkli sivi lipit kati lipitlerle karistirilabilir.*® Amorf tipte lipit
tarafindan sahip olunan amorf yap1 etkin maddenin disar1 dogru itilmesini
engeller ve etkin maddenin matriks iginde kalmasini saglar.58 Coklu tipte ise
etkin maddeler daha ¢ok sivi lipit kisimda ¢oziiniir ve kat1 kisimda sivi
boélmelerin lokalizasyonu saglamr.ze’59

Uygun yiizey etkin maddelerle stabilize edilen bu sistemler gerek
biyouyumlu ve biyoparcalanir lipitlerden olusmalari, gerekse kati
morfolojileri sebebiyle gectigimiz yillarda g¢ok sayida c¢alismaya konu
olmustur.®*®" Bu sistemler, nano boyutlar1 sayesinde daha kolay ¢6ziinebilir
ve RES tarafindan fark edilmeden uzun siire dolagimda kalabilirler. Polimerik
tiirevlerine gore sitotoksisitesi ¢ok azdir, hazirlanmalarnda kullanilan
maddeler genellikle kullanilmakta olan ve onay almig maddelerdir.
Hazirlanmalarinda toksik olabilecek organik ¢oziiciiler kullanilmaz. Biiyiik
Olgekte tiretime uygun sistemlerdir, 6zellikle homojenizasyon teknigi ile
tekrarlanabilir sistemler hazirlanabilir. Lipit yapilari sayesinde suda
¢Oziiniirliik problemi olan etkin maddeler i¢in uygun sistemlerdir. Yine gevre
ve viicut kosullarinda stabil olmayan etkin maddeler bu tasiyici sistemlerde
korunabilir. Liyofilize edilebilirler ve bu sayede uzun siire stabilitelerini
koruyabilirler. Yiizeylerinde veya boyutlarinda yapilacak modifikasyonlar ile
hedeflendirmeye uygun sistemlerdir. Kontrollii salim yapabilirler ve

béylelikle ilaglarm uzun siire etki etmesini saglayabilirler.>>%*®

Etkin madde yiikleme kapasitesinin bazi durumlarda diisiik olabilmesi,
bekleme sirasinda etkin maddenin yapidan salimimin gerceklesebilmesi veya
ani salim goriilmesi, partikiil boyutunun biiylimesi, dispersiyonlardaki yiiksek
su miktarinin problem olusturmasi ve bazi durumlarda goriilen jellesme
egilimi KLN ve NLTlerin sakincasi olarak sayilabilir.?>

Gad ve arkadaglari® tarafindan yapilan gahsmada, koruyucu bariyer
olusturmasi, antibakteriyel, antiinflamatuar, antiirritan ve antioksidan etki
gOstermesi, ayrica yara iyilesmesinde re-epitelizasyon ve kolajenlerin
sentezindeki olumlu etkileri sebebiyle papatya ugucu yagi tercih edilmistir.
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Fakat papatya yaginin oksijen, 151tk ve neme hassas olmasi ve stabilite
problemleri goriilmesi nedeniyle kat1 lipit nanopartikiillerin (KLN)
hazirlanmasi ve yagin kapsiillenmesi yoluyla korunmasy/etkisinin artirilmasi
amaglanmigtir. Sicak homojenizasyon yontemi ile farkli steraik asit: papatya
yag1 oranlarmna sahip (10:0, 9:1, 7:3 ve 1:1) 4 farkli KLN formiilasyonu
hazirlanarak karakterizasyon c¢aligmalari yapilmig ve en diisik partikiil
blyikligii (542.1£27.51 nm) ve en uygun zeta potansiyele (-35.9+ 0.602)
sahip 7:3 oraninda Stearik asit: Papatya yag1 igeren KLN formiilasyonu ileri
calismalar icin segilmistir. In vivo calismalarda yetiskin sicanlar kullanilmis,
bos KLN, papatya yagi kremi (PYK) ve papatya yagi yiklii kati lipit
nanopartikiiller (PY-KLN) kiyaslanmistir. Sonugta 16. giinde %96 iyilesme
orani ile en yiliksek yara iyilesmesi PY-KLN formiilasyonunda goriilmiistiir.
Histolojik incelemelerde PY-KLN formiilasyonunun en yiiksek re-
epitelizasyon, TGF-B1 ve kolajen miktarmna sahip olmasi ve bir inflamasyon
gostergesi olan IL-1f’nin en az PY-KLN formiilasyonunda goriilmesi de
hayvan deneylerinde alinan sonuglart desteklemis, formiilasyonun etkinligini
kanitlamustir.

Arantes ve ark.®” yapmis oldugu calismada, diyabetik yara tedavisi igin
hem fibroblast proliferasyonunu uyarmasi hem de matriks metalloproteinazin
ekpresyonunu azaltma etkisi sebebiyle all-trans retinoik asit (ATRA) tercih
edilmigtir. Deriyle fazla temas etmesi durumunda ciltte reaksiyonlara sebep
olmas1 ve ¢dziiniirliik problemi sebebiyle sicak homojenizasyon teknigi ile
kat1 lipit nanopartikiilleri hazirlanmis ve kitosan filmlere yiiklenmistir.
Ayrica kapsiilleme verimliligini arttirmak i¢in iyon ¢ifti (amin) kullanilmak
istenmis, amin igermeyen, DC-Chol®, maprotilin hidrokloriir, trietanolamin
ve benetamin iceren formiilasyonlar  karakterizasyon agisindan
kiyaslanmigtir. Sonugta 8346 nm partikiil blyikligi, %98 + 12
enkapsiilasyon etkinligi ve -19+1 mV zeta potansiyeli gdsteren maprotilin
hidrokloriir ile hazirlanan formiilasyon in vivo calisma igin segilmistir. In
vivo c¢aligmada ise diyabetik yara olusturulan fareler kullanilmis ve bos
kitosan film ve ATRA-KLN yiiklii kitosan film yara iyilesmesine etkisi
acisindan kiyaslanmistir. ATRA-KLN yiiklii kitosan film uygulanan grupta
bos film uygulanan gruba gore hem 5. giin hem 14. giin daha fazla yara
kapanmasi ve kolajen birikimi gozlenmistir.

Gainza ve ark.®® yaptigi ¢alismada ,yara iyilesmesinin her agamasinda yer
almasi, ekzojen olarak uygulanmasmin yarada enfeksiyon riskini azaltmasi
ve doku onarimini artirmasi sebebiyle rekombinant insan epidermal biiylime
faktorii (thEGF) tercih edilmigtir. Fakat in vivo olarak diisiik stabiliteye sahip
olmas1 ve yiiksek konsantrasyonlarda sahip oldugu yan etkileri rhEGF nin
kullanimmi kisitlamaktadir. Bu sebeple KLN ve NLT formiilasyonlar1
hazirlanmistir. Sonugta hazirlanan KLN ve NLT formiilasyonlarmin partikiil
biiyiikliigii sirasiyla 332.45£16.62 ve 348.35 = 10.25 nm, zeta potansiyelleri
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yaklasik -34 mV ve PDI degerleri ise yaklagik 0.3 olarak bulunmustur.
Enkapsiilasyon etkinligi KLN i¢in %73.9£2.2, NLT i¢in ise %95.7+4.7
olarak tespit edilmistir. Salim profilleri incelendiginde her iki formiilasyonun
da 3. giine kadar uzatilmis salim gosterdigi belirlenmistir. In vivo hayvan
caligmalarinda diyabetik fareler kullanilmig bos KLN/NLT, 10 ve 20 pg
dozlarda KLN-rhEGF/ NLT-rhEGF, serbest rhEGF ve PLGA- rhEGF
mikrokiireler kiyaslanmistir. Sonugta 10 ve 20 pg dozlar arasinda anlaml bir
fark goriilmemekle beraber en ¢ok yara iyilesmesi thEGF yiiklii KLN ve
NLT’lerde goriilmistiir. Ayrica 4 kez 10 pg topikal KLN-rhEGF/ NLT-
rthEGF uygulamasi, 1 kez 75 pg PLGA- rhEGF mikrokiirelerinin
intralezyonel uygulamasi ile es degerde yara iyilesmesi gostermistir. Tim bu
sonuglar KLN ve NLT formiilasyonlarmm hem kullanim kolaylig1
sagladigini hem de yara iyilegsmesinde etkili oldugunu gdstermistir.

Sanad ve Abdel-Bar® tarafindan yapilan c¢alismada, yara tedavisinde
kullanilacak iskeleler i¢in kitosan tercih edilmis fakat kirilganligindan dolayi,
deri yapisinda da bulunan ve fibroblast proliferasyonunu saglayan,
biyouyumlu ve hidrofilik &zellikte hyaliironik asit (HA) ile birlikte
kullanilmistir.  Andrographolide (AND) ise Andrographis paniculata
bitkisinin yapraklarindan elde edilen, antiinflamatuar ve antioksidan etkileri
sayesinde yara iyilesmesini hizlandiricv/arttirict bir maddedir. Fakat suda
¢ozlnirliigiinin zayif olmasi sebebiyle NLT ve KLN formiilasyonlar1
hazirlanmistir. Ancak NLT ve KLN siispansiyonlar1 yara bolgesinde kalmak
icin yeterli viskoziteye sahip olmadigindan dolay1 formiilasyonlar hazirlanan
kitosan-HA iskelesine yiiklenmigtir. Kati lipit olarak setil palmitat ve geleol,
yiizey etkin madde olarak Tegocare 450 ve Brij 58 kullanilan 8 farklt KLN
ve NLT formiilasyonlar1 hazirlanarak kiyaslanmistir. Kati lipit olarak geleol
ve yiizey etkin madde olarak Brij 58’le hazirlanan NLT formiilasyonu
optimum formulasyon olarak belirlenmis ve bu formiilasyon 2534+16.97 nm
partikiil bilyiikliigii ve %83.04+7.04 enkapsiilasyon etkinligi gdstermistir. in
vivo caligmada, erkek siganlar kullanilmis ve bos kitosan-HA iskelesi ile
AND- NLT yiiklii kitosan-HA iskelesi kiyaslanmistir. Sonugta AND-NLT
uygulanan grup 12. giinde daha yiiksek yara iyilesmesi gosterirken, 21. giinde
yara tamamen iz birakmadan iyilesmistir. Diger grupta ise yara tam kapanma
gostermemistir. *

Fumakia ve Ho™ tarafindan yapilan ¢alismada kronik yara tedavisi igin
akut yaralarda fonksiyonel ve aktif sekilde bulunan fakat kronik yaralarda
bozulmus ve aktif olmayan bir 6zellik gosteren Serpin Al (Al), insanlarda
mevcut olan ve bir konak¢1 savunma peptiti olan, bunun yaninda antiviral,
antifungal, antibakteriyel etkileri olan ve ¢oklu ila¢ direncini dnleyen LL37
birlikte kullamilmistir. Hastalara siirekli ila¢ uygulamasmm oOniine geg¢me
amaciyla ¢ift emiilsiyon olusturma ve ¢oziicii difiizyonu yontemiyle Al ve
LL37’nin ayr1 ayr1 ve birlikte KLN formiilasyonlar1 hazirlanmis ve kontrollii
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bir salim amaglanmistir. Sonugta hazirlanmis olan 3 formiilasyon da 265 nm
altinda partikiil boyutu, %80 {izerinde enkapsiilasyon etkinligi ve 15. giine
kadar kontrolli salim gOstermistir.  Antibakteriyel aktivite i¢in
Staphylococcus aureus ve Escherichia coli iizerinde yapilan deneylerde en
yiiksek aktivite Al ve LL37’nin birlikte yer aldigi formiilasyonda
gdzlenmistir. In vitro yara iyilesmesi testinde ise BJ fibroblast hiicreleri ve
keratinositler kullanilmis ve hem BJ fibroblast hiicrelerinde hem
keratinositlerde en yiiksek yara iyilesmesi A1-LL37 yiikli KLN’lerde
gOrilmiistiir.

4.3. Nanoemiilsiyonlar

Nanoemiilsiyonlar ilag tedavisi, teshis, biyoteknoloji ve kozmetik gibi
cesitli alanlarda gittikce onemini artiran ve bu alanlarin gelecegi igin {imit
verici olan sistemlerdir.”* Ozellikle etkin maddelerin biiyiik bir kismmnmn suda
diisiik ¢oziniirlik gostermesi nanoemiilsiyonlarin énemini arttirmaktadir. %"
Nanoemiilsiyonlarin damlacik boyutlar1 diger nano boyutlu formiilasyonlar
gibi 10-1000 nm araliginda olabilir fakat genellikle 100 ile 500 nm
arahglndadlr.74 Mini emiilsiyonlar, ultra ince emiilsiyonlar ve mikron alti
emiilsiyonlar olarak da adlandirilan bu sistemler > su fazi, yag fazi ve yiizey
etkin madde ve/veya yardimci yiizey etkin maddelerden olusmaktadir.
Termodinamik olarak stabil olmayan bu sistemler kinetik olarak stabildir.”
Konvansiyonel emiilsiyondan temel farklari sahip oldugu kinetik stabilite ve
nano boyutlu damlacik biiyiikliigiidiir.”® Ayrica genellikle emiilsiyonlar siit
rengi goriiniim gosterirken nanoemiilsiyonlar seffaf veya hafif opak
goriiniime sahiptir.®

Nanoemiilsiyonlar hem hidrofilik hem de hidrofobik etkin maddeler igin
uygun sistemlerdir. Y/S seklinde hazirlanan nanoemiilsiyonlarda etkin
maddenin yagda ¢6ziinmesi ile hidroliz ve oksidasyondan korunmasi
saglanabilir. Nano boyuttaki damlacik boyutu sayesinde yiizey alani fazladir
ve emilimin, biyoyararlanimmn artmasi saglanabilir. Etkinligin artmasi
sayesinde yan etkilerin azaltilmas1 miimkiindiir. Topikal, intravendz ve oral
yol gibi gesitli uygulama yollarma uygun sistemlerdir. Kopiik, sprey, krem
vb. sekillerde formiile edilebilirler. Toksik ve tahris edici olmayan
sistemlerdir. Uzun siireli fiziksel stabiliteye sahiptir.””®® Ancak bazi
durumlarda hazirlanabilmeleri igin yiiksek miktarda yiizey etkin madde
kullanilmasi gerekebilir. Damlacik boyutunun kiigiiltiilebilmesi i¢in gerekli
olan cihazlar ve ydntemlerden dolay:1 iretimleri maliyetlidir. Ostwald
olgunlagsmas1 ise nanoemiilsiyonlarda goriilen en Onemli stabilite
problemlerinden biridir.*®

Shanmugapriya ve arkadaslari®® tarafindan yapilan bir calismada, FDA
onayli, antioksidan ve antiinflamatuar 6zellikteki astaksantin (AS) ve AS’ in
kimyasal stabilitesini artirmasi ve yara iyilesmesine olumlu etkisi sebebiyle
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a-tokoferol (TP) birlikte kullanilmistir. Bu nanoemiilsiyonlar kendiliginden
emiilsifikasyon ve ultrasonikasyon yontemi ile iiretilerek kiyaslanmistir. ki
yontemle iretilen nanoemiilsiyonlar arasinda anlamli bir fark goriilmemis,
hazirlanan nanoemiilsiyonlar 216.2 ve 214.4 nm damlacik biyiikliigii, -26.25
ve -28.93 mV zeta potansiyel gostermislerdir. In vivo calismada fareler
kullanilmis, diyabet ve diyabet olmayan fareler iizerinde povidon iyot
merhemi ile sonikasyon ve kendiliginden emiilsifikasyon yontemleri ile
hazirlanmig nanoemiilsiyonlar hazirlanarak yara iyilesmesi iizerindeki etkileri
kiyaslanmigtir. Sonugta 5., 10. ve 15. giinlerde nanoemiilsiyonlarin
uygulanmis oldugu gruplarda daha fazla yara iyilesmesi gozlenmistir. In vivo
¢alisma, hazirlanan formiilasyonun etkinligini kanitlamistir. 8

Back ve arkadaslar’® tarafindan yapilan bu ¢alismada  menopoz
donemindeki kadinlarda diisen Ostrojen seviyelerinin kronik yaralarla
korelasyon gdstermesi sebebiyle yara iyilesmesinde etkili oldugu diistiniilmiis
ve bu sebeple dogal fitodstrojenler olan izoflavonlar kullanilmigtir. Diisiik
¢ozliniirliikleri sebebiyle kendiliginden emiilsifikasyon yontemi ile soya
fasulyesi  izoflavon  aglikonlar1  bakimmdan  zengin  fraksiyon
nanoemiilsiyonlar iretilmis (NE-IAF) ve viskozitelerini artirip yara
bdlgesinde kalis siiresini arttirmak amaciyla hidrojellere yiiklenmistir (HNE-
IAF). Sonugta hazirlanan bos ve yiiklii tim nanoemiilsiyon ve nanoemiilsiyon
yuklii hidrojeller 150—230 nm arast damlacik boyutu, diisiik PDI degeri
gOstermistir. Zeta potansiyeli ise nanoemiilsiyon formiilasyonlarinda -44 mV
ila -51 mV arasi1 iken hidrojellerde -60 mV iizerinde Ol¢iilmiistiir, ayrica
hidrojeller salim1 nanoemiilsiyonlara gére uzatmustir. In vivo caligmalarda ise
Dersani®, bos emiilsiyon i¢eren hidrojel ve HNE-IAF’ lar yara iyilesmesi ve
anjiyogenez agisindan kiyaslanmistir. Sonugta en hizli yara kapanma egilimi
ve en fazla anjiyogenez HNE-IAF grubunda goriilmiitiir. ®

Giindogdu ve arkadaslar® tarafindan yapilan ¢alismada, kolajen capraz
baglanmasinda kofaktér olmasi, kolajen sentezinde, yara iyilesmesinde rol
oynayan metalloproteinazlarin transkripsiyon faktorii olarak islev gdrmesi,
diyabetik ayak iilseri olan hastalarda ¢inko seviyesinin ayak iilseri olmayan
hastalara gore diisik oldugunun gosterilmesi sebebiyle ¢inko (Zn) ve
sitokinlerin {iretimini etkilemesi, TNF-a' nin fibroblastlarda salmmmasini
artirmasi, yiiksek konsantrasyonlarda mantar/bakteri enfeksiyonlarini kontrol
amactyla kullanilmasi, onceki c¢aligmalarda yara iyilegsmesine -etkisinin
kanitlanmasi sebebiyle Bor (boronofenilalanin seklinde; BFA) birlikte ve ayr1
ayrt kullanilmistir. Bu iki eser elementin cilde kolay niifuz etmesi igin
nanoemiilsiyon  formiilasyonlar1  hazirlanmistr.  Nanoemiilsiyonlarin
hazirlanmasinda yiiksek hizli karigtirma ve ultrasonik emiilsifikasyon
islemleri birlikte kullanilmigtir. Sonucta tiim formiilasyonlar 105-112 nm
arasinda damlacik biiyiikliigi, -33.1 ila -24.5 mV arasinda zeta potansiyeli ve
0.3 PDI degerinin altinda polidispersite indeksi gostermistir. Yapilmis olan in
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vitro hiicre migrasyonu analizinde 10 uM BFA’nin hiicre migrasyonunu
onemli derecede artirdig1 goriilmiistiir. In vivo cahsmada ise diyabetik
sicanlar kullanilmis, bos nanoemiilsiyonlar, farkli dozlarda BFA-NE, Zn-NE
ve BFA+Zn-NE’ler kiyaslanmistir. Kontrol grubuna kiyasla tim NE
formiilasyonlar1 kontraksiyon miktarmi artirmis, en yiiksek artis ise 10 pM
BFA-NE uygulanan grupta goriilmiistiir. Histopatolojik incelemelerde ise
yara iyilegsmesinin sadece BFA, Zn ve kombinasyonlarini igeren NE’lerin
uygulandig1 gruplarda tamamlandigi goriilmiistiir. Non-diyabetik kontrol
grubunda kolajen liretimi ve re-epitelizasyon goriiliirken diyabetik kontrol
grubunda goriilmemistir. Bu sonuglarla diyabetin yara iyilesmesine olumsuz
etkisi ve hazirlanan nanoemiilsiyon formiilasyonlarinin diyabetik yara
iyilesmesine olan etkisi gsterilmistir.®®

Valizadeh ve ark® tarafindan yapilan bu calismada yara
enfeksiyonlarmin diyabetik bireylerde sik¢a goriilmesi ve bu enfeksiyonlarin
yara iyilesmesini yavaslatabilmesi, siireci bozabilmesi sebebiyle hem gram
pozitif hem gram negatif bakterilere karsi etkin bir tedavi saglayan
levofloksasin tercih edilmistir. Levofloksasin oral alimda sebep oldugu GIS
rahatsizliklart ve hidrofobik &zelligi sebebiyle yag fazi olarak yara
iyilesmesinde de etkili olan ve antioksidan 6zellikteki susam yagi igeren
nanoemiilsiyonlarla formiile edilmistir. Susam yag1 nanoemiilsiyonlar1
(SONE) yiiksek hizda karigtirma yontemi ile hazirlanmistir ve susam yagina
levofloksasin eklenerek levofloksasin yiiklii nanoemiilsiyonlar (SONEL) elde
edilmis ve daha sonra jellestirilmistir. Sonugta SONE ve SONEL
formiilasyonlar1 sirastyla 25.2 ve 26.3 nm damlacik bilyiikliigl gostermistir.
Hizlandirilmis  stabilite testlerinde ise hem SONE hem SONEL
formiilasyonlar1 {i¢ aydan uzun siire stabilite gostermistir. Yapilan in vitro
hiicre gogili analizinde SONEL formiilasyonu, kontrol grubuna gore yiiksek
miktarda hiicre proliferasyonu gdstermistir. Ratlar {izerinde yapilan in vivo
calismada glimiis siilfadiazin krem, SONE ve SONEL kiyaslanmis 4, 8, 12.
glinlerde en yiksek vyara iyilesmesi SONEL ardindan SONE
formiilasyonlarinda  goriilmiistir. Ayrica histolojik, histomorfometrik,
immiinositokimyasal incelemeler sonucunda en yiiksek epitelizasyon, kolajen
sentezi, TGF-B miktar ile en diisiik inflamasyon SONEL ve ardindan SONE
formiilasyonlarinda goriilmiistiir. Tiim bu sonuglar hazirlanan formiilasyonun
basarih oldugunu gostermistir.*

Alam ve ark.% tarafindan yapilan ¢ahismada, antiinflamatuar, antioksidan,
antibakteriyel, antifungal, analjezik etkileri olan okaliptiis ugucu yagi (OUY)
kullanilmigtir. Formiilasyon olarak sahip oldugu nano boyutlu damlacik
boyutu, kolay hazirlanmasi, diisiikk maliyetleri gibi avantajlar1 sebebiyle
nanoemiilsiyon tercih edilmistir. Optimum formiilasyonun tespit edilebilmesi
icin farkli yiizey etkin madde ve yardimci yilizey etkin madde oranlari
(Tween 85 /Transcutol) denenmis ve liggen faz diyagramlar1 olusturularak en
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seffaf oldugu ve kolayca akis gosterdigi oran belirlenmistir. Bu oranin
tespitinin ardindan ideal su fazi/yag fazi oraninin tespiti amaciyla 5 farkl
formiilasyon gelistirilmis ve stabilite testleri, makroemiilsiyon olusumu,
koalesans olusumu, faz ayrismasi ve kendiliginden emiilsifikasyon
gostermesi agisindan kiyaslanmistir. Sonugta tiim formiilasyonlar 32.45-
142.35 nm araliginda damlacik biyiikligi, 0.153-0.278 aras1 PDI, -38.25 ile
-34.25 mV arasi zeta potansiyel degeri gostermistir. En ideal 6zelliklere sahip
olan formiilasyon in vivo deneylerde kullanilmak iizere secilmistir. in vivo
calismada ise bos nanoemiilsiyon, serbest OUY, OUY yikli
nanoemiilsiyonlar (OUY-NE) ve gentamisin siispansiyonu oral olarak
verilerek test edilmistir. Sonugta OUY-NE ve gentamisin siispansiyonu
arasinda kontraksiyon miktarinda énemli bir fark goriilmemis, fakat OUY -
NE, serbest OUY’ a gore yara iyilesmesini yiiksek miktarda arttirmistir ve
hizlandirmustir. Histopatolojik incelemede ise OUY-NE ve gentamisin
stispansiyonunun oral uygulandigi gruplar diger gruplara goére artmis
epitelizasyon, neovaskiilarizasyon ve kolajen depolanmasi gostermistir. Tiim
bu sonuglar OUY nanoemiilsiyonlarmin oral kullanimlarmin yara tedavisinde
{imit verici oldugunu géstermistir.”°

4.4. Nanolipozomlar

Lipozomlar, temelde yapilarinda hidrofilik ve lipofilik gruplar1 birlikte
tastyan yani amfifilik 6zellige sahip olan fosfolipitlerden olusan, bir ya da
daha fazla sayida tabakali olabilen kiiresel sekilli vezikiiler sistemlerdir. *%
Lipozomlar 20 nm ile birkag mikrometre arasi boyuta sahip olabilen
sistemlerken, nanolipozomlarm boyutlari nanometre  boyutunu
asmamaktadir.*® Sahip olduklar1 bu boyut farkliliklarina ragmen lipozomlar
ve nanolipozomlar birbirleriyle ayni1 yapisal, fiziksel ve termodinamik
ozelliklere ayrica aym olusum mekanizmalarina sahiptirler.** Yeni bir ilag
tastyict  sistem olan nanolipozomlar temelde fosfolipitlerin su ile
gerceklestirdigi hidrofilik ve hidrofobik etkilesmeler sonucunda meydana
gelirler.® Genellikle hidrofilik etkin maddeler igeride hapsolmus olan sulu
bolgede yer alirken lipofilik etkin maddeler fosfolipit tabakasinda yer
alirlar.® Dolayisiyla, hem hidrofilik hem de lipofilik etkin maddelerin
tasnmasi i¢in uygun sistemlerdir. * Lipozomlar lamel sayisina ve boyutuna
gore 20-100 nm arast boyuta sahip tek katmanli vezikiiller (SUV), 100 nm
tizerinde boyuta sahip tek tabakali biiyliik vezikiiller (LUV), ¢ok katmanli
500-10000 nm aras1 boyuta sahip vezikiiller (MLV) ve dev tek lamelli 1000
nm den biiylk c¢apa sahip vezikiiller (GUV) gibi saysi arttirilabilecek
sekillerde smiflandirilabilir.®® En ¢ok kullamlan kapsiilleme ve kontrolli
salim sistemlerinden biri olan bu sistemden sahip oldugu avantajlar sebebiyle
ila¢ endiistrileri ve kozmetik sektoriiniin disinda gida sektdrii ve tarim gibi
bir gok alanda faydalanilmaktadir.”® Nitekim piyasada Doxil ve Margibo gibi
onay almis pek ¢ok lipozom formiilasyonu yer almaktadir.*®
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Nanolipozomlar/lipozomlar ayni anda hem hidrofilik hem de hidrofobik
etkin maddelerin birlikte ayni sistem ig¢inde tagmmasma imkan veren
sistemlerdir. Etkin maddelerin ¢6ziiniirliiklerini ve stabilitelerini artirabilirler.
Kontrollii ve siirekli salim saglanabilir. Etkin maddenin farmakokinetik ve
farmakodinamik ozelliklerini degistirirler, terapdtik indeksini ve etkinligini
artirrlar.  Toksik  ve immunojenik olmayan, esnek, biyouyumlu,
biyopargalanabilir ve hedeflendirmeye uygun sistemlerdir.***®'"  Ancak,
yarilanma Omiirlerinin kisa olmasi, bazi durumlarda fosfolipitlerin hidrolize
ve oksidasyona ugramasi, etkin maddenin sistemden digar1 sizmast ve iiretim
maliyetlerinin yuksek olmasi nanolipozomlarm/lipozomlarin
sakincalaridir,'®

Alwattar ve arkadaglari'® tarafindan yapilan calismada, siklik guanozin
monofosfat (cGMP) bozulmasinda azalmaya sebep oldugu i¢in yara
iyilestirici bir etkiye sahip oldugu disiiniilen ve fosfodiesteraz tip-5
inhibitérlerinden olan tadalafil etkin maddesi i¢eren nanolipozom
formiilasyonlar1 hazirlanmistir. Nanolipozomlar, piiskiirterek kurutma
yontemi ile farkli fosfolipit ve kolesterol oranlarinda hazirlanmig ve
kiyaslanmistir. Optimum formiilasyon, 251£22 nm vezikiil boyutuna,
%75+4.5 enkapsiilasyon etkinligine ve -31.2442.44 mV zeta potansiyeline
sahiptir. Ayrica 3 ay boyunca stabilitesini korumus ve salim 7. giine kadar
stirmiistiir. Yara iyilesmesinin degerlendirildigi in vitro ve in vivo
caligmalarda ise bos nanolipozom, serbest tadalafil, tadalafil yiiklii
nanolipozom kiyaslanmistir. In vitro ¢alismada en yiiksek fibroblast gogii ve
sicanlardaki en yiiksek yara kapanmasi tadalafil yiiklii nanolipozomlarda
goriilmiistiir. 1%

Kianvash ve ark.'® tarafindan yapilan gahismada, yara iyilestirici ve
antimikrobiyal etkisi bulunan kurkuminin suda ¢6ziiniirliigiiniin zayif olmasi
ve hizlica metabolize edilmesi nedeniyle diisiik biyoyararlanim
gostermesinden  dolayr nanolipozom formiilasyonlar1  hazirlanmustir.
Sonikasyon yontemi ile hazirlanan nanolipozomlar 14746 nm vezikiil
biiyiikliigii, 0.4 £0.03 PDI, —28.53+0.709 mV zeta potansiyeli ve %84.66+2.4
enkapsiilasyon etkinligine sahiptir. Ayrica hazirlanan nanolipozomlarin
serbest kurkumine gore etkin madde salimini uzattig1 ve serbest kurkumin
sitotoksisite gosterirken kurkumin yiiklii nanolipozomlarm sitotoksisite
gostermedigi goriilmiistiir. In vivo galisma icin ise siganlar kullamlmis, bos
nanolipozom, serbest kurkumin, giimiis siilfadiazin krem ve kurkumin yiiklii
nanolipozomlar kiyaslanmigtir. Sonugta en yiiksek yara kapanmasi ile
histolojik incelemeler sonucunda en yiiksek epitelizasyon, fibrozis,
anjiyogenez, kolajen miktar1 ve en diisiik inflamasyon kurkumin yiikli
nanolipozomlarda goriilmiistiir.'*

Goudarzi ve arkadaslar™ tarafindan yapilan ¢aligmada, antioksidan,
analjezik ve antiinflamatuar etkilere sahip olan, avokado ve soya fasulyesi
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yaglarinin 6zlerinden elde edilen “arthrocen” yani sabunlagmayan lipitler
(ASU) kullamlmistir. Bu maddeler (ASU), TGF-p1 ve TGF-B2
ekspresyonunu ve kolajen sentezini arttirmaktadir. Tim bu sebeplerden
dolay1 tercih edilmis olan ASU’ sonikasyon yontemi ile nanolipozom
formiilasyonlar1 hazirlanmistir. Hazirlanan nanolipozomlar 146.1£1.1 nm
vezikiil biyiikligi, —43.60 £ 1.04 mV zeta potansiyel ve %96.02 £+ 2.25
enkapsiilasyon etkinligi gostermistir. In vivo calismada ise sicanlar
kullanilmis ve ¢inko oksit, bos lipozom ve ASU-lipozomlar1 kiyaslanmistir.
Sonugta en yiliksek yara kapanmasi, histopatolojik incelemeye gore ise en
yiikksek anjiyogenez, epitelizasyon, graniilasyon doku olusumu, kolajen
birikimi ve en diisik inflamasyon ASU-nanolipozomlarmin uygulandigi
grupta goriilmiistiir. Son olarak kuyruk sallama testi ile lipozomal arthrocenin
(ROCEN) analjezik etkileri incelendiginde uygulanan formiilasyonun 180
dakika boyunca analjezik etkisini siirdiirdiigii de bu g¢alisma sonucunda
gosterilmistir,**

Li ve ark.’® tarafindan yapilan calismada, yara iyilesmesini arttirmak ve

ayni zamanda yara izini azaltmak amaciyla, antioksidan, antiinflamatuar,
antibakteriyel, proliferatif etkili madecassoside (MA) kullanilmigtir. Fakat
MA polar 6zellige sahiptir ve stratum korneumdan gegisi problemlidir. Bu
sebeple deriye niifuz yeteneginden dolayr hem de sahip oldugu kontrollii
salim, biyouyumluluk gibi &zellikleri sebebiyle nanolipozom formiilasyonlar1
hazirlanmistir. Nanolipozomlar, ¢ift emiilsiyon olusturma-¢oziicii diflizyonu
ve film dispersiyon yontemleriyle hazirlanmig ve karsilasgtirilmistir. Sonugta
vezikiill boyutu, PDI, zeta potansiyeli, sizint1 testi ve stabilite testleri
acisindan ¢ift emiilsiyon olusturma-¢6ziicii difiizyonu yontemi ile hazirlanan
nanolipozomlar uygun bulunmustur. Bu MA yiikli nanolipozomlarmin
vezikiil boyutu 151 nm, PDI degerleri 0.243 ve zeta potansiyelleri —48 mV
olarak dl¢lilmiistiir. Ayrica bu iki nanolipozom PEG ile modifiye edilmis ve
film dispersiyonu yontemi ile hazirlanan MA yiiklii lipozomlara lipozom A,
¢ift emiilsiyon olusturma-¢6ziicii difiizyonu teknigi ile hazirlanan MA yiikli
lipozomlara lipozom B ve bunlarin PEG ile modifiye formlarma sirasiyla
lipozom C ve lipozom D adi verilmistir. In vitro gegirgenlik testi sonucunda
en yiiksek deriye niifuz lipozom D formiilasyonunda gériilmiistiir. in vivo
calismada ise siganlar kullanilmis ve MA soliisyonu ile lipozom
formiilasyonlar1 (A-D) kiyaslanmigtir. Tiim nanolipozom formiilasyonlar1
MA soliisyonuna gore yiiksek yara iyilesmesi gosterirken en yiiksek yara
iyilesmesi lipozom D formiilasyonunda goriilmiistiir. Sonug¢ olarak MA
lipozom formiilasyonlarinin yara iyilesmesini ve yara izi olusumunu 6zellikle
¢ift emiilsiyon teknigi ile hazirlanip PEG ile konjuge edildiginde yiiksek
miktarda arttirdig1 in vivo ve in vitro deneylerle gosterilmistir.'®

Lu ve arkadaslar’™® tarafindan yapilan ¢ahismada, hiicre proliferasyonunu
ve gociinii arttirmasi, mitotik etkileri sebebiyle epidermal biiylime faktorii
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(EGF); kolajen sentezini, fibroblastlarin ve epitel hiicrelerin
biiylimesini/farklilasmasini ve sebum {iiretimini de diizenlemesi ve EGF’ ye
sinerjik etki gdstermesi sebebiyle all-trans retinoik asit (ATRA) tercih
edilmigtir. Fakat EGF’ nin stabilitesinin zayif olmasi, ATRA’nin suda
¢Oziiniirligliniin diisiik olmasi ve ciltte tahrise neden olmasi kullanimlarini
kisitlamaktadir. Bu sebeple bu calismada toksik olmamasi, biyouyumlu
olmasi ve etkin maddenin kontrolli salimmi saglamasindan dolay1
nanolipozom formiilasyonlar1 hazirlanmigti. ATRA lipozomlar1 film
hidratasyon ve ardindan sonikasyon yontemiyle %10-30 olmak tizere 3 farklt
yiizey etkin madde oraninda, EGF lipozomlari ise hazir lipozomlara sonradan
yiikkleme yontemi ile tiretilmistir. Hazirlanan ATRA nanolipozomlar1 48-86
nm arasi vezikiil biiytikliigii, 0.3-0.4 PDI degeri, %99 enkapsiilasyon etkinligi
gosterirken, EGF nanolipozomlar1 16.00+1.01 nm vezikil biyikligd,
0.497+0.097 PDI, %63.73+4.48 enkapsiilasyon etkinligi gostermistir. In vitro
ilag salimi incelendiginde tiim nanolipozom formiilasyonlar1 serbest etkin
maddeye goére 48 saat uzatilmig salim gostermistir. Formiilasyonlarm cilde
niifuz degerlendirildiginde ise tiim nanolipozomlarin cilde niifuzu artirdigi
goriilmiistiir. Ornegin serbest EGF’ ye gére EGF yiiklii nanolipozomlar cilt
niifuzunu 18.8 kat arttirmustir. In vitro ¢izik testinde en yiiksek iyilesme EGF
ve ATRA nanolipozomlarinin kombinasyonlarinda goriilmiis ve tiim
nanolipozomlar serbest etkin maddeden daha fazla yara iyilesmesi
gostermistir. Son olarak in vivo ¢alismada ise si¢anlar kullanilmig ve serbest
EGF, ATRA ve kombinasyonlari, EGF-nanolipozom, ATRA-nanolipozom
ve kombinasyonlari kiyaslanmistir. Sonugta tiim nanolipozomlar serbest etkin
maddeye gore yiiksek yara iyilesmesi gosterirken, en yiiksek yara iyilesmesi
EGF ve ATRA’ nin nanolipozomlarmin kombinasyonunda gérﬁlmﬁstﬁr.106

4.5. Niozomlar

Niozomlar, lipozomlarm iretimindeki ana madde olan fosfolipitlerin
sahip oldugu stabilite problemleri sebebiyle gelistirilen ve ayni lipozomlar
gibi katmanli bir yapiya sahip olan fakat fosfolipitlere gére daha stabil ve
ekonomik olan non-iyonik yilizey etkin maddelerin kullanmildigi yenilik¢i
vezikiiler sistemlerdir.’®"'® Biyolojik olarak pargalanabilir olan bu sistemler
aym zamanda biyouyumludur ve immiinolojik degildir. *® 10-1000 nm
arasinda biilyiikliige sahip olan niozomlar, tipki lipozomlar gibi amfifilik bir
yapiya sahiptir yani hidrofilik ve lipofilik 6zellikleri bir arada igerirler.***
Ik kez kozmetik sektériinde ortaya ¢ikan bu sistem sahip oldugu cok sayida
avantaj sebebiyle ilag tasiyici sistem olarak arastirilmis ve giliniimiizde tercih
edilir hale gelmistir."'*"? Genelde non-iyonik yiizey aktif maddeler ve
niozomlara kararli bir yapi, sekil gibi 6zellikler saglayan lipit bilesikleri
olmak tizere 2 ana bilesenden olusan bu sistemler 10-100 nm boyutlarda
SUV, 100-250 nm boyutlarinda LUV ve 100-1000 nm boyutlarindan MLV’
ler olmak iizere 3 farkh tipte olabilirler. "3
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Niozomlar amfifilik o6zellikleri sayesinde hem lipofilik ve hem de
hidrofilik ~maddeleri tasimaya uygun sistemlerdir. Biyoparcalanir,
biyouyumlu ve toksik olmayan sistemlerdir. Pulmoner, okiiler, oral,
parenteral, topikal yolla uygulanabilirler. Tagidiklar1 maddenin stabilitesini,
biyoyararlanimmi ve ciltten penetrasyonunu artirabilirler. Kolayca modifiye
edilerek istenilen 6zellikte niozomlar hazirlanabilir. Biiyiik dlgekte iiretimleri
kolay sistemlerdir,*0"11411°
hidroliz, agregasyon ve flizyon gibi gesitli sebeplerden dolay1 kisa olabilir.
Cok katmanli vezikiillerin kiigliltiillmesi amaciyla kullanilan ekstriizyon ve
sonikasyon iglemleri 6zel ekipman gerektirir ve zaman alicidr.**®

Bunun yaninda, niozomlarin raf émiirleri sizma,

Aghajani ve ark.'"’

olarak yara iyilesme siiresini azalttig1 gdsterilmis olan pentoksifilin (PTX)
maddesi tercih edilmistir. Fakat topikal uygulamada PTX’in ¢ok hidrofilik bir
madde olmasi ve cilde smirli niifuzundan dolay1 amfifilik yapida olmasi,
stratum korneum ile etkilesme yetenegi gibi avantajlarindan dolay1 niozom
formiilasyonu tercih edilmis ve krem igerisine dahil edilmistir. Niozomlarin
hazirlanmasi i¢in film hidratasyon ve ultrasonikasyon yontemleri birlikte
kullanilmis, PTX-niozomlar kremlere, soguk halde iken soguk krem bazina

tarafindan yapilan c¢alismada, sistemik ve topikal

eklenerek ilave edilmistir. Uygun formiilasyonun tespiti igin farkli oranlarda
yiizey etkin madde: kolesterol iceren [Span 80: Tween 60: Kolesterol (F1-
F2), Span 60: Tween 40: Kolesterol (F3-F5) ve Span 40: Tween 60:
Kolesterol (F6-F7)] formiilasyonlar gelistirilmistir. Sonugta vezikiil
biiytikligii, zeta potansiyeli, PDI degeri ve enkapsiilasyon etkinligi, stabilite
ve cilde niifuz etme agisindan F6 formiilasyonu segilmistir. Bu formiilasyon
150.6£36.3 nm vezikiil biiyiikligi, —33.6 mV zeta potansiyeli, 0.380+0.097
PDI degeri ve %87.37+2.73 enkapsiilasyon etkinligine sahiptir. Ayrica bu
formiilasyonun etkin maddenin stabilitesini korudugu ve konvansiyonel
forma gore cilde niifuz etme ve tutunmayi arttirdig1 goriilmiistiir. in vivo
caligmada ise fareler tercih edilmis ve bos krem, PTX konvansiyonel krem ve
PTX-niozomal krem kiyaslanmis ve 12. giinde en kiigiik yara alam1 PTX-
niozomal krem uygulanan grupta goriilmiistiir."*’

Priprem ve ark.'"® tarafindan yapilan galismada, yaban mersininden elde

edilen ve antiinflamatuar etkili siyanidin (CC) ve delphinidin (CT)
antosiyoninleri tercih edilmistir. Ancak bu antosiyaninlerin hidrofilik olmasi,
pH’ ya, 1518a, oksijene ve 1siya duyarli maddeler olmasi sebebiyle ¢inko ile
birlikte kompleks halinde (AC) niozom seklinde formiile edilmis ve
hazirlanan niozomlar mukoadhezif 6zellikleri sebebiyle jellere yiiklenmistir.
Niozomlar film hidratasyon yontemiyle hazirlanmis ve hazirlanan niozom
jeller 167.8 nm vezikiil biytikligi, 0.11 PDI degeri gostermistir. Hiicre
canliligr ve mukoadhezyon ¢alismalarinda serbest AC, AC-niozom, ¢inko
stilfat, C vitamini ve serbest CC-CT kiyaslanmis ve en yiiksek hiicre canliligi
ve mukoadhezyon AC-niozom formiilasyonlarinda goriilmiistiir. In vivo
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calismada ise erkek siganlar kullanilmig ve bos jel, (%1-%10) AC jel ve (%1-
%10) AC-niozom jeller kiyaslanmustir. Sonugta en yiiksek yara iyilesmesi
AC-niozom jel formiilasyonunda goriilmiistiir. Ayrica, bu formiilasyonun
uygulandig1 grupta yara tamamen iyilesmistir.'*®

Ali ve ark™® tarafindan yapilan calismada Hypericum perforatum
bitkisinde bulunan, antiinflamatuar, antioksidan ve antimikrobiyal &zellik
gosteren hiperforin ve antiinflamatuar, antimikrobiyal Ozellik gosteren
hiperisin gostermis olduklar1 sinerjistik etki sebebiyle birlikte niozomal jel
seklinde formiile edilmistir. Niozomlar farkli oranda Span 20, Span 60 ve
Span 80 igeren 6 farkli formiilasyon halinde ters faz ¢oziicii buharlastirma
yontemi ile hazirlanmis ve ideal formiilasyon enkapsiilasyon etkinligine gore
secilmistir. Sonugta segilen formiilasyon 490.45+£27.64 nm vezikiil
biiyiikligii, 0.26+£0.01 PDI degeri ve -41.10£0.84 mV zeta potansiyeli
gostermistir. Jeller ise %1.5 sodyum karboksimetiil seliiloz (NaCMC) ve %3
hidroksietil selilloz (HEC) polimerleri ile hazirlanmis ve in vitro salim
yapilarak kiyaslanmistir. Sonugta benzer salim profilleri elde edilmis ve
konsantrasyonun daha diisiik olmas1 sebebiyle %1.5 NaCMC segilmistir. in
vivo c¢aligmada kopekler kullanilmigs ve PanthenolVR krem, hazirlanan
hypericum-niozom jel ile kiyaslanmustir. 14. giiniin sonunda en yiiksek yara
iyilesmesi hypericum-niozom jel uygulanan grupta goriilmiis, histolojik
incelemede ise bu grupta artmis anjiyogenez, fibroblast proliferasyonu,
kolajen firetimi, re-epitelizasyon goriilirken inflamatuar hiicre sayisinda
azalma gozlemlenmistir."*°

Ali ve ark '® tarafindan yapilan cahismada, yara ve iilserler iizerindeki
iyilestirici etkisi nedeniyle antiepileptik bir etkin madde olan fenitoin tercih
edilmis ve yiiksek enkapsiilasyon etkinligi, kontrollii salim gibi avantajlar1
sebebiyle niozom seklinde formiile edilmistir. Farkli oranlarda farkl yiizey
etkin maddeler iceren 6 farkli niozom formiilasyonu film hidratasyon ve
sonikasyon yontemlerinin birlikte kullanilmasi ile hazirlanmistir. Sonugta
vezikiil biiyiikliigii, zeta potansiyeli, enkapsiilasyon etkinligi, in vitro salim
ozellikleri kiyaslanmis ve 74.38+1.36 nm vezikiil biyiikligl, -58.93+25.2
mV zeta potansiyeli, %91 enkapsiilasyon etkinligi ve 24 saate kadar uzatilmis
salim gosteren formiilasyon ileri calismalar i¢in secilmistir. In vivo calismada
ise siganlar kullanilmig, bos niozomal jel ve fenitoin-niozomal jel
kiyaslanmigtir. Fenitoin-niozomal jel uygulanan gruptaki yaralar 7-9 giin
arasinda, bos niozomal jel uygulanan grup ise 17-19 giin arasinda iyilesme
gostermistir. '

Farmoudeh ve ark.'” tarafindan yapilan ¢alismada ROT seviyesini

diistirerek, fibroblast dmriinii ve proliferasyonunu artirarak yara iyilesmesini
hizlandiran, redoks potansiyelli bir boya olan metilen mavisi (MB) tercih
edilmigtir. Fakat oksijene ¢ok duyarli olmasi sebebiyle oksijenden korunmasi
amactyla niozom seklinde formiile edilmistir. Niozomlar ultrasonikasyon
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yontemi ile farkli ylizey etkin madde: kolesterol orani, yiizey etkin madde
HLB degeri ve farkli sonikasyon siireleri kullanilarak hazirlanmig ve 147.8
nm vezikiil boyutu, —18.0 mV =zeta potansiyeli, %63.27 enkapsiilasyon
etkinligi gosteren ve serbest etkin maddeye gore uzun siireli salim
gerceklestiren formiilasyon ileri calismalar igin secilmistir. In vivo deneyler
icin ise erkek sicanlar kullanilmis, MB niozom jel ile MB jeller
kiyaslanmigtir. 14. giiniin sonunda iki grupta da yara tamamen kapanirken, 7.
giin MB-niozom jel uygulanan grupta daha yiliksek yara iyilesmesi
gozlenmistir. Histolojik incelemede ise MB-niozom jel ile tedavi edilen grup
diger gruplara gore daha yiiksek kolajen ve fibroblast ve daha az inflamasyon
goriilmiis, bu esnada serbest MB ve kontrol grubunda ise artmig inflamasyon,
diizensiz kolajenler ve ince graniilasyon gozlenmistir.

4.6. Miseller

Miseller amfifilik yapiya sahip olan maddelerin genellikle sulu ortam
icerisinde kendi kendine birlesmesiyle olusan yapilardir.*?* Bu sekilde olusan
miseller sahip olduklar1 molekiil agirliklarina gore yiizey etkin miseller ve
polimerik miseller olarak smiflandirilabilir.**® Fakat yiizey etkin miseller
yiiksek kritik misel konsantrasyonu (CMC) degerine sahiptir ve bu da
stabilitelerini diisiiriir. Polimerik miseller ise siirfaktan misellerin aksine daha

diisiik CMC degeri gosterirler ve daha stabil sistemlerdir.*2*'?

Son yillarda sikga tercih edilen polimerik miseller amfifilik polimerlerden
olusan, hidrofobik bir ¢ekirdek ve hidrofilik bir kabuga sahip olan
sistemlerdir.’® Bu sistemler sahip olduklar1 kafa gruplarmmn tipi ve alkil
zincirlerinin uzunluklarma gore 10 ila 100 nm arasinda boyutlara sahip olan
kiigiik caph kolloidal dispersiyonlardir,*?"*?

CMC degeri, misellerin olugmasi igin gerekli olan minimum
konsantrasyonu ifade eder. CMC degeri misellerin stabilitesinin en énemli
dlgiitlerinden biridir. ' Ciinkii eger miseller yiikksek CMC degerine sahip
olursa intravendz uygulama gibi durumlarda ortam seyreleceginden miseller
kolayca parcalanacak ve ila¢ salimi gergeklesecektir. Diigilk CMC degerine

sahip olan miseller ise uzun siire dolagimda kalabilir stabilite gdsterebilirler.
130

Miseller sahip olduklar1 hidrofobik g¢ekirdek sayesinde suda ¢oziinmeyen
etkin maddeleri tasiyabilir. Ilaglarm ¢oziiniirliikleri miseller yardimiyla
artirilabilir. Kontrollii salim saglayabilirler. Partikiil biiyiiklikklerinin oldukca
kiigiik olmas1 sayesinde filtrasyonla sterilize edilebilirler. Kolaylikla
modifiye edilebilir ve hedeflendirilebilirler.”®"**"**? Ancak yiiksek CMC
degerine sahip miseller, diisiik stabiliteye sahiptir ve kolayca etkin madde
salimi  gerceklestirebilir. Smirli sayidaki polimer misel iretimi igin
kullanilabilir. Uretiminde kullamilan blok kopolimerlerin tekrarlanabilir
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sentezi zordur. Biiyilk Ol¢ekte iiretim igin sayili yonteme sahiptir. Etkin
maddeleri misellere yiiklemek i¢in genel kabul edilen bir yontem yoktur, bu
sebeple her etkin madde i¢in farkli yontem se¢ilmelidir, 2”313

Alibolandi ve ark.'®* tarafindan yapilan calismada antiinflamatuar,

antimikrobiyal, antioksidan, neoplastik gibi bir¢ok etkiye sahip ve sikca
kullanilmis bir yara tedavisi ajan1 olan kurkumin maddesi tercih edilmistir.
Sahip oldugu =zayif suda ¢oOziiniirlik, hizli metabolizma ve diisiik
biyoyararlanim sebebiyle polilaktik asit-polietilen glikol (PLA-PEG)
misellerine  yiiklenmis ve ardindan hidrojellere  dahil edilmistir.
Nanog¢oktiirme yontemi ile hazirlanan miseller 65.6+ 3.87 nm partikiil
biiytikligii, 0.23 PDI degeri, % 81.56 = 6.23 enkapsiilasyon etkinligi ve uzun
siireli salim gostermistir. Stabilite agisindan kurkumin miseller, kurkumin
siispansiyonu ile kiyaslandiginda ise misellerin kurkuminin stabilitesini
arttirdign goriilmiistiir. In vivo calisma icin ise fareler kullanilmis ve bos
hidrojellerle kurkumin-misel yiiklii hidrojeller kiyaslanmugtir. Sonugta en
yiiksek yara iyilesmesi kurkumin-misel yiiklii hidrojellerde goriilmiis ve 15.
giin yara tamamen kapanmustir. Histolojik incelemelerde ise misel yiiklii
hidrojellerin en yiiksek re-epitelizasyon, kolajen {iretimi/olgunlagmasi,
anjiyogenez gosterdigi goriilmiistiir."*

Varshosaz ve ark.™™ tarafindan yapilan ¢alismada, antibakteriyel,

antiinflamatuar, antioksidan etkileri sebebiyle yara iyilesmesinde etkili
oldugu gosterilmis olan, ayrica VEGF sekresyonunu artirip, anjiyogeneze
sebep olan simvastatin (SIM) tercih edilmistir. Fakat normal sartlarda bir
HMG-COA rediiktaz inhibitorii olan ve kolesterolii diisiirmek i¢in kullanilan
simvastatin, suda az ¢Ozlinir olmasi, ilk gecis etkisine ugramasi,
biyoyararlanimimin ¢ok diisiik olmas1 sebebiyle misellerle formiile edilmis ve
bu miseller hidrojellere yiiklenmistir. Film hidratasyon yontemi ile hazirlanan
miseller, farkli polimer/etkin madde orani, ¢dziicii tipi, hidrasyon sicakligi,
hidrasyon zamani kullanilarak tiretilmis ve zeta potansiyeli, salim verimliligi,
kapsiilleme verimliligi ve boyut flzerinden yazilim yardimiyla ideal
formiilasyon sec¢ilmistir. Sonugta secilen formiilasyon 248.67+46.06 nm
partikiil boyutu, %98.06+0.45 enkapsiilasyon etkinligi, -6.37+0.89 mV zeta
potansiyeli, 0.34+0.09 PDI degeri gostermis ve etkin madde salimini
uzatmistir. In vivo calismada siganlar kullanilmis ve bos hidrojeller, serbest
SIM vyiiklii hidrojeller, SIM misel yiiklii hidrojeller kiyaslanmustir. Sonugta
en yiiksek yara kapanmasi1 SIM misel yiiklii hidrojellerin uygulandig1 grupta
goriilmiis ve bu grupta 17. giin yara tamamen iyilesmistir. Histolojik
inceleme sonucunda ise en yiiksek re-epitelizasyon ile kolajen igerigi ve en
diisiik inflamasyon SIM miselleri yiiklii hidrojellerin uygulandigi grupta
goriilmiis, en hizl iyilesme gene bu grupta gerceklesmistir.">*

Zhu ve ark.® tarafindan yapilan cahsmada, hiicre biiyiimesi,

farklilagsmas1 ve proliferasyonunda 6nemli bir rol oynayan serbest epidermal

185



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 09

biiyime faktorii (EGF) ile kan sekeri seviyesinin disiiriilmesi amaciyla
kullanilan bir protein olan insiilinin polietilen glikol (PEG) miselleri, seker
hastalarinda bozulmus yara iyilesmesinden dolay1 bu bireylerde etkili olmas1
amactyla pH ve glikoz seviyesine duyarli olarak jellesen hyaliironik asit (HA)
ve siiksinil kitosan (SCS) hidrojellerle birlikte kullamlmustir. Insiilin yiikli
miseller diyaliz yontemi ile liretilmis ve 256 nm misel biiyiikligi, %34.8
enkapsiilasyon etkinligi gosterirken sitotoksisite gdstermemislerdir. Ayrica
glikoz varliginda misellerden insiilin salim artmustir. In vivo calismada ise
sicanlar kullanilmis ve bos jel, insiilin-misel yiiklii jel, EGF jel ve insiilin
misel ve EGF yiikli jel kiyaslanmistir. Sonugta en fazla yara iyilesmesi
insiilin misel ve EGF yiiklii jellerde goriilmiis ve bu formiilasyon kan glikoz
diizeyini diisiirerek diyabet tedavisine de yardimci olmustur. Histolojik
inceleme sonucunda en kiigiik yara boyutu, 12. giinde yeni kan damarlari, kil
foliikiilleri insiilin misel ve EGF yiiklii jellerde goriilirken, gene en yiiksek
kolajen ve miyofibril miktar1 bu grupta goriilmiistiir.*®

Hu ve ark.* tarafindan yapilan bu g¢alismada antiinflamatuar &zellige

sahip olan naproksen ve antibakteriyel 6zellikli amikasin (AM) tercih edilmis
ve naproksen sahip oldugu hidrofobiklik sebebiyle misel seklinde formiile
edilmigtir (MIC). Bu etkin maddeler pH ve ROT’a duyarlilik gosterdigi i¢in
borik asit tiirevleri (BO) ve biyoparcalanir, biyouyumlu ve toksik olmayan
aljinatlardan olugan hidrojellere yiiklenmislerdir. Naproksen miseller diyaliz
yontemi ile hazirlanmis ve 162.3 nm misel biiytikliigii, 0.08 PDI degeri, -22.6
mV zeta potansiyeli ve %52 enkapsiilasyon etkinligi gostermislerdir.
Antibakteriyel etki incelendiginde ise amikasin hidrojeller ve amikasin-MIC
hidrojellerde yiiksek antibakteriyel etki gézlenmis, MIC-hidrojellerde ise bu
etki goriilmemistir. Bu da etkinin amikasinden kaynakli oldugunu
kamtlamistir. In vivo galismada ise siganlar kullanilmis ve bos hidrojel, AM-
hidrojel, MIC-hidrojel, AM-MIC-hidrojeller kiyaslanmistir. Sonugta en
yiiksek iyilesme AM-MIC- hidrojellerinde goriilmiis ve 14. giinde yara
tamamen iyilesmistir. Histolojik olarak incelendiginde ise AM-MIC-
hidrojelleri ile tedavi edilen grupta yiiksek kolajen birikimi, yiiksek
neovaskiilarizasyon ve diisiik inflamasyon goriilmiistiir.**

Negi ve ark."®’ tarafindan yapilan bu galismada sahip oldugu antioksidan,
antiinflamatuar 6zellikleri sayesinde yara tedavisinde kullanilmakta olan ve
Nigella sativa’nin dogal bir bileseni Timokinon (TQ) tercih edilmistir. Fakat
suda ¢oziiniirlik diisiik olmasi, 151832 ve pH’ ya hassasiyeti nedeniyle
biyouyumluluk, yara iyilesmesine katkisi ve biyopargalanabilirlik gibi
avantajlar1 ile kitosan (CS) ve soya lesitininden (SL) olusan kopolimerle
hazirlanmis misellerle kombine edilmis ve bu TQ yiikli miseller karbopol
hidrojellere ilave edilmistir. Diyaliz yontemi ile iiretilmis olan miseller farkli
miktarlarda CS-SL kopolimerinin kullanildigi 4 farkli formiilasyon halinde
hazirlanmigtir. Sonugta hazirlanan miseller 63.76+14.78 - 123.1£5.10 nm
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aras1 misel biytikligl, 0.689+0.056 - 0.838+0.069 PDI degeri ve %97.56-
%98.77 aras1 enkapsiilasyon etkinligi gostermistir. In vivo calismada ise
fareler kullanilmig ve serbest TQ, Nigella sativa yagi, giimiis siilfodiazin
merhem, TQ miseller, TQ misel yiikli hidrojeller kiyaslanmigtir. Sonugta en
yiikksek yara iyilesmesi TQ miseller ve TQ misel yiikli hidrojellerde
goriilmiis ve histopatolojik olarak incelendiginde ise TQ misel yiiklii
hidrojeller tiim gruplara gore daha fazla epidermal tabaka, fibroblast, kan

damari, organize kolajen lifleri ve daha az inflamasyon gostermistir.
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1. Giris

Yutma giicliigii (disfaji); yaslanan toplumumuzda giderek biiyliyen bir
saglik sorunudur. Yasla birlikte meydana gelen yutma fizyolojisi ile ilgili
degisiklikler ve yasla birlikte goriilen hastaliklar, yaslilarda yutma giicliigii
olusumu i¢in hazirlayic1 faktorlerdir. Yasli niifusun %15’inin  yutma
giicligiinden etkilendigi belirtilmekle birlikte; net prevelansini séylemek
zordur  (Sura, Madhavan, Carnaby, & Crary, 2015). Toplumda yutma
giigliigii 65 yas lizeri bireylerde %15, serebrovaskiiler hastalig1 olanlarda ise
%50-75 oraninda goriilmektedir (Bahadir, 2018). Giinliik yasantida yemek
yeme c¢ogunlukla farkina varilmadan gergeklestirilen bir eylem olsa da,
yutma giicliigli yasayan bireylerde yeme i¢in ayrilan zaman daha uzun ve
sikintili bir hal alabilmektedir. Rahatsiz edici olmasmin yani sira yutma
glicliigii; zamanla malniitrisyon, dehidratasyon ve aspirasyon pnémonisi gibi
komplikasyonlara neden olarak hastanede kalis siiresinin uzamasina ve dliime
yol agabilmektedir (Boyraz, 2015; Daniels, Anderson, & Petersen, 2013). Ek
olarak, yutma giicliigli yasam kalitesini ve psikolojik iyilik halini de olumsuz
etkilemektedir. Sosyal faaliyetler ve gilinliik aligkanliklarin seyri bozularak
ice kapanma veya sosyal dislanma ortaya ¢ikabilmektedir. Bu olumsuz saglik
sonuglarinin dnlenmesi i¢in yutma giicliigliniin tanilanmasi, erken donemde
tedavi ve yonetiminin gergeklestirilmesi gerekmektedir (Schepp, Tirschwell,
Miller, & Longstreth, 2012).

Bu boliimde; yash bireylerde goriilen yutma bozuklugu ve yaslilik, yutma
bozuklugunun nedenleri ve belirlenmesi ile yutma bozuklugunun
yonetiminde hemsirelik yonetimine yer verilmistir.

2. Yutma Fonksiyonu ve Yutma Giigliigii
2.1. Yutma fonksiyonu

Yutma; agiz boslugu, farenks, larenks, 6zofagus ve mideyi igeren, sinir
sistemi tarafindan kontrol edilen, kompleks ve sirali hareketlerin gorildiigii
hizli bir sitirectir (Yilmaz, 2021). Yutma ile ilgili yapilar (organ, kas veya
sinirler) hasar gordiigiinde yutma normal olarak gergeklestirilemez. Bu
durumda; anormal yutma durumu olan yutma giligligli (disfaji) veya hi¢
yutamama (afaji) geligir. Saglikli yutma islemi, ndromotor koordinasyon ve

203



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 10

korteks-beyin sapmim basarili iligkisini gerektirmektedir (Palmer, Rudin,
Lara, & Crompton, 1992). Yutmanm fazlarma gore yutma giicliigiinde
goriilen belirtiler agagida belirtilmektedir:

Oral Faz: Tikiirik kontroliiniin olmayisi, agiz boslugunda
yiyeceklerin birikmesi, oral kavitede biriken yiyeceklerin ¢ikarilmasi
gibi davraniglar gozlenir.

Farengeal Faz: Yemek swrasinda veya sonrasinda sesin
boguklasmasi, nazal regiirjitasyon, yutma oncesinde, sirasinda veya
sonrasinda bogulma ya da Oksiirme, stridor, bolusu birka¢ kerede
yutma (multiple yutma) davranislar1 gozlenir.

Ozefageal Faz: Uyanma sonrasi agizda hos olmayan bir tat hissi,
nefeste asit kokusu, gastrodzefageal reflii (GORH), gogiiste yanma
hissi, hizli doyma, tikanma hissi durumlarinin varligina bakilir
(Vural, Ciyiltepe, & Aslan, 2004).

2.2. Yutma giicliigii

Yutma giicliigiine; yutma eyleminin herhangi bir asamasinda meydana
gelen bir bozulma neden olabilir. Bu bozulma nérolojik, anatomik veya
fizyolojik anomali kaynakli olabilir. Yiyeceklerin sikismasi ya da yutma

sirasinda goriilen Oksiiriik nobetleri yutma giigliigiinii isaret edebilir. Asagida
belirtilen sebeplerle yutma giigliigii goriilebilir (Palmer, & Metheny, 2008):

Oral fazda, dudak kapamasinda bozulma agizdan yiyeceklerin
diismesine sebep olabilir.

Yiizdeki kaslarin etkin calismayist ya da ¢alismamasi; yiyecegin
oral kavitenin dis1 tarafinda kalmasma neden olabilir.

Agiz tabani kaslarindaki bozukluk; yiyeceklerin yutulmasinin
ardindan, bolusun agiz tabaninda toplanmasina ve orada kalmasina
neden olabilir.

Dil hareketlerinde meydana gelen bozukluk; etkin ¢ignemenin
kaybolmasia neden olur ve yiyecek bolus haline getirilemez. Sonug
olarak gida agiz boslugundan bosaltilamaz. Bolusun arkaya dogru
stiriiklenememesiyle damakta kalnti kalr. Yumusak damakta
velofaringeal kapanma bozulmasiyla, yiyeceklerin buruna kagmasi
goriilebilir.

Yasli bireylerde ise yutma gii¢liigii; basta néromiiskiiler hastaliklar olmak
tizere birgok faktore baglh olarak gelisebilir. Norolojik hastaliklar, bag-boyun

ve Ozofagus kanserleri, metabolik bozukluklar gibi genis bir hastalik
kategorisi yutma giigliigiine neden olabilir. Asagida yash bireylerde yutma
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aktivitesini olumsuz etkileyen bazi hastalik ve klinik durumlar verilmistir
(Yildiz, 2021):

Yaglanma siireci

Kafa travmalari
Serebrovaskiiler olay (SVO)
Demans

Myasthenia gravis (MG)
Guillain—Barre Sendromu
Poliomiyelitis

Miyopati

Parkinson hastalig1
Romatoid hastaliklar

Biling durumu bozukluklar1
Progresif sistemik sklerozis
Sjogren hastalig

Ust sindirim sisteminde olusan tiimérler
Iyatrojenik hastaliklar
Radyoterapi

Kemoterapi
Entilibasyon/trakeostomi
Tlaglar

Siddetli solunum yetmezligi

2.3. Yutma giicliigii tipleri

Yutma iglevinin yerine uygun olarak getirilebilmesi i¢in, ilgili kas ve
sinirlerin koordinasyonlu caligmas1 gereklidir. Ilgili kas veya sinirlerin
herhangi birinde meydana gelen fonksiyon bozuklugu, yutma giigliigiine
zemin olusturabilir. Yutmanin etkilendigi bolgeye gore, yutma giigliigii lice

ayrilir:

Oral disfaji: Oral kavitede goriilen bir sorundan kaynaklanan yutma
giicliigiidiir. Serebrovaskiiler olay gibi norolojik bir problem sonrasi
dil kasinda zayiflik, cigneme giicliigi ya da yiyecegi agizda
cevirememe gibi sorunlardan kaynaklanir.

Faringeal disfaji: Bogaz bolgesinde goriilen bir sorundan
kaynaklanir. Bu bdlgedeki sorunlara genellikle sinirleri etkileyen
Parkinson hastaligi, inme veya amyotrofik lateral skleroz (ALS) gibi
ndrolojik bir hastalik neden olur.

Ozofageal disfaji: Yutma giigliigiine yol agan sorun 6zofagustadr.
Genellikle bir tikaniklik veya irritasyon sonucu gelisir.
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3. Yutma Giicliigii ve Yashhk

Yasla birlikte yutma fizyolojisi degisiklik gosterir. Kas kiitlesini azalmasi
ve konnektif dokunun elastikiyetini kaybetmesi yutma hareketi agikliginda
azalmaya neden olur. Yasla birlikte gorillen bu degisiklikler asagidaki
gibidir:

. Oral hazirlik evresinin uzamasi,

e  Yutulan igerigin tasinmasmi saglayan peristaltik mekanizmanin
yavaglamasi,

e Bu degisikliklerin etkisinin zamanla artmasi ve yutulan icerigin iist
hava yoluna kagmasi,

e  Yasla birlikte agiz kurulugunun artmasi, tat ve koku duyusundaki
azalmalarin yutmanin olumsuz etkilenmesine neden olmasit (Sura,
2012; Palmer, 2008).

Yutma fonksiyonunun yasla birlikte azalma gostermesine ragmen; yutma
fonksiyonu, Ozellikle 80 yas sonrasi bireyler i¢in tehlike olusturmaktadir
(Nascimento, Cassiani, Santos, & Dantas, 2015).

4. Yutma Giicliigiiniin Belirlenmesi

Yutma giligligiiniin kontrol altina alimmasi ve komplikasyonlarin
onlenmesi i¢in Oncelikle erken donemde tanilanmasi gerekmektedir (Rofes,
Arreola, Mukherjee, & Clavé, 2014; Cheney et al, 2015). Yutma
degerlendirmesinde amag; giivenli yutmanin saglanmasi, yeterli beslenmenin
saglanmasi ve olasi diyet degisikliklerine karar vermek icin 6zel tedavilere
ihtiyacin belirlenmesidir. Yutma degerlendirmesi; kapsamli hasta dykiisiinii,
klinik veya yatak bast degerlendirmeyi ve girigimsel (cihaz kullanimi)
degerlendirmeyi kapsar. Hastaya uygun testlerin yapilmasinda interdisipliner
ekip is birligi dnemlidir. Yutma giicliigii tanilamasinda objektif ve subjektif
olmak {iizere cesitli yontemler kullanilmaktadir. Objektif yontemler; fizik
muayene, kapsamli noérolojik degerlendirme, videofloroskopik yutma
degerlendirmesi gibi siralanabilir. Subjektif yontemleri ise hasta Oykiisii,
yatak bast yutma ve yutma giligligii icin gelistirilen ve cesitli hastalik
gruplarinda kullanilabilen &lgeklerdir. Subjektif testler yutma giicliigii
hakkinda onemli bilgiler verse de videofloroskopi olarak da bilinen
“Modifive Baryum Yutma Calismasi (MBYC)” altin standart olarak
belirtilmektedir (Tohara et al, 2003).

5. Yash Bireylerde Goriilen Yutma Giicliigiinde Hemsirelik Girisimleri

Yutma giighigii yonetimi; en etkili bicimde yasli bireyin yeterli ve giivenli
beslenmesini amaclar. Eger hemsire tarafindan yutma islemi giivenli
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bulunmuyorsa; agizdan beslenmeyi kolaylastiracak yutma egzersizleri,
manevralar1 veya stratejileri hastaya 6gretilmelidir (Carnaby-Mann, & Crary,
2007).

Hasta oykiisii ve fizik muayene: Kapsamli hasta Oykiisiinde yutma
giicliigli basglangici, ne zaman oldugu, ne kadar siiredir devam ettigi, hangi
besin veya durumlarda goriildiigii gibi yutmaya iliskin tanimlayici bilgileri
sormak oOnemlidir. Ayrica hastanin mevcut diyet tercihi, aspirasyon
pnémonisi gegmisi, kilo degisimi gibi sorular da sorulmalidir. Yagh bireyin
yutmay1 etkileyecek hastaliklari ve geriatrik semptomlar1 sorgulanmalidir.
Fizik muayene, kulak-burun-bogaz ve kraniyal sinirlerin degerlendirilmesini
icermelidir. Yani sira; dudak kapanmasi, dil kuvveti ve hareketliligi, yiiz
simetrisi, ses kalitesi ve istemli Oksiiriik kuvveti de degerlendirilmelidir.
Yatak basi yutma denemesi yapilmasi, yutma seslerinin dinlenmesi, yutma
esnasinda oksijen satiirasyonunun degerlendirilmesi gergeklestirilmelidir
(Palmer, 2008; Yildiz, 2021).

Diyet diizenlemeleri: Diyet diizenlemelerinde amag, yasli bireyin agiz
yoluyla giivenli, yeterli ve kolay beslenmesi amaglanir. Yeni diyet diizenine
uyumunun az olmasi veya diisiik kabul edilebilirlik gibi sebepler yutma
giicliigii olan yasli bireyin yetersiz beslenme riskini artirabilir (Sura, 2012).

Kat1 besinlerle beslenirken; ekmekler kabuklarindan ayrilmali, besinle
kiigiik pargalar halinde dogranmali, ¢ok kuru yiyeceklerden kaginilmalidir.
Su, kahve gibi acik/ ince sivilar aspirasyon riskini artirr. Bu nedenle,
kalinlastirilmig/ koyulastirilmis sivilar ya da kivam artici ajanlar ile sivilar
giivenli olan kivama getirilebilir (Aksoy et al, 2015).

Postural diizenlemeler: Rezidii ve aspirasyon riskinin azaltilmasida bas
ve viicut degisiklikleri onerilir (Ovayolu & Ovayolu, 2016). Pozisyon
degisikligi sayesinde; alman sivi ve gidalarin GIS pasajindan akigi ve akis
stiresinde degisiklik saglanir. Boylelikle giivenli yutma saglanarak hava yolu
aciklig1 korunmus olur. Literatiirde yutma esnasinda ¢genenin 6ne egilmesinin
(chin down technique); etkili bir yontem oldugu belirtilmektedir. (Palmer,
2008; Sura, 2012). Postiir diizenlemesi ile 6rnekler ve etkileri asagida yer
almaktadir:

» Semifowler pozisyon: Yutma esnasinda yer ¢ekimi etkisini azaltir. Alinan
besin igerigi ne uygulanan basincin artmasini saglar.

» Lateral poziyon: Giiglii olan tarafa yatilmasi ile igerigin yavas ilerlemesi
ve hava yolunun korunmasi saglanir.

* Bas ekstansiyounu (chin up): Besin i¢eriginin oral kavitenin arka kismina
gonderilmesini kolaylastirir ve orofarinksin genislemesini saglar.

* Bas fleksiyonu (chin tuck): Hava yolu agikligmm korunmasini saglar.
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» Bas rotasyonu (head turn): Basin zayif olan tarafa dogru egilmesini igerir.
Yutmadan sonraki rezidii miktarini ve aspirasyon riskini azaltir (Sura,
2012).

Yutma egzersizleri: Dudak kapanist ve yanaklarin gerginligi hareketleri
oral hazirlik fazinda besinin agiz i¢inde kalmasmi ve agiz igindeki bolus
hareketini kontrol etmeyi saglar. Dudak, yanak, dil ve ¢ene i¢in ayr1 ayr1 kas
giiclendirme egzersizleri yapilabilir. Ayrica faringeal yapilarm eklem hareket
acikligr  egzersizleri de programa eklenmelidir. Bu egzersizlerin
uygulanmasinda ve basarisinda hemsirenin dil konusma terapisti basta olmak
tizere saglik ekibinin diger iiyeleri ile isbirligi i¢inde olmas1 6nemlidir.

Sonug olarak yutma giigliigii, yasli bireylerde yaglanma siirecine ve
yaslilik doneminde sik goriilen hastaliklara bagli olarak yaygin goriilen bir
durumdur. Kapsamli degerlendirme, tanisal ve destekleyici yaklagimlarin
uygun kullanilmasiyla birlikte yasli bireylerde yasam kalitesinin
gelistirilmesi saglanabilir. Hemgireler ise yasli bireylerle hastane, bakim
evleri ve evde bakim hizmetleri gibi bir¢ok alanda karsilagabilir. Bu nedenle
hemsirelerin yutma fizyolojisine ve yutma giigliigii yonetimine dair bilgi ve
beceri sahibi olmasi son derece 6nemlidir.
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1. Introduction

In recent years, we have been experiencing many negativities caused by
climate changes in our daily lives. Many health authorities have described
climate change as the defining challenge for health systems for the 21st
century. But the healthcare industry is a leading emitter, accounting for 8% of
total carbon dioxide (CO,) emissions in the United States alone (1). The
healthcare system supply chain, pharmaceuticals and medical equipments are
seen as the main cause of these emissions (2).

Environmental footprint of perioperative procedures has the highest rate
of all health services (3). In recent years, publications emphasizing the global
warming potential (GWP) of inhalation anesthetics have been reported and
and these reports have raised concerns about the impact of anesthetic
practices on the environment (4).

1.1. Anesthetics Gases

The first apparatus for administering anesthetic drug inhalation was metal
or glass tubing filled with diethyl ether or chloroform. In 1903, Harcourt used
a chloroform inhalation one-way valve, and in 1908 Onberdonne provided a
low-resistance air passage using the bladder or cecum of cattle as a
rebreathing bag. Liquid nitrous oxide was used by Clover in 1876. Between
1910 and 1930, anesthesia machines similar to those in use today were
developed by James Quatway and Sir Geofrey. In 1940, today's modern
vaporizers came into use. In recent years, isoflurane, desflurane, sevoflurane
and nitrous oxide are the most commonly used inhalation anesthetics.

1.2. Isoflurane

Isoflurane is the most potent of the volatile anesthetics in anesthesia
clinics. It is formed by halogenation of methyl ethyl ether. Described as the
gold standard anesthetic since the 1970s. Today, with the widespread use of
desflurane and sevoflurane, its use has decreased.
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1.3. Desflurane

Desflurane is similar to isoflurane. It differs only one atom from
isoflurane. But this change has important implications. This reduces blood
and tissue solubility. Therefore, the minimum alveolar concentration (MAC)
of desflurane is five times higher than that of isoflurane. One of the
advantages of desflurane is that it has very little serum metabolism. Thus,
immune-mediated hepatitis is rare with desflurane use.

1.4. Sevoflurane

Sevoflurane is fluorinated methyl isopropyl ether. MAC of sevoflurane is
two times higher than that of isoflurane. The smell is not bothersome and has
a bronchodilator effect. This makes the administration of sevoflurane via
facemask a viable alternative to intravenous anesthetics for anesthesia
induction. It is metabolized to an acyl halide. A substance called Compound
A may occur during the use of sevoflurane. It has been shown that this
substance is dose-dependently nephrotoxic in rats. However, it has not been
found to be associated with nephrotoxicity in humans.

1.5. Nitrous Oxide

Nitrous Oxide is not used alone for anesthesia. It is used as an adjuvant
with opioids and volatile anesthetics. It is analgesic effective and potentiates
the effect of volatile anesthetics with which it is used. Nitrous oxide tends to
accumulate in confined spaces so it is not used in some surgeries such as
tympanoplasty, laparoscopic procedures (5).

2. Greenhouse Gas Effect of Inhalation Anesthetics

A significant amount of inhalation agents administered to the patient for
anesthesia are exhaled without being metabolized by the patient. These
exhaled agents are directly mixed into the atmosphere. The effects of these
halogenated and fluoridated agents mentioned above in the atmosphere have
been the subject of research in recent years. About 300 million surgeries are
performed each year. Considering that a significant amount of these surgeries
are performed with inhalation anesthesia, we are talking about a serious
environmental impact. According to a 2014 study, the total annual global
impact of inhalation anesthetics is equivalent to the CO, emissions of one-
third of passenger cars in Switzerland and most of this emission is due to
desflurane use. Because desflurane has a high MAC value and a very low
metabolism (6). The atmospheric greenhouse gas effect of desflurane is 15
times that of isoflurane and 20 times that of sevoflurane.

Isoflurane and sevoflurane have similar greenhouse gas effect. When
these drugs are given with nitrous oxide, emissions are increased by 65% for
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isoflurane and by 900% for sevoflurane. When nitrous oxide is used as a
carrier gas, it makes a significant contribution to greenhouse gas emissions.
In addition, these gases remain in the atmosphere for many years
(Sevoflurane 1.2 years, isoflurane 3.6 years, desflurane 10 years, and nitrous
oxide 114 years) which means that their atmospheric effects are cumulative

().

It is also necessary to mention the effects of anesthetic gases in terms of
staff working in the operating room environment. Abortion rates were found
to be higher in pediatric anesthetists who frequently administer inhalation
agents to patients through a face mask (8). Administer of inhalation agents
with a face mask increases the amount of waste gas in the working
environment. Furthermore, nitrous oxide has potential toxic effects on cell
function through inactivation of vitamin B12 and it is also known to have
negative effects on embryonic development.

2.1. How to Reduce the Amount of Waste Anesthetic Gas

Inhalation anesthetics are considered medically necessary. Therefore,
there is no restriction for their use. However, there are various methods to
reduce the amount of anesthetic waste gas. First of all, gas leaks that may
occur in the anesthesia machine and breathing circuits should be prevented.
For this, the anesthesia machine should be tested before each use, the
connection points in the breathing circuits should be checked and the
necessary calibrations should be made.

The amount of waste anesthetic gas is directly related to the amount of
fresh gas flow (FGF) administered by the anesthesia machine. FGF consists
of O,, nitrous oxide and medical air coming from a central system or
cylinders and connected to the anesthesia machine. These gases are also
called carrier gases because they allow the inhaler anesthetic agent to reach
the patient and they provide the tidal volume of the patient during mechanical
ventilation. The most effective way to reduce the amount of waste anesthetic
gas is low flow anesthesia (LFA). In short, LFA can be defined as the use of
FGF below 1 Lt/min and the reuse of exhaled air after removing CO,. Thus,
the anesthetic gas that is exhaled without being metabolized is captured and
reused. When the anesthetic agent used decreases, the amount of waste gas
also decreases, and this method also provides financial savings. Also, LFA
improves the dynamics of inhaled anesthesia gas, increases mucociliary
clearance, maintains body temperature, and reduces water loss (6). It has
become quite easy to perform LFA with modern anesthesia machines with
advanced sensors, automatic modes and comprehensive software in use
today.
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Regional anesthesia can be performed in appropriate surgeries.
Anesthetizing the patient's area to be operated with local anesthetic drugs
creates sufficient conditions for surgery and there is no need to use inhalation
anesthesia. Many orthopedic, obstetric and urological surgeries can be
performed with regional anesthesia methods such as spinal block, epidural
block, axillary block. In addition to not using inhaler anesthesia with these
methods, the patient is protected from the side effects of general anesthesia.

Advances in photochemical air purification technology seem promising.
This technology can theoretically clean the waste gases and its use in the near
future will be beneficial (4). Finally, total intravenous anesthesia (TIVA) can
be used in appropriate cases. Propofol is administered as an infusion for
unconsciousness. Thus, there is no need to use inhaler anesthetic agents.

As a result, we should know that there are serious environmental effects
in anesthesia methods, as in many business sectors, and we should effort to
minimize these effects.
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Abstract:

The clavicula is one of the most common reasons for admission to the
emergency department, which provides the connection between the upper
extremities and the trunk, forming an S-shaped articulation with the
manubrium sterni medially and the acromion laterally. It is mostly due to
traumas such as falls, traffic accidents and sports injuries. The classification
of clavicula fractures is based on the anatomical location of the fracture, the
degree of displacement and the condition of the ligaments formed by the
clavicula. The Neer and Allman classifications are most commonly used.
There may be localized swelling, tenderness, and ecchymosis on the fractured
clavicula. There may be limitation in movement.

Rib and scapula fractures, pneumothorax, hemothorax, brachial plexus
and subclavian vessel injury should be considered in the differential
diagnosis. Diagnosis can be made by direct radiography and CT.
Conservative or surgical treatment can be applied depending on the condition
of the fracture.

1. Etiology

The clavicula is a structure that provides the relationship between the
shoulder, upper extremities and the trunk, and plays an important role in the
protection of structures such as the lung, subclavian vessels and brachial
plexus. Clavicula fractures, which constitute approximately 5% of the
fractures admitted to the emergency department, are one of the most common
causes of admission to the emergency department and are one of the most
common fractures in childhood. Clavicula fractures are due to direct traumas
such as falls, traffic accidents and sports injuries, as well as causes such as
falling on an open hand. Approximately 80% of these fractures occur in the
middle 1/3, 15% in the lateral 1/3, and 5% in the medial 1/3.

2. Anatomy

The clavicula, which begins to ossify long before birth, articulates with
the S-shaped manubrium sterni medially and the acromion laterally. This
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acromioclavicular and sternoclavicular joint connects the shoulder and upper
extremity to the axial skeleton. The acromioclavicular and coracoclavicular
ligaments formed here play an important role in ensuring the stability of the
acromioclavicular joint formed by the clavicula. The middle 1/3 of the
clavicula is the weakest part, and fractures are more common in this part. The
subclavian vessels and the brachial plexus have a neighbourhood with this
medial part.

3. Classification of Clavicula Fractures:

Classification of clavicula fractures is made according to the location of
the fracture, its localization and the degree of the fracture.

Clavicula fractures occur in the middle 1/3 with 80%, lateral 1/3 with
15%, and medial 1/3 with 5%.

The Neer and Allman classifications are most commonly used in the
classification of clavicula fractures.

4. Classification of Allman

Middle 1/3 Fractures of the Clavicula: This group of fractures is
characterized as non-displaced and displaced. Nondisplaced fractures have
less than 100% displacement and are usually treated conservatively.
However, in displaced fractures, there is more than 100% displacement and
the treatment is surgery.

Lateral 1/3 Fractures of the Clavicula:

They are the most common fractures of the clavicula after middle 1/3
fractures. There are 5 types.

In type 1, the fracture is lateral to the coracoclavicular ligaments.
Trapezoidal and conoid ligaments are intact. Conservative treatment is
preferred.

In type 2A, the fracture is medial to the coracoclavicular ligaments.
Trapezioid and conoid ligaments are intact. Surgical treatment is preferred. In
Type 2B, the fracture is between the coracoclavicular ligaments and the
conoid ligament is ruptured. Surgical treatment is preferred.

In type 3 fractures, it is distal to the coracoclavicular ligaments and
extends to the acromioclavicular joint. Conservative treatment is preferred.

Type 4 fractures are seen in pediatric age groups. It occurs especially in
cases where the skeletal system is not developed. Conservative treatment is
preferred.
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In type 5 fractures, a small fragment of the clavicula is attached to the
coracoclavicular ligaments. Surgical treatment is preferred.

Medial 1/3 Fractures of the Clavicula:

It constitutes the least common clavicula fractures. Its clinic is usually
asymptomatic. Conservative treatment is preferred.

Fractures of the medial 1/3 of the clavicula may rarely be accompanied
by vascular or thoracic injury. In this case, the treatment is surgery.

5. Clinical

Patients with clavicula fracture usually present with localized pain at the
fracture site. There may be localized swelling, tenderness, and ecchymosis on
the fractured clavicle. There is limitation in movement in the affected
extremity. On examination, crepitation or a palpable deformity may be
detected by palpation. However, when there is a high-energy injury, care
should always be taken in terms of systemic trauma, especially
pneumothorax and hemothorax. Because of the proximity of the clavicula to
the brachial plexus and subclavian vessels, it is important to perform a
complete neurovascular examination.

6. Differential Diagnosis

In the differential diagnosis, acromioclavicular and sternoclavicular joint
injuries, rib and scapula fractures, pneumothorax, hemothorax, brachial
plexus and subclavian vessel injury should definitely be considered in
clavicula fractures.

7. Diagnosis

Radiography is used to detect clavicula and other fractures. However, it
should be requested to see this joint on the acromioclavicular radiograph. CT
may be needed when some fractures cannot be seen due to overlapping of
structures. However, if there is suspicion or examination finding in high-
energy traumas in terms of the proximity of the clavicula to the nerve,
vascular structures and the lung, it may be necessary to request CT, USG, and
angiography when necessary.

8. Treatment

Most clavicula fractures are nondisplaced and are treated conservatively.
Conservative treatment includes immobilization with eight bandages and an
arm sling. The treatment period is usually about 4-6 weeks in adults and 2
weeks in infants. However, open fractures or fractures with compromised
skin integrity due to the fracture, displaced lateral or medial fractures,
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fractures  with  neurovascular injury, fractures associated  with
coracoclavicular ligament rupture require an orthopedic consultation and
surgical treatment is usually applied in these fractures.

9. Complications

There may be neurovascular complications due to the adjacent brachial
plexus and subclavian vessels. Nonunion may occur, especially in older
adolescents or lateral third fractures. Degenerative arthritis may be seen.
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1. Introduction

Aging is a biological process that causes physiological and anatomical
changes and affects the entire organism. Aging begins after adulthood and
continues throughout life. There is no set start or end time. During this
period, physiological, biological, psychological, and functional adaptations
occur in all human body systems (Blokzijl et al., 2016). These changes
sometimes increase chronic diseases' prevalence due to their harmful effects.
So that the chronic diseases that most affect the geriatric population in the
world are; are health problems such as hypertension (HT), stroke, diabetes
mellitus (DM), cancer, chronic lung diseases, etc (Cigolle, Langa, Kabeto,
Tian, & Blaum, 2007). In addition, it is likely to have at least two chronic
diseases in late life ("The State of Aging and Health in America," 2007).

One of the most important desires of this group in the advanced age of
life is to meet their daily needs without any support. The goal here is not the
"normal”, but the best possible. For this reason, the quality of daily activities,
the coexistence of chronic diseases, blood pressure control, and gender come
to be preliminary among the determinants of quality of life (Artaud et al.,
2013; King & Guralnik, 2010).

Hypertension is a widespread problem in older adults, with 70-80%
prevalence (Muntner et al., 2018). Unfortunately, success rates in blood
pressure control are inadequate in this period (Muntner et al., 2018).
Although values above 130/80 mmHg are currently classified as
hypertensive, isolated systolic hypertension cases above 140/90 mmHg are
more common in old age (Staessen et al., 2000). The main mechanisms
responsible for increasing systolic values are decreased arterial compliance,
anemia, hyperthyroidism, and valve problems such as aortic insufficiency
(Chobanian, 2007). At high blood pressure levels, patients are more at risk
for myocardial infarction, renal dysfunction, stroke, and cardiovascular risk
than hypertension with predominant diastolic values (Messerli et al., 2006;
Young et al., 2002). In general, the proposal to improve physical activation,
which is among the non-pharmacological treatment recommendations in
treating hypertension, becomes more valuable in older ages.
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Diabetes mellitus, which exhibits a similar progression with its
complications, is also one of the fundamental problems in older ages. With
the increase in life expectancy and body size, the prevalence of DM is also
increasing. Although having diabetes in a late period brings fewer
microvascular complications compared to the younger population, this
situation will have the opposite prognostic effect for macrovascular
complications. In addition, patients with DM are more prone to geriatric
syndromes such as incontinence, encopresis, constipation, and functional
deficiencies (Kirkman et al., 2012). Therefore, glycemic targets are as crucial
as controlling risk factors. After evaluating the health status, treatment should
be planned according to an HbA1c level of 7.5 to 8.5 (Kirkman et al., 2012).
As in the treatment of HT, lifestyle changes have an important spot among
the non-pharmacological treatment recommendations. Among these
suggestions, which are led by increasing physical activity, the regulation of
nutrition should not be neglected.

To date, many studies have been conducted on many diseases affecting
the geriatric period. In this study, we tried to reveal how the geriatric
population, between 11-14% in Konya, is affected by chronic diseases such
as DM and HT, which is relatively high in our province, regarding physical
functionality (Istatistiklerle Yashlar, 2020, 2021).

2. Study method

Our research is a prospective, cross-sectional study covering 2020-2021.
Prior to the study, approval from the local ethics committee of Selguk
University numbered 2020/525 was obtained. The participants were planned
to evaluate in two groups, the patient and the control group. The patient
group consisted of patients over 65 years of age who had only DM or only
HT, who mainly came to the Selcuk University Faculty of Medicine General
Internal Medicine outpatient clinic, and who also wanted to participate in all
social areas. The control group consisted of healthy people over 65 years of
age without any chronic disease. Patients in the control group with orthopedic
disorders secondary to senility were not excluded. The patient group was then
divided into two categories according to their disease. Thus, we started to
work with three groups consisting of DM, HT, and senile healthy people.

For the aim of the study, the Barthel Index was used to interrogate the
quality of life in older ages (Kucukdeveci et al., 2000; Mahoney & Barthel,
1965). In the scale, which evaluates the functionality of the person in 10
categories in total, there is a principle of calculating the status of feeding,
bathing, grooming, dressing, defecation control, incontinence, going to the
toilet, mobilization ability, immobility, and climbing ability over 0 to 15
points in increments of five points. The total evaluation is made out of 100.
Results under 20 points are considered total dependence; 20 to 40 points were
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very dependent; 40 to 60 were partially dependent; A score of 60 to 80 was
regarded minimally dependent, and a score of >80 was assumed independent.
The Barthel Index is preferred in practice because it can also be evaluated
with direct observation or with the information obtained from relatives.

Evaluations were made with free smartphone applications (medcalx,
MDcCalc) and directly filled-in printouts for each participant.

2.1. Statistical evaluation

Data were evaluated with SPSS v22 and GraphPad Prism v8. Ordinal and
grouped data were noted according to their distribution. Accordingly, the
Pearson data table was considered for data with normal distribution, and the
Spearman data table for data with skewed distribution. In the descriptive
statistics of the data, firstly, a standard index mean of the patient and control
data was calculated. Then, the Independent t-Test was preferred to compare
the normally distributed data of the patient and control groups, and the Chi-
Square test was preferred for the categorical ones. The Mann-Whitney U test
was used for continuous data showing the abnormal distribution of the DM
and HT groups. In the evaluation, the limit of statistical significance became
apparent when the p-value was less than 0.05.

3. Results

Our study includes a group of 300 patients diagnosed with sole
hypertension, 150 patients diagnosed with merely DM, and a control group of
100 patients without any concomitant disease other than physical disability.
The mean age was 76.34 + 4.58 in the HT group, 74.51 + 5.56 in the DM
group, and 72.18 + 3.72 in the control group. When the groups were
evaluated totally, 54% of the participants (n = 297) were men, and 74.5% (n
= 410) used medication due to their disease. The mean Body Mass Index
(BMI) was 28.29 + 3.87, and the mean disease year in those with HT and DM
was 14.06 + 10.14. While the mean total score according to the Barthel index
was 83.32 + 18.20, in the graded evaluation according to this score, three
patients (0.5%) were total dependent, 23 patients (4.2%) were very
dependent, and 49 patients (8.9%) were partially dependent, 81 patients
(14.7%) were minimally dependent, and 394 patients (71.6%) were
independent.

When we compared Hypertension and Diabetes patients with the control
group as a common share, the mean BMI was 28.49 + 3.70 in the patient
group, while it was 27.43 £ 4.45 in the control group, and this difference was
statistically significant (p = 0,029, df = 131,08, n = 0,008) (Figure 1a). There
was no statistical difference in terms of gender (p = 0,824). According to the
Barthel Index, the statistical significance of the total mean score between the
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patient and control groups was as in Figure la (p = 0,05, df = 548, n =
0,013). Moreover, while it was as low as 82.61 + 18.31 in the patient group,
it was 86.55 + 17.41 in the control group. There were more disabilities
(28.9% to 26%) in the patient group in functional evaluations (p = 0,01).

Descriptive statistics among patient groups are given in Table 1, and
inferential statistics are given in Figure 1b.

Notable correlations were following; while BMI was negatively
correlated with gender (p = 0.08, r = -0.112), Barthel score (p = 0.01, r = -
0.350), level of disability (p = 0.01, r = -0.345), again, BMI was positively
correlated with disease duration (p = 0.01, r = 0.169). Disease duration was
negatively correlated with drug use (p = 0.01, r = -0.279), Barthel score (p =
0.01, r =-0.341), and dependency level (p = 0.01, r = -0.234).

Table 1: Demographic and functional data of patient groups

Evaluations Diabetic Hypertensive | pvalue
(n=150) (n=300)
Gender, (M/F) (%) 44 /56 46.7/53.3 0.592
BMI 29.15+4.28 | 2815+9.56 | 0.014
Drug use, (%) 98 87.7 0.001
Disease duration, (year) 16.5+94 15.7+95 0.394
Barthel score 82 +16.61 82.9+19.13 0.617
Disability (+), (%) 28.7 29 0.284
Total dependence, n (%) 1(0.7) 2(0.7) 0.999
Very dependent, n (%) 2(1.3) 9(3) 0.276
Partially dependent, n (%) 16 (10.7) 29(9.7) 0.738
Minimally dependent, n (%) 24 (16) 47 (15.7) 0.927
Independent, n (%) 107 (71.3) 213(71) 0.941
p values were calculated between diabetic and hypertensive groups, Independent
T-test and Chi-square test were applied. BMI, Body mass index.
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Figure 1: Comparison of body mass index and Barthel score; a) Between the
patient and control groups, b) Between the Diabetic, Hypertensive and
Control groups.

4. Discussion

Our study aimed to evaluate the influences of two critical chronic diseases
such as DM and HT on the quality of life of the geriatric population in
Konya. Both DM and HT individually achieved high scores in the Barthel
index scores that we used to assess the quality of life.

As well as the adverse effects of chronic diseases on the geriatric period,
aging also has predictive effects on chronic diseases. In an experienced but
equally weary metabolism, there will be resistance to diseases or errors and
deficiencies in process management. We found that the two significant
chronic disease groups we had the opportunity to evaluate had lower quality
of life scores than the control group. When the scores in the index were
converted into categories, the patient group showed a nearly 3% higher
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percentage of physical disability than the control group. Interestingly, the
patient group was significantly overweight. Here, the issue limiting
functionality can be obesity or chronic disease complications. Of course, it
may be possible to evaluate obesity as a complication of chronic disease. On
the other hand, the relationship between low BMI and geriatric syndromes
was particularly emphasized in a study on geriatric conditions (Cigolle et al.,
2007).

There was no difference between the total Barthel index scores between
the HT and DM groups in the subgroup evaluation. However, the greater
significance of the obese group in the diabetic group indicates that the share
of chronic diseases is also significant in the index score differences between
the patient and control groups.

Another subgroup evaluation revealed that the dependence rate was
higher in the hypertensive group compared to the diabetic group. This can be
considered hypertension being at a more practical level in the quality of the
physical activity. Moreover, diabetes mellitus acquired in the later period of
life has been explained by the lack of sufficient time to reveal microvascular
complications (Kirkman et al., 2012). In addition, the long-term effects of
hypertension, particularly systolic hypertension, may have a more significant
impact on morbidity.

The use of random sampling type in our study may cause problems in
detecting the further away patient, but the fact that the sampling was
primarily from patients who came to a 3rd level hospital supports the fact that
only local patients were omitted. In addition, more than the minimum number
of samples (385) to represent the society for Konya province was taken.

In conclusion, chronic diseases affect physical performance quality in
older ages. As well as the cumulative effects of chronic diseases, high BMI
also affects the quality of life in old age. For Konya province, the
performance quality of hypertensive patients is lower than that of diabetics.
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1. Giris

Pnémoni akciger parankiminin enfeksiyon hastaligidir. Hastalik her yil
450 milyon Kkisiyi etkilemekte ve 4 milyon kisinin Oliimiine neden
olmaktadir. Pndmoni yasli ve komorbiditesi olan hastalarda daha agresif
seyretmektedir (Dambrava et al., 2015). Pndmoni siddetinin belirlenmesi;
hastanin takip edilecegi saglik biriminin belirlenmesi, tedavi siiresi ve tedavi
secimi i¢in yol gostericidir. Ayrica hastaligin mortalitesi hakkinda fikir
vermektedir.

Pnémoni siddetini belirlemek amaci ile CURB-65 ve PSi (pndmonia
severity index) skoru siklikla kullamilmaktadir. CURB-65 skoru
hesaplanirken biling bulanikligi, hasta yasi, solunum sayisi, diastolik kan
basmct Slgiimii, kan BUN seviyeleri bilinmelidir. CURB-65 skoru O olan
hastalara oral tedavi verilir, CURB-65 skoru 1- 2 olan hastalara kisa siireli
hastane yatig1 yapilir. CURB-65 skoru 3- 4- 5 olan hastalar yogun bakimda
takip gerektirir.

PSI ise; yas, cinsiyet ve bakimevinde kalma, konjetif kalp yetmezligi,
serebrovaskiiler hastalik, kanser, bobrek ve karaciger hastaligi, tasipne,
tagikardi, kan basinci, konflizyon, arteryel pH, iire, sodyum, glukoz,
hematokrit ve arteryel oksijen basmeci, plevral sivi varligi ayr1 ayri
puanlanarak hesaplanir. Pndmoni tani, takip ve tedavisi sirasinda birgok
biyokimyasal test kullanilmaktadir. Bunlar PCT (prokalsitonin), CRP (C-
reaktif protein), WBC (White blood cell) gibi belirteglerdir (Brown, 2009;
Muller et al., 2007; Niederman, 2008), bununla birlikte, IGC (immatiir
graniilosit sayis1), IGI (immatiir graniilosit indexi) gibi yeni kullamilan
belirteclerde enfeksiyonun gostergesidir (Ansari et al., 2003). IGC kanda
bulunan olgunlagsmamis graniilosit sayisin1 gosteren bir hemogram
parametresidir. IGI ise olgunlasmamis graniilositlerin olgun graniilositlere
oranint ifade eder ve ¢ogu klinisyen tarafindan yeterince bilinmeyen bir
inflamasyon belirtecidir (Park et al., 2017). Normalde saglikli insanlarda,
gebelik ve yenidogan donemi diginda goriilmeyen olgunlasmamis
graniilositler, kemik iligi aktivasyonunun ve ciddi enfeksiyonun bir
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gostergesidir (Park et al., 2017; Senthilnayagam et al., 2012). Otomatik
hematolojik analizérlerde teknolojik ilerlemeler nedeniyle IGC ve IGI, rutin
bir tam kan sayimi (CBC) ile kolayca ve hizli bir sekilde 6lgiilebilir (Ansari
et al., 2003).

Son galismalar IGI' nin ciddi sepsis ve kan enfeksiyonlarmi belirlemede
beyaz kan hiicresi (WBC) sayisi, CRP ve PRC gibi gelenceksel belirteglerden
daha etkili bir belirte¢ oldugunu gostermistir (Park et al.,2017; Unal, 2018).
Biz bu g¢alismada 2019 Ocak- 2019 Haziran tarihleri arasinda {iniversite
hastanesi i¢ hastaliklar1 kliniginde, pnomoni tanist ile yatarak tedavi alan
hastalarm CURB-65 ve PSI skorlar1 ile IGC, Gl arasmndaki iliskiyi irdeledik.
Bu yeni parametrenin hastalik aktivitesini ve mortaliteyi yansitmadaki
giiciinil arastirdik.

2. Gereg ve yontemler

Bu caligma; retrospektif, kohort ¢aligmasi olarak planlandi. Necmettin
Erbakan Universitesi Meram Tip Fakiiltesi etik kurulunun 10.07.2019 tarih
ve 2019/1973 karar onayr sonrasinda orneklem Dahiliye kliniginde 6 aylik
sirecde yatirilarak tedavi edilen toplam 655 hastanin epikrizleri geriye
yonelik taranarak, 65 yas iizerindeki pnédmoni tanili 60 hastadan olusturuldu.
Calismaya alinan hastalarin epikrizleri incelenerek CURB-65 skoru ve
mortalite durumlar1 belirlendi. Hastalarin rutin hemogram ve basit biyokimya
testleri retrospektif olarak hastane medulla sisteminden incelendi. CRP,
WBC, PRC, IGC, IGI degerleri numerik degisken olarak not edildi. Hastalar
tanilarma gore 6 gruba ayrildi. Gruplar;, kanser, kronik bobrek hastaligi
(KBH), konjestif kalp yetmezligi (KKY), sepsis, akut bobrek yetmezligi
(ABY), diger (kronik olup inflamasyonla ilgili olmayan hastaliklar)
seklindeydi. Hastalarin akibeti 6lim ve taburcu seklinde not edildi.
Hastalarin yas ve cinsiyetleri not edildi.

2.1. istatistiksel Analiz

Elde edilen veriler Microsoft Excel (Microsoft Corp. USA) caligma
sayfasina kayit edildi. Arastirma verilerinin istatistiksel analizleri igin SPSS
22.0 for Windows (IBM software) programi kullanildi. Tanimlayici
istatistiksel veriler (ortalama, standart sapma, frekanslar) hesaplandi. ki
gruplu degiskenleri karsilagtirmada Independent Samples T-test kullanildi.
Iki degisken arasinda istatiksel olarak iliski varhgi Spearman testi ile
degerlendirildi. Anlamlilik diizeyi p<0.05 olarak kabul edildi.

3. Bulgular

Calismamizin verileri $6yleydi; Pnomoni tanisi ile yatan 65 yas tizeri 60
hastanin 33’ i (%55) erkekti. Olgularin yas ortalamasi 72,3 + 9,2 idi.
Hastalar arasinda en yaygin tani1 grubu kanser 25 (%41,6) ve diger 23
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(%38,3) gruptu. KBY grubundan 4 (%6,6) hasta, KKY grubunda 3 (% 5)
hasta, sepsis grubunda 2 (%3,3) hasta ve ABY grubunda da 3(%5) hasta
bulunmaktaydi. Olgularin takipleri sirasinda 25°t (%41,6) eks olurken 35° i
(%58,4) taburcu oldu. CURB-65 ortalamasi 3 + 1,1 idi. PSI skoru ortalamas1
176,5 + 58,9’ du. Diger tanimlayici 6zellikler tablosu Tablo 1.de verilmistir.

IGC ve IGI degerlerinin mortalite ile iliskisini belirlemek i¢in T testi
kullamild1. IGC - IGI degerlerinin mortalite iizerine etkisi olmadig1 goriildii.
IGC degerinin eks olan hasta grubundaki ortalamasi 0,8 + 1,7 bulundu,
taburcu gruptaki IGC ortalamas:1 0,5 + 2,0 bulundu. Eks-Taburcu grup
arasinda istatistiki anlamli fark yoktu (p = 0,58).

[Gi’nin eks grubundaki ortalamasi 4,0 + 6,1 idi, taburcu grupta ise
ortalama 1,7 &+ 2,4 bulundu. Fark istatistiki olarak anlaml degildi. (p = 0,1).
Tablo 2. de IGC - 1GI ile mortalite iliskisi verilmistir.

Birgok korelasyonlar arasida dnemli not edilebilenler sunlardi; CURB-
65 ile PSI (p = 0,001, r = 0,786), IGC (p = 0,023, r = 0,294) ve IGI (p =
0,006, r = 0,352) arasinda pozitif, PSI ile IGC (p = 0,029, r = 0,283) ve IGI (p
=0,005, r = 0,356) arasinda orta derecede pozitif ve IGC ile IGI (p = 0,001, r
=0,772) arasinda gii¢lii pozitif korelasyon vardu.

Tablo 1. Tanimlayici Ozellikler Tablosu

YAS CURB-65 PSI iGC IGI
Ortalama 72,38 3,05 176,58 0,64 2,70
Standart sapma 9,29 1,18 52,88 1,88 4,48

Tablo 2. IGC-IGI ile mortalite iliskisi

n Mean P degeri
. exitus 25 0,80+1,74
IGC 0,588
taburcu 34 0,563 +2,02
exitus 25 4,00+6,18
iGl 0,101
taburcu 34 1,79 +244

4, Tartisma

Calismamiz pndmoni hasta grubunda IGC, IGI verileri ile yapilan ilk
calismadir. Bernstein ve arkadaglarmin 2011 yilinda sepsisli hasta grubunda
yaptiklar1 galismada IGC ve IGI’ nin agir sepsis tams1 koymada sensitif ve
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spesifik oldugu sonucuna vardilar. Ayni ¢alisma PRC’ nin sepsis tanisi
koymada duyarl oldugunu fakat CRP’ nin duyarli olmadig1 sonucuna vardi
(Bernstein et al., 2011). Yaptigimiz ¢alismada IGC- IGI” nin pnomoni siddeti
ile iligkili oldugu sonucuna ulastik. Calismamz IGC-IGI degerlerinin
mortalite ile iliskisi olmadig1 sonucuna ulastl. Bu baglamda IGC-IGi degeri
pndomoni siddetini 6n gérmekte iken mortaliteyi dngoremedi.

Ayres ve arkadaslarmm 2019 yilinda yaptig1 ¢aligmada 2’ nin altindaki
IGI degerleri sepsis tanisim dislamada duyarli iken 3 ve iizerindeki I1GI
degerleri sepsis tanisi igin oldukca spesifikti (Ayres et al.,, 2019). Bizim
cahigmamizda IGC ve IGI’ nin tanisal duyarliligi degil mortalite ve hastalik
siddeti ile iliskisi degerlendirildi. IGI degiskeni ortalamasi eks olan hasta
grubunda taburcu gruba gore belirgin yiiksekti fakat istatistiki olarak bu
yiikseklik anlaml1 degildi.

Ansari ve arkadaglarmin 2003 yilinda yaptiklari ¢aligma sepsis grubu
lizerinde yapilmus, 3 iizeri IGI degerlerinin sepsis igin spesifik oldugu
bulunmustur (Ansari et al., 2003). Bizim ¢alismamizda hasta sayis1 kisithlig:
nedeni ile IGC ve IGI” nin katagorik verileri calismamizda kullanilmamustir.

Cornet ve arkadaslar1 2015 yilinda yaptiklar1 ¢ahsmada IGC ve IGI’ nin
sepsis tanisi koyma ve prognozu Ongdrmede basarili oldugu sonucunu
buldular (Cornet et al, 2015). Bizim ¢alismamizda ise IGC ve IGI
degerlerinin hastalik siddeti ile ilgili oldugu fakat prognozu 6ngérmedigini
bulduk.

Mathew ve arkadaglarmin 2014 yilinda, akut apandisitli ¢ocuklarda
yaptig1 bir baska caliymada IGC perforasyonu yani siddetli hastahgi
ongdrmede basarili bulunmustur, IGI ise ayni basartyr saglayamamustir
(Mathews et al.,, 2014). Nierhaus ve arkadaslarmin 2013 yilinda yaptigi
calisma ise IGC degiskeninin SIRS ve sepsisi saptamada basarili oldugu fakat
mortaliteyi dngdrmedigi sonucunu gosterdi (Nierhaus et al., 2013). Bizde
calismamizda IGC-IGI ile mortalite arasinda iliski bulamadik.

2018 yilinda yapilan bir calismada IGC degerinin siddetli bakteriyel
enfeksiyon varligmi gostermede degerli oldugu sonucuna varildi (Pavare et
al., 2013). Biz de calismamizda hastalik siddeti ile IGC-IGI degerlerini
iligkili bulduk.

Park ve arkadaslarmin 2014’ te yaptiklar1 ¢alisma IGI degerinin sepsis
siddetini yansittig1, mortaliteyi yansitmadigi ve DIC ile iliskili oldugunu
saptadl. Bu caliyma kan IGI ve laktat seviyelerinin komplikasyonlart
yansitmada CRP, PRC, Wbc’ den daha basarilt oldugunu gosterdi (Park et
al., 2016). Calismanizda IGC- IGI degerleri ile hastahk siddetinin iliskili
oldugu sonucuna vardik, ¢alismanin retrospektif planlanmasi nedeni ile laktat
degerlerine ulagilamamistir.
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Unal ve arkadaslarmm 2019 yilinda pankreatit tanili hastalar arasinda
yaptig1 ¢alisma IGI degerinin nekrotizan pankreatit gelisiminin bir habercisi
yani siddetli hastaligm isareti oldugunu gosterdi (Unal et al., 2019).

Sonug olarak; ¢alismamizin verileri 15131nda IGC- 1GI geriatrik yastaki
pnomoni hastalarinda, hastalik aktivitesini gostermektedir sonucuna ulastik.
Cahismamiz pndmoni tamh hastalarda IGC-IGI parametreleri ile yapilan ilk
calismadir. Bu ozelligi ile yol gosterici niteliktedir. Ancak c¢alismanin
spesifik yas grubunda yapilmis olmasi, siddet skoru diisiikk olan yani ayaktan
tedavi verilen hastalarin ¢aligmaya alinamamasi ve hasta sayisinin az olmast
nedeni ile ¢alisma sonuglarini genellemek zordur. Hasta sayismin yiiksek
tutuldugu ve siddet skorlarma gore hasta dagilimi homojen olan ¢aligmalar
pnomonide hastalik siddeti-mortalite-iGC-IGI iliskisini aydinlatmakta fayda
saglayacaktir.
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1. Introduction

With the emphasis on aesthetics as well as people's health, the use of
restorative materials in tooth color has also started to increase in dental
treatments. The most commonly used of these are light-cured composite
resins. Composite resins are preferred by dentists because of their advantages
such as they do not contain mercury, are biocompatible, can be attached to
dental tissues, allow for conservative cavity preparation, support dental
tissues remaining after caries cleaning, can be finished in a single session and
low thermal conductivity; and preferred by patients because they are tooth-
colored *.

Composite resins consist of three main components: organic resin matrix,
inorganic fillers and binding agent. It is formed by bonding the inorganic
filler particles dispersed in the matrix phase with the intermediate binder
silane agent, which is the intermediate linker . The organic matrix contains
high molecular weight dimethacrylates (Bis-GMA) and low viscosity
dimethacrylates (TEGDMA). Other components in the composite resin
material are; color stabilizers, color pigments and polymerization activation
systems.

Composite resins are initially in the form of monomers and polymerized
by various methods and become polymer. For the polymerization of light-
cured composite resins, light with a minimum wavelength of 400-500 nm is
required . Today, the most common “light emitting diode” (LED) light
devices are used for the polymerization of composite resins. These are
produces visible light in the effective spectrum of 450-490 nm effective
spectrum, which is close to ideal for composites *°. LEDs are high-
efficiency light sources. It is one of the advantages that it does not produce
heat and, therefore, does not cause gingival or pulp irritation.

243



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 15

The degree of polymerization is one of the most important factors
affecting the clinical success of composite resins. In order to understand that
the degree of polymerization is sufficient, radiometers that can measure the
power density of light sources with a wavelength of 400-525 nm in mW / cm?
are used °. Radiometers can be analog or digital.

For maximum polymerization of composite resins, light should be applied
in an appropriate wavelength range, at an effective intensity, in sufficient
time and to reach the entire surface of the restoration. If these conditions are
not met, ideal polymerization of the material cannot be mentioned.
Incomplete polymerization reduces the hardness and elasticity module,
preventing the physical and mechanical properties of the material from being
at an optimum level, increasing the water absorption and solubility, causing
cytotoxicity and coloration in restoration and there may even be a loss of
restoration '. The polymerization of composite resins is based on some
variables such as shade, translucency and size of fillers. Studies have shown
that the color shade of composite resins can affect the polymerization
process, dark composites weaken the energy passing through the composite
so polymerization problems can occur &,

Polymerization cannot be fully realized when composite resins more than
2 mm. Therefore, a more uniform polymerization can be achieved when the
composite resin thickness is 2 mm °. In this study, it was aimed to evaluate
the direct light transmittance of four different composite resins with the same
color shade (A1) according to the VITA scale. According to the
manufacturer’s instructions, two of them can applied in 2.5 mm thickness and
others are 2 mm.

The null hypothesis was that the direct light transmittance values of
composites with different thicknesses are different from each other.

2. Materials and Methods

In this in vitro study, Al color shade composite resin from 4 different
brands was used. Manufacturers and contents of the materials used are shown
in Table 1. Ten samples were prepared cylindrically type, for group A (Filtek
7250, 3M ESPE, USA) and group B (G-aenial Posterior, GC, Japan) 2.5 mm
thicknesses and 8 mm diameter were prepared according to manufacturer’s
instructions; for group C (Estelite Posterior, Tokuyama Dental, Japan) and
group D (Ice Restorative System, SDI, Australia) 2 mm thicknesses and 8
mm diameter were prepared according to manufacturer’s instructions.
Transparent strip was placed on a glass and the mold was placed on
transparent strip. Composite resins were placed in the slot inside the mold
and the excess was removed. Transparent tape and another glass were placed
on it and pressure was applied slightly. Samples were placed on the reader of
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a digital radiometer (SDI, Australia) without polymerization. The
polymerization was carried out for 20 seconds with an electric LED light
device (Woodpecker Led G, China) with 1000 mW / cm? light power
intensity. The calibration of the device was done by Optomed company
(Optomed, Measurement Calibration Electric. Medical. Sist. San. and Tic.
Ltd. Sti, Istanbul). The light device was kept perpendicular to the sample for
the polymerization process. A black rubber ring was applied to the end of the
light device in order to prevent the light coming from the light device from
spreading to the environment, to come directly to the sample and not to be
exposed to daylight. During the polymerization, direct light intensity values
passing through the sample were recorded at the 1%, 5" 10" 15" and 20"
seconds of the measurements using a digital radiometer (SDI, Australia).
Measurements were made at 21 + 2 °C room temperature.

The normality assumption of the data was examined by Shapiro Wilk test
and it was determined that the data were normally distributed (p>0.05).
Variance homogeneity tests were examined with Levene test and variances
were found to be homogeneous. For these reasons, one-way analysis of
variance was used in the analysis of the data. Duncan multiple comparison
test was used to determine the differences between the groups. SPSS software
(V 22.0) program licensed by Ondokuz Mayis University was used in the
analysis of the data. Descriptive statistics were mean + standard deviation.
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Table 1. Brand and contents of composites used in the study

Brand Material Type Material Manufacturer Lotno Filler Rate
Content
Filtelt Z250 Microhybrid Bis-GMA, 3MESPE, USA N994523 weight
(@ it UDMA.
Anterior/ CHPOsEE : %78
Bis-EMA
posterior volume
(Grup A) %60
G-aenial Microhybrid UDMA, GC, Japan 1903281 weight %76
Posterior Composite dimethacry volume 62
(Grup B) late co-
monomer
Estelite Nano-hybrid Bis-GMA. Tokuyama, W131 weight %84
. composite TEGDMA  Japan volume
Posterior
. Bis- %70
(T M) MPEPP

Ice Restorative Nano-hybrid UDMA, SDI, Australia 180435 weight

System composite Bis-EMA %77.5
Anterior/ TEGDMA volume %61
posterior

(Grup B)

Bis-GMA (bisphenol A-glycidyl methacrylate)
UDMA (urethane dimethacrylate)
Bis-EMA (bisphenol A diglycidyl methacrylate ethoxylated)
TEGDMA (tetraethyleneglycol dimethacrylate)
Bis-MPEPP (bisphenol A polyethoxy methacrylate)

3. Results

In this study, which was made with Al color shade composites of four
different brands and analyzed direct light transmittance, when the
measurement times were taken into account, significant statistical differences
were observed between the groups as shown in Table 2 (p<0.001). According
to the table, the lowest direct light transmittance value was observed in group
B in the first second, and the maximum direct light transmittance value was
observed in group D in the 20" second. In group comparisons; in groups A
and C, the direct light transmission value in the first second is lower than the
subsequent measurement values (p<0.002). In both groups (A and C), it was
understood that the direct light transmittance values at other measurement

246



INSAC Contemporary Trends in Human and Health Sciences Research Chapter 15

times were similar, and the highest direct light transmittance value was
observed at the measurement in 20 seconds. In group B, statistically
significant differences were found between the first and 5" seconds
measurements and, between the other values and the first and 5" seconds
measurements (p<0.001). It was found that Group D had a more stable light
transmittance from the beginning (p=0.121), but it had high light
transmittance values than other groups at all measurement times (p<0.001)
(Figure 1).
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Figure 1. Example of a curve showing the increase in direct light
transmittance values of composite resin samples (mW/ cm?)

Table 2. Direct light transmittance values of composite resin samples

Time 1 5 10 15 20
Groups Mean + Mean + Mean + Mean + Mean + Std F B
Std error Stderror  Stderror  Std error error

Group A 141,06 + 161,30 = 169,65 + 171,13 + 172,63 + 6,839 <0,001
3,95cB 4,59cA 5,41cA 5,52cA 5,40cA

Group B 136,61 + 179,18+ 196,74+ 200,90 + 203,89 + 58,209 <0,001
3,48cC 3,96bcB 4,14bA 3,42bA 3,18bA

Group C 167,28 + 199,40+ 211,00+ 219,35+ 224,40 £ 5,495  <0,002
7,43bB 9,52bA 10,07bA 9,94bA 11,18bA

GroupD 24345+ 260,73+ 269,06+ 274,10+ 275,30 £ 1971 0,121
7,69aA 9,42aA 9,79aA 9,59aA 10,01aA

F value 68,854 34,687 28,909 32,230 28,122
P <0,001 <0,001 <0,001 <0,001 <0,001

ABC (capital letters) indicates that there is a difference between the
columns. abc (lowercase letters) indicates that there is a difference between
lines.
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4. Discussion

The direct light transmittance values of composites with different
thicknesses are different from each other. Therefore null hypothesis of the
study was accepted.

Composite resins are produced in different color shades for aesthetic
reasons. In dentistry, colors are mostly expressed using the VITA scale. In
this scale, the colors are basically divided into 4 as reddish brown, reddish
yellow, gray and reddish gray. In order to give these shades to composite
resins, various coloring agents are added to the composite structure. The
polymerization depth of dark colored composite resins is less than
composites produced in light color. In some studies, it was stated that the
reason for this was the coloring agents added to the composite resin %,

In this study, considering the effects of coloring agents on the light
penetration of composites, all sample groups were selected in Al color shade
according to VITA scale. As a result of this study, direct light transmittance
values of composite groups were found to be different. Even if the samples
have the same color shade, different light transmittance values can be
attributed with the material's content differences.

Composite resins can be classified according to the size of the filling
particles; as Macro fillers (10-100 pm), Midi fillers (1-10 pm), Mini fillers
(0.1-1 um), Micro fillers (0.01-0.1 pm) and Nano fillers (0.005-0.01 pm) *2,
Studies on light scattering during the polymerization of composite resins
have reported that this depends on the filler size contained in the material
1314 The light given to the composite surface for polymerization reflects from
the surface of the filling particles during its passage through the composite
resin and some of the light is scattered . Using nano and micro hybrid filler
types in our study, it was found that the filler type affected the direct light
transmittance values. In the present study, nano-filled composites showed
higher direct light transmittance values.

Composite resins organic matrix part contains various monomers such as
UDMA (urethane dimethacrylate), Bis-GMA (bisphenol A-glycidyl
methacrylate), TEGDMA (tetraethyleneglycol dimethacrylate), EGDMA
(ethylene glycol dimethacrylate). While Bis-GMA and UDMA are high
molecular weight, TEGDMA is low molecular weight and dissolves faster
than other monomers *>*°. In our study, direct light transmittance values of
composites containing TEGDMA were higher. This may be related to the
molecular weights of the monomers in the composites.

In the results of our study, the reason for the increase of light
transmittance of Group B with time can be attributed to UDMA. Likewise,
the reason why Group D has high transmittance at the start seconds can be
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attributed to TEGDMA and its nanohybrid structure. In addition, the fact that
the samples are 2.5 mm thick in Group B and 2 mm thick in Group D is
another reason to consider.

In the polymerization process, as the thickness of the resin increases, the
intensity and effectiveness of the applied light decreases inversely . In
previous studies, the polymerization amounts of composites of different
thicknesses were tried to be evaluated and it was reported that the ideal
polymerization was 2 mm thick except for bulk-fill composites. In conditions
where the thickness of the composite resin exceeds 1.5 - 2 mm, the intensity
of the light may be insufficient for polymerization, especially when using a
dark colored composite 2. In our study, 2 mm and 2.5 mm composite
samples were prepared based on the manufacturer's instructions. It was
observed that the direct light transmittance of the samples prepared 2.5 mm
was less than 2 mm samples. Similar to this information, it was concluded
that thickness significantly affects the direct light transmission values.

Photoinitiators are used to initiate polymerization in light-cured aesthetic
restorative materials. The most well-known of these is the yellow colored
camphoroquinone and it is sensitive to blue light with a wavelength of 450-
470 nm. With the application of polymerization in sufficient time and power,
the camphoroquinone loses its yellow color and becomes colorless *%. In
this study, where the light transmittance of the composites of 4 different
brands of the same color shade was evaluated during polymerization; it is
thought that the light transmittance increases from the beginning to the 20"
second, and this situation may be related to the yellow photoinitiators
becoming colorless over time.

Composite resins are produced in monomer structure and they rapidly
transform from monomer structure to polymer structure with the onset of
polymerization **. The increase in direct light transmittance from the
beginning of the polymerization to the 20™ second may be related to this
structure change.

Different types of light sources or devices with high power can be used in
polymerization. UV light devices, traditional halogen light devices, high
energy intensity (turbo type) halogen light devices, plasma arc light units,
laser polymerization units and light emitting diodes (LED) are some of them.
LED light devices are generally the first choice because of their advantages
such as not needing much power to operate, long life, slight and cordless,
producing less heat compared to other devices >**. In our study, a LED light
source with electric was preferred to eliminate the differences regarding the
light device.
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5. Conclusions

In this study, direct light transmittance values of composite resins of
different fill type (micro-nanohybrid), thickness (2 mm and 2.5 mm) and
brand (4 brands) were evaluated during polymerization. It was found that the
direct light transmittance values, which were initially low, increased in the
following periods and the direct light transmittance values of the samples
prepared in nano hybrid structure and 2 mm thickness were higher.

Even though the composites have the same color shade and thickness, it is
thought that the differences in content can directly change the light
transmittance values.

Considering the direct light transmittance values of composite samples, it
has been proposed that the selection of nano-filled composite resins in
restorative treatments can lead to an advantageous polymerization.
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1. Giris
Optik norit (ON) tanisi esas olarak Oykii ve klinik muayene ile
konulmaktadir, 1.4-33/100000 oraninda goriilmektedir (1) ve etiyolojide

demiyelinizan hastaliklar, enfeksiyonlar, inflamasyonlar, toksik nedenler ve
genetik bozukluklar bulunmaktadir.

1.1. idiopatik Optik Nérit

ON etiyolojisi i¢in yapilan arastirmalarda genelde sebep birgok durumda
bulunamayabilir ve bu durumda idiopatik ON olarak adlandirilir (2). Daha
¢ok tek tarafli ve kadinlarda goriiliir, agrili g6z hareketleri ve diskromatopsi
ile karakterizedir, daha ¢ok 18 yas istii ve 50 yas altinda goriilmektedir,
ancak bilateral olarakta goriilebilmektedir. Gorme keskinligi ve gorme
alaninda bozulma ortaya ¢ikar ancak birkag ay i¢inde diizelme egilimindedir.
Hastalarin 2/3’iinde optik disk normaldir, 1/3 hastada optik diskte 6dem
tespit edilebilir. ON idiopatik goriilebilecegi gibi Multipl Skleroz (MS) ile
iligkili olabilir (3).

ON patogenezinde, aktive periferik T hiicreleri, kan-beyin bariyerini
gegerek sitokinlerin ve diger inflamatuar mediatorlerin salinima neden olur.
Noronal hiicre kaybma ve aksonal dejenerasyona yol agarlar. Siklikla 4
sekilde goriilmektedir. Hastalarm gérme sikayetlerinin oldugu ancak
muayenede optik diskin normal oldugu retrobulber norit, optik diskin 6demli
olarak goriildiigii papillit, optik sinir kilifinin tutuldugu perindrit ve optik
diskte 6dem ve makula eksudalarinin goriildiigli nororetinit seklinde
goriilebilmektedir. Papillit ve retrobulber norit en sik MS ile iliskilidir.
Perinérit ve nororetinit daha ¢ok enfeksiyoz ve inflamautar hastaliklarla
iligkilidir (4). Genellikle tiim hastalarda diskromatopsi goriiliir. Cogu kisi,
kirmizi-yesil ve mavi-sar1 karisik renk kusurlart gosterir, bunlardan biri veya
digeri baskindir. Etkilenen gbézde pupiller 151k refleksi azalr, klinik olarak
relatif afferent pupil defekti (RAPD) denir. Objektif, ancak spesifik olmayan
bir optik noropati belirtisi olarak saptanir. Bilateral vakalarda veya diger
gbzde onceden optik noropatisi olan vakalarda RAPD belirgin olmayabilir.
ON hastalarinda ek klinik sikayetler olarak Uhthoff fenomeni ve Pulfrich
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fenomeni goriilebilir. Uhtoff fenomeni, hastalarin %50'sinde tanimlanabilen
gorsel semptomlarin egzersize veya isiya bagli olarak artmasidir. Pulfrich
fenomeninde ise optik sinirlerdeki iletim hizinin asimetrisi nedeniyle bir
nesnenin hareket yoniiniin anormal algilanmasinin meydana gelmesi ve
derinlik algisinm bozulmasidir (5).

MS ile iligkili optik norit agirlikli olarak gen¢ kadinlarda ortaya gikar,
genellikle prognozu iyidir, iyilesme hizlidir. ON tanist konulan hastalar
orbital ve santral sinir sistemi MR taramalari ile degerlendirilmelidir (3).
Orbital MR, kompresif optik néropati gibi diger nedenlerle aywrict taninin
yapilmasini ve ON alt tiplerinin belirlenmesinin saglar. Kontrastli, yag
baskilt T1 ve T2 ile ince Kesitli (< 2mm) orbital MR ¢ekimi ile ON ayirici
tanisinin ve smiflandirmasmimn yapilmas: amaglanir (1). Yag baskili orbital
MR ile optik sinirde, T1 agirlikli kesitlerde kontrast tutulumu veya T2
agirhikh kesitlerde optik sinir hiperintensitesi gériilebilir. Idiopatik ve MS
iligkili ON ataklarinda kontrastli orbital MR’da optik sinir 6n bolgesinde
kontrastlanma goriilmesi beklenmektedir (3).

MR ve lomber ponksiyon (LP), taniy1 dogrulamaya ve MS gelistirme
riskini siniflandirmaya yardimci olabilir (1). MR’da demiyelinizasyonla
uyumlu beyin beyaz cevher lezyonlarinin varlhigi, gelecekte MS’e doniisiim
riski tagidigim  gostermektedir (5). Yapilan c¢aligmalarda, omurilik
lezyonlarinin  varligt MS’e doniisiim riskinin daha fazla oldugunu
gostermektedir. MS ile uyumlu beyin lezyonlar1 demiyelinizan karakterde,
¢ogunlukla beyaz cevherde periventrikiiler olarak yerlesmis ve ventrikiilere
dogru uzanim gosteren, 3 mm'lik oval lezyonlarla karakterizedir (2). Normal
beyin MR bulgular1 olan hastalarda 5 yillik MS gelisme riski %16, 1-2
lezyonlu hastalarda %37, 3 veya daha fazla lezyonlu hastalarda %51 olarak
bildirilmistir (6). Beyinde en az bir lezyonu olan ON hastalarinin yarisinin 15
yil iginde kesin MS tanis1 aldig1 bildirilmistir (1).

McDonald kriterleri, demiyelinizan hastaligin mekanda ve zamanda
yaylldigmi1 kanitlamak igin gereken klinik, radyolojik ve laboratuvar
kanitlarin1 6zetlemektedir. MS teshisi i¢in, ilgili beyin lezyonlar ile en az iki
norolojik atak olduguna dair klinik kanitlara sahip olmak gerekir. Optik sinir,
MS i¢in tipik bir lezyon yeri olarak kabul edilmez. Bu nedenle 2017
McDonald kriterlerine gére, ON olan ve normal beyin MR’1 olan, ON olan ve
MR’da tipik bir adet MS lezyonu olan hastalar MS i¢in McDonald kriterlerini
kargilamaz (3). Tani1 i¢in optik sinir harici MR bulgulari, zaman ve mekanda
yayilma i¢in kullanilabilir (1).

Optik atrofi ve disk solgunlugu 4-6 haftada geligir (2). Optik koherans
tomografi (OCT), retina sinir dokularinin ve retina sinir lifi tabakalarmnin
(RSLT) kalinhigmi degerlendirmek i¢in kullanilan yeni bir yontemdir.
Yapilan ¢aligmalarda RSLT kalinliginin 6l¢iilmesinin aksonal dejenerasyon
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ve atrofiyi belirleyebildigi gosterilmistir, diisiik RSLT degerleri, bozulmus
gorme fonksiyonu ile iliskilendirilebilmektedir. OCT takipleri ile RSLT
kalinliginin degerlendirilmesi, bir ON atagindan sonra hastaligin seyri ile
ilgili 6nemli bilgiler verebilmektedir (2). Caligmalarda ON hastalarinda
ganglion hiicre tabakalarinin OCT ile incelenmesi sonrasi, RSLT den de 6nce
etkilenmenin ve incelmenin bagladig1 bildirilmistir (7).

Gorme kaybmin diizelmesi %80 oraninda 2-3 hafta i¢inde kendiliginden
baglar ve 1 yila kadar diizelmeye devam eder (5). Hastalarin ¢ogu, tedavi
gormese bile ilk ay i¢inde gérme fonksiyonu diizelmeye baslar. Intravendz
yiikksek doz kortikosteroidler gorsel iyilesmeyi hizlandirir, ancak tedavi
olmaksizin bile uzun vadeli goérsel sonuglar olumludur (3). Yapilan
caligmalarda IV metil prednizolon (IVMP) 1000 mg/ 3-5 giin dnerilmistir.
Tedaviden sonra daha hizli iyilesme goriilmiis, ancak uzun vadeli gorsel
sonuglarda plasebo ile arasinda anlamli bir fark bulunmamistir. Bir¢ok
ndrolog ve oftalmolog, IV steroid tedavisinden sonra oral tedavi 6dnermez.
Disiik doz oral kortikosteroidler, etkili olmadiklar1 ve tekrarlama riskini
artirdiklar1 i¢in optik norit tedavisinde kullanilmamalidir. ON tedavisinde
oral 1250 mg prednizon verilmis ve IV yiiksek doz steroid verilen grupla
arasinda iyilesme sonuglari arasinda fark bulunmamstir (3).

Bilateral olmasi, erkek cinsiyet, agrisiz olmasi, baslangi¢ yasinin 18 yas
alt1 ve 50 yas iistiinde olmasi, optik disk 6deminin 6n planda oldugu, retinal
eksudalar ve peripapiller kanamalarin oldugu, iki haftadan daha uzun siiren
progresif gérme kaybi olan, MR ‘da optik sinir posterior kisimlarmin 6n
planda tutuldugu, sinirin yarisindan fazla uzun seyirli kontrast tutulumu olan,
optik kiazmanin tutuldugu ve optik sinirde periferal kontrastlanmanin
goriildiigii, tekrarlayan ON atagi olan hastalarda ON nedeni olarak
noromyelitis optika spektrum bozukluklar1 (NMOSD), myelin oligodendrosit
glikoprotein antikoru iligkili hastallk (MOGAD) ve diger otoimmiin,
enfeksiydz, inflamatuar nedenlerden kaynaklanabilmesi nedeniyle ileri
aragtirmalar yapilmalidir (3, 5).

1.2. Noromyelitis Optika Spektrum Bozukluklar

Noromiyelitis optika,  optik sinirleri ve omuriligi etkileyen bir
inflamatuar, demiyelinizan hastaliktr. NMOSD, tek veya ¢ift tarafli optik
norit (NMOSD-ON), beyin sapi, serebral ve diensefalik yapilar1 tutmaktadir.
Astrosit aquaporin-4 su kanallarma kargi antikorlar (AQP4-1gG) tespit
edilebilmektedir. Antikor tespit edilemeyenlere seronegatif NMOSD
denmektedir. Antikorlar compleman aktivasyonu ile astrositleri hedefler ve
oligodendrosit hasarma neden olmaktadir (1). AQP4-IgG pozitif olan
NMOSD’de optik norit genellikle siddetlidir. Gorme kaybi tipik olarak hizli
ve derindir. Kadmlarda daha fazla goriilmektedir, ortalama baslangic yasi
40’tir ve MS'den daha yiiksektir. MR'da T1’de optik sinirde kontrastlanma
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veya T2’de hiperdens lezyonlar genellikle optik sinir uzunlugunun
%350'sinden fazlasini etkiler ve posterior optik sinire veya kiazmaya uzanir.
NMOSD hastalarinda transvers miyelit, spinal MR’da en az 3 vertebral
segmenti kapsayan uzunlamasma genis intramediiller lezyonlar olarak
goriilir (3). Seropozitif NMOSD tanis1 i¢in  AQP4-IgG pozitifligi
bulunmalidir. Bunun yaninda optik norit, akut myelit, area postrema
sendromu (agiklanamayan inat¢1 higkirik veya bulanti ve kusma), akut beyin
sapt sendromu, NMOSD’ye o&zgii tipik diensefalik MR bulgusu ile
semptomatik narkolepsi veya akut diensefalik sendrom, NMOSD’ye 6zgii
beyin lezyonlar: ile semptomatik serebral sendrom bulgularindan en az biri
bulunmalidir. Eger AQP4-IgG antikoru negatifse alternatif tanilar
diglandiktan sonra sirasiyla ilk 3 bulgudan en az biri olmali, diger
maddelerdende an az biri bulunmalidir. NMOSD olan hastalarda, beraberinde
romatolojik ve paraneoplastik hastaliklar bir arada bulunabilmektedir.
Beraberinde arastirilmasi gerekir.

Tedavide bes giin boyunca giinde 1000 miligram IVMP ile erken tedavi
onerilmektedir. Semptomlar kotiilesirse veya diizelmezse plazma degisimini
onerilmektedir. En iyi klinik sonuglar, semptom baslangicindan sonraki 48
saat iginde IVMP ve plazma degisimi ile tedavi edilen hastalarda
bildirilmistir. NMOSD  tamis1  dogrulandiktan sonra uzun siireli
immiinosupresyon onerilir. Uzun siireli immiinosupresyon i¢in, azatioprin ve
rituksimab en yaygin olarak regete edilenlerdir ve birinci basamak tedaviler
olarak kabul edilir. Yapilan ¢aligmalarda rituximab’m NMOSD’de
azatioprin, prednizon ve mikofenolat mofetile gore relapsi 6nemli oranda
azalttigl gosterilmigtir. Mikofenolat mofetil, metotreksat ve mitoksantron
ikinci basamak tedavi olarak kabul edilir.

AQP4-1gG seropozitif NMOSD'li yetiskinler igin kullanilan diger bir ilag
ekulizumab’tir. Ekulizumab, kompleman proteini C5'e baglanan ve
kompleman yolagi aktivasyonunu durduran hiimanize bir monoklonal
antikordur. Relapslar1 plaseboya goére Onemli oranda azaltmistir.
Inebilizumab anti cd-19 monoklonal antikorudur ve NMOSD’de kullanilan
bir diger ilagtir. IL-6 monoklonal antikoru satralizumab NMOSD-1gG pozitif
hastalarda 6nemli oranda ataklar1 azalttig1 gosterilmistir ve onay almis bir
diger ilagtir.

1.3. Myelin Oligodendrosit Glikoprotein Antikoru iliskili Hastalik

Miyelin  oligodendrosit  glikoprotein  (MOG), oligodendrositlerin
ylizeyinde bulunan bir proteindir (8). MOG antikorlarmm (MOG-1gG) hedefi
oligodendrositlerdir (9). Akut dissemine ensefalomyelit (ADEM) ve beyin
sap1 ensefaliti ile iliskili olabilir. Cocuklar ADEM ile bagvurabilirler (8).
MOGAD nedeniyle olusan optik nédrit’in (MOGAD-ON) kadmlarda ve iki
tarafli tutulumu sik goriiliir. Hastalarin ¢ogunda optik disk ddemi vardir ve
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tekrarlayan optik norit ataklarma sahiptir. MOG-1gG pozitif hastalarda,
romatolojik hastalik birlikteligi daha az yaygmdir (1).

MR‘da MOGAD-ON, NMOSD-ON'dan farkli olarak optik sinirin 6n
kisminda kontrastlanma sergileme egilimindedir ve optik sinirin yarisindan
fazlasini etkilemektedir. Ancak MOGAD-ON, vakalarin %15 kadarinda optik
kiazmay1 etkileyebilir. MOGAD-ON’da optik sinirde periferal kontrastlanma
sik goriilmektedir ve ayirici tanida 6nemlidir. Beyindeki MOGAD’da olusan
demiyelinizan lezyonlar genellikle MS’ten farkli olarak jukstakortikal ve
derin beyaz cevher, beyin sap1 ve 4. ventrikiilin ¢evresine lokalizedir (8).
Ancak MOGAD hastaligindaki beyin MR ¢ogu kez normaldir (1).
MOGAD’ta transvers miyelitin 6zelligi kontrast tutmayan, daha ¢ok konus
medullarisi tutan ve gri madde ile sinirli olarak gdzlemlenmektedir. Gegici
seropozitifligin monofazik hastalik ile, tekrarlayan bir hastaligin ise kalici
seropozitiflik ile korele oldugu bildirilmistir.

MOGAD-ON monofazik olabilir, ancak %85'inde tekrarlayan bir hastalik
ozelligindedir. Yiiksek doz IVMP (1000 mg) 3-5 giin verilir ve genellikle
hizli iyilesme ile sonuglanir, 1-2 hafta sonra diizelme olmazsa plazma
degisimi yapilabilir. iki ile alti aya kadar oral steroid (Img/kg/giin)
azaltilarak kullanilabilir, nedeni ise ortalama niiks zamaninin ilk 6 ay
icerisinde oldugunun gosterilmesidir. Uzun siireli, diisiik doz oral steroid
kullanimu ile erken niiks riskinin azaldig1 g