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FOREWORD

Dear readers; In this book, a total of 20 chapters are included in different 
categories in the field of medicine and health in health sciences, up-to-date and 
covering many health departments. We are happy to present these sections, 
which contain as much current issues as possible, to you, valuable scientists. It is 
our greatest wish that this book will be an important resource for students, 
academics or other readers working or studying in the field of health. I would 
like to thank all the chapter authors and referees who contributed to the content 
of the book, as well as the publishing house, which had a great share in the 
writing, shape, design and preparation of this edition.

It is our greatest hope that the scientific content of this book will guide the 
diagnosis and treatment of patients. We hope that these studies will shed light on 
science and patient benefit. I would also like to thank you, our esteemed 
colleagues, who will read the book, evaluate it, contribute and make suggestions.

October 2022 Prof. Dr. Halit DEMİR 
 Asst. Prof. Dr. Mehmet Okan DONBALOĞLU
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C H A P T E R  I

HISTORY AND EVOLUTION OF ANKLE 
ARTHROPLASTY

Ahmet Fevzi Kekeç 

(Asst. Prof. Dr.), Necmettin Erbakan University, Meram Faculty of Medicine, 
Department of Orthopaedics and Traumatology, e-mail: afkekec@hotmail.com 

Orcid: 0000-0003-2045-4686

1. History of Ankle Arthroplasty

Degenerative diseases of the ankle joint, traumatic injuries or metabolic 
factors are an increasing healtcare problems. (1) Ankle osteoarthritis 
(OA) is present in approximately 1% of the adult population. (2) 

Osteoarthritis of ankle joint is associated with pain, dysfunction, and limitation 
of motion and impairs quality of life at least as much as hip osteoarthritis. Unlike 
knee or hip osteoarthritis, ankle osteoarthritis is usually primary or posttraumatic, 
but rheumatic diseases, gout, hemochromatosis, avascular necrosis, hemophilia 
and postinfectious conditions also play a role in the etiology of arthrosis 
development. Early conservative treatment can reduce pain and potentially 
preserve function, but in advanced osteoarthritis, ankle arthrodesis or total ankle 
arthroplasty may be necessary.

The first ankle arthroplasty came to the fore with Lord and Marotte in 
the 1970s and started to be used. Initially, poor clinical results were obtained 
due to the poor knowledge of ankle biomechanics and imperfect prosthesis 
designs, and it was discontinued when insufficiency developed in 12 of 25 
cases applied within 10 years. The original first-generation ankle prostheses 
were non-anatomical, cemented, and restrictive prostheses, with serious 
complications of osteolysis, component loosening, and implant infection. Then, 
first generation 2-component cementless prostheses came to the fore (Agility; 
DePuy, USA, TNK; Kyocera, Japan). Although the Agility type prosthesis was 
the only prosthesis used for 10 years in the United States since 1984 due to 
FDA restrictions and its lower price, removable 3-component prostheses were 
used in Europe at that time. In the 90s, second generation cementless, semi-
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constrained and three-component designs rapidly increased their popularity all 
over the world. Today, 3rd generation cementless, unrestricted and 3-component 
designs are widely used. 3rd generation prostheses have features such as better 
imitation of ankle anatomy and biomechanics and providing more postoperative 
range of motion. It is aimed to reduce wear and prolong implant survival with 
the unrestricted movable polyethylene insert in 3rd generation prostheses. 
Examples of the most commonly used 3rd generation prostheses in the market 
are “Hintegra (New deal, Lyon, France/Integra, Plainsboro, NJ, USA)”, “Inbone 
TAR (Wright Medical Technology, Arlington, TN, USA)”, “Agility (DePuy)”. 
Examples are Orthopedic, Warsaw, IN, USA)”, “STAR (Scandinavian TAR), 
the Mobility prosthesis (DePuy, Leeds, United Kingdom)”, and “Salto Talaris 
(Tornier, Edina, MN, USA)”. STARTM ankle prostheses, which are one of the 
more up-to-date designs and received FDA approval in 2009, are now accepted 
as the 4th generation and have a 3-component, fully mobile and cementless 
design. Thanks to the improved    implant production technology from the first 
generation prostheses to the present and the changing designs with a better 
understanding of ankle joint biomechanics, mid-term survival rates in ankle 
prostheses have now been reported as 70-95%, and arthroplasty procedure has 
become more and more an alternative to arthrodesis procedures. (Figure 1)

Figure 1. Ankle prosthesis designs of various orthopedic implant companies



HISTORY AND EVOLUTION OF ANKLE ARTHROPLASTY     3

2.  Arthrodesis  versus Prosthesis?

For years, the gold standard surgical treatment of end-stage ankle arthritis has 
been arthrodesis of the tibiotalar joint, and fusion surgery is still recommended 
as the gold standard by orthopedic authorities in many countries. As new designs 
and publications on total ankle arthroplasty (TAA) increase and its functional 
superiority over ankle arthrodesis is demonstrated, ankle arthrodesis has begun 
to be discussed more. While numerous ongoing studies and comparative studies 
attempt to distinguish which treatment option is superior, decisions must be made 
with currently available evidence-based medicine data. There are several causes 
of end-stage disease of the ankle joint. The most common ones are inflammatory 
and posttraumatic arthropathies. (3) In these conditions, it is important to 
evaluate the entire hindfoot and midfoot to confirm that the symptoms are 
entirely due to the tibiotalar joint. For example, chronic ankle instability is 
the most common cause of isolated tibiotalar degeneration in etiology, while 
Charcot arthropathy is frequently seen in patients with diabetic neuropathy or 
other neurosensory disorders. Conditions such as failed total ankle replacements 
and avascular necrosis of the talus often require ankle fusion. In addition, stage 
IV posterior tibial tendon dysfunction or other severe ankle deformities that are 
not suitable for periarticular osteotomies can be successfully treated with ankle 
fusion compared to ankle arthroplasty. (4)

Although there is no single criteria for deciding between the two treatment 
options, the Canadian Orthopedic Foot and Ankle Society (COFAS) ankle 
arthritis classification is useful for guiding . (Table 1) Type 1 is isolated ankle 
arthritis and can be treated with isolated ankle fusion or arthroplasty. Type 2 
includes cases accompanied by intra-articular coronal plane abnormality, ankle 
instability or tight Achilles conditions. These ankles may require a second incision 
for ankle arthrodesis or may require ligament stabilization, reconstruction and 
possible midfoot or forefoot correction. In type 3 ankle arthritis, hindfoot 
deformity, tibial malunion, midfoot deformity or first ray in plantar flexion are 
seen together. Treatment may include tibial, fibular, or calcaneal osteotomy or 
midfoot arthrodesis, in addition to ankle arthrodesis or arthroplasty. Any ankle 
arthritis with ipsilateral hindfoot degeneration (Type 4) can best be treated with 
arthroplasty, because ankle arthrodesis is likely to transfer the lost range of 
motion of the ankle to the arthritic periarticular joints. (5)
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table 1. Classification of End Stage Ankle Arthritis and Surgical 
Recommendations of the Canada Orthopedic Foot-Ankle Society (COFAS)

tip 1 tip 2 tip 3 tip 4
Preoperative 
Classification

Isolated ankle 
arthritis

Ankle arthritis 
with intra-articular 
valgus/varus 
deformity

Ankle instability 
and/or ankle arthritis 
with tense Achilles

Hindfoot 
deformity, tibial 
malunion, midfoot 
abductus or 
adductus,
 
Ankle arthritis with 
midfoot supination 
or 1st Ray plantar 
flexion

Type 1-3 
accompanied 
by subtalar, 
calcaneocuboid, 
or talonavicular 
arthritis

Postoperative 
Classification

Arthrodesis or 
arthroplasty

No need for 
additional 
incisions 
other than 
syndesmosis 
fusion

Arthrodesis or 
arthroplasty 

Additional incisions 
are required for soft 
tissue releases.

Arthrodesis or 
arthroplasty can 
be made with 
the additional 
osteotomies for 
midfoot arthrodesis 

Arthrodesis or 
arthroplasty can 
be made with 
the hindfoot 
arthrodesis

Recommended 
Additional 
Procedure

Additional 
procedure is 
unnecessary. 
Implant removal 
only.

Deltoid ligament 
release, Achilles 
tendon lengthening, 
gastrocnemius 
lengthening, tendon 
transfers, capsular 
release, forefoot 
reconstruction, 
metatarsal 
osteotomy, plantar 
fascia release, 
syndesmosis 
reconstruction.

Fibular osteotomy, 
calcaneal 
osteotomy, 
midtarsal 
arthrodesis

Arthrodesis: 
Triple, subtalar, 
talonavicular, 
calcaneocuboidal

Post-prosthesis revision rates are significantly higher than post-arthrodesis 
revision rates, although there is some evidence to support ankle prosthesis as 
it preserves ankle motion and offers improved function and reduced pain with 
high satisfaction rates. Revision surgery and failure rates are high, especially in 
women under the age of 60, those with poor glycemic control, and those with 
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medial laxity with valgus tilt. (6) Although the arthrodesis group appears to be 
more advantageous in cost analyses, there are concerns about the potential long-
term risk of arthritis in the joints of the foot (talonavicular, calcaneocuboid and/
or subtalar) after arthrodesis and the handicaps of gait kinematics deterioration. 
Considering the theoretical benefit of motion preservation, the prosthesis is an 
attractive alternative when considering other treatment options. Although both 
procedures have their own advantages and disadvantages, a decision should be 
made according to the patient’s expectations and other factors that may affect 
the prosthesis survival. However, due to the paucity of long-term data, there 
is currently insufficient evidence to recommend total ankle replacement over 
arthrodesis for all patient groups (7).

3.  Components And Fixation technics

First generation prostheses consisted of a concave polyethylene tibial component 
at the top and a convex metal talar component at the bottom. The components 
required severe bone resections and were all fixed with bone cement (PMMA). 
Whether their design was restrictive or not, they were all discontinued after high 
rates of loosening and poor clinical outcomes.

The most important feature that distinguishes second-generation prostheses 
from first-generation prostheses is that they no longer use bone cement and 
require less bone resection with more minimal implants. Thanks to the porous 
surfaces formed on the bone-contacting sides of the tibial and talar components, 
new bone formation into the implant prolonged implant survival. However, the 
polyethylene insert between the two major components in second generation 
prostheses was still fixed to either the tibial or the talar component. So there 
were two moving parts in total.

The main innovation in third generation prostheses was that the 3rd piece, 
the polyethylene insert, was either minimally restrictive or fully mobile. Again, 
as in the second generation prostheses, bone involvement is targeted thanks to 
porous and hydroxyapetite surface coatings without using bone cement. Again, 
as in second generation prostheses, bone adhesion is aimed with porous and 
hydroxyapetite surface coatings without using bone cement.

4.  types of Surgical Approach

Anterior Approach: An anterior approach is generally used for ankle prosthesis 
surgery. (Figure 2) The patient is placed on the surgical table in the supine 



6   ADVANCES IN MEDICINE AND HEALTH SCIENCE

position. If there are no contraindications, surgery is generally preferred under 
a pneumatic tourniquet applied from the thigh. A height is placed below the hip 
on the same side to prevent excessive external rotation. In patients who have 
had previous ankle surgery, the surgical approach can be modified according to 
the old incision located anteriorly to avoid compromising postoperative wound 
healing. After passing the skin and subcutaneous tissues sharply through the 
12 cm incision, the superficial peroneal nerve should be found just below and 
retracted laterally. Then, in most cases, the ankle joint capsule is reached by 
making a deep approach from adjacent to the tendon of the tibialis anterior 
muscle to protect the anterior neurovascular bundle located behind the tendon 
of the extensor hallucis longus muscle or between the tendons of the extensor 
hallucis longus and extensor digitorum longus muscles. (Figure 3) The joint 
capsule is made visible with an automatic Gelpi retractor. Then the capsule is 
resected and arthrotomy is performed. Tibial and talar osteophytes, if any, on the 
anterior side of the tibiatalar joint are resected with the help of an osteotome.

Figure 2. A: Ankle anterior approach (Cadaver dissection) B: Ankle 
arthroplasty components placed with anterior approach

Today, all ankle arthroplasty models use external guides. Distal tibia and talus 
osteotomies are performed using an oscillating saw, by the help of external 
guide that is placed by aligning the tibia shaft and fixed from at least two points 
after the fluoroscopy control. If there is a dysmorphism in the medial malleolus, 
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prophylactic screwing of the medial malleolus before the incision is beneficial 
in order not to cause iatrogenic fracture. In addition, care should be taken not to 
damage the tendon and vascular nerve structures of the posterior ankle by the 
oscillator saw during the cutting process extending to the posterior. How much 
oosteotomy will be made from the tibia and talus should be planned preoperatively. 
After placement of trial components, the patient’s range of motion, varus / 
valgus instability and tightness, and talus anterior-posterior transitional stability 
are checked. If necessary, additional resections are made by removing the trial 
braces. Additional procedures should be performed for patients with deformities 
and/or instabilities after the original prosthesis has been placed.

Lateral Approach: Just like in the anterior approach, the patient is placed 
on the surgical table in the supine position. If there are no contraindications, 
surgery is generally preferred under a pneumatic tourniquet applied from the thigh. 
A height is placed below the hip on the same side to prevent excessive external 
rotation. Since it is not possible to make bone resections parallel to sagittally 
curved talar and tibial surfaces in the standard anterior approach, and therefore 
osteotomies cannot be naturally curved, there is more bone loss in the anterior 
approach than in the lateral approach. In 2012, the FDA approved the “Zimmer 
Trabecular Metal Total Ankle Prosthesis” placed with the lateral approach. 
This approach theoretically minimizes surgical intervention on a previously 
traumatized anterior soft tissue envelope and allows direct visualization of 
the curved talus and tibial surfaces. In addition, such an approach allows for 
bone-sparing, curved resections that maximize bone contact and theoretically 
minimize component collapse. Simply, a 15 cm distal incision is used just above 
the lateral fibula. The fibula is reached by preserving the superficial peroneal 
nerve. After an oblique fibula shaft osteotomy is performed, the entire tibia 
talar joint is clearly reached behind the fibula, which is tipped posteriorly. After 
appropriate tibia and talar osteotomies are made with the incision guides of the 
prosthesis and the trial prosthesis is placed, the osteotomized fibula is fixed again 
with the help of plates and screws after fluoroscopy and physical examination 
control. This method is also advantageous in coronal plane deformities that will 
require fibula distal length adjustment, as it allows intervention to the fibula with 
the same incision. However, the current number of prostheses to be applied with 
this approach is very limited.

For patients operated with both approach, immobilization of the lower 
leg using a cast or brace is recommended for six weeks after surgery. In this 
period, full load can be allowed with the help of double crutches according 



8   ADVANCES IN MEDICINE AND HEALTH SCIENCE

to the severity of the patient’s complaints. In patients with poor bone quality 
and/or  if an additional procedures such as corrective osteotomy was made, it 
is more appropriate to give a partial load of 15 kg for six weeks after surgery. 
Thromboprophylaxis with low molecular weight heparin is administered during 
the immobilization period. Six weeks later, a clinical and radiological follow-up 
examination is performed.

5.  Indications

Before deciding on ankle arthroplasty, all conservative treatment methods 
should be applied to the patient. This includes intensive physiotherapy (local 
antiphlogistic therapy, muscle and range of motion exercises to prevent joint 
stiffness, muscle strength development, gait training) and possibly intra-articular 
hyaluronic acid viscosupplementation and orthopedic adaptation of the shoe. (8)

The ideal indication for total ankle replacement is advanced complete 
ankle osteoarthritis (primary, secondary, or post-traumatic) with good bone 
quality, neutral alignment, good stability, and preserved ankle mobility. 
Other specific indications include patients with bilateral osteoarthritis of the 
ankle. (9)

Total joint replacement can also be performed as revision arthroplasty in 
patients with failed ankle prosthesis. However, revision ankle arthroplasty, like 
all revision joint replacements in general, is a technically demanding surgical 
procedure. Patients with painful nonunion or malunion of previous ankle 
arthrodesis are another specific indication for total ankle replacement. (10)

6.  Contraindications

Absolute contraindications for ankle arthroplasty are; acute or chronic infections 
with or without osteomyelitis or osteitis; severe osteonecrosis of the talus (more 
than one-third of the talus); neuromuscular diseases and neuroarthropathies (eg, 
patients with Charcot’s foot) and clinical presentations with severe circulatory 
disorders. (11) Ankle arthrodesis should be performed instead of joint 
replacement in patients with accompanying significant ligament instability and/
or deformities that cannot be corrected intraoperatively. Metal allergies are also 
a rare contraindication.

Relative contraindications include severe osteoporosis, poor bone quality 
(eg, due to steroid therapy), diabetes mellitus, smoking and overweight, although 
the literature indicates that good results can be achieved in some of these cases. (12) 
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Although there may be an increase in the rate of aseptic loosening of components 
in patients who has high-level sports activity, in the literature low-level exercise 
(eg, walking, swimming, cycling, golf) is recommended after surgery. (13)

7.  Complications

Today, the use of total ankle arthroplasty is increasing, but it should not be 
forgotten that this surgery has a long learning curve, technical difficulties and 
many complications.

Incorrect Alignment: If the joint line is elevated with an excessive tibial 
cut, the tibial component rests on the softer metaphyseal bone, which can cause 
collapse and impingement problems. Lowering the joint line leads to tightening 
of the gastrocnemius-soleus complex followed by stiffness of the joint. 
Postoperative coronal plane deformity should be less than 4 degrees; otherwise 
pain and overloading on the implant margins may occur. Varus mispositioning 
can cause medial compression, stiffness, increased lateral foot pressure, and 
prosthetic edge wear. Valgus mismatch can cause lateral compression, arch 
pain from overstretching, and edge wear on the prosthesis. Medial translation 
of the tibial component increases the risk of medial malleolus fracture. Lateral 
translation causes excessive tension on the deltoid, which causes the talus tilting 
to the varus. In the literature, up to 36% of misplacement complications in the 
talar component and up to 16% in the tibial component have been reported. (14)

Fracture: Medial and lateral malleolar fractures may result from excessive 
resections or improper insertion of the cutting guide intraoperatively. There 
are fracture complications up to 23% in the literatüre. (15) If these are noticed 
during surgery,  should be fixed intraoperatively. These fractures can also ocur 
postoperatively following component misposition or poor implant fixation.

tendon Injury: Especially in cases where anterior approach is preferred, 
posterior tibial tendon and peroneal tendons are at risk of cutting in cases where 
the bone saw reaches excessively posteriorly, and it has been reported in the 
literature that this complication is seen approximately 10%. (14)

Nonunion of Syndesmosis: Nonunion of syndesmosis is a complication 
which is unique to the “Agility” prosthesis because it is the only prosthesis 
that requires a syndesmous fusion to provide support to the tibial component. 
Nonunion may result in premature loosening of the tibial component with 
angular change or collapse. There is a longer fusion time with the use of a single 
screw than with the use of two screws.
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Wound Problems and Infection: Healing problems are more common, 
because there is a thin soft tissue envelope around the ankle as opposed to the 
hip and knee. Additionally, the most commonly used anterior approach for this 
procedure is in the middle of the tibialis anterior vascular bundle, making it more 
risky for post-surgical wound problems. These complications can be reduced by 
making the incision long enough to prevent excessive retraction and minimizing 
excessive distraction with an external fixator. In the literature, an average rate 
of 3.4% of infection complications has been reported. (16) Infection should be 
treated like the other joint arthroplasties. Deep infection should be treated in two 
stages with aggressive debridement, antibiotic spacer and delayed fusion.

Component Loosening: Aseptic loosening may develop due to failure of 
new bone ingrowth into the porous structure of the prosthesis or inadequate 
cementing technique in the early period. Meanwhile, loosening of a previously 
firmly fixed implant may also occur months or years after implantation as a result 
of mechanical overload or physiological bone resorption. (17) Osteolysis is bone 
destruction caused by foreign body reaction to polyethylene wear particles. It is 
mainly the result of faulty component alignment and mismatched polyethylene 
articulation between the tibial and talar components. If the relaxation is due to 
extensive osteolysis, revision arthroplasty or arthrodesis may be required.

Evidence-based data on outcomes of ankle arthroplasty often comes from 
level IV studies. Rigorous examination of normal ankle biomechanics and review 
of previous implant failures has led to the development of a new generation of 
implants. Over time, prosthetic designs with cementless fixation have become 
standard. Later, the addition of a polyethylene “meniscus” to the artificial ankle 
joint was revolutionary, providing harmonious motion, more normal ankle 
kinematics, and reduced load stresses and wear rates. Increasing awareness and 
adequate surgeon training are probably key factors for turning ankle arthroplasty 
into a promising alternative to ankle arthrodesis. Appropriate patient selection 
remains the basic rule for successful ankle replacement. Extending the indications 
to younger age groups with more active lifestyles and ankles with deformities is 
the most important challenge for this surgery in the future.
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1. Introduction

Prostate cancer (PCa) is the second most common cancer in men (14.1%) 
 (14.3%) and ranks fifth in cancer-related deaths (lung 21.5%, liver 
10.5%, colorectal 9.3%, stomach 9.1% prostate 6.8%) (1). Stamey’s 

work on prostate specific antigen (PSA) was a landmark, and PSA has become 
the most important biomarker for PCa (2). PSA has been shown to be a superior 
predictor of PCa diagnosis to both digital rectal examination (DRE) and 
transrectal ultrasound (TRUS) (3). In the last three decades, widespread use of 
PSA screening has resulted in an increased incidence of PCa. However, PSA 
is not an ideal cancer biomarker as it may not only increase in PCa, but also in 
benign causes such as prostatitis. Since the treatment process will change with 
the diagnosis of PCa, it has become an integral part to check the PSA level in 
the initial evaluation of patients with lower urinary tract obstructive symptoms. 
Incidental cancer is defined as the diagnosis of cancer in the post-operative 
histopathological examination of patients who were accepted as benign and 
underwent surgery because of normal DRE and normal PSA in the preoperative 
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evaluation of patients with lower urinary tract obstructive symptoms. Although 
the widespread use of PSA decreased the incidental PCa numbers, PSA could 
not completely reset the incidental PCa numbers. Several studies have shown 
a significant reduction in the incidence of incidental PCa after benign prostatic 
hypertrophy (BPH) surgery with the widespread use of PSA (4-6). After the use 
of the PSA, incidental PCa in 4-21.9% of patients treated surgically for BPH of 
different series is still encountered (7-11).  

According to the 2021 European Association of Urology (EAU) oncology 
guidelines, incidental PCa is classified as T1a if tumor incidental histological 
finding is 5% or less of prostate tissue resected and classified as T1b if tumor 
incidental histological finding is more than 5% of prostate tissue resected (12). 
Incidental PCa is usually low-grade, small-volume, but like other PCa, it has the 
potential to be progressive. It has been observed that in a small but significant 
proportion of patients diagnosed with incidental (T1a) PCa and left untreated, 
the disease progresses and the disease can even lead to death (13).

This study, aimed to determine the rate of incidental PCa in patients who 
have undergone BPH surgery. The relationships between incidental PCa and 
age, digital rectal examination, PSA, surgical method, total prostate volume and 
histopathologic findings as potential predictive factors were investigated. 

2. Material and Methods

2.1.  Study design

The data of 819 consecutive patients who were diagnosed with BPH as a result 
of the preoperative evaluation and underwent OP or TURP surgery between 
January 2015 and December 2019. It was a secondary care hospital and has 
multisurgeons. Patients diagnosed with PCa were not included in this study. 
Patient history, DRE, urinary system sonography, post-void residual urine 
volume measurement, routine laboratory tests and PSA analysis were performed 
for all patients before surgery. Routine transrectal ultrasonography and pressure-
flow studies were not performed in the preoperative evaluations. Surgery 
decisions were made according to the absolute surgical indications of BPH. 
Preoperatively, when high level PSA and/or positive digital rectal examination 
was detected in patients, standard 12 core TRUS guided transrectal prostate 
biopsy was performed. As a cutoff, age-specific PSA reference ranges according 
to Oesterling et al were used (14). When it was decided that patients with only 
elevated PSA levels were not candidates for curative treatment due to additional 
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serious comorbidities or advanced age, TRUS prostate biopsy was not performed 
for suspected PCa, with prioritizing relief of obstructive symptoms. Patients in 
the biopsy group were included in the surgical group when at least one set of 
preoperative prostate biopsy was histologically negative. Re-biopsies were taken 
from patients who had biopsies due to high PSA levels before the operation, and 
those whose cancer suspicion continued after the operation. Surgical samples 
obtained after surgery were evaluated by the experienced pathologists of our 
hospital. After diagnosis of PCa, patients were staged as T1a or T1b according 
to the EAU guidelines’ TNM classification. Accordingly, if the cancer volume 
is less than 5% of all the removed tissue, it is reported as Stage T1a, and if it is 
more than 5%, it is reported as stage T1b. All the same specimens were graded 
according to the Gleason score according to the 2005 and 2014 consensus of the 
International Society of Urological Pathology. Tumors with a Gleason sum of 
7-10 were considered to be poorly differentiated, while tumors up to a Gleason
6 were included in the well differentiated group. The patients were followed up
by the urologists who performed the surgery. Patients diagnosed with PCa after
BPH surgery were sent to tertiary care centers.

2.2.		 Statistical	Analysis

Data were collected from medical records and uploaded to Excel 2019 database 
(Microsoft Corp., Redmond, WA, USA). Descriptive analyses such as standard 
deviation and frequencies were conducted. Binary logistic regression was used to 
examine whether age, DRE, prostate volume, surgery type, PSA categories were 
associated with the likelihood of having incidental PCa. A preliminary analysis 
suggested that the assumption of multicollinearity was met (tolerance above 
0.10 and VIF below 4). Moreover, patients’ PCa stage and incidental prostate 
cancer Gleason distributions were evaluated with chi-square test. Statistical 
analysis was completed on SPSS statistical package version 23.0 (SPSS Inc, 
Chicago, IL, USA). A P value <0.05 was considered statiscally significant.

The study protocol was approved by the Ethics Committees of Izmir 
Democracy University (Committee board approval number: 2021/7-57).

3. Results

Out of the 819 patients included in the study, 626 had TURP (76,43%) and 193 
(23,54%) had OP. Patients with palpably benign prostate and normal PSA levels in 
the preoperative evaluation, and patients who underwent TRUS-guided prostate 
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needle biopsy before surgery due to high serum PSA values or abnormal DRE   
and who were benign after biopsy were included in the study. In the preoperative 
evaluation, 76 patients with benign pathology results after one or more sets of 
transrectal prostate needle biopsy due to high PSA levels and/or abnormal DRE 
findings were included in the study. The mean age of 819 patients in the study 
group was 68.9 years (45-93 years). When the pathological results of these 
patients were examined, 765 (93.4%) patients had benign prostatic hyperplasia 
and/or inflammation, and 54 (6.6%) patients had PCa. When we look at the 
age distribution of these 54 patients, we see that 6 patients are between 50-60, 
21 patients are between 60-70, 17 patients are between 70-80, 9 patients are 
between 80-90 and 1 patient is between 90-100.

Of the 54 incidental PCa detected, 28 (51.85%) were T1a, the remaining 
26 were (48.1%) T1b. When the Gleason score distribution in patients is looked 
at, only 8 patients had Gleason score 6 disease, 31 patients had Gleason score 
7 disease and, 15 patients had Gleason score 8 or more. Out of the 54 cancer 
patients, 46(85.18%) had poorly differentiated tumors and Gleason Score 
7-10 while 8 patients (14.81%) had well differentiated tumors and Gleason 6. 
Preoperative biopsy was performed in 12 of 54 people who were diagnosed with 
incidental PCa. Of the 54 patients with incidental PCa, 27 had PSA below 4 ng/
dl and DRE was normal. 15 people had PSA over 4ng/dl, but biopsy was not 
taken because they were over 70 years old and had additional comorbidities and 
could not be included in the curative treatment group. Biopsy was performed for 
the remaining 12 patients under 70 years old with PSA over 4 ng/dl and/or DRE 
abnormality.

Binary logistic regression was used to examine whether age, DRE, prostate 
volume, surgery type, PSA catergories were associated with the likelihood of 
having incidental PCa. The model was statistically significant, (X2 = 19.65, p = 
0.001), suggesting that it could distinguish between incidental PCa and benign 
prostate hiperplasia

As shown in Table 1, age and PSA, but not DRE, prostate volume, biopsy, 
and surgery type, significantly contributed to the model. The age odd ratio of 
1.09 suggests that for every increase in age in years participants were 1.09 
times likely to have an incidental PCa. Moreover, participants with a PSA value 
higher than 20 were 4.88 times likely to have an incidental PCa while patients 
with a PSA value less than 4 were 13 times more likely to be a benign prostate 
hyperplasia.
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table 1: Logistic regression predicting the likelihood of an Incidental PCa

B Std. 
error

Wald df p-value OR 95% CI 
Lower Upper

Age (y) 0.03 0.01 4.37 1 0.03 1.03 1.00 1.07
DRE 1.12 0.57 3.84 1 0.05 3.09 1.00 9.55
PSA category (ng/ml)
<4 -1.99 0.53 14.13 1 .00* .13 0.04 0.38
5-19 - - - - - - --
>20 1.58 .54 8.44 1 .00* 4.88 1.67 14.24
Prostate 
volume

-0.00 0.00 0.50 1 0.47 0.99 0.98 1.00

Surgery 
type

-0.38 0.43 0.79 1 0.37 0.68 0.29 1.58

Biopsy 0.19 0.53 0.132 1 0.71 1.21 0.42 3.45
DRE, digital rectal examination; PSA, prostate-specific antigen; CI, 
confidence interval; OR, odds ratio. 
* Statistically significant.

Finally, the frequency of PCa T1a and PCa Tb1 according to the Gleason score 
of patients with incidental PCa was investigated by chi-square test. The obtained 
results are given in Table 2.

table 2: Patients’ PCa stage and Incidental PCa Gleason score distribution

GS6 ≤ n 
(%)

GS = 7 n (%) GS≥8 n (%) x2 p-value

PCa T1a
T1b

6(75%)
2(25%)

21(67.7%)
10(32.3%)

1(6.7%)
14(93.3%)

17.12 0.00*

PCa, prostate cancer; GS, Gleason score.
* Statistically significant.

As seen in Table 2, the incidence of T1a and T1b differs according to Gleason 
score (X2= 17.12, p<0.01). Accordingly, the incidence of T1b was higher in the 
group with a Gleason score of ≥ 8, while the incidence of T1a was higher in the 
group with a Gleason score of ≤ 6. 

When the total weight of the removed prostate tissues of patients diagnosed 
with T1a and T1b PCa were compared, the prostate weights of patients with T1a 
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(M = 44.23, SD = 29.67) were higher than patients with T1b (M = 25.33, SD = 
17.79) and this difference was found to be statistically significant (t=2.7 p < 0.05).

4. Conclusion

In many studies, the incidence of PCa after PSA use was compared with the 
period before PSA. Tombal et al. reported that the rates of incidental PCa has 
been decreased from 23% to 7% after PSA use compared to the pre-PSA period 
in their study on over 1600 patients (15). Similarly, Zigeuner et al found that it 
has decreased detection of incidental PCa from 15% to 6% when they compared 
the pre-PSA and PSA periods in their study involving over 2400 patients (16). 
It has become an integral part of the initial evaluation and follow-up of lower 
urinary tract obstructive symptoms patients, as there are more PCa diagnoses 
and related treatment changes after PSA measurements. Although measurements 
of PSA and digital rectal examination alone cannot distinguish between patients 
with BPH and PCa, it serves as an indicator for performing a TRUS biopsy 
before planning treatment. The peripheral zone of the prostate is the predominant 
location of PCa. In addition, due to the proximity of peripheral zone cancers to 
the rectal surface, it is a facilitator for digital rectal examination and prostate 
biopsy. The majority of incidental PCa cases are, grown in the transition zone 
of the prostate. Tumors in the transitional zone cannot be palpated with DRE 
and it becomes difficult to diagnose with TRUS prostate biopsy performed in 
that area. Therefore, transition zone cancerous tissue can be missed by standard 
biopsy technique (17). Although sometimes the tumor was negative in recurrent 
transition zone prostate biopsies, many authors reported that the rate of PCa 
after TURP was 7.9-20% in the same patients. For this reason, studies have 
been published, describing TURP as an alternative procedure to obtain tissue 
for pathological diagnosis, especially in patients with advanced obstructive 
symptoms with elevated prostate-specific antigen levels (18,19). Although 
transitional site tumors are perceived as insignificant, there are studies indicating 
that there are no statistical differences in biochemical treatment following 
radical prostatectomy for transition zone and pure peripheral zone cancers that 
match with comparable pathological tumor stage, Gleason score and surgical 
margin status (20).

American Urological Association (AUA) guidelines do not separately 
describe the management of incidental PCa T1a and T1b lesions. Active 
surveillance, brachytherapy, external beam radiotherapy, and radical 
prostatectomy are recommended by AUA guidelines as appropriate treatment 
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for low-risk PCa and do not provide a specific and separate definition for T1a 
and T1b (21).

The EAU has specifically defined incidental PCa for patients with 
T1a tumors and patients with T1b tumors with a Gleason score of 6 or less, 
recommending active surveillance or watchful waiting. According to the EAU 
guidelines, for low-risk PCa is defined as the Gleason Score <7 and PSA <10 
ng/dl (22). 

The indications for TURP/OP surgeries performed on the patients in our 
study were acute urinary retention, recurrent urinary tract infections and episodes 
of hematuria, or treatment of obstructive symptoms due to other causes. Patients 
diagnosed with PCa after BPH surgery were sent to tertiary care centers for 
curative treatment, by means of either radical prostatectomy or radiation therapy. 

When the predictive factors that may be associated with incidental PCa 
were examined in our study, there was no relationship between the type of 
surgery and the preoperative prostate volume, digital rectal examination but 
it was found to be associated with advanced age and a PSA of 10-20 ng/dl, 
especially with a PSA greater than 20ng/dl. As a result of our logistic regression 
analysis, we found that with each year increase over the years, the probability 
of participants to have incidental prostate cancer increased by 1.09 times, and 
patients with a PSA above 20 ng/dl had incidental PCa at a rate of 4.88 times 
more than those with a PSA below 4.

In this study, 6.6% incidental prostate cancers were detected in 54 of the 
819 patients who underwent OP or TURP with the diagnosis of benign prostatic 
hyperplasia. When the age distribution of these 54 patients diagnosed with PCa 
is looked at, 27 (50%) are under the age of 70 and have the potential to be 
candidates for curative treatment. When the incidental PCa group consisting 
of 54 patients were looked at, it was seen that only 8 (14.8%) patients were in 
the low-risk group. It was seen that the remaining 46 (85.1%) patients were in 
the intermediate and high-risk groups. These data suggest that patients who are 
scheduled for surgery due to BPH should be informed that although there is no 
preoperative finding, they have the potential to carry significant PCa and in such 
a case, additional oncological treatment may be required. 

In recent years, minimally invasive surgical procedures like transurethral 
needle ablation of the prostate, photo selective vaporization of the prostate 
with potassium titanyl phosphate laser, water vapor thermal therapy, 
bipolar transurethral vaporization of the prostate, transurethral microwave 
thermotherapy, prostatic urethral lift, prostatic artery embolization, transperineal 
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interstitial laser ablation of prostate have been developed and started to use for 
the treatment of BPH (23-31). Since none of these treatment options can provide 
tissue for pathological examination, they miss out on possible PCa. 

Our study has several limitations. Our study is retrospective and includes 
data from a single hospital. In addition, the fact that no multiparametric MRI-
targeted biopsy was performed in any patient may be a separate issue. Inclusion 
of multicenter prospective studies in which new biopsy techniques such as MRI-
targeted prostate biopsy are applied and more patients in the study may enhance 
our knowledge on this topic. We have insufficient patient follow-up data as we 
refer patients diagnosed with prostate cancer to tertiary care centers. Therefore, 
we were able to analyze only the incidence of incidental cancer diagnosis, not 
cancer progression and overall survival.

We found that 6.6% incidental PCa after TURP and OP in patients who 
were clinically diagnosed with BPH was not uncommon. Thus, incidental PCa 
still remains an important clinical problem. When we evaluate the results of our 
study together with the literature, although PSA and digital rectal examination 
are normal in young men with an absolute indication for prostate surgery, the 
treating physician should not forget that approximately 1 out of 20 men will 
still have PCa. The risk of PCa should be discussed with patients who choose 
one of the new minimal invasive surgical treatments without histological tissue 
sampling. Can PSA for the diagnosis of prostate ca be fully relied on? Since 
the answer is no, it is thought that there is not a more reliable method than 
pathological diagnosis until a new tumor marker is released. Incidental PCa 
remains a challenge for urologists and patients with high expectations for 
treatment.
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1. Introduction

Erectile dysfunction (ED) is the most common sexual dysfunction in men 
and one of the diseases that has the greatest impact on the quality of life 
of male patients (1). Although phosphodiesterase-5 inhibitors (PDE5i) 

have revolutionized the management of erectile dysfunction (ED), trial for novel 
treatments continues to improve patient satisfaction. It is estimated that by 2025, 
nearly 300 million men globally will be affected by ED (2). The frequency of ED 
has been reported widely variable based on changes in age and study population 
design. MMAS-derived self-assessment has been reported prevalence of ED 
from 15.5% to 50% in different age groups (3). Partners of patients also suffer 
lower sexual satisfaction in relation to patients’ degree of ED (4). Male sexual 
health is a remarkable sign of general health and the seeking treatment for 
impaired sexual health going back to the early civilizations (5). Management 
of ED includes conservative therapy, oral drugs, intracavernosal injection (ICI), 
intraurethral alprostadil, vacuum erection device (VED) and penile prothesis 
implantation (PPI) (6). At the present time, lifestyle modifications and PDE5i 
are followed by invasive treatments in ED management. Although the novel 
treatment options have been evaluated experimentally, stem cell therapy (SCT) 
low-intensity extracorporeal shock wave therapy (Li-ESWT) and platelet-rich 
plasma (PRP) showed promising results. 
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2. Current therapies For Erectile Dysfunction

2.1	 Oral	Phosphodiesterase	Type	5	Inhibitors

PDE5i is the most recommended and used first-line treatment regimen. The 
effects and bioavailability of PDE5i have been investigated in various well-
designed randomized large case studies comparing PDE5i with placebo and 
other PDE5i (7-8). Sildenafil and vardenafil are similar in peak absorption and 
half-life (3 to 5 hours). Unlike these drugs, tadalafil has a longer absorption 
time and half-life (17.5 hours) (9). Currently, tadalafil is the only oral ED 
medication approved for daily use (10). More than half of patients using 
PDE5i demonstrated satisfactory response to therapy, defined as an erection 
with sufficient stiffness for penetration (11). Despite the reported success rates, 
a considerable number of patients are refractory to the treatments depending 
on various factors like pelvic surgery, radiation, and the severe diabetic 
comorbidities (12-17). Precaution must be taken when combining PDE5i with 
alpha-receptor-blockers (18). The decreased success of PDE5i has shown 
in several diseases that impair the nitric oxide (NO) pathway, such as nerve 
injury following radical prostatectomy, peripheral neuropathy, hypogonadal 
conditions, and Peyronie’s disease. (19-21). 

2.2		 Intracavernosal	injection

Intracavernosal injection (ICI) is a second-line treatment for the men with ED.  
PGE1, papaverine, and recently aviptadil are the most used drugs (22).  In 
addition to ICI being an invasive treatment option, satisfaction after ICI is as high 
as 94%. (23-24) High discontinuation rates were reported due loss of spontaneity, 
pain and mostly fibrosis (25-26). ICI is contraindicated in patients with bleeding 
disorders a history of recurrent priapism and Peyronie’s disease (23).

2.3		 Intraurethral	prostaglandin	E1	

Intraurethral (IU) PGE1 is placed into the urethra through a small intraurethral 
catheter and acts by being absorbed into the Corpus cavernosum (CC) via the 
urethra. IU administration is less invasive and less effective compared to ICI 
(23). Success rates have been varied depending on patient characteristics and 
success assessment criteria (27-28). Higher discontinuation rates were reported   
in intraurethral (IU) PGE1 compared to the PDE5i from previous studies (29). 
Most encountered side effects are penile and urethral pain (30). 
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2.4		 Vacuum	erectile	device	

Vacuum Assisted Erectile Device (VED) is a device that causes an erection by 
creating negative pressure in the penis to draw blood from the CC to the penis. 
The efficacy of VED on erection was reported to be over 75% and up to 90% 
from previous studies (31). Although high success rates, discontinuation was 
also high due to dermal trauma (petechiae and hematoma) decreased orgasm, 
lack of spontaneity, pain, alteration in penile sensation and constriction ring (32).

2.5		 Penile	prosthesis

Penile prosthesis is the most invasive option among the current treatments. 
Surgical materials have been modernized to minimize technical issues, optimize 
device function, and increase treatment success. The malleable prosthesis is 
containing of two cylinders placed in the CC. The inflatable devices have two 
liquid-filled cylinders that are placed in the CC of penis, and a pump in the 
scrotum, and typically a liquid reservoir which is placed in the suprapubic region. 
Inflatable devices offer more physiological erection compared to malleable 
prosthesis and are preferred by patients. In the current literature, patient 
satisfaction is higher in men undergoing PPI compared to oral medications and 
ICI (33-35). The 10-year mechanical survival time of modern prostheses were 
reported as 86.6 % (36). Infection, distal erosion, and technical issues such as 
pump migration, and reservoir replacement are common complications of PPI 
(37). Although infection is the most complication, since the development of 
prostheses with antibiotics and hydrophilic coatings, infection rates have been 
greatly reduced (38). Despite reported high success rates high cost, invasive 
nature, and potentially serious complications have limited its widespread use.

3.  Novel therapies For Erectile Dysfunction 

3.1		 Novel	Drugs	

3.1.1	New	phosphodiesterase	type	5	inhibitors	and	novel	delivery	systems

SLx-2101(phosphodiesterase type 5 inhibitor topical agent, phosphodiesterase 
type 5 inhibitor sublingual dispersal agent) and its an active metabolite SLx-2081, 
is currently under investigation. SLx-2101 and SLx-2081(half-life 14 hours) 
clinically provide a longer period of benefit for ED patients (39). Common side 
effects included minimal headache, and visual disorder at the higher dose (39). 
The main reason of withdrawing the conventional PDE5i treatment is side effects. 
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Readjustment of drugs, including bioavailability and route of administration, can 
improve safety and efficacy (40-41). Recently implemented drug distribution 
systems, including orally disintegrating formulations (ODFs), are an alternative 
to traditional marketed formulations to ameliorate success and safety (42). In a 
phase Ila trial, single dose topical cream of sildenafil (5% SST-6006) and topical 
placebo to the penile shaft and glans were compared with promising results (43). 
Studies investigating oro dispersible tablets (ODT) and oro dispersal film (ODF) 
forms of sildenafil and vardenafil reported higher satisfaction rates compared to 
traditional formulas (44-46). Higher patient satisfaction and better safety profile 
was reported in sildenafil ODF group compared to film-coated tablet by De Toni 
et al (47). Bioavailability of transdermal form of vardenafil shown to be higher 
than a suspension form (48). 

3.1.2	Guanylate	cyclase	activator

Guanylate cyclase (GC) provides vasodilation via NO activation (49). 
Compared to traditional NO donors, BAY 60-2770 is a soluble GC activator 
and a stimulator of cGMP even in the reduced NO bioavailability (50). This 
provides an advantage over PDE5i drugs in treating ED patients following 
pelvic nerve injury or with extensive endothelial damage (51). Attempts to 
deliver sGC directly to smooth muscle cells regardless of NO could provide 
a solution for PDE5i unresponsive patients (52). Decreased intracavernosal 
pressure and cavernosal relaxations were shown following two-week treatment 
with BAY 60-2770 in a rat study (53). From a previous study, PDE5i non-
responders showed downregulation of the NO/cGMP/sGC pathway and the 
combination therapy of vardenafil and BAY60-4552 had synergistic effects 
on relaxation of CC in PDE5i non-responders compared to vardenafil (20 mg) 
alone (54).

3.1.3	RhoA/Rho-kinase	inhibitors	

Rho-kinase acts on penile smooth muscle contraction through calcium-
independent regulation and current literature implicates role of RhoA/Rho 
kinase in the development of ED, especially in diabetics and older men (55-
56). Fasudil, obviates the atherosclerosis and vasculogenic ED through RhoA/
Rho kinase pathway (55) A potent Rho kinase inhibitor, Y27632, is independent 
of endothelial NO activity, making it a suitable alternative in diseases where 
endothelial NO activity is frequently compromised, such as diabetes (57).



CURRENT AND NOVEL TREATMENT ALTERNATIVES IN ERECTILE . . .     29

3.1.4	Maxi-K	channel	activator

NS1619 is a Maxi-K channel activator with therapeutic potential in smooth 
muscle diseases including ED. However, the low clinical effect and common 
side-effect profile of first-generation drugs have hampered their clinical use 
(58). In animal models, a more selective maxi-K channel, NS11021, was shown 
to increase potassium in vascular smooth muscle, dilate penile arteries and 
stimulate erection. Similar success to that of sildenafil was reported in this study 
(59). Currently, andolast is the only drug in clinical evaluation targeting the 
maxi-K channel in the treatment of ED (60) 

3.1.5	L-arginine,	glyceryl	nitrate	(NO	donors)

L-arginine and glycerol trinitrate (GTN) induce endothelial NO vasorelaxation 
In CC (61). In a placebo-controlled trial, ED patients treated with L-arginine 
aspartate achieved higher IIEF scores (62). Similar success rate was demonstrated 
in a trial of 232 ED patients who were received a topical formulation of GTN (61).

3.2 Therapies Using Shock Wave and Ultrasonic Energy

3.2.1	Low-intensity	shock	wave	therapy

One of the most recognized hypotheses for the mechanism of act in shock 
wave therapy, is the stimulation of growth factors, like VEGF, following the 
microtrauma to vascular structures. Through the stimulation of growth factors, 
angiogenesis occurs, which will increase blood flow (63). This approach 
has been presented as a treatment for cardiovascular disease by supporting 
vascularization (64). Shock wave therapy is still used in many urological 
diseases, most commonly in kidney stones (65). Upregulation of growth factors 
following Li-ESWT were demonstrated in previous experimental trials (66). 
Another proposed mechanism of Li-ESWT might be stimulation of neuronal 
nitric oxide synthase (67).  Increased baseline levels of nitric oxide may account 
for improved erectile function after Li-ESWT (68). Over more animal studies, 
many clinical studies have reported encouraging results on the use of LI-ESWT, 
especially in vascular-derived ED with significant improved in erectile function 
and a good safety profile (69-70). In 2017, a meta-analysis of seven studies 
reported significant improvements in IIEF scores without adverse events after 
LI-ESWT (69). Significantly improved IIEF scores were reported in 40.5% of 
the severe ED group compared to 0% in the control group by Kitrey et al. (71). 
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The treatment outcomes of 156 patients 2 years after Lİ-ESWT were reported 
by Kitre et al. Over time, the success rate dropped from 64% to 34 % in two 
years. It was also presumed that treatment failure rates may be related to severity 
of ED and more severe vascular comorbidities at the beginning of treatment 
(72). While the results for LI-ESWT are encouraging, more trials are required to 
decide long-term effectiveness and side effects.

3.2.2	Low-intensity	pulsed	ultrasound

Compared to conventional ultrasound energy, LİPUS delivers much lower 
energy to the tissue. (<3 W/cm2) Although the exact mechanism of action of 
LIPUS remains unclear, trials of LIPUS have focused on supporting bone and 
soft tissue healing, upregulating cell proliferation, promotion of multi-directional 
differentiation of mesenchymal stem regulating inflammatory reactions and pain 
and controlling of pain recovery (73). Improvement of erectile function and 
pathological changes in penile vascular structure by reducing collagen and fibrous 
changes and down-regulating transforming growth factor was demonstrated in 
diabetic rats (74). In a clinical study of men with mild or moderate ED, IIEF 
scores increased significantly during the 12-week follow-up period, with a high 
success rate in the LIPUS group without adverse events (75). LIPUS is a non-
invasive and promising treatment for ED caused by nerve damage with minimal 
side effects. Patient based studies evaluating the impact of LIPUS on ED are 
very limited, and more large-volume clinical studies are needed. 

3.3		 Platelet-Rich	Plasma	

Platelets in concentrated form are processed by differential centrifugation and 
used as a treatment to support recovery. Following centrifugation, elevated 
concentrations of growth factors found in platelets, including various growth 
factors PDGF, TGF, VEGF, FGF (76). Crucial role of growth factors in the 
vascular development, proliferation of smooth muscle and endothelial cells, 
migration of monocytes, regulation of inflammatory responses, and in wound 
healing was demonstrated (77-78). Growth factors and IGF-also leads to nerve 
regeneration and increase in neuronal nitric oxide synthase (76).  In an animal 
model, Ding et al. showed increased intracavernous pressure in nerve-injured 
groups who were treated with PRP compared to nerve-injured groups without 
further treatment (79). Matz et al investigated the PRP in a retrospective study 
of 16 men with ED and showed significant improvement in IIEF scores. They 
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concluded that PRP is an innocuous and a practicable therapy alternative but 
there is a requirement for prospective clinical studies with placebo arm (80).

3.4		 Stem	Cell	Therapy	

Adult stem cells are self-healing cells that are activated to reproduce and 
differentiate to various cell types (81-82). They can be obtained from different 
organs, and previous clinical studies have reported improved erectile function 
after injections of stem cells in men with ED, with no side effects (83). SCT 
exerts its therapeutic effects by differentiation into specialized cells (e.g., smooth 
muscle cells, epithelial cells, neurons) that are essential for erectilefunction. 
Numerous studies have been published supporting the paracrine theory as the 
elementary action of SC therapy (84). Qiu et al. injected bone-derived SC into 
the CC of   diabetic rats and found prominent improvement in erectile function 
(84). Haahr et al. reported a sufficient erection during intercourse in the half of 
men in study group consist of men with ED after radical prostatectomy following 
ICI of autologous derived stem cells with no side effect (85). Like this study, 
Garber et. al reported successful results in 5 of 6 ED patients following ICI of 
adipose derived stem cell (86). This result is also supported by Yiou et. al whom 
reported improved spontaneous erections and increased IIEF scores following 
ICI of bone derived stem cells in 12 ED patients with radical prostatectomy 
(87). US guidelines recommend SCT as Class C indicating that long-term risk 
is unknown in ED (88). 

4.  Conclusion

Although there are several traditional treatments for ED including lifestyle 
modifications, PDE5i, ICI, VED, and penile prosthesis implants success rates of 
treatment are not still satisfactory, especially in patients with severe ED. Novel 
treatment alternatives in the field of ED have been discussed in recent years. 
Clinical research on novel therapies is limited. Larger case number studies are 
needed for these treatments to be approved and put into routine clinical use. 
The high cost of novel therapies such as SCT may also be a limiting factor for 
routine practice. 
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Professor Kenji Takagi (1888-1963) from Japan had been credited for 
being to be the first who applied the principles of endoscopy to the knee 
joint.  The tuberculosis was rampant at 1918, fort that reason he was 

motivated to use a small cystoscope to explore the interior of a cadaver knee 
joint (1,2).

Meniscus lesions diagnosis had been introduced to the literature by 
Dr. Philip Kreuscher (1884-1943) in the United states, followed by Dr. 
Harry Finklestein from the hospital of joint diseases in New York city who 
developed new methods of arthroscopic joints examinations. The progression 
of arthroscopic art evolved after the World War 2 by Dr. Masaki Watanabe, who 
developed several arthroscopic instruments (2).

Seven decades have been passed over the discovery of the arthroscopic 
menisectomy of the knee joint which became the sole technique to treat 
meniscopathy. Which later on resulted in the deterioration of articular cartilage 
and the gradual development of arthritis.  In 1982 instead of total menisectomy, 
partial menisectomy was suggested. However even partial menisectomy has 
produced variant degrees of articular degeneration and radiological arthritis. 
Meniscus transplantation which was first introduced in 1989 has developed the 
awareness of understanding the biomechanical benefits and has since resulted 
in numerous studies regarding different treatment methods. The meniscus  is an 
essential structure of the knee joint, without its integrity the force distribution 
of the knee joint will be spoiled and the joint biomechanics will be negatively 
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affected. Many surgeons still perform total or partial removal of the meniscus to 
address meniscal tears. This management option remains popular as modern-day 
treatment is yet to find an effective evidence-based solution. It is now generally 
accepted that every effort should be made to repair and retain as much native 
meniscal tissue as possible (3,4).

The menisci of the knee joint serve in essential functions including load 
transmission, joint stability and aid in the circulation of the synovial fluid. The 
load transmitted by the menisci changes according to the location and the position 
of the knee during the movement process. The lateral meniscus with the articular 
cartilage shares approximately 70% of the load applied, whereas the medial 
meniscus with the associated medial articular cartilage shares approximately 50% 
of the applied load. The menisci transmit up to 50% of the load when the knee is 
extended, whereas when the knee joint is flexed this increases to 85% (4,5).

The menisci at the same time work as secondary stabilizers to the knee 
especially when other stabilizers as the anterior cruciate ligament (ACL) are 
injured. The medial meniscus has been shown to limit anterior tibial translation 
in cadaveric studies of loaded ACL‐deficient knees. Damage or resection of 
the menisci is associated with degenerative changes. Many changes have been 
observed in the knee joint including radiological changes  following menisectomy 
including, flattening of the femoral condyle, formation of peripheral ridges and 
joint space narrowing (5-7).

1- Partial menisectomy,  total menisectomy versus meniscal repair

Many treatment strategies have been described to deal with meniscal injuries, 
included leaving the tear, conservative treatment with intraarticular injections, 
repairing the tear, partial meniscectomy, involving removal of the tear and some 
local smoothing and total meniscectomy involving the excision of the entire 
meniscus. 

Arthroscopy has been considered as the gold standard modality for treating 
knee lesions to reduce surgical trauma to knees which are already injured.  The 
awareness of the important functions of the menisci has been the basis of the 
trend towards retention of as much meniscal tissue as possible either through 
repair of the menisci, or when this is not possible, a partial meniscectomy. Roos 
et al.  Compared the results of  open total meniscectomy of  the knees of 123 
patients 21 years earlier with normal knees and he concluded that meniscectomy 
represented a significant risk factor for radiographic osteoarthritis of the knee, 
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being 14 times more likely in knees which had had meniscectomy than in 
uninjured knees (8,9).

Hamberg and Hede et al, in there different studies over 240 patients, 
compared between partial and total menisictomy. The trend nowadays in surgical 
practice is to maintain meniscus tissue as possible as it could be to prevent early 
joint degenerative changes. Recovery from the operation represented by time off 
work and both short and long‐term subjective and functional outcome, overall 
or in terms of knee stability, appear to be enhanced in the partial meniscectomy 
group. Both Hamberg 1984 and Hede 1986 emphasised the importance of 
maintaining an intact rim to the meniscus (7,8). 

As a conclusion, the meniscus plays an essential role in load transmission, 
energy dissipation and stability in the knee joint. The more the Loss of the 
meniscus during surgery the more is the joint degeneration and osteoarthritis 
and thus, joint pain. Several researches have demonstrated that certain lesions 
are able to heal and thus can be repaired alone. Many new diagnostic tools have 
been evolved within the last decade: MRI and arthroscopy have enhanced our 
understanding of meniscal lesions. The new tools detect lesion aspect, location 
and the exact extension of meniscal injury. In stable knees, patients with small 
meniscus tears of the medial meniscus, without obvious mechanical locking 
of the joint are admittedly good at 10 years follow up, where 85% of patients 
consider their knee normal or nearly normal. Whereas lateral meniscus tears 
rapidly deteriorate, with obvious impairment of sports activities. Osteoarthritis 
following meniscectomy is common. In a multicenter study by the French 
Arthroscopy Society, the prevalence of joint line narrowing was 22% in the 
medial meniscus and 40% in the lateral meniscus at a mean of 13 years’ 
follow-up (10,11).

An increased understanding of the degenerative changes and chondrolysis 
of the joint cartilage that occur after meniscectomy made clear that it is more 
beneficial to save as much meniscal tissue as possible.  Nowadays, meniscal 
repair has become a standard procedure, and partial resection of damaged menisci 
should be performed as sparingly as possible. However, not all damaged menisci 
can be treated by partial resection or by repair, making a total meniscectomy 
inevitable. In these cases, replacement of the resected meniscal tissue by an 
implant might avoid the articular cartilage degeneration. Therefore, the long-
term success of meniscus replacement depends on the prevention of degenerative 
osteoarthritic changes within the articular cartilage of the knee (10-12).
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2- Meniscal preservation

Traumatic tears, Longitudinal vertical tear, lesion location, particularly in terms 
of vascularized or non-vascularized zone.  Results for repair of longitudinal 
lesions (with or without ACL tear) are good. Meniscal repair shows results 
that are comparable to or better than those of meniscectomy. Thus: time to 
return to sport and muscular recovery. For that reason, meniscal preservation 
is considered superior no longer an argument with meniscectomy. Functional 
results are similar, although surgical revision rates are slightly higher with repair; 
functional results are enduring, as seen from 10-year studies. Repair provides 
long-term cartilage protection, on radiography or MRI even so, extension 
should not in itself be a contraindication, one should be prepared to “take the 
risk of failure”, as any secondary resection will be no greater than the amount of 
meniscus initially removed. Time to surgery is probably a factor and early repair 
is probably preferable, acute-stage repair shows better prognosis than chronic 
repair. Even so, chronic tear is not in itself a contraindication and one should 
still “take the risk of failure”. Age is not in itself a factor of poor prognosis. High 
BMI has also been said to be a factor of poor result (11-13). 

Mensci are fibrocartilaginous structures consisted of water 70%, collagen 
25% and 5% of non-ccollagenous substances like proteoglycans, elstin and 
glycoproteic matrix. Their preservation is essiential for the knee stability and 
for the prevention of osteoarthritis. Medial meniscus covers approximately 50% 
of the articular surface of the medial tibial platue, whereas the lateral meniscus 
covers 70% of the articular surface of the lateral tibial platue. Meniscal lesions 
are divided classically into traumatic which occurs frequently in young patients 
and degenerative lesions which occur on tissue has undergone ultra-structural 
changes that affect its load resistance. Degenerative meniscal changes are 
commonly noticed in old patients and frequently located in the posterior of the 
medial meniscus where they are associated in 85% of cases with various grades of 
medial compartment cartilage degeneration with various grades. Asymptomatic 
lesions prevalence at MRI was found to be 19% in women between 50-59 years 
of age and 56% in men between 70-90 years of age (13,14). 

3- Repairing or leaving the meniscus tear

In the last few years there has been a trend reversal ın the approach to 
degenerative type meniscal lesion. Several clinical trials have demonstrated 
the non-superiority of surgical treatment over conservative treatment based on 
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physiotherapy. Some studies demonstrated that, patients who have meniscus 
degeneration will present a lower satisfaction rate compared to patients who 
have traumatic lesions when treated arthroscopically and will complain of 
symptomatic relapse more frequently. Degenerative joint lesion includes all the 
articular structures (i.e., menisci, ligaments, synovium and cartilage)(15). For 
that reason, treatment of the degenerative meniscal tissue alone is not enough to 
restore the joint homeostasis, and this could explain the early relapse of the pain in 
the degenerative meniscal lesions after arthroscopic interventions. Furthermore, 
surgery itself could be regarded as a negative stress factor on the joint which may 
lead to further impairment of the intraarticular environment (15,16).

Juntan Li et al. compared between the effectiveness of the conservative 
treatment of degenerative meniscus lesions and the arthroscopic management 
including partial menisectomy. Their meta-analysis study revealed that 
arthroscopic intervention leads to more potential recovery in functional and 
pain outcomes in the short term outcomes when compared with physiotherapy. 
He found that arthroscopic results were superior to physiotherapy results in 
both functional and pain related scales at 3 months, 6 months and 12 months of 
follow-up (17) . However, after 24 months there was no significant difference 
detected between the two groups.  Roos et al., demonstrated that radiographic 
osteoarthritis was 14 times more common in people two decades after having 
a total menisectomy compared to aged-matched and gender-matched controls. 
For that reason the long-term effectiveness of arthroscopic procedure is still 
questionable especially following the publication of several recent clinical 
studies that claim that arthroscopic meniscectomy   should not be performed 
for all people and it may result in serious problems like aggravation of serious 
osteoarthritis (18). 

4- Conservative treatment of degenerative meniscus

4a-		 Platelet-rich	plasma	(PRP)

PRP is a fashionable treatment procedure which delivers a high concentration of 
autologous growth factors and bioactive molecules in physiologic proportions, 
with low costs and in a minimally invasive way. PRP constitutes a reservoir of 
growth factors that are critical to support the healing process of tissues. Few 
molecules such as TGF-ß might justify its use in cartilage, PRP also contains 
other molecules such as VEGF that do not take part or might even jeopardize 
cartilage homeostasis and regeneration. For that reason it is mandatory to 
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investigate whether the overall effect of PRP is also beneficial for the peculiar 
requirements of cartilage tissue before an indiscriminate human application (19). 
Many studies demonstrated the positive effect of PRP on cartilage tissue despite 
of minimal controversial results. PRP has been shown to increase chondrocyte 
proliferation, increase in the production of matrix molecules. İn animal model, 
PRP demonstrated good results in cartilage regeneration after acute focal lesions. 
Clinical studies on PRP injective treatment for joint degeneration also showed 
overall good results. Nonetheless, both the rapid clinical benefit and the limited 
effect over time are in contrast with the timing required by a hypothetically 
induced cartilage regeneration process. Despite the wide majority of studies 
focusing on cartilage tissue, it is actually likely that the clinical benefit reported 
after PRP injection is attributable to other action mechanisms. An intra-articular 
injection does not just target cartilage, instead PRP might influence the entire 
joint environment, and some in vitro studies confirm the effects of PRP on other 
cell sources. Synoviocytes are affected by platelet release, as well as meniscal 
cells and also MSCs that seem to be induced by PRP and act synergically 
toward tissue healing. The chemo-attractant activity of PRP may contribute to 
the recruitment of other cells that might migrate into the damaged tissues, thus 
triggering the healing response. PRP has several potential effects by enhancing 
the cell signalling cascade in all joint tissues and inducing positive changes in 
the whole joint environment through a milieu of actions. Among these, tissue 
regeneration is actually not the only and maybe not the most important PRP 
mechanism of action, and increasing evidence supports the complex role of 
PRP in modulating inflammation. PRP showed both pro- and anti-inflammatory 
activities: an initial pro-inflammatory action was reported, with synoviocyte 
stimulation for MMP and cytokine release, followed by a limitation of the 
inflammatory response by decreasing inflammatory molecules and preventing 
chemotaxis of monocytes-like cells.  An overall down-modulation of the joint 
inflammation can explain the well-documented pain reduction, which is the 
most prominent and disabling symptom of cartilage (19,20).

4b-		 Hyaluronic	acid	injection	

Hyaluronic acid (HA) is a glycosaminoglycan that is primarily contributes to 
the viscoelastic property of the synovial fluid, and already provides additional 
shock absorption and prevents cartilage degeneration in osteoarthritis. Many 
studies have demonstrated a variety of actions of HA, such as analgesic and 
anti-inflammatory functions. It has been shown that synovial cells that are 
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stimulated with HA enhance the expression of Vascular-Endothelial Growth 
Factor (VEGF) and Transforming Growth Factor beta 1 (TGF-β1). In addition 
to that, in pathological human chondrocytes and synoviocytes stimulated by 
Interleukin 1 beta (IL-1β), HA has been emphasized to be able to reduce the gene 
expression of degradative enzymes and inflammatory cytokines. In degenerative 
and inflammatory joints, HA enhances the synthesis of proteoglycans and 
chondroitin sulfate and reduced the production A Disintegrin and activity of 
Matrix Metallopeptidases (MMPs) and Metalloproteinase with Thrombospondin 
motifs (20-23). Ishima et al. Produced a longitudinal tear in the medial meniscus 
peripheral region and compared the results of HA group and saline solution in 
the control group. The group injected with HA had better healing rate than the 
control group at 12 weeks (21). Suzuki et al. created a cylindrical lesion on the 
lateral meniscus and injected the knee with HA in the study group and phosphate 
buffer in the control group (23). The HA group demonstrated an obvious increase 
in the rate of filling of the defect. The cells of the repaired tissue changed from 
fibroblast-like cells to chondrocyte-like cells. After six weeks, the ratio of 
chondrocyte-like cells to all cells was higher in the HA group, making authors 
to attribute the healing rate process to HA (23). 

	4c-		 Stem	Cell	Therapy

 Stem cell therapy has been widely used in musculoskeletal medicine. Recently 
the introduction of the induced pluripotent cell can now be programmed to behave 
as stem cells.  Mesenchymal stem cells have been a focus of interest in stem 
cell treatment due to their ease of availability and differentiation capabilities. 
Different sources have been introduced including bone marrow adipose synovium 
and blood. Since each source has its own advantages and disadvantages and 
differentiation there is no definite best cell source. Some studies have found 
synovium to be superior and effective source of the mesenchymal cells (24). 
Bone marrow has been considered as an effective and popular cell source in 
the majority of studies. However the harvesting process and associated pain 
after the procedure and limited differentiation potential have been considered 
disadvantages of the procedure. The ease of harvesting mesenchymal stem cells 
through liposuction has made adipose derived stem cells procedure to gain recent 
popularity. However some studies reported the inferiority of adipose derived 
stem cells to synovial stem cells regarding their osteogenic and chondrogenic 
differentiation capacities. The ideal cell source still not defined regarding the 
meniscal tissue (24-26). Literature review still lacks accurate evidence to prefer 
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one cell source to regarding meniscal regeneration. Mesenchymal stem cell 
injections in the knee joint are still not very common however some studies 
revealed encouraging results. One randomized double-blind controlled study for 
patients who underwent partial menisectomy with 55 subjects divided in three 
groups with the first group recieved percutaneous injection of mesenchymal 
stem cells 50-106 cells, the second group recieved 150-106 cells and the third 
group recieved only hyaluronic acid. MRI recorded 24% significant increase in 
meniscus volume in group one, 6% in group two and nothing changed in group 
three. In general, the mesenchymal stem cells appear to be effective and safe 
in producing good quality meniscus repair. However there is not enough data 
recognizing the ideal cell source for meniscus regeneration (26).

5- Meniscus tear and physiotherapy

Degenerative tears of the menisci occur as a part of knee joint degenerative 
process and it has been estimated to occur in 60% of individuals older than 50 
years of age without obvious knee pain. The short-term and the long-term effects 
of physiotherapy compared to arthroscopic meniscal resection is still not clear 
despite its positive effects on the knee joint in terms of pain and function in 
patients with knee osteoarthritis. Recently, 6 randomized clinical studies have 
assessed the superiority of arthroscopic menisectomy with either physiotherapy 
or sham surgery in patients with approved meniscal tear. These studies reported no 
significant differences between treatment groups regarding knee function (27,28).

These trials showed that, in patients older than 45 years old without obstructive 
meniscal tears, arthroscopic menisectomy was not superior to physiotherapy 
regarding knee function over a 24-month follow-up period. Although non-
inferiority was shown for overall treatment between groups  regarding patients 
documented knee function at three-month interval, for 3-6 months follow up 
time intervals, and for 12-24 months intervals, for that reason these trials support 
the physiotherapy modality as first-line therapy for patients with meniscal 
tears as an alternative to arthroscopic menisectomy. Just on study reported 
5-year outcomes in similar population with meniscus tears and documented no 
statistical significance in knee function between physiotherapy and arthroscopic 
menisectomy groups. For that reason, physiothearpy is considered non-inferior 
to arthroscopic menisectomy in patients with nonobstructive meniscal tears 
regarding knee function and it can be considered as a good alternative to surgery 
for patients with nonobstructive meniscal tears (28-30).
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Trauma is the most important cause of death in the pediatric age group due 
to the development of prevention methods and treatment for infection 
and malnutrition all over the world.

Traumatic brain injury, motor vehicle accidents, falls, in-vehicle traffic 
accidents and bicycle accidents are common injuries in children. As the anatomical 
structures, environments, and interests of children change in proportion to their 
age, the mechanisms and types of accidents also change (1,2).

General characteristics of pediatric trauma cases

Since the child is in a continuous growth and development process, each child 
should be evaluated according to the characteristics of the age group. There are 
also some fundamental differences between children and adults in trauma.

Child trauma management is improved by awareness of these distinctions. 
The following are some of the most notable distinctions between a child and an 
adult.

1. Due to the small size of the child’s mass, the trauma spreads to a wider 
area, which causes multiorgan injury more frequently.

2. Likewise, head trauma and multiple organ injuries are more common in 
children.

3. Small amounts of blood loss in young children can cause hypovolemia and 
shock.

4. In children, the thorax is flexible compared to adults, and therefore the ribs 
are more fragile.
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Pediatric trauma scores: The use of trauma scores in the evaluation of pediatric 
traumas is more important than the use of triage, quality control, and estimation 
of mortality and morbidity. The most commonly used scores Glasgow Coma 
Scale and Pediatric Trauma Score (2,3).

Evaluation and management

Primary evaluation: It is the physiological evaluation of the patient’s vital 
functions. In the first 60 seconds after the patient’s admission, whether the airway 
is open, respiratory, and cardiac functions should be evaluated urgently. The goal 
of primary assessment is to quickly identify life-threatening injuries, set priorities, 
and take critical interventions. Vital signs should be reviewed at least every 5 
minutes during the primary assessment and every 15 minutes after the assessment.
Primary assessment steps include the following assessments.

-  0 Evaluation of the airway with cervicospinal stabilization
-  A Airway -
-  B Breathing -
-  C Circulation -
-  D Disability -
-  E Exposure 

The first step of the primary evaluation is to keep the airway open and provide 
adequate ventilation, then aspiration and intubation may be necessary.

Secondary evaluation: The purpose of secondary evaluation; is the 
identification of all other injuries in the patient after recognizing and treating 
the life-threatening conditions detected in the primary evaluation. It includes 
a detailed examination of the patient from head to toe in a systematic manner 
after the primary assessment is completed and hemodynamically stabilized. 
Secondary evaluation steps include the following evaluations (1,2,3,4).

-  History
-  Physical examination
-  Laboratory studies
-  Radiological evaluation
-  Identification of the problem
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1. Childhood cranial trauma

One of the leading causes of morbidity and mortality among children is traumatic 
brain injury (TBI. Men have a higher risk than women do. Accidental injuries from 
walking into traffic, driving while intoxicated, being neglected or abused, and falling 
are the most prevalent causes of death among children. Eighty percent of children 
who die from multiple traumas have suffered head trauma, making it the most 
prevalent type of pediatric trauma. Concussions in children are the leading cause of 
death among public health issues worldwide. When compared to injuries sustained 
by adults, head trauma in children presents with a unique set of characteristics. The 
thinness of the skull bones and the greater head/body ratio in children than in adults 
are two of the most significant differences. Thus, it is important to examine infant 
head traumas independently from adult head traumas (5,6.

Imaging methods and classification in cranial traumas

    Direct Graph: It is insufficient in the evaluation of intracranial 
pathologies and brain damage. It can give some information (fracture, 
suture diastasis, pneumocephalus) in mild head traumas.

Computed tomography of the brain: Seizure, amnesia, loss of 
consciousness, headache, vomiting, focal neurological findings, acute skull fracture 
including skull base or compression fracture, depressed mental state, irritability, 
cranial tension in cases of fontanel tension tomography should be taken.

Magnetic Resonance Imaging: Magnetic Resonance Imaging (MRI 
offers many benefits, including its ability to provide both morphological and 
functional information, its excellent soft tissue resolution, and the fact that it 
does not use ionizing radiation. Magnetic Resonance imaging outperformed 
computed tomography in identifying parenchymal lesions, particularly in the 
diagnosis of diffuse axonal damage.

Skull fractures (calvarial fractures): Skull fractures occur in around 
20% of children with head trauma who are hospitalized.
         Linear fractures: Cranial fractures across all pediatric age groups It 
is the most common type of fracture. They usually show recovery 
without any complications, without the need for specific treatment (5,6,7).

treatment

Conservative treatment: After investigating the method by which trauma causes 
permanent damage to brain tissue, researchers concluded that the major damage 
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sustained in a trauma situation is permanent. The blood vessels in the brain 
could burst due to mechanical stress. Several processes, including inflammation, 
excitotoxicity, metabolism, oxidative stress, mitochondrial dysfunction, and 
vasculature, all play a role in the initiation of secondary damage after the initial 
injury. Protecting against the activation or advancement of these processes 
can be achieved by preventing hypoxia and hypotension in the initial hours 
and preserving fluid and electrolyte balance. These steps constitute the initial 
phase of treatment in light of the available data. After ensuring the patient’s 
airway, breathing, and circulation are all stable, a neurological assessment can 
be performed (5,6,7).

Patients with mild head injuries typically only need symptomatic therapy 
and monitoring. Follow-up at home but with a normal mental state, no loss of 
consciousness or seizure, no major damage to the scalp or other body parts, no 
vomiting or just one short vomiting after trauma, lack of neurological symptoms 
suggestive of intracranial injury, careful treatment, and close follow-up. For 
cases where there is a stable, financially-secure family present, this may be 
acceptable. Families should be informed about the necessity of reapplying to the 
hospital in case of persistent and worsening headache, vomiting, mental status 
or behavior changes, gait disturbance, and epileptic seizures during their home 
follow-up (5,6,7).

Surgical treatment: The primary surgical procedures involve the removal 
of hematomas (epidural, subdural, and intracerebral) that cause a mass effect, 
the repair of the dura mater by removing collapse fractures that compress the 
parenchyma and are accompanied by open wounds and/or CSF fistulas and the 
isolation of the cerebral parenchyma in penetrating injuries to lower the risk of 
infection. Decompressive craniotomy may be used in addition to all of these 
treatments to lower intracranial pressure in patients with severe cerebral edema 
even if the hematoma is drained or in patients whose cerebral edema does not 
improve with conservative therapy even if there is no hematoma (5,6,7).

2. Abdominal traumas in children

In the pediatric age group, it is the most frequent cause of illness and death. 
According to reports, pediatric abdominal traumas account for 13% of all 
injuries and have a 5% death rate. Due to the high energy of kid traumas and 
children’s small stature but the broad surface area, head-neck, thorax, and 
extremities injuries are found simultaneously in addition to separate abdominal 
injuries (8,9).
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In children, 15% of abdominal injuries are penetrating and 85% are blunt. 
In road accidents, 75–80% of blunt abdominal injuries take place. Other factors 
include slips and falls, sports-related injuries, bicycle accidents, injuries to 
pedestrians, and child abuse.

According to age groupings, traumas have different etiologies. The liver, 
spleen, kidney, and pancreas are the most commonly affected organs in forceful 
abdominal injuries. Stabbing injuries and gunshot wounds account for the bulk 
of penetrating traumas. Children older than 12 years old suffer the majority 
of injuries from firearms. Due to penetrating abdominal trauma, the jejunum, 
ileum, and colon are the most often affected organs (8, 9).

Initial assessment and follow-up: The first assessment of the trauma 
patient and resuscitation should be followed by a thorough physical examination. 
Repeat physical examinations have to be done often. Gastric dilatation, 
hemorrhage, or intraperitoneal air may all cause abdominal distention. Therefore, 
a nasogastric tube should be used to first empty the stomach. Ecchymosis and 
abrasions that are visible under a microscope may provide insight into the 
underlying organ damage. The most significant physical finding for determining 
decisions in individuals with acute abdominal injuries is abdominal discomfort. 
Other significant physical examination findings include ecchymosis, abrasions, 
laceration, and abdominal distension. The seat belt sign is the most frequent 
inspection finding in auto accidents. These people are at an increased risk of 
internal bleeding (8,9).

Laboratory Studies: Complete blood count, blood group, blood gas, 
complete urinalysis, prothrombin time, active partial thromboplastin time, 
glucose, urea, creatinine, electrolytes, serum lipase, transaminases, amylase, 
creatinine phosphokinase, and myoglobin levels should all be routinely 
considered in patients with abdominal trauma. It is debatable if increased 
transaminase results may be used to clinically predict liver lacerations. A link 
between the degree of liver damage and the levels of AST and ALT in acute 
abdominal trauma was discovered in research (9,10).

Imaging methods: For the diagnosis of patients with abdominal trauma, 
lateral cervical, anterior-posterior pelvic, standing or lying abdomen, and chosen 
extremities X-rays should be performed. After direct radiography, ultrasound is 
utilized on patients who have sustained blunt abdominal injuries. It is chosen 
because it can be carried out at the patient’s bedside in cases of hemodynamic 
instability, is affordable, uses no radiation, and is very reliable when carried out 
by a skilled expert (11,12,13).
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Injuries to solid organs, retroperitoneal hematoma, and intra-abdominal 
free fluid may all be found in the US. In uncertain or abrupt circumstances, it 
needs to be compared with CT. Focuses Abdominal sonography (FAST) is a 
quick noninvasive imaging technique that can be used at the bedside in patients 
with abdominal trauma, and the presence of free fluid (blood, urine, bile, etc.) 
can be detected. It includes rapid evaluation of the Morrison and Douglas 
pouches, left flank region, spleen anatomy, and pericardial window performed 
by clinicians. It is highly advised for individuals with hemodynamic instability 
(11,12,13).

In cases of abdominal injuries in children, CT is not often advised. Pediatric 
trauma patients with intra-abdominal injury symptoms and signs, traumas with 
high kinetic energy, results on US suggesting solid organ damage, macroscopic 
hematuria, and kids with repeated trauma who are unable to speak verbally may 
all benefit from abdominal CT (11,12).

the decision for surgical or conservative treatment: In patients with 
blunt abdominal trauma, the surgeon chooses between surgical and non-surgical 
treatment. The development of imaging systems, the increase in technical 
support in patient follow-up, and the increase in intensive care facilities in recent 
years have all contributed to a trend toward conservative treatment. Only a small 
number of trauma patients receive surgical treatment. Conservative follow-up 
is the accepted current approach in solid organ injuries if the patient can be 
hemodynamically stabilized (8-13).

Conservative treatment has been shown to be 90% effective in 
hemodynamically stable patients. Indications for laparotomy in blunt abdominal 
trauma include vital signs that cannot be stabilized despite fluid and blood 
replacement; more than 50% of blood volume must be given within 24 hours 
to stabilize vital signs; radiological free air in the abdomen; signs of peritoneal 
irritation, abdominal distention, bladder rupture, renovascular and ureteral 
injury; and signs of peritoneal irritation, abdominal distention, bladder rupture, 
renovascular and ureteral injury (8-13).

Liver Injury: The liver is the largest intraabdominal solid organ and the 
most frequently injured. The most common cause of death following blunt or 
penetrating abdominal trauma is hepatic hemorrhage. 80% of liver injuries 
are caused by auto accidents. Other causes include falls from height, bicycle 
collisions, and assaults. Traumas to the upper abdomen and right lower thoracic 
region are the most common cause of liver lacerations (8-13).
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In the past 30 years, emergency laparotomy has given way to conservative 
treatment for blunt liver injuries. The success of conservative treatment has been 
aided by radiological imaging, advancements in pediatric resuscitation, and 
pediatric intensive care units. Approximately 96% of liver injuries are currently 
treatable with conservative methods. Patients with high-grade injuries who do 
not respond to aggressive treatment must undergo urgent exploration (8-13).

Spleen Injury: The spleen is the most blood-rich organ in the body. It has 
an average blood flow of 350 L per day. This demonstrates why spleen injuries 
are potentially fatal. The most common causes of spleen injuries are automobile 
collisions, falls from a height, and bicycle accidents. 70% of spleen injuries 
occur in 7 to 13-year-old boys. Consider the presence of ecchymosis, hematoma, 
and abrasion on the anterior abdominal wall, waist, and back in cases of trauma 
to the upper abdomen and left hemithorax. On physical examination, abdominal 
tenderness, defense, distension, tachycardia, pallor, hypotension, and shock are 
observed (8-13).

In general, 90-98 percent of spleen injuries in children can be treated 
conservatively with success. However, splenectomy or splenorrhaphy with 
surgical treatment may be necessary for patients whose spleen cannot be 
stabilized due to active bleeding (8-13).

Pancreatic Injuries: The pancreas is a solid organ that is situated 
retroperitoneally, making it less vulnerable to injury from severe trauma than 
other solid organs. Children who suffer forceful abdominal trauma have a 
pancreatic damage incidence of 3-12% and a morbidity of around 60%. Blunt 
injuries to the epigastric area or traumas caused by bicycle handlebars crushing 
the spinal column may also harm the pancreas. Even though these wounds are 
mostly isolated, they may also include the duodenum, spleen, liver, and kidney. 
The degree and length of the pain are strongly correlated with the severity of 
the damage and the rise of amylase and lipase levels. The most common cause 
of acute pancreatitis in children is trauma. On an ultrasound, pancreatic damage 
is difficult to detect. All severe pancreatic injuries can be seen on a CT scan, 
but not all smaller ones. As a result, the surgeon’s preferences have a big role in 
the course of therapy. After conservative therapy or surgery for the pancreatic 
injury, complications include pancreatic pseudocyst, pancreatic acid, recurrent 
pancreatitis, and an intra-abdominal abscess may develop. Depending on the 
patient’s state, external or internal drainage may be done when a pancreatic 
pseudocyst forms after pancreatic damage (8-14).
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Intestinal Injuries: Less than 10% of individuals with acute abdominal 
trauma develop intestinal damage. The most frequent causes of digestive system 
injuries include bicycle accidents, traffic accidents, and falls from great heights. 
They often happen as a result of seat belt trauma brought on by an impact’s 
abrupt deceleration. Future abdominal symptoms include heightened sensitivity, 
fever, and tachycardia. Peritonitis results should indicate intestinal damage if 
they are present in the control investigations. According to reports, 48% of 
standing straight abdominal X-Ray intestinal injuries have open air beneath the 
diaphragm (8-14).

Sharp penetrating abdominal injuries: 15% of all abdominal traumas 
in children are sharp, penetrating injuries to the abdomen. Children are more 
likely than adults to die from penetrating abdominal trauma. Because of the 
thinner abdominal wall and more sensitive intra-abdominal organs, this is the 
case. In penetrating abdominal trauma, the jejunum, ileum, and colon are the 
most frequently injured parts of the gastrointestinal tract. As a solid organ, 
the liver sustains injuries the most frequently. Surgical intervention is more 
challenging for penetrating liver injuries despite the rarity of these injuries. In 
recent years, there has been an increase in sharp and penetrating abdominal 
traumas worldwide. The primary causes of this include low socioeconomic 
status, a growing wealth gap, inadequate educational opportunities, and easier 
access to weapons.

For patients with penetrating abdominal trauma, there is no standard 
course of care. If hemodynamically unstable, the standard procedure is an 
emergency laparotomy. Conservative treatment takes center stage as a result of 
negative explorations in patients undergoing emergency surgery extending the 
hospital stay and raising morbidity. Laparoscopic exploration may be taken into 
consideration if emergency surgery is required (8-15).

3- Urinary traumas in children

Traumas constitute a significant portion of child deaths in developing countries. 
The genitourinary system (GUS) is injured in 3-10% of all traumas. The genital 
and urinary systems are evaluated together in most studies. 90% of GUS injuries 
develop after blunt trauma and 10% after penetrating trauma. In addition, 
iatrogenic injuries may occur during medical interventions. Brain, chest, 
abdomen, and skeletal injuries may accompany in approximately 50% of cases 
with GUS trauma. These additional traumas are more life-threatening. The most 
frequently injured organ in GUS is the kidneys (16-25).
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Kidney injuries: The kidneys are the most frequently injured organ in 
GUS. The kidneys are injured in 34-68% of all GUS traumas. It is stated that 
kidney injuries (RF) come after liver and spleen injuries among solid organs. 
98% of kidney traumas in the pediatric age group develop as a result of blunt 
traumas such as traffic accidents, falls, sports, and physical attacks. It can also 
be caused by iatrogenic reasons such as gunshot and stab wounds or needle 
biopsy and percutaneous catheter placement (16-25).

Diagnosis: Anamnesis, physical examination, laboratory tests, and 
radiological imaging methods are important in the diagnosis of kidney injury. 
In physical examination, abdominal tenderness, hematoma in the flank region, 
ecchymosis and mass, rib fracture, retroperitoneal mass, wound area, and trace 
should be evaluated in penetrating injuries (16-25).

Radiological imaging

1.  Direct Abdominal X-ray: Although it does not give a definite indication 
of kidney injury, the disappearance of scoliosis and psoas shadow on the 
side of the injury may give an idea in terms of kidney injury on the same 
side.

2. Ultrasonography (USG): It is the first radiological examination used 
in kidney injuries. In addition to its advantages such as being quick to 
perform, not requiring contrast material, having high fluid sensitivity, and 
being non-invasive, it has disadvantages such as being operator dependent, 
distorting the image due to other accompanying injuries, and not providing 
information about kidney functions and laceration depth.

 Although it allows the demonstration of urinoma and/or hematoma, it is 
insufficient, especially in the evaluation of the parenchyma. On the other 
hand, USG is a useful examination in the follow-up of kidney injuries 
detected by different radiological methods.

3.  Computed tomography (Ct): Contrast-enhanced CT is the recommended 
imaging method in traumatized patients of all age groups, provided that it 
is selective in terms of radiation exposure. It also provides an advantage 
in identifying other organ injuries. In cases where the kidney pedicle is 
ruptured or there is serious parenchymal injury, the kidney cannot be 
visualized with IVP or CT and this situation requires urgent surgical 
intervention.
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4.  Magnetic resonance (MR): It is not the first imaging method to be used 
in trauma patients due to its inadequacy in detecting urinary extravasation, 
long imaging time, patient incompatibility, and high cost, especially in 
children.

treatment: Surgical intervention in children with kidney trauma is still 
controversial. Even serious injuries in children can be healed with conservative 
follow-up. Kidney injuries in children should be followed conservatively if 
the degree of injury is well defined radiologically, if there are no other organs 
injured in the abdomen, and if the patient’s vital signs and hemodynamics are 
stable. Conservative treatment consists of absolute bed rest, fluid-electrolyte 
therapy, analgesia, and prophylactic antibiotics. Purpose of surgical treatment; It 
should be to eliminate the life-threatening situation, protect the kidney as much 
as possible, and provide drainage of hematoma and urine leakage. Detection 
of urine out of the urinary system is not a surgical indication alone. Some of 
the urine leakages can heal on their own. In cases with urinoma, treatment 
is percutaneous drainage and/or ureteral stent placement. If the developing 
urinoma is infected, the abscess can also be drained percutaneously. Procedures 
to be performed during the surgery; Removal of renal parenchyma parts with 
impaired vascularity, repair of injured collecting system parts, cleaning of 
hematoma and local drainage can be listed as nephrectomy in more severe 
injuries. Renal artery and/or vein injuries can be repaired with primary repair 
or graft. However, renal pedicle injuries usually result in nephrectomy because 
they are noticed late (16-25).

Ureteral injury:

Injury of the ureters is not common due to their location in a more protected 
area between the muscles, their small size, and flexibility. Even if it is injured, 
it suggests that the trauma is very severe. Ureteral injury is seen in 1-4% of 
genitourinary injuries. Multiple organ injuries may accompany patients with 
ureteral injury. In cases of additional organ injury, a ureteral injury may be 
masked and cause delays in diagnosis. Ureteral injuries are frequently seen at 
the ureteropelvic junction (16-25).

treatment: Depending on the location of the ureteral injury, the time of 
diagnosis, whether there is additional organ injury, and the general condition 
of the patient, a choice should be made between conservative or open surgical 
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treatment. Partial ureteral injuries can be treated by placing a ureteral stent 
or percutaneous nephrostomy catheter. In ureteral injuries that are noticed or 
completely ruptured during the surgical procedure, the ureter should be exposed 
throughout the surgical procedure and visible. In proximal ureter injuries, the 
ureter can be anastomosed to the kidney if the kidney is intact. In the middle 
part of the ureter injuries, a primary repair can be performed after necessary 
debridement. In distal ureter injuries, ureteroneocystostomy is performed. 
Complications can be seen in ureteral injuries in the early period; urinoma, 
abscess, in the late period; ureteral stenosis, hydronephrosis, urinary infection, 
and stone (16-25).

Bladder injury

Since the bladder in children is located more intra-abdominal than in adults, 
it is easily affected by traumas. 80-95% of bladder injuries develop as a result 
of blunt traumas, especially caused by traffic accidents. In addition, fractures 
in the surrounding bone structures can cause bladder injuries. Especially in 
pelvic fractures, bladder injury accompanies. The bladder is an organ that is 
more vulnerable to trauma, especially when it is full. Isolated bladder injury is 
extremely rare and occurs iatrogenically during various surgical and diagnostic 
procedures. Bladder injuries can be classified as contusion, hematoma in 
the bladder wall, and intra/extraperitoneal rupture. Intraperitoneal bladder 
perforation is more common in children (16-25).

treatment: Bladder contusion, bladder wall hematoma, and non-extensive 
extraperitoneal perforations can be treated by catheterizing and emptying the 
bladder. In large extraperitoneal perforations, the bladder dome should be 
opened and the perforation area should be repaired from within the bladder. In 
intraperitoneal perforations, however, the perforation area should be primarily 
repaired with an intra-abdominal approach (16-25).

Urethral injury

The urethra differs in length and mobility in boys and girls. In men, the urethra is 
longer and relatively less mobile due to its tighter attachment to the surrounding 
tissues due to the prostate structure. Urethral injuries can be examined under two 
headings as anterior and posterior urethral injuries. Posterior urethral injuries 
are more common in urethral injuries often accompanied by pelvic fractures. 
In most patients, the cause of the trauma is traffic accidents, falling from a 
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height, and astride sports injuries. It can also be injured iatrogenically during 
endoscopic interventions, catheterization, urethral surgeries, circumcision, and 
anorectal malformation surgeries (16-25).

Classification: Urethral injury can be classified in two ways as anatomical 
and complete or incomplete injury.

Diagnosis: In a child with a history of trauma, the presence of fresh blood 
in the external meatus, peritoneal tenderness, and detection of pelvic fracture 
should alert the physician to urethral injury. In this case, before the patient 
is catheterized, retrograde urethrography should be performed to evaluate 
whether there is contrast material extravasation from the urethra. Otherwise, an 
incomplete urethral injury can be converted to a fully ruptured urethral injury. 
If there is contrast material extravasation on retrograde urethrography, this is 
evaluated in favor of urethral injury. In patients whose general condition is not 
suitable, CT and MR can be used (16-25).

treatment: Treatment of urethral injuries varies according to the injured 
urethral area. In mild anterior urethra injury, if the patient is able to urinate, 
it can be followed without any intervention. In moderate injuries, bladder 
catheterization or suprapubic catheterization should be followed for 3 weeks 
until the urethral edema or hematoma is resolved. In more severe injuries of 
the anterior urethra, in addition to suprapubic catheterization, urethroplasty, 
primary end-to-end anastomosis, mouthing of the urethral ends to the skin, and 
late tubularization are recommended.

In posterior urethral injuries, as in anterior urethral injuries, urethral 
catheter and suprapubic catheter should be placed to provide drainage, depending 
on the general condition of the patient, the severity of the urethral injury, and 
additional organ injuries such as rectum and bladder, early primary repair or late 
anastomosis can be performed.

Complications that can be seen in urethral injuries; infection and urethral 
stricture, as well as impotence, incontinence, and urethral diverticulum. It has 
been reported that developing complications are related to the location and 
severity of the urethral injury rather than the treatment method (16-25).

4- Genital traumas in children

The etiology of traumas is different, and their severity can vary from abrasion to 
extensive anogenital injuries. Pediatric perineal-genital system traumas constitute 
0.6% of all pediatric injuries. Although it does not cause serious mortality and 
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morbidity, this type of injury is taken more seriously by parents due to the potential 
to affect the genital organs. When we look at the tools that cause injuries, it is 
seen that there are bicycles (15%), bathtubs (5.8%), zippers, playground anchors, 
and toilet bowls. It has been reported that toilet seat, zipper jamming, and animal 
bites are more common in male genital injuries. In a study that included only 
pediatric penile trauma, it was stated that the cause of trauma was circumcision 
in 67% of children. Considering the mechanism rates of blunt perineal injuries 
in female patients, it is stated that the most common cause is a motor vehicle 
accident, and this rate exceeds 90% in the 15-16 age group (25-35).

Genital injuries in boys: It is rarer than in girls. It is especially in the form 
of distal penile hematomas during the toilet training period. It occurs when the 
toilet seat falls on the child’s penis or the penis is caught in the zipper. Iatrogenic 
penile injuries due to circumcision can sometimes cause very serious morbidity 
since they also involve the urethra (25-35).

Genital and perineal injury in girls: The type of injury is mostly straddle-
style injuries involving the labia majora and sometimes the minora. The classic 
form is a laceration between the labia major and minor, from which there may 
be serious bleeding. Injuries that reach the posterior fossa, fourchett, perineum, 
and even anal sphincter and are wider than adults occur (25-35).

Diagnosis: Inspection is often sufficient in children with perineal-
genital trauma. However, especially in girls, edema and hematoma in the 
region can prevent the evaluation of genital structures. Examination under 
general anesthesia can prevent children from experiencing unwanted pain and 
psychological trauma. On examination, the vagina and urethra become visible 
by pulling the labia out and forward. It is important to evaluate whether there is 
an injury to the hymen. For genital and perineal injuries of any cause, bruising, 
small tears, and fissures, 3-4 days is sufficient time for reassessment, while other 
serious injuries require daily evaluation for the first few days. Generally, a more 
precise interpretation of injury and recovery can be made at the second and 
third examinations. Because the child’s pain and anxiety are less and allow the 
examination more easily (25-35).

In children presenting with perineal-genital system injury, first, it should 
be ensured whether it is due to sexual abuse. Since the genital organs and 
perineal structure have rich blood circulation, serious bleeding can occur even 
in minor injuries. As in all trauma patients, airway, respiratory and circulation 
stabilization of the patient should be ensured, and accompanying additional 
injuries should be determined in patients with perineal-genital system injuries. 



66   ADVANCES IN MEDICINE AND HEALTH SCIENCE

If there are life-threatening injuries, intervention should be made, and then the 
focus should be on the identification and treatment of perineal-genital injury 
(25-35).

If there is bleeding and pain, sedation or general anesthesia can be used for 
a complete physical examination evaluation (25-35).

The child should never be forced to examine to identify what has happened. 
If necessary, recto-sigmoidoscopy, vaginoscopy, and urethroscopy should be 
added to the examination.

treatment: Edema-reducing therapy should be administered if the 
perineal anatomy is not deformed and the vulvar hematomas are not particularly 
large. Urinary retention can be brought on by dysuria and localized swelling. 
In some circumstances, urethral catheterization may also be necessary. Large 
vulvar hematomas ought to be excised and drained because they could result 
in the necrosis of the skin above. Infection, pain, and a delay in healing are 
other side effects of hemorrhoids. In open wounds, irrigation and the removal 
of dead tissue are required. Drains should be installed in closed, open spaces 
to stop fluid buildup and lessen the risk of infection. 70% of scrotal and penile 
injuries, particularly in male patients, reportedly require surgical intervention. 
The main interventions here are primary repair, debridement, and exploration. 
While foreskin is provided for urethral injuries in penile injuries, graft treatment 
is advised for injuries with significant skin loss. Extraperitoneal rectum and 
bladder injuries; urethral catheterization is sufficient to treat the bladder, and a 
second protective colostomy is added. The rectum is repaired using a transanal 
approach. Drainage combined with the primary rectal repair is advised in cases 
of isolated extraperitoneal rectal injuries, particularly if the repair is completed 
within the first six hours. Patients with critical injuries, complicated perineal 
injuries, and severely contaminated injuries should consider getting a colostomy 
(25-35).

Perineal and genital burns are most successfully treated with conservative 
measures. Debridement, topical, and parenteral antibiotic therapy are all parts 
of this treatment. It is advised to use a conservative approach, particularly for 
second-degree burns. Although there is minimal morbidity associated with the 
use of the foley catheter for urinary diversion, it should be closely monitored 
for urinary tract infections, especially in young children under the age of one. It 
should be expected that very severe burns, including those to the testicles, will 
have a high complication rate. Depending on the severity of the injury, anorectal 
injuries can result in rectum, vaginal, and bladder injuries. To treat these, extensive 
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surgical repair (debridement, closure, drainage), colostomy, and vesicostomy 
may be required. However, isolated and minor injuries can be treated with the 
primary repair without colostomy. In cases of anal injury, there is a chance of 
developing a wound infection, abscess, sepsis, or sphincter insufficiency. Traffic 
accidents fall, heavy objects falling on the subjects, and structures resembling 
vehicles passing over the subjects can all result in serious perineal injuries. After 
a thorough physical examination, all endoscopic examinations, and radiological 
examinations, cases with major injuries frequently require primary repair in 
addition to urinary and gastrointestinal diversion. In situations where proper 
identification and treatment are used, mortality and morbidity rates are very low 
(25-35).

Conclusion:

Traumas in childhood are unavoidable. All systems should be assessed after 
patients are stabilized because all systems will be exposed to trauma at the same 
time in all traumas. The best course of treatment should be chosen after the site 
and extent of the trauma have been clearly identified. When a child experiences 
trauma, conservative follow-up is typically initiated for solid organ injuries, 
while emergency surgery is recommended for the gastrointestinal system 
perforations.
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1. History

The origin of the word hemorrhoids comes from the combination of 
the Latin words ‘hem’ (blood) and ‘roos’ (flow). It is believed that 
Hippocrates first used the word hemorrhoids. 

  The story of hemorrhoidal disease is considered to begin with human 
history. In the Edwin Smith Papyri, which was first written between 1700-1500 
BC, the topical application of slurries formed by boiling various plant leaves 
in painful anal canal pathologies is described. (1) According to the information 
obtained by translating the articles written by Hippocrates in 460 BC, he 
recommended surgical removal of hemorrhoidal pockets and suturing of the 
root of the pockets, and tying them tightly. (2)

  It is known that Roman physicians Celsus (25 BC- 14 AD) and Galen 
(131 - 201 AD) had studies on hemorrhoidal disease. While Celsus described 
ligation and excision techniques of hemorrhoidal pockets, Galen reported the 
definition of hemorrhoidal disease and various surgical methods. (3)

After the Greek and Roman periods, the saint St. Fiacre, born in Ireland in 
the 7th century and migrated to France, applied the treatment method he defined 
with his name in hemorrhoidal disease. (4)

Şerafettin Sabuncuoglu, a famous Turkish physician and surgeon who lived 
in Amasya between 1385 and 1470, devoted a chapter to anorectal diseases in 
his 2-volume work titled “Cerrahiyetü’l Haniyye”. In this chapter, he emphasized 
the importance of rectal palpation in anorectal diseases. He wrote that the most 
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important cause of the hemorrhoidal disease was constipation. Sabuncuoğlu 
recommended pulling the pockets with the help of a tool and tying them at the 
roots. He also suggested that patients should be placed in a liquid formed by boiling 
sumac, pomegranate peel, and Mazu in water to stop bleeding, and then a slurry 
made of a mixture of barley flour, honey, and vinegar should be applied to it. (5)

One of the most important developments in the surgical treatment of 
hemorrhoidal disease occurred in 1882 when Whitehead reported the surgical 
method described under his name. In this technique, Whitehead excised all 
hemorrhoid tissue, anal and some rectal mucosa with a circumferential incision 
made at the perianal skin-anoderm level and sutured the proximal rectal mucosa 
to the anal skin. Thus, total hemorrhoidectomy was achieved. (6) However, this 
operation was gradually discredited because of complications such as stenosis 
and incontinence. On the other hand, Salmon was the first practitioner of the 
current surgical method with the technique that started from the perineal skin 
and proceeded between the sphincters and hemorrhoid plexus and ended with 
ligation of the pedicle. (7) 

Milligan and Morgan reported the open hemorrhoidectomy technique in 
the first half of the 20th century. This technique is the most widely used method 
in many countries, including England and the USA. Again in 1959, Lynn 
Ferguson from the USA reported the closed hemorrhoidectomy method under 
his own name, which has become one of the methods used today.

The last anecdote in the history books is about Napoleon Bonaparte. 
Because Napoleon had a very painful hemorrhoid attack, he could not lead his 
army at the Battle of Waterloo, and British Admiral Nelson won the battle. This 
has led to hemorrhoids being called ‘the disease that loses wars.

2. Anatomy

Hemorrhoids are pads of vascular tissue in the anal canal and are a normal part 
of the anal canal. They are formed at birth and are present in non-pathological 
conditions. Microscopically, this tissue contains vascular structures whose walls 
do not contain muscle. They are thought to help maintain anal incontinence by 
providing volume in the anal canal. In addition to vascular structures, the anal 
cushion is composed of smooth muscle (Treitz muscle) and elastic connective 
tissue in the submucosa. They are typically located in the left lateral, right anterior, 
and right posterior quadrants of the anal canal (3,7,11 o’clock). The arteries within 
the hemorrhoidal cushions originate from two different systems. The superior 
hemorrhoidal artery, which is the distal branch of the inferior mesenteric artery, 
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extends distally from the mesorectum and crosses the muscle layers. It branches 
in the submucosal area in the rectum and provides blood supply to the entire rectal 
wall. (8) Since approximately 80% of the blood supply to hemorrhoids is through 
this system, ligation of these branches constitutes the principle of treatment in 
hemorrhoidal bleeding. The other arterial system includes the branches coming 
from the iliac vessels. This system mostly feeds the distal area canal and is 
insignificant in hemorrhoidal disease because of its flow rate. (9) 

The venous system follows the arteries. While it drains into the portal 
venous system via the inferior mesenteric vein in the superior, the middle and 
inferior hemorrhoidal veins drain into the systemic circulation via the iliac veins. 
This venous system is one of the anastomosis lines between the portal and caval 
systems because of the plexuses between them. (10) 

It is located in the rich lymphatic circulation among other vessels in the 
hemorrhoidal system. The lymphatic drainage of the upper 2/3 of the rectum is 
to the inferior mesenteric and paraaortic lymph nodes, while the lower 1/3 drains 
to the inferior mesenteric and iliac lymph nodes. (11) Lymphatic circulation is 
important in hemorrhoid symptoms because edema develops in this region.

3. Epidemiology 

The true prevalence of hemorrhoids is almost impossible to assess, with 
reported prevalence rates ranging from 1% to 86% depending on the detection 
method and the definition of “hemorrhoids.” It is estimated that at least 50% 
of the population will experience hemorrhoid symptoms at some point in their 
lives. In 1990, an epidemiologic study of hemorrhoids revealed a prevalence 
rate of 4.4% in the United States. In the 21st century, some reports from South 
Korea and Austria gave a prevalence of 14.4% and 38.9% hemorrhoids in the 
adult population, respectively. (12,13) It is estimated that 25% of the British 
population and 75% of American citizens will experience hemorrhoids at some 
point in their lives, especially in pregnant women and older adults. (14) There is 
no large-scale study on the prevalence of hemorrhoids in our country.

4. Physiopathology

When the etiopathology of hemorrhoidal disease is examined, there are three 
different theories for the cause of the disease. (15,16)

1. Mechanical theory: It develops due to degeneration of the musculo-fibro-
elastic tissue suspending the internal hemorrhoidal pockets with age. 
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2. Hemodynamic theory: Hemorrhoidal disease develops especially due to 
secondary arteriovenous shunts to increased intra-abdominal pressure. 

3. Sphincter factors: This theory argues that hemorrhoidal disease develops 
due to abnormalities detected in monometric studies performed on patients 
with the hemorrhoidal disease. 
In conclusion, the true pathophysiology of hemorrhoid development is 

unknown, but it is likely to be multifactorial, including a downward shift of the 
anal pads, hyperperfusion of the hemorrhoid plexus, vascular abnormality, tissue 
involution, and rectal prolapse. Different theories on hemorrhoid development 
may lead to different approaches to hemorrhoid treatment.

5. Etiology 

There are many possible reasons why hemorrhoids become symptomatic. 
Dietary patterns, behavioral factors, and any condition that can cause overstrain 
and sphincter dysfunction are among the most common causes.

Diet and constipation: Diet is one of the factors affecting the formation of 
hemorrhoids. Since fiber consumption is less in developed societies, the stool 
will have a harder consistency and will cause more straining. As a result, it may 
cause smooth muscle hypertrophy in the intestine and damage to the tissues 
in the anal canal. (17) In addition, increased intra-abdominal pressure will 
cause obstruction in venous return and obstruction in the hemorrhoidal plexus. 
Increased straining for defecation in patients with a history of the hemorrhoidal 
disease may accelerate the development of symptoms such as bleeding and 
prolapse. Several dietary factors have also been blamed, including spicy foods 
and alcohol intake, but reported data are inconsistent. (18)

Toilet habits: Posture during defecation is another factor distinguishing 
developed and developing countries. In societies that have adopted Western 
toilets, people sit in a flatter position rather than squatting. The belief has 
developed that squatting is a more natural position for defecation and contributes 
less to constipation and hemorrhoids. It is also thought that the time spent in the 
toilet is more in the seated toilet. (19)

Gender/age: No difference was observed between men and women in terms 
of hemorrhoidal disease, although men were more frequently admitted to the 
hospital due to hemorrhoid symptoms. However, pregnancy is accepted as an 
important risk factor. Pregnancy and spontaneous vaginal delivery are predisposing 
factors for the development of hemorrhoidal disease due to decreased venous 
outflow due to increased circulating blood volume and constipation, venous 
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relaxant effect of progesterone, and enlarged uterus, which increases the pressure 
in the rectal veins. (20) The prevalence of hemorrhoids increases proportionally 
with age. (21) With aging, the anatomical structures supporting the muscular 
submucosa weaken, which causes hemorrhoidal tissue to prolebe.

Sedentary lifestyle: The goal of physical activity for people with 
hemorrhoidal disease is to encourage regular bowel movements, improve 
circulation and strengthen the pelvic area and lower back muscles. On the 
contrary, lack of physical activity can contribute to constipation, worsen an 
existing hemorrhoidal disease, trigger a relapse, and even cause new problems 
in people who have never had hemorrhoids before. (21)

Other factors: It has been reported that the frequency of hemorrhoidal 
disease is increased in some diseases. These include benign prostatic hyperplasia, 
hernias, and chronic cough. However, the common characteristic of all diseases 
increased intra-abdominal pressure and excessive straining. 

There is evidence of an association between prolonged sitting or heavy 
lifting, lifting heavy objects, and hemorrhoidal disease. Heavy lifting can cause 
additional strain on both the muscles and the venous system in the anorectal 
area. Prolonged standing can also cause blood pooling in the region’s veins 
without valves and cause hemorrhoidal symptoms. Any procedure that may 
impede venous return is thought to increase hemorrhoidal symptoms. Increased 
sphincter tone may slow venous return; studies have shown that resting anal 
canal pressure is higher in patients with symptomatic hemorrhoids than normal 
individuals. (22,23)

Despite the many risk factors blamed, many of these are speculative, and 
almost certainly, hemorrhoidal symptoms are caused by a combination of many 
different factors.

6. Classification

Hemorrhoids are usually classified according to their location; internal 
(originating above the dentate line and covered by the anal mucosa), external 
(originating below the dentate line and covered by the anoderm), and mixed 
type (Table 1). This classification has important implications for treatment, as 
the relative lack of pain fibers in internal hemorrhoids allows for many more 
treatment options compared to external hemorrhoids. External hemorrhoids are 
covered by squamous epithelium, which is highly innervated by somatic nerves. 
They are, therefore, highly sensitive.  
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Table 1.
Classification of hemorrhoids 
1. Internal hemorrhoids
2. External hemorrhoids
3. Mixt type hemorrhoids

Internal hemorrhoids are proximal (cranial) to the dentate line and lined with 
columnar mucosa or transitional epithelium. Internal hemorrhoids can be 
subdivided into grades depending on the size and clinical symptoms (Table 2). 
(24)

Table 2 Internal hemorrhoid classification
Grade 1 Nonprolapsed but visible
Grade 2 Hemorrhoids prolapse from the anal canal with bowel movements or 

straining but spontaneously reduce
Grade 3 Hemorrhoids prolapse from the anal canal with bowel movements or 

straining, but the patient can reduce it by hand.
Grade 4 Reduced continuously prolapsed hemorrhoids.

7. Clinic

History and physical examination are very important in hemorrhoidal disease. 
Because when many patients have anorectal symptoms, they attribute their 
complaints to hemorrhoids. However, many diseases are included in the 
differential diagnosis of hemorrhoidal disease (Table 3).

Table3. Differential diagnosis in hemorrhoid disease

Perianal abscess Inflammatory bowel 
disease

Rectal cancer Proctitis
Perianal fistula Rectal prolapse
Anal fissure Skin tag
Anal condyloma Proctalgia fugax
Polyps Anal incontinence

The most common symptom of hemorrhoids is painless rectal bleeding 
associated with bowel movement, described by patients as blood dripping into 
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the toilet bowl. The blood is typically bright red, as hemorrhoid tissue has a 
direct arteriovenous connection. Positive fecal occult blood or anemia should 
not be attributed to hemorrhoids without adequate colon evaluation, especially 
when bleeding is atypical for hemorrhoids, no source of bleeding is seen on 
anorectal examination, or the patient has significant risk factors for colorectal 
neoplasia. (25)

Prolapsed hemorrhoids may cause perineal irritation or anal itching due to 
mucus secretion or fecal contamination. A sensation of incomplete defecation or 
rectal fullness has also been reported in patients with large hemorrhoids. Pain is 
not usually caused by the hemorrhoids themselves, especially unless thrombosis 
occurs in external hemorrhoid or a fourth-degree internal hemorrhoid has 
suffocated. Anal fissures and perianal abscesses are more common causes of 
anal pain in hemorrhoidal patients.

The definitive diagnosis of hemorrhoid disease is based on accurate patient 
history and careful clinical examination. Assessment should include digital 
examination and anoscopy in the left lateral position. The perianal region should 
be examined for perianal dermatitis, fistula, and anal fissure caused by anal skin 
tags, external hemorrhoids, anal discharge, or fecal contamination. (26) Some 
physicians may prefer to examine patients while sitting in a squatting position and 
straining to observe prolapse. Although internal hemorrhoids are not palpable, 
the digital examination will detect an abnormal anorectal mass, anal stenosis, 
and scarring, assess anal sphincter tone and identify prostatic hypertrophy, 
which may cause straining as it aggravates prolapse of the anal cushions during 
voiding. Hemorrhoid size, location, the severity of inflammation, and bleeding 
should be noted during anoscopy. Colonoscopy is recommended to determine 
other bleeding etiologies if the patient is older than 40 years, if the hemorrhoidal 
disease is not observed or if additional symptoms are present, or if there is a 
family history of colorectal cancer. (27)

8. Treatment

The treatment of hemorrhoids can be examined broadly, ranging from 
diet and lifestyle changes to radical surgery, depending on the degree and 
severity of symptoms. (28) Modern treatment includes identifying and 
correcting gastrointestinal dysfunction, minimizing symptoms, correcting 
anal abnormalities in some patients, removing excess hemorrhoidal tissue, or 
preventing prolapse. Treatment can be operative or non-operative. Non-surgical 
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techniques include dietary changes, topical medications, and measures to reduce 
symptoms (such as sitz baths). Many surgical techniques can be performed in the 
office setting, including band ligation, sclerotherapy, radiofrequency ablation, 
and cryotherapy. The method chosen often depends on the type of hemorrhoidal 
tissue causing the symptoms and the experience of the treating physician.

8.1. Conservative treatment: 

It aims to soften the stool, relieve pain, and correct bad toilet habits. Increasing 
fiber intake or adding additional fiber to the diet can help relieve straining 
during defecation, as hard stools can damage the anal cushions on the anal 
mucosa and lead to symptomatic hemorrhoids. Fiber draws water into the 
colon’s lumen, increasing the stool’s water content. The recommended daily 
fiber intake is approximately 28 g for women and 38 g for men (29). A meta-
analysis of 7 clinical trials in 378 patients with hemorrhoids showed that 
fiber supplementation relieved symptoms and reduced the risk of bleeding by 
approximately 50%. (30)

In many patients, hemorrhoidal symptoms are related to their toilet habits. 
As the time spent in the toilet increases, the straining and the pressure in the anal 
area will increase. Some studies indicate a direct relationship between the time 
spent on the toilet and hemorrhoidal disease, although the exact cause-effect 
relationship has not been determined with mobile phone use. (27) In general, 
excessive time spent on the toilet, including reading, should be avoided.

Sitz baths are often used as part of hemorrhoid treatment. They are used 
to reduce pain, burning, and itching following a bowel movement. They can 
also help with hygiene as well as reduce anal canal pressures. Sitz baths tend to 
be more beneficial when warm water is used and when they are done in acute 
settings such as thrombosed hemorrhoids or acute hemorrhoidal disease flare-
ups.

If conservative treatment recommendations are summarized, they are as 
follows;

• Prevention of constipation,
• Adequate fiber intake and fluid consumption
• Regular exercise
• Avoiding excessive straining
• Not using a smartphone or reading a book on the toilet
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8.2. Medical treatment

The main goal of medical treatment is to control acute hemorrhoid symptoms 
rather than treating underlying hemorrhoids. Several modern medicines and 
traditional medicine products are available in various formats: pills, suppositories, 
and creams. However, the published literature lacks strong evidence to support 
the true effectiveness of topical therapy for symptomatic hemorrhoids. (31)

1.  Flavonoids: For oral preparation, flavonoids are the most common 
phlebotonic agent used to treat hemorrhoids. It is known that flavonoids 
increase vascular tone, decrease venous capacity, decrease capillary 
permeability, facilitate lymphatic drainage, and have anti-inflammatory 
effects. They are used as an oral medication for treating hemorrhoids, 
especially in Europe and Asia, although their exact mechanism of action 
remains unclear. Micronized purified flavonoid fraction (MPFF), consisting 
of 90% diosmin and 10% hesperidin, is the most common flavonoid used 
in clinical therapy. (30) A large meta-analysis using phlebotonics for 
hemorrhoids in 2012 showed significant beneficial effects of phlebotonics on 
bleeding, pruritus, discharge, and overall symptom relief. (32) Phlebotonics 
have also been reported to relieve post hemorrhoidectomy symptoms.

2.  Oral calcium dobesilate: It is another venotonic drug widely used in 
diabetic retinopathy and chronic venous insufficiency, as well as in treating 
acute symptoms of hemorrhoids. Calcium dobesilate reduces capillary 
permeability, inhibits platelet aggregation, and improves blood viscosity, 
reducing tissue edema. This agent has also been shown to be effective in 
reducing bleeding and inflammation in hemorrhoids. (33)

3.  Topical treatment: Most topical treatments aim to control symptoms 
rather than cure the disease. Therefore, other treatments may be required 
later on. Several topical preparations are available, including creams 
and suppositories. However, there is no strong evidence to support the 
true effectiveness of these drugs. These topical medications may contain 
various components such as local anesthetics, corticosteroids, antibiotics, 
and anti-inflammatory drugs. (34)

8.3. Office-based therapy

Many office-based procedures (such as rubber band ligation, sclerotherapy, 
infrared coagulation, cryotherapy, radiofrequency ablation, and laser therapy) 
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can be performed effectively and with or without local anesthesia for I-II degree 
hemorrhoids and some cases of III degree hemorrhoids. The primary goal of 
these treatments is to reduce the blood flow reaching the hemorrhoidal cushion. 
In general, the lower the grade, the more likely an office-based procedure will 
be successful, whereas recurrent and grade III or IV hemorrhoids are more 
amenable to excisional hemorrhoidectomy. 

Although office-based treatments are highly effective and major 
complications are not common, recurrence rates can be high, and patients may 
require additional treatments. In addition, septic complications may develop, so 
patients should be closely monitored for fever and urinary problems. Pain and 
bleeding are common symptoms after office-based treatments. (27)

1. Rubber band ligation: Rubber band ligation is considered the most 
popular non-surgical intervention among surgeons. Rubber band ligation 
(RBL) is a simple, quick, and effective way to treat patients with first and 
second-degree hemorrhoids and some selected third-degree hemorrhoids. 
Ligating hemorrhoid tissue with a rubber band causes ischemic necrosis 
and scar formation, resulting in the fixation of the connective tissue to 
the rectal wall. The rubber band ligation technique is simple but should 
still be done carefully to minimize discomfort. No special preparation 
is necessary, although some surgeons recommend an enema before the 
procedure. Depending on the surgeon’s choice, the procedure is performed 
in either the Jackknife or left lateral decubitus position. Anoscopy is then 
performed to determine which hemorrhoids will be banded. An assistant 
and adequate lighting are crucial to achieving optimal visualization so that 
the procedure can be performed precisely and with little discomfort to the 
patient. Placing the tape at least 1-2 cm above the dentate line is important. 
The anal transitional zone contains dense sensory innervation, and tapes 
placed in this area can cause severe pain. 1-3 taping procedures can be 
performed in the same session. Postoperative care is simple. Patients can 
resume a normal diet and activity shortly after the procedure. They should 
be warned that rectal bleeding may occur 5-7 days after ligation.

 The most common complication of RBL is pain or a feeling of rectal 
fullness, which is usually relieved by warm sitz baths, mild analgesics, 
and avoidance of hard stools by taking mild laxatives or bulking agents. 
(35) Other complications include minor bleeding from mucosal ulceration, 
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urinary retention, thrombosed external hemorrhoids, and, very rarely, 
pelvic sepsis. Patients should stop taking anticoagulants one week before 
and two weeks after RBL. A meta-analysis of 18 prospective studies 
reported that rubber band ligation was more effective than sclerotherapy 
and infrared coagulation but had higher pain scores. (36)

2. Infrared coagulation: Infrared coagulation causes coagulation by increasing 
heat in the area of application without causing damage to adjacent tissues. 
The infrared light probe is placed over the hemorrhoid pocket and activated 
quickly by converting infrared light into heat. The heat ultimately leads to 
fibrosis of the submucosa and coagulation and necrosis. As a result of fibrosis, 
the hemorrhoidal pads become fixed to the underlying muscle fibers. Patient 
positioning and preparation depend on the surgeon’s preference, similar 
to RBL. The procedure is applied to the apex of all internal hemorrhoids 
3-4 times for 1-1.5 seconds. The site of the application is as important as 
hemorrhoidal banding. If the treatment is performed too far below or too 
close to the dentate line, there will be significant pain after the procedure. 
A randomized controlled trial comparing infrared coagulation and rubber 
band ligation in 94 patients found that both procedures were well accepted 
and highly effective; however, patients had better pain scores with infrared 
coagulation in the first 24 hours after the procedure. (37) The European 
Society of ColoProctology (ESCP) also recommends infrared coagulation 
as the first choice for grade I bleeding hemorrhoids with a low level of 
evidence. (38)

3. Sclerotherapy: Sclerotherapy, one of the oldest forms of treatment, aims 
to cause scarring of the hemorrhoid tissue, thereby fixing it and eventually 
shrinking it. Sclerotherapy eliminates the vascularity of hemorrhoids, fixing 
them to the adjacent anorectal muscularis propria, and preventing prolapse. 
A spinal needle is used to inject approximately 1-1,5 mL of the sclerosing 
agent into the apex of the internal hemorrhoids in a submucosal way. 
Solutions for sclerosing agents include 5% phenol, vegetable oil, quinine, 
and urea hydrochloride or hypertonic salt solution. (39) It is important that 
the injection is made into the submucosa at the base of the hemorrhoid 
tissue and not into hemorrhoid; otherwise, it may cause abdominal 
pain. Misplacement of the injection may also cause mucosal ulceration 
or necrosis and rare septic complications such as prostate abscesses and 
retroperitoneal sepsis. (40) The ESCP reported that sclerotherapy could be 
used in grade I-II hemorrhoids with a low level of evidence. (38)
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4. Cryotherapy: It works with the principle of creating tissue necrosis by 
using liquid nitrogen with a cryoprobe that freezes the hemorrhoidal tissue. 
It has been claimed to cause less pain because sensory nerve endings are 
destroyed at very low temperatures. However, several clinical studies have 
revealed that it is associated with prolonged pain, foul-smelling discharge, 
and a high rate of persistent hemorrhoidal mass. (41) Therefore, it can be 
said that it is no longer used today. The riskiest part is that the depth of the 
frozen tissue cannot be controlled.

8.4. Operative treatment

Surgical treatment is usually required in low-grade hemorrhoids resistant to 
non-surgical treatment, high-grade symptomatic hemorrhoids, and hemorrhoids 
with complications (strangulation and thrombosis). Hemorrhoid surgery can be 
performed according to the patient’s preference or if other anorectal conditions 
require surgery. In clinical practice, the main indication is grade III-IV 
hemorrhoids. An ideal operation for hemorrhoids should completely remove the 
internal and external components of hemorrhoids, minimize postoperative pain 
and complications, show less recurrence, and be easy to learn and perform. Also, 
the cost should be cost-effective. Unfortunately, none of the currently available 
operations provide all ideal conditions.

The most popular surgical options are open or closed hemorrhoidectomy, 
stapler hemorrhoideopexy, and Doppler-guided hemorrhoidal artery ligation. 
Each has different success rates and different complication profiles that should 
be discussed with the patient.

Excisional hemorrhoidectomy is used for prolebe disease. Excisional 
hemorrhoidectomy can be divided into the closed technique (Ferguson), in 
which the mucosa is closed after tissue removal, and the open technique 
(Milligan-Morgan), in which the mucosa is left open. These conventional 
techniques are most effective in terms of recurrence for symptomatic grade 
III or IV hemorrhoids. Compared with office-based procedures, conventional 
hemorrhoidectomy is more painful and associated with greater blood loss and 
longer recovery time but has significantly lower recurrence rates. (42,43) In 
a systematic review, Bhatti et al. compared open and closed techniques and 
found that the closed technique resulted in less postoperative pain, better wound 
healing, and less bleeding. Recurrence rates, postoperative complications, and 
surgical site infection, and length of stay were similar in both procedures. (44)
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The procedure can be performed with scissors, scalpel, cautery, or an 
energy device such as Ligasure. (45) Excisional hemorrhoidectomy can be 
safely performed as an outpatient surgery under perianal anesthetic infiltration. 
The most common complication observed after excisional hemorrhoidectomy 
is postoperative pain. Other postoperative complications include acute urinary 
retention (2%-36%), postoperative bleeding (0.03%-6%), bacteremia and septic 
complications (0.5%-5.5%), wound dehiscence, unhealed wound, loss of anal 
sensation, mucosal prolapse, anal stenosis (0%-6%) and even incontinence (2%-
12%). (46,47)

Doppler-guided hemorrhoidal artery ligation (DG-HAL) was introduced in 
1995 as an alternative to hemorrhoid surgery based on Doppler-guided ligation 
of the terminal branches of the superior hemorrhoidal artery. (48) 

DG-HAL is a surgical method that reduces the arterial blood flow to the 
hemorrhoidal pockets without needing to remove the hemorrhoids. It involves 
surgical ligation of the terminal branches of the superior hemorrhoidal artery, 
which causes the hemorrhoidal pockets to shrink. To control prolapse more 
effectively, hemorrhoids are usually treated with DG-HAL. However, the 
recurrence rate after DG-HAL has been as high as 60% for grade IV hemorrhoids. 
Therefore, DG-HAL is considered one of the effective operations only for grade 
II-III hemorrhoids with a one-year recurrence rate of 10% prolapse and 10% 
bleeding. (49) DG-HAL is not a completely painless operation as approximately 
20% of patients experience postoperative pain, especially during defecation.

Stapler hemorrhoidopexy (SH) is a method described in 1998. (50) A circular 
stapling device is used to remove the excess ring of rectal mucosa proximal to 
the hemorrhoids and restore the hemorrhoids to normal within the anal canal. 
In addition to hanging the prolapsed hemorrhoids, the blood supply to the 
hemorrhoid tissue is interrupted. A meta-analysis comparing surgical outcomes 
between SH and hemorrhoidectomy involving 27 randomized, controlled trials 
with 2279 procedures showed that SH was associated with less pain, earlier 
return to bowel function, shorter hospital stay, earlier return to normal activities, 
better wound healing, and a higher degree of patient satisfaction. (51) However, 
in the longer term, SH was associated with a higher rate of prolapse. (49,51) 
Considering the recurrence rate, the cost of the stapling device, and potentially 
serious complications such as rectovaginal fistula and rectal stricture, SH is 
generally more suitable for patients with peripheral prolapsed hemorrhoids and 
patients with ≥ 3 lesions of advanced internal hemorrhoids. (52)
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9. Special cases

Acute thrombosed or strangulated internal hemorrhoids: Very painful and 
reduced hemorrhoidal pockets are found. Necrosis may develop in incarcerated 
hemorrhoids. This condition is very difficult to treat, especially in the 
presence of extensive strangulation, thrombosis, or circumferential prolapse of 
underlying high-grade hemorrhoids. Manual reduction of hemorrhoidal masses 
with intravenous analgesia or sedation may help to reduce pain. Emergency 
hemorrhoidectomy is usually required in these cases. Unless the tissues are 
necrotic, the mucosa and anoderm should be protected as much as possible to 
prevent postoperative anal stenosis. (47)

Acute thrombosed external hemorrhoids: These usually develop in patients 
with acute constipation or a recent history of prolonged straining. It presents as a 
painful,bluish-colored mass on the anal verge. The pain is most intense in the first 
24-48 hours after it starts. Afterward, the thrombosis will gradually be absorbed, 
and patients will experience less pain. As a result, if patients experience severe 
pain, especially in the first 48 hours, surgical removal of the acute thrombus 
or excisional hemorrhoidectomy may be recommended. Otherwise, precautions 
including pain control, warm sitz baths, and avoidance of constipation or 
straining are sufficient. A healing thrombosed external hemorrhoid may or may 
not require subsequent excision, 

Hemorrhoids in pregnant women: Hemorrhoids are very common during 
pregnancy, especially in the third trimester. Pregnant women with pre-existing 
hemorrhoids may have acute crises such as bleeding and reduced prolapse. 
As hemorrhoids and their symptoms will gradually improve after delivery, 
the primary goal of treatment is to relieve the acute symptoms associated with 
hemorrhoids, mostly through diet and lifestyle changes. Fiber supplements, stool 
softeners, and mild laxatives are generally safe for pregnant women. Topical 
medications or oral phlebotonics can be used with special caution as there is no 
strong evidence of their safety and efficacy in pregnancy. Hemorrhoidectomy can 
be performed in strangulated, extremely thrombosed, and severe bleeding. (53)

Hemorrhoids in immunosuppressed patients: In general, any intervention 
or operation in immunosuppressed patients should be avoided or performed 
with caution because of the increased risk of anorectal sepsis and poor tissue 
healing in such cases.

Hemorrhoids in patients with cirrhosis or portal hypertension: It should 
be distinguished whether the bleeding structure is a hemorrhoidal pocket or 



HEMORRHOIDAL DISEASE AND CURRENT TREATMENTS     85

anorectal varices. Because treating anorectal varices can be managed with portal 
hypertension, since most bleeding hemorrhoids in such patients are not life-
threatening, conservative prevention with correction of any coagulopathy is a 
preferred initial approach. (54)

Hemorrhoids in patients on anticoagulant drugs: Anticoagulant or 
antiplatelet drugs may increase anorectal bleeding in patients with hemorrhoids. 
Unless bleeding is persistent or severe, discontinuation of antithrombotic 
drugs may be unnecessary as most bleeding episodes are self-limiting and stop 
spontaneously. Conservative prevention is, therefore, the basic treatment in 
these patients. Injection sclerotherapy is the treatment of choice for low-grade 
bleeding hemorrhoids refractory to medical therapy. Rubber band ligation is not 
recommended in patients on anticoagulants or antiplatelet drugs because of the 
risk of secondary bleeding. If banding or any surgery is planned for hemorrhoids, 
it is recommended to stop anticoagulant or antiplatelet drugs approximately 5-7 
days before and after the procedure. (55)
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1. Introduction

The pleura is divided into the parietal pleura surrounding the chest wall 
and the visceral pleura covering the lungs.The space between these two 
pleural sheets is called the intrapleural space. Physiologically, there may 

be 5-10 ml of fluid in the intrapleural space. Pleural effusion occurs following 
the accumulation of excess fluid in the intrapleural space. Conditions that cause 
pleural effusion are divided into two, as exudate and transudate. Although 
fluids compatible with transudate occur as a result of a systemic disease, fluids 
compatible with exudate mostly occur as a result of local causes. It is decided 
whether a fluid formed in the intrapleural space is a transudate or an exudate, as 
a result of the classification of the sample taken from the fluid by thoracentesis 
according to Light criteria. Table 1 shows the light criteria in detail.

Parapneumonic effusion is the accumulation of exudative fluid in the 
intrapleural space above the physiological limits secondary to lung infections. 
It may develop secondary to lung abscess, bronchiectasis, bacterial or viral 
pneumonia.

Parapneumonic effusions are classified as complicated parapneumonic 
effusions and uncomplicated parapneumonic effusions. Complicated 
parapneumonic effusions are effusions that do not regress despite antibiotic 
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therapy and require drainage of fluid. In uncomplicated parapneumonic 
effusions, there is no microorganism growth, and they are usually sterile 
fluids that respond to antibiotics and do not require drainage. If complicated 
parapneumonic effusions are not diagnosed in the early period, if drainage is not 
provided and appropriate antibiotic therapy is not started, empyema develops. 
Empyema is defined as the collection of purulent fluid in the intrapleural space.

Empyema was first described by Hippocrates in 2400 BC and stated that 
it could be treated by draining it through an incision in the intercostal space. 
Afterwards, Hewit stated that it could be treated with drains and underwater 
drainage, while the first thoracoplasty was performed by Eastlender and Shede. 
Decortication was made by Fowler for the first time (1-3).

2. Etiology

Although empyema can be seen in all age groups, it is most common in men 
and the elderly. Although bacterial pneumonia is the most common etiological 
factor causing empyema, any infection (bacterial, viral, atypical) causing 
pneumonia can cause parapneumonic effusion (4). In a study by Barlet et al. (5), 
it was found that aerobic microorganisms cause empyema in 24% of patients, 
anaerobic microorganisms in 35%, and combined microorganisms in 41%. 
Although Streptococcus pneumoniae is the most common cause of community-
acquired pneumonia, empyema may develop in 2% of these patients. However, 
although staphilococcus aerous is a community-acquired pneumonia agent at 
very low percentages, such as 2%, it is a very strong pathogenic bacterium that 
causes empyema in 1 out of every 2 patients. It causes pneumonia (6).

When the microorganisms causing empyema are examined in more 
detail, it is seen that Staphylococcus aureus, Streptococcus pneumoniae, 
and Streptococcus pyogenes are the most common agents in the adult and 
childhood age groups. In addition, Haemophilus influenzae is another common 
microorganism in children.

When the cases of empyema caused by gram-negative microorganisms 
are examined, the most common microorganisms causing this condition are 
Haemophilus influenzae, Klebsiella pneumoniae and Pseudomonas aeruginosa.

Although the most common cause of empyema is infections, the second 
most common cause is operations performed in the thoracic cavity. If tube 
thoracostomy applied for any reason remains in the thorax for longer than 7 
days, thoracentesis performed under non-sterile conditions increases the risk 
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of empyema. In addition, the risk of developing empyema increases in patients 
with cerebrovascular disease and dementia who have aspiration pneumonia, 
malignancy, diabetes mellitus due to swallowing difficulties and whose immune 
system is weakened. In a study, it was found that empyema due to staphylococcus 
is common in alcohol dependents and that mortality is 40% higher in individuals 
with weakened immune systems (7).

3. Physiopatology

Physiologically, there is 5-10 ml of transudate fluid in the intrapleural space. 
Irregularities in the amount of fluid are tried to be eliminated by absorbing 
the excess fluid by the pleural lymphatics. However, when normal physiology 
is disrupted, protein-rich fluid begins to accumulate in the intrapleural space 
secondary to increased permeability in subpleural mesothelial cells. As a result 
of the accumulation of fluid exceeding the absorption capacity of the pleural 
lymphatics in the intrapleural space, protein-rich fluid causes an exudative pleural 
effusion to occur in the intrapleural space. Glucose and pH values of the fluid 
decrease with the metabolization of glucose to CO2 and lactate, which is formed 
as a product of bacteria and leukocytes. As a result of the lysis of neutrophils and 
other phagocyte cells in the pleural fluid, the fluid LDH level increases. At this 
stage, no microorganisms have grown in the liquid yet. LDH is high, glucose 
and pH are low. This period, when there is no growth of microorganisms yet, is 
called uncomplicated parapneumonic effusion. An exudative pleural effusion at 
this stage can be treated with appropriate antibiotic therapy.

In patients with uncomplicated parapneumonic effusion, if the fluid is not 
treated with appropriate antibiotic therapy at this stage and the fluid is not drained 
at the appropriate time, microorganism transfer from the alveoli to the fluid 
occurs. The liquid is not sterile from this stage onwards. Metabolism of glucose 
by microorganisms increases further in the pleural fluid where microorganism 
growth has taken place. As a result, the lactic acid ratio increases, the pH drops 
to 7.1, and the LDH level rises above 1000 I/U. A pleural effusion at this stage 
is called a complicated parapneumonic effusion.

If the fluid diagnosed as complicated parapneumonic effusion is not treated 
at this stage and drainage is not provided, pus development occurs secondary to 
the increasing amount of infection in the intrapleural space within a 2-3 week 
period, and the fluid at this stage is called empyema. If the fluid is not treated 
after empyema occurs, complicated empyema occurs with fibrin deposition and 
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septation formation as a result of active fibroblasts accumulating in the area of 
inflammation. At this stage, untreated empyema-like pleural effusion fistulas to 
the skin, resulting in a condition called empyema neccesitatis or bronchopleural 
fistula as fistulized into the bronchus. In this case, patients experience respiratory 
distress due to unexpanded lung.

Empyema is examined in 3 stages in the classification made in 1962 (8). 
The first stage is the exudative stage in which the pleural leaves are thin, there 
is no microorganism growth in the intrapleural space (liquid sterile), there 
are no septa, pH > 7.20, glucose>60 mg/dl, pleural fluid LDH level is less 
than 3 times the serum LDH level. At this stage, the fluid can be treated with 
appropriate antibiotic therapy. The second stage is the fibrinopurulent stage in 
which the parietal pleura is thick, loculations occur, the fluid becomes infected 
with the growth of microorganisms in the fluid, pH < 7.20, glucose <40 mg/
dl, pleural fluid LDH level >1000 U/L. At this stage, the fluid must be drained 
by tube thoracostomy. If the expansion of the lungs cannot be achieved in the 
radiological imaging of the lung despite fluid drainage, if the patient’s clinical 
condition is stable, it is necessary to remove the septations in the pleura with 
fibrinolytic therapy or videothoracoscopically and to provide lung expansion. 
The 3rd stage is the organizational stage in which the visceral pleura begins to 
thicken, the quality of the fluid is in the form of pus, the hemithorax becomes 
smaller and fibrous thickenings are observed. Since it is very difficult to achieve 
lung expansion with tube thoracostomy at this stage, decortication should be 
applied to the patients.

4. Diagnosis in Parapneumonic Effusion

 It should not be forgotten that parapneumonic effusion may occur in patients who 
apply for pneumonia. The first thing to do in the diagnosis of parapneumomic 
effusion is to take a postero-anterior (PA) chest X-ray. If sinus bluntness is 
present in the PA chest X-ray, there is an average of 200-500 ml of pleural fluid 
in the intrapleural space (9). In the presence of minimal fluid (average 1-2 cm), 
the invasive procedure is usually not performed. Instead, it is expected that the 
fluid will regress following the administration of appropriate antibiotics (10). 
Empyema is diagnosed if there is an increase in fluid or if pus is taken after 
sampling by thoracentesis in patients with a larger amount of pleural fluid. If 
the fluid taken is not pus, the fluid is examined according to the light criteria 
(table 1) and the necessary treatment is planned according to the sample result. 
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Although the study of leukocytes in the fluid sample taken is not a parameter 
used in the differentiation of exudate and transuda, the increase in the number 
of polymorphonuclear leukocytes is very important in the differential diagnosis 
of parapneumonic effusion from other exudative effusion causes (tuberculosis, 
malignancy). 

table 1: Light Criteria

Parameters Exudate Transudate
Pleural fluid/Serum Protein >0,5 <0,5
Pleural fluid/Serum LDH >0,6 <0,6
Pleural fluid/Serum normal 
upper limit LDH

>2/3 <2/3

LDH: Lactate Dehydrogenase

In cases where pleural fluid is detected in PA chest X-ray, a sample cannot be 
obtained by thoracentesis, thoracic ultrasonography can detect fluids greater than 
50 mL. In addition, in the presence of septation, the pleural effusion between the 
septa can be marked and the sample taken by thoracentesis and the fluid drained 
can be performed. Computed tomography of the thorax, on the other hand, 
allows this distinction to be made in patients who cannot differentiate between 
atelectasis and fluid on PA chest X-ray. It also helps to detect the presence of a 
lesion obstructing the airways or if there is a multiloculation in the pleural fluid. 
In cases where patients are immobile and cannot go to computed tomography, 
the most ideal method for detecting the amount, localization and septations 
of pleural effusion is bedside thoracic ultrasonography. The use of magnetic 
resonance imaging in pleural effusions is limited because it is insufficient in the 
evaluation of parenchymal lesions. Table 2 shows the diagnosis and treatment 
algorithm in detail in the exudative effusion classification, which is classified 
from simple parapneumonic effusion to complex empyema. 

5. Clinic

Symptoms are mostly nonspecific and difficult to differentiate from pneumonia 
and lung abscess. It may be asymptomatic or present with sepsis. Clinical 
appearance. It depends on the causative microorganism, the rate of pus in 
the pleural space and the patient. Cases of aerobic bacterial pneumonia and 
parapneumonic pleural effusion present acutely with chest pain, fever, cough, 
sputum, and leukocytosis. In cases of anaerobic bacterial pneumonia and 



96   ADVANCES IN MEDICINE AND HEALTH SCIENCE

pleurisy, there is a subacute onset picture. There is mild anemia, weight loss and 
leukocytosis. Most of these patients have risk factors for aspiration (11). In the 
physical examination of the patients, dullness on percussion, decreased breath 
sounds in examination, and a rare smear can be detected. Laboratory findings 
are nonspecific; leukocytosis, anemia, and increased sedimentation may be 
detected. When bronchopleural fistula occurs as a complication of empyema, 
there may be sudden profuse sputum production. Pneumonia develops when the 
opposite lung is contaminated. In this case, the clinic is worse and the general 
condition of the patient is even worse. When the empyema progresses towards 
the chest wall, localized swelling of the chest wall and sometimes fistulaization 
of the skin can be detected. This is also called Empyema Necessitatis (12). 

table 2: Diagnosis and treatment algorithm in parapneumonic effusion

Classification Diagnostic Parameters Treatment Algorithm
Simple parapneumonic 
effusion

<10mm of fluid on PA chest 
X-ray

Antibiotherapy only

Typical parapneumonic 
effusion

>10mm of fluid, pH>7.2 in 
PA chest X-ray
Glucose>40mg/dl, culture 
negative

Antibiotic, serial 
thoracentesis

Borderline complicated 
parapneumonic effusion

Ph=7-7.2 and/or 
glucose>40mg/dl and/or 
LDH>1000IU/L, culture 
negative

Antibiotics, frequent 
thoracentesis, tube 
thoracostomy if necessary

Simple complicated 
parapneumonic effusion

Ph<7 and/or glucose<40mg/
dl and/or culture negative

Antibiotic, tube 
thoracostomy

Complex parapneumonic 
effusion

Ph<7 and/or glucose<40mg/
dl and/or culture negative, 
loculation

Antibiotic,tube 
thoracostomy, 
videothoracoscopy, 
fibrinolytic

Simple empyema Presence of pus, loculation 
and free fluid

Antibiotic, tube 
thoracostomy, VATS and/
or Decortication

Complex empyema Pus, multiple loculation Antibiotic, tube 
thoracostomy and/or 
fibrinolytic therapy, VATS 
or decortication
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6. treatment

Treatment of parapneumonic effusions begins with antibiotics. Simple and 
typical parapneumonic effusions do not require tube thoracostomy. However, 
fluid drainage must be performed in parapneumonic effusions that become 
complicated. In addition, if fibrinolytic therapy is required in loculated effusions, 
depending on the clinical condition of the patient, decortication surgery with 
videothoracoscopic or thoracotomy should be performed. While uncomplicated 
parapneumonic effusions are expected to regress after pneumonia treatment, the 
duration of treatment for complicated parapneumonic effusions and empyema 
varies depending on the duration of pneumonia and drainage. In patients with 
effusion, appropriate antibiotherapy ensures the regression of fluid in the early 
period, while the persistence of fever and leukocytosis despite antibiotherapy 
should suggest drainage. If pus is aspirated by thoracentesis, the fluid must be 
drained. In addition, after the separation of transudate and exudate according 
to the LDH, pH, and glucose values of the pleural fluid, the drainage decision 
should be made according to these criteria. Diagnosis and treatment algorithms 
in parapneumonic effusions are shown in Table 2 in detail. 

6.1. Therapeutic Thoracentesis 

In patients with pleural effusion after pneumonia, primarily the amount of fluid in 
the postero-anterior chest X-ray and pH, LDH and glucose are studied from the 
thoracentesis sample made for illustrative purposes. Following this, therapeutic 
thoracentesis with antibiotherapy can be applied as a treatment, especially in 
patients with simple parapneumonic effusion after differentiating the fluid from 
simple or complicated parapneumonic effusion or amyemia. However, Lignt 
recommends drainage with tube thoracostomy in patients who underwent 
therapeutic thoracentesis, if there is recurrence of fluid and deterioration in 
biochemical parameters (13).

6.2.	 Tube	Thoracostomy

The most common treatment for parapneumonic effusion is drainage with tube 
thoracostomy. Termination of tube thoracostomy may be considered when the 
daily fluid drainage falls below 100cc at the time the fluid is drained and lung 
expansion is achieved on the postero-anterior chest X-ray. Lung expansion 
should be achieved radiologically within 24 hours after a properly applied tube 
thoracostomy procedure. If there is a defect in the expansion of the lungs and 
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the chest tube does not work completely, then the situation should be clarified 
with thorax computed tomography and necessary precautions should be taken. 
In patients with simpler effusions with limited or no localization, a catheter 
thoracostomy can be successfully applied while performing drainage compared 
to complicated patients. However, it is very unlikely to be successful with 
catheter thoracostomy in patients with extensive septation with complicated 
parapneumonic effusion and in patients with empyema. In these patients, a large 
diameter (at least 28-32F) tube thoracostomy should be applied for drainage (14).

6.3.	 Fibrinolitic	Therapy

In patients with parapneumonic effusion, in patients with dense septation 
and high viscosity fluid content, in cases where drainage cannot be achieved 
by tube thoracostomy, fibrinolytic therapy can be applied to dissolve the 
septa and reduce fluid viscosity to provide easier drainage. For this purpose, 
Streptokinase (250,000 U/100 mL SF) and Urokinase (100,000 U/100 mL SF) 
can be used. Urokinase is a more reliable agent than streptokinase. Fever, pain, 
pleural bleeding and allergic reactions may develop following administration 
of streptokinase. Tokuda et al. (15) did not recommend using intrapleural 
fibrinolytic therapy routinely.

6.4.	 Videothoracoscopic	Debridement	

In patients in whom adequate drainage cannot be achieved with tube thoracostomy, 
especially in the first 4-6 weeks period, videothoracoscopic entry is made before 
decortication and the pleural cavity is turned into a single cavity after the septa 
are dissolved. Drainage is provided after videothoracoscopic placement of the 
chest tube.

6.5.	 Decortication	

All fibrous tissue on the visceral pleura, thickened parietal pleura, debris in the 
intrapleural space, and pus accumulated between the septa are cleared, allowing 
the lung to expand. It can be applied by thoracotomy or by videothoracoscopy. 
In recent years, the trend is videothoracoscopic decortication. Thus, the length 
of hospital stay and pain of the patients are minimized.
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Figure 1: Intraoperative view of the decortication  performed by thoracotomy 
due to empyema after traumatic hemothorax

Figure 2:Intraoperative view of decortication applied with videothoracoscopy
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Figure 3: Image of the specimen removed  
after videothoracoscopic decortication
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1. Multiple Myeloma

Multiple myeloma (MM) is a plasma cell malignancy that is 
characterized by infiltration and growth of malign plasma cells in 
the bone marrow (BM) (1). Typically, MM is an untreatable cancer 

of plasma cells defined by infiltration and clonal proliferation of post-germinal 
central plasma cells that release antibody in the bone marrow, and it leads to renal 
failure, bone disease and anemia (2,3). MM is uncontrolled growth of malign 
plasma cells that begins in the BM, and it is the most common type of cancer 
that occurs in plasma cells (1). Recent studies have shown that age, male sex, 
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obesity and exposure to ionizing radiation are the most common risk factors for 
MM. However, the exact cause of MM is still not known (4,5) Epidemiological 
studies have shown that the incidence of MM is increased in Caucasian countries. 
Although African populations have the highest incidence rate for MM, the 
lowest incidences belong to Asian and Mediterranean populations (6,7)

It is estimated that the pathology of MM involves many factors including 
genetic, immunological and environmental causes. As MM is a heterogeneous 
disease, genetic factors play an important role in its etiology (8). MM 
microenvironment becomes a complex structure in the process of the disease 
and the host’s immune system deteriorates progressively (9).

Gene polymorphisms of inflammatory factors may play a role in the 
progression of MM by destabilizing pro- and anti-inflammatory cytokine 
profile (10). Errors in the immune response and cytokine changes lead to a 
progressively aggressive clinical course. Therefore, addition of anticytokine and 
immunomodulatory treatment to other medications directed to MM pathogenesis 
constitutes the current approach in treatment of MM (9). MM plasma cells cause 
progression of the disease by way of proliferation and survival advantage with 
cytokines that are released both by themselves and by the microenvironment 
(stroma cells) (11).

2. Immunomodulators

The interleukin (IL) family which is involved in MM’s immunological reactions 
and inflammatory process, is composed of a group of lymphatic factors that 
have numerous biological activities (12). Among the interleukin family, IL-6 is 
the main interleukin for T helper (Th)-mediated inflammation together with its 
receptor IL-6R, and is important in preservation of the Th1/Th2 balance in the 
inflammatory phase of MM (13).

Recent studies on MM biology have demonstrated new perspectives in 
relation to the factors that control growth and survival of myeloma cells. Among 
growth factors, interleukin-6 (IL-6) has an important role. Evidence shows that 
IL-6 is not only a growth factor, but also a survival factor that inhibits apoptosis 
in myeloma cells in MM. Studies have shown that IL-6 and Il-10 polymorphisms 
may act as a biomarker to monitor clinical course in MM (14,15,16). Recently, 
multivariate analyses have been used to determine if interleukin family 
polymorphisms are a prognostic factor in terms of survival in MM patients 
(17,18). Studies have extensively reported that many different polymorphisms 
in different loci are associated with poor survival and prognosis in MM (18).
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Interleukin-23 (IL-23) and tumor necrosis factor-alpha (TNF-α) are among 
these cytokines which are thought to be involved in MM disease. IL-23 is an 
inflammatory cytokine. It is also responsible of the continuity of TH17 cells 
(19). TNF-α is a potent immunomediator and proinflammatory cytokine that 
plays a role in the pathogenesis of many human diseases (20).

2.1.	 Genetic	Background

Recent studies have shown that many genes as well as cytokines are effective 
in MM and in the treatment process. Some of these genes include the CXCL12, 
CXCR4 and HIF genes. Hypoxia-inducing factor (HIF) is the main factor that 
controls the body’s response to the hypoxia environment by combining the 
enhancer or hypoxia response element in the promoter region of the activation 
of downstream target genes to regulate erythropoiesis angiogenesis, cell 
differentiation and migration.(21). It is thought that the HIF gene is involved 
in self renewal of the bone microenvironment and in developing chemotherapy 
resistance in case of leukemia (22). CXCL12 (stromal cell drived factor [SDF-
1]) is a chemoattractant, and together with its receptor CXCR4, they are strong 
candidates to regulate mobilization and intravasation of primary cancer cells 
and extravasation of these cells in the bone, and occurrence of metastasis (23). 
CXCR4 is a pleiotropic chemokine receptor that acts via its ligand CXCL12 
to regulate various physiological processes (24). CXCR4-CXCL12 interaction 
contributes to different vital biological processes by activating various 
extracellular and intracellular signal pathways (25). 

2.2.	 	CXCR4-CXCL12	relationship	in	BM	and	MM

Chemokine receptor CXCR4 and its ligand play a critical role in the function of 
normal and malign hematopoietic cells. This relationship between CXCR4 and 
CXCL12 is critical in targeting of MM cells to the protective bone marrow (BM) 
niche. In addition to hematopoietic stem cells, stem cells that are precursors of 
plasma cells are also controlled by chemokine CXCL12 (26,27). This chemokine 
also binds its receptor CXCR4 to MM malign cells and regulates integration of 
these cells to the BM, transendothelial migration and target specification. In the 
BM microenvironment, CXCL12 is mainly produced by special reticular bone 
marrow stem cells (BMSC) known as ‘CXCL12-abundant reticular (CAR)’ 
cells (28-30).

MM tumor cells show a complex interaction with the BM microenvironment. 
Most cytokines that possess critical roles such as survival and growth are 
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produced by BM cells (31). External stimuli such as hypoxia and resulting 
internal signals induce irregular MYC, HIF-1α and VEGF secretion, and this 
initiates induction of endothelial cells to release IGF-1 (32).

IL-6 interacts with various factors that are involved in the pathogenesis of 
MM such as adhesion molecules, tumor suppressor genes and oncogenes (16). 
As a major proinflammatory cytokine, IL6 and IL1 may mediate chemokines 
and adhesion molecule expression, and gather monocytes and macrophages 
to release numerous growth factors and cytokines. Many studies show that 
overexpression of proinflammatory interleukin is an important prognostic 
biomarker in MM patients (33,34).

Inflammatory cytokines such as IL-6 and IL-11 may modulate skeletal 
homeostasis and osteoclast differentiation. When IL-6 ligand binds to receptors 
before osteoclasts, it induces osteoclastogenesis, and this causes increasing 
osteolysis (35). In addition to direct action on osteoclastogenesis, IL-6 also 
changes remodeling of the bone; when activated by IL-6, osteoblasts induce 
JAK/STAT3 pathways and secrete osteoclast mediators including RANKL, 
IL-1, parathyroid hormone related protein (PTHrP) and prostaglandin E2 
(PGE2) (36). For example, remodeling of the bone structure is partially 
explained by an increase in osteoclast activity (decreased osteoprotegrin (OPG) 
and increased MIP-la mediated by RANKL/RANK interaction) and a decrease 
in osteoblast activity (mediated by DKK1 and IL-3). Increased osteoclast 
activity stimulates survival and growth of MM cells by way of IL-6 which at 
least partially increases. Potential therapeutic agents that directly inhibit some of 
these interactions include bisphosphonates (inhibiting osteoclast function), anti-
RANKL antibody, anti-DKK1 antibody and exogenous OPG (37). Thus, other 
conditions accompanying MM occur and are controlled as a result of signalling 
in the BM environment (38).

3. Results

Signalization of the bone marrow niche with tumor cells mediated by IL-6 
stengthens MAPK and PI3K/Akt pathways resulting in antiapoptotic and NF-κB 
signalling in multiple myeloma cells. Binding of IL-6 to IL-6R and Gp-130 
co-receptors induces JAK-2 signal. This signalling cascade separates STAT3/
PI3K/Akt pathways and various MAPK pathways including MEK/ERK. The 
former is associated with promoting antiapoptotic proteins:  MCL1, BCL-XL, 
BCL-2 and c-Myc, these contribute to drug resistance. In addition, STAT3/PI3K/
Akt may also support NF-κB signal which results in secretion of angiogenic and 
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inflammatory molecules such as IL-6 (39). IκBa may inhibit NfκB by way of 
coupling, and this interaction may be preserved by certain signals such as estradiol. 
The IL-6 signal pathway in MM cells are similar to the one in the stromal cells 
in the bone marrow and generally promotes an inflammatory microenvironment 
resulting in bone loss, increased tumor load and disease progression (40). Bone 
marrow adipocytes (BMAs) in the bone microenvironment are cells that are 
thought to feed this system by way of secreting IL-6. This may promote anti-
apoptosis and disease progression by way of NF-κB signal. Therefore, BMAs 
represent an ideal target for MM therapies in order to decrease drug resistance 
and recurrence rather than targeting plasma cell that clonally expands in a 
complex way (41). This pathway and many similar pathways and the signalling 
mechanism included in this may be directive for a therapeutic approach for 
MM (42). Cytokine polymorphism loci may be appropriate biomarkers for gene 
screening and an efficient adjuvant therapeutic strategy in terms of prognosis in 
MM patients.
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Introduction

Migraine is a common headache in society. However, its 
pathophysiology has not been fully elucidated. Many mechanisms 
have been proposed to explain migraine pain and accompanying 

symptoms such as aura. Abnormal neuronal excitability in the cerebral cortex, 
cortical diffuse depression (CSD), and sensitization of the trigeminovascular 
system have been held responsible for the pathophysiology of migraine, which 
in recent years has been considered a neurovascular pain syndrome. The latter 
mechanism in particular is important for the development of migraine pain, and 
many studies have shown that the central and peripheral systems have effects on 
the trigeminal system ( 1,2).

1. Epidemiology

The prevalence of migraine is estimated to be between 1.5% and 33%, depending 
on the type of study and definition. It has been demonstrated by previous 
population-based prevalence studies that migraine cases are predominantly 
female. It is known that the male to female ratio is between 1/2 and 1/5. The 
prevalence of migraine before puberty is higher in boys than girls; then, as 
puberty approaches, the prevalence in girls increases more rapidly than in boys. 
Migraine is a disease that tends to start in adolescence, its prevalence increases 
until the age of 40 and then decreases. The most common age of incidence in 
both men and women is between 35 and 45 years. The prevalence and type of 
migraine in the reproductive age differs between women and men, and migraine 
without aura is more common in women at this age (3). Cyclic hormonal changes 
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associated with menstruation are thought to be responsible for some aspects of 
migraine prevalence rates. However, it is argued that hormonal factors alone 
cannot be responsible for all this gender difference; because the prevalence of 
migraine is significantly higher in women, even in their 70s, when the role of 
cyclic hormonal factors will now be over (4, 5).

2. Defination and classification 

As there are currently no reliable biomarkers for migraine, diagnostic 
classification is based on the clinical features of the acute episode. Finally, 
migraine is classified according to the arrangement made by the Second Headache 
Classification Committee of the International Headache Society (Table 1).

2.1. Migraine without aura

Migraine without aura (diffuse migraine) occurs episodically and does not 
follow or accompany any identifiable neurological signs due to focal cerebral 
or brainstem disorders. According to ICD-II, 5 attacks, each lasting 4–72 hours, 
and showing at least two of the four pain characteristics and at least one of the 
related features, are required to diagnose migraine without aura. The four pain 
characteristics include unilaterality, throbbing, moderate-to-severe intensity, 
and increased pain with routine physical activity. Attacks must be accompanied 
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by at least one of nausea and/or vomiting or photophobia and phonophobia, 
and recurrent episodic attacks must be reported. A patient with photophobia, 
phonophobia, and throbbing pain that increases with routine physical activity 
meets these criteria; likewise typical unilateral throbbing pain accompanied by 
nausea is appropriate. However, other causes of migraine should be excluded (6).

2.2. Migraine with aura

In migraine with aura, transient visual, sensory, or language disturbances or 
other focal cerebral or brainstem symptoms precede periodic headaches or are 
accompanied by pain. Within the scope of a migraine attack, unilateral motor 
symptoms may develop. Anack, these are now further classified as hemiplegic 
migraines. Aura occurs in approximately 15% of migraineurs and usually does 
not occur in every attack (7). Migraine with aura is an idiopathic, recurrent 
condition that develops slowly, usually within 5-20 minutes, and usually lasts 
less than 60 minutes, with bouts of neurological symptoms that can be localized 
to the cerebral cortex or brainstem. Neurological aura symptoms are often 
followed by headache, nausea, and/or photophobia, either without interruption 
or after an interval of less than 1 hour. The headache usually lasts 4-72 hours, but 
it is also possible that it does not occur at all. Migraine with aura criteria were 
determined by IHS. If the aura symptoms include brainstem findings such as 
diplopia, dysarthria, and ataxia, it is called ‘basilar migraine’. If aura symptoms 
last longer than 60 minutes and less than a week, it is called ‘migraine with 
prolonged aura’ (6).

2.3.	 Clinical	manifestations

Although migraine can start at any age, the first attack most often occurs in 
adolescence. 90% of the patients had their first attack towards the age of 40. 
Migraine should be regarded with suspicion when it occurs in elderly patients. 
Because the incidence of important intracranial disorders mimicking primary 
headaches is high at this age. After puberty, migraine is more common in women. 
In children, it is slightly more common in men. 90% of the patients have a family 
history (7). Although there is some variability between populations, several 
large population-based studies conducted in Europe and the United States have 
shown the prevalence of migraine to be approximately 18% in women and 6% 
in men (4). In later years, attacks tend to occur less frequently and in severity. 
However, this is not a general finding (7)
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3. Pathophysiology of migraine

Studies on the physiopathology of migraine have been carried out for many 
years. However, it has not been possible to fully determine the physiopathology 
of migraine (8). It is claimed that tension and other emotional states precede 
attacks by some migraineurs. Although a noticeable mendelian pattern 
(autosomal dominant) has been clearly demonstrated in a very small family 
group, its genetic origin has not been fully elucidated (7).

The most frequently discussed theories in physiopathology are vascular, 
neurogenic, hypoxic, and trigeminovascular theories, and endotheliopathy is the 
one that has been put forward recently, while the autonomic theory has attracted 
attention for many years (9, 10).

The vascular theory is the oldest known migraine theory and was first 
put forward by Thomas Willis (11). The positive relationship between the 
amplitude of pulsation of the frontal branch of the superficial temporal artery 
and the severity of migraine headache by Graham and Wolf forms the basis of 
the extracranial vascular theory. The importance of vascular factors continues 
to be supported by more recent findings. In a group of 11 patients with classical 
migraine, Olsen and colleagues reported a decrease in cerebral circulation 
during periods of neurological symptoms using the Xenon inhalation method. 
They concluded that the decrease in blood flow decreased to such an extent that 
it caused both ischemia and neurologic loss, and that the latter had a vascular 
origin (7). Using perfusion-weighted magnetic resonance imaging (MRI), 
Cutter et al. detected a decrease in occipital cerebral blood flow during aura in 
4 patients (12).

In neural theories, it is claimed that migraine occurs primarily due to 
neuronal dysfunction in the brain. Cerebral blood flow decreases during migraine 
with aura but does not change in migraine without aura. As the aura develops, 
blood flow decreases progressively as a ‘spreading oligemia’ wave that starts 
from the occipital cortex and progresses forward at a rate of 2-3 mm/min (13). 
‘Spreading depression’ is abnormal and depressed cortical electrical discharges 
that spread at a rate of 3 mm/min and do not fit into the vascular spaces. It 
has been found that visual losses accompanying migraine spread at the same 
rate. Studies in animals have shown that ‘spreading depression’ is not limited 
to the cortex, but also spreads to the brain stem and hypothalamic structures 
(9). According to Lance, brain stem noradrenergic neurons originating from the 
locus ceruleus and a serotonergic system originating from the raphe nucleus 
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spread to the cortex, and this system is the most important center for migrainous 
events (14).

The hypoxic theory proposes that cerebral hypoxia is the trigger that 
initiates a migraine attack. An imbalance between the energy requirement and 
consumption of neurons can lead to hypoxia of neurons, and this imbalance 
may also be the result of the action of neurotoxins. According to this theory, the 
triggering mechanisms of migraine attacks may be related to a disorder in brain 
metabolism as a result of an inability to meet the oxygen or glucose requirement. 
This deficiency can be caused by decreased blood flow that brings oxygen 
and glucose to the brain, or metabolic processes that result in biochemical 
abnormalities. Consequently, the hypoxic theory accepts that mechanisms 
activated by oxygen or glucose reduction cause brain dysfunction (9).

An alternative but unimportant hypothesis regarding the trigeminovascular 
theory, aura, and the painful phase of migraine was proposed by Moskowitz, 
originating from the neural mechanism in the trigeminal nerve (15). This is 
based on the fact that both extracranial and intracranial involved vessels are 
innervated by small, unmyelinated, trigeminal nerve fibers and serve both pain 
and autonomic functions (trigeminovascular complex). Activation of these fibers 
also causes the release of substance P, calcitonin gene-related peptide (CGRP) 
and other peptides into the vessel wall, leading to dilation of cerebral vessels and 
increased tension.

4. Inflammation 

Inflammation is the complex biological response of the vessel wall to 
pathogens, cell damage, or damaging stimuli such as irritants. The aim 
is to eliminate the harmful stimulus from the organism and initiate tissue 
repair. Inflammation is not synonymous with infection. Infection occurs with 
exogenous pathogens, and inflammation is the organism’s response to the 
pathogen. In the absence of inflammation, the wound and infection will never 
heal and progressive damage to the tissue will end the life of the organism. 
However, uncontrolled inflammation causes diseases such as allergic rhinitis, 
rheumatoid arthritis and atherosclerosis. Inflammation is therefore under tight 
control in the organism.

After Bruce showed in 1910 that the inflammation caused by mustard oil 
at nerve junction points in experimental animal models could be prevented by 
sensory nerve ablation, neuronal inflammation and its relationship with diseases 
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began to be discussed more (15, 16). The relationship between migraine and 
neuronal inflammation was first described by Dalessio (17, 18). Dalessio 
demonstrated that migraine is caused by vasodilation resulting from a local 
sterile inflammation. (Figure 1)

Figure 1. Molecular cascade of neurogenic inflammation. Neurogenic 
inflammation has two physiological branches. One is plasma protein 

extravasation and the other is neurogenic vasodilation. Activation or inhibition 
of the release of neuropeptides from trigeminal neurons (green) can be 

achieved by external stimuli. (SP: Substance P, NKA: Neurokinin A, ET-3: 
Endothelin 3, CGRP: Calcitonin gene-dependent peptide, TACR 1: Tachykinin 
receptor, EDNRB: Endothelin receptor type B, CALCR: Calcitonin receptor)

Inflammation can be classified according to the time of onset of symptoms and 
the duration of the response. Acute inflammation may last for minutes, hours, or 
several days, and is characterized mainly by emigration of polymorphonuclear 
leukocytes, as well as exudation of fluid and plasma proteins. Signs and 
symptoms occur within minutes and hours. In subacute inflammation, signs 
and symptoms occur within days to weeks. In chronic inflammation, the 
process is longer and histologically characterized by lymphocyte-macrophage 
infiltration, blood vessel proliferation, fibrosis and tissue necrosis. Signs and 
symptoms develop over weeks and months. Vascular and cellular responses 
in inflammation are mediated by chemical mediators. Chemical mediators are 
triggered by inflammatory stimuli and originate from plasma or cells. In addition, 
these factors can show their effects alone, several factors together or in the form 
of a chain. Necrotic cells or tissues themselves can also lead to the secretion 
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of inflammatory mediators. The termination of inflammation depends on the 
inhibition of the effects of these factors and the elimination of the damaging 
factors. Chemical mediators involved in inflammation; vasoactive amines such 
as histamine, serotonin, plasma proteases, kinin system complement system, 
immunoglobulins; polypeptide cytokines (interferons, interleukins, colony 
stimulating factors, tumor necrotizing factors and lymphotoxin) and arachidonic 
acid metabolites in lipid structure (19).

Some cell growth factors have also been found to play a role in inflammation. 
TGF 1 β is a large protein procurer molecule consisting of 390 amino acids that 
is thought to be involved in cellular proliferation, differentiation and many other 
events in many cells (43). Although it is accepted that TGF 1 β acts mostly as a 
growth inhibitor, it is thought to play a role in inflammation (19).

C-RP got this name because it can precipitate the C-polysaccharide of 
Streptococcus Pneumoniae. C-RP is the best test for inflammation caused by 
infection, trauma, inflammatory rheumatic and malignant diseases. Its release 
occurs mainly in the liver, with the effect of cytokines (most importantly IL-6), 
secreted from the inflamed tissue. Although CRP measurement is a non-specific 
test that shows inflammation, it is very important in the diagnosis, determination 
and monitoring of some diseases. CRP consists of five non-covalently linked 
subunits (protomers), each of 206 amino acids.
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1. Introduction

The basis of the anatomy course has been the cadaver since history (1). 
Learning by using the sense of touch and seeing has made the cadaver an 
indispensable educational tool, as it develops the sense of ‘discrimination’ 

in health education students. In addition, the fact that the cadaver has a biological 
material feature and that it is the ‘first patient’ or ‘first clinical application’ that 
health faculty students see increases its importance even more (1,2). Because 
in recent years, cadavers have been used not only for health education, but also 
as a training tool for surgical branches. The number of cadaver-based surgical 
training courses is increasing day by day and it is aimed to increase the manual 
skills of surgeons and to reduce the risk of complications in surgery (3,4).

The fact that cadaver is a biological material increases the importance 
of storage conditions. Since then, the production and development of cadaver 
embalming solutions has always been up-to-date (1). The first condition is that 
the cadaver tissue is not infected, and the fixation technique of the cadaver has 
been tried to be developed for years(1,5,6). In addition to preventing infection, 
the fixation solution has become the desired conditions to preserve tissue color 
and maintain tissue flexibility (6,7,8). Studies on cadaver fixation still continue 
today, and this subject will remain open for years to be developed, unless three-
dimensional soft ware replaces the cadaver (9,10). The fact that the three-
dimensional soft ware produced today cannot replace cadaver education has been 
understood in the distance education process of the covid-19 pandemic (11).

Plastination is a preservation method which was developed by Gunther 
Von Hagens in Heidelberg, Germany in 1978 (12,13,14). This is a unique 
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technique that currently provides solution-free tissue fixation. Maybe because 
of this reason plastination method was used first in Europe and then in North 
America and now more than 250 universities and colleges around the World. 
The technique of plastination contributes to the education and training process 
of all anatomy-based surgical sciences and is closely related to pathology 
and dentistry (15). In addition, when we look at the literature, there are quite 
advanced plastination studies not only in medical science but also in the field of 
veterinary medicine. Plastination has started to be a technique that is constantly 
developing and its application area is growing for today’s health education with 
the developing technology (12,13,14).

2. Materials and Methods

2.1.	 Guideline	of	Plastination

The principle of the plastination technique is to remove the amount of water and 
lipid in the tissue and replace them with a plastic material (curable polymer) 
(15,16). The construction phase of the plastination technique; It is realized with 
a number of different polymers, the most common being epoxy, silicone rubber 
and polyester (17,18,19). To obtain a good quality plastinate, the polymer must 
have the following desirable properties:

table 1: Properties of the Polymer
Properties of the Polymer

1- In the uncured state, it should have the lowest possible viscosity and be easy to use.
2- The refractive index should be different from that of the tissue.
3- The resin activator mixture (base and catalyst) should have a long working time 

or a relatively long liquid phase life to allow time for the tissues to absorb.
4- During the curing process, it should not be hindered by the presence of tissue.
5- During the curing process, it must have suitable mechanical properties, i.e. rubber 

likes to simulate a natural state or be hard enough to allow its surface to be ground.
6- The price should be affordable.

(15)

2.2.	 The	Process	of	the	Plastination

The technique involves four basic steps: (1) fixing, (2) dehydration and 
degreasing, (3) forcing impregnation with the polymer, and (4) curing the 
polymer followed by finishing and storage (15,16,19).
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The following hardware materials are required for these four basic stages. 
A vacuum pump with a regulator, a freezer set to -25°C, a vacuum tube, an oven 
that can be set to 45°C, glass jars, sealed plastic containers according to organ 
size, leak-proof plastic bags. This equipment does not involve a very compelling 
cost. Polymers, formalin, acetone and curing solutions are costly consumables. 
Plastination process steps are explained below and shown schematically 
(15,18,19).

Figure 1: Steps in plastination process

(20)

2.2.1. Fixation

There is a certain amount of water and enzyme activity in every biological 
tissue. With death, these substances cause decay and putrefaction. Biological 
materials must be fixed before plastination to prevent decay and stop the action 
of enzymes. The plastination of freeze-dried materials has been attempted, 
resulting in an unfortunate odor. Therefore, the fixation process is considered an 
important step in the plastination stages. 

Any established fixation method using formalin solution of varying 
concentration (5-10%) can be used. Depending on the size of the tissue or organ 
and the fixation method used, this step may take 24-48 hours or more. Fixing 
tissues with high lipid content at higher formalin concentrations for a slightly 
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longer period of time may work well. Old laboratory materials (cadaver tissues) 
stored in formalin for up to 10 years can also be plastinated. The only limitation 
may be related to samples stored in solution containing glycerol. Because 
glycerol will prevent the silicone from curing in later stages. It is recommended 
to remove glycerol from these samples and rinse thoroughly before plastination 
(15,16,17).

There are several methods of administering the fixative solution. These 
methods can be listed as follows (16).

table 2: Methods of administration of fixing solution

Methods of administration of fixing solution
Immersion It can be from 1% to 5% formalin concentration. Formalin 

concentration above 5% is not preferred. It is a suitable method 
especially for thin tissues. Doing at 1-5 degrees (in the cold) prevents 
putrefaction and ensures better adhesion of the fixing solution.

Injection The injection method is generally a suitable method for fixing 
solutions to be sent through the vessels. In most cases the arteries 
are used, seldom the veins. The method is particularly suitable for 
fixation of the whole body and extremities.

Perfusion It is defined as the continuous flushing of the vascular system of 
whole bodies, organ sor extremities with fluid. Perfusion solution 
is injected into a main artery and flows through the capillaries and 
veins. The basic point is that the blood in the whole body is thrown 
out of the body before the perfusion solution, that is, the body is 
cleaned from the blood. In plastinastion tap water perfusion is very 
commonly used to remove blood (If the fresh tissue is used) from the 
organs such as kidney, heart and liver.

Infiltration The vessels are not used in this method. The fixative solution is 
given directly into the tissue. This method is especially useful in 
organs with damaged or injected with colored material. At the same 
time, this method is used in very thick organs and tissues.

Dilatation It is distention of a hollow organ by applying fixative fluid under 
hydrostatic pressure. the good thing about this method is that natural 
shape of the organ is maintained. The fixative solution diffuses 
through the Wall of the organ, thus fixing it in its distended form. 
This method is used  for fixation of hearts (via the chambers) , 
kidneys and lungs (via the airway).

 (16)
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In general, if there is fresh tissue during the fixation phase, the procedure will 
be better. Prolonged exposure to formalin solution may fade the normal color 
of tissue. Therefore, the following items are recommended for color protection 
(16).

table 3: Color preservation principles

Color Preservation Principles

1- Fixation as short as possible: Fixation should be terminated when each cell 
of the tissue comes into contact with the fixation solution. A small tissue (eg 
an insect) can be fixed in an hour, while a very large tissue can be fixed for 
over three weeks. In addition, temperatures as low as 5 degrees both prevent 
putrefaction and reduce the adhesion properties of the fixative solution.

2- Frozen fixation: Freeze-fixing should take a maximum of two weeks. In this 
way, the preservation of the color of the tissue also gives excellent results. At 
the same time, the shape is preserved by freezing. In this fixation, the water 
quickly moves away from the tissue and thus shortens the dehydration stage.

3- Kaiserling Fixation: This solution is recommended for whole bodies which 
are to be cut into slices and plastinated with Biodur S10, Biodur PEM 27or 
Biodur E12. The composition of Kaiserling fluid is: 300gr potassium acetate, 
150 gr potassium nitrate, 200 ml formalin and 800 ml demineralized water. 20 
liters of this mixture are needed for a single body.

 (16)

table 4: Fixation After Color İnjection

Fixation After Color İnjection
1- Fixation should be started with a very low concentration fixation solution 

(1-2%). This low concentration fixative solution penetrates the tissue faster. 
Then the fixative solution concentration (exp: formalin) can be increased in 
one or two steps up to 5%. This can be made either by adding more formalin to 
the bat hor by transfering the tissue to a new solution.

2- The low temperature both prevents putrefaction and provides better penetration 
of the fixative solution. It is highly recommended that fixation should be done 
at refrigerator temperature (1 to 5°C).

3- Bulky samples that cannot be injected or sliced should be infiltrated. Simple 
fastener penetration should not be relied upon when the thickness to be drilled 
is greater than 2 to 3 mm.

 (16)
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table 5: Fixation Procedures By Tissue

Fixation Procedures By tissue
tongue First, it needs to be rinsed overnight under tap water. Then it is 

recommended to control it in 5% fixative solution (exp: formalin)  until 
it takes its shape.

Lung After the blood is removed, it is recommended to rinse overnight via 
bronchi. It is then dilated with a 5% fixative solution (exp: formalin) 
under hydrostatic pressure and immersed in a 5% fixative solution again 
until fixed.

Heart It needs to be rinsed via left atrium overnight with tap water. It sould 
be injected coronary vessels with Biodur E20 red and blue. It is then 
dilated with a 2% fixative solution  (exp: formalin)  under hydrostatic 
pressure and immersed in another 2% fixative solution until fixed.

Aorta It needs to be rinsed overnight under tap water. It can be shaped by 
wrapping it with filter papers. The concentration of the fixing solution 
(exp: formalin)   should be increased daily (first day in %1, second day 
in %2, third day in %5).

Spleen The vein is cannulated, preserving the capsule. It is injected via vein or 
infiltrate via hilus with fixation fluid (exp: formalin)  ; İt is advised to 
immerse in fixation fluid until fixed.

Liver İt is cannulated hepatic artery. Then it is injected with fixation solution 
(exp: formalin)  and immersed in fixation solution (exp: formalin)  until 
fixed.

Stomach İt is advised to clean the mucosal surface with water (to rinse with 
tap water overnight).Then it is immersed in %2 formalin+%5 calcium 
chloride until fixed (ıt is advised to fill stomach with the same solution).

Intestine It needs to be rinsed overnight under tap water (especially mucosal 
surface).İt is advised flushing mucosal surface with 5-10% fixation 
solution (exp: formalin)  while immersing in 5% fixation solution (exp: 
formalin) until fixed.

Kidney It is advised to cannulate arteries, veins and ureter and then to rinse with tap 
water (via arteries) overnight. It is injected major blood vessels with Biodur 
E20 red and blue. Then it is dilated pelvis and calyceal spaces (via ureter) 
with %2 fixation solution (exp: formalin) under hydrostatic pressure. 
Finallyit is immersed in 5% fixative solution (exp: formalin) until fixed.

Uterus It needs to be rinsed overnight under tap water. It is infiltrated with 
5% fixative solution (exp: formalin) to estamblish natural shape. 
Then it is immersed in 5% fixative solution (exp: formalin) until fixed 
(periodically checking for preservation of shape).
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Placenta It is advised to majör blood vessels, and then to rinse with tap water 
(via the veins) overnight. It is injected umblical vessels with Biodur 
E 20 red and blue. Then it is immersed in %5 fixative solution (exp: 
formalin).

testes It needs to be rinsed overnight under tap water. It is infiltrated with 
2% fixative solution (exp: formalin) and then immersed in %5 fixative 
solution (exp: formalin) until fixed.

Whole 
Corpse

(for plastination of thick slices with Biodur S 10) It is cannulated 
femoral artery. It needs to be rinsed overnight under tap water. Then 
it is injected with fixative solution (exp: Kaiserling) under hydrostatic 
pressure. Finally it is transfered to bath of fixative solution (exp: 
Kaiserling) while still injecting.

Whole 
Corpse

(for plastination of thick slices with Biodur E12) It is cannulated 
femoral artery. It needs to be rinsed overnight under tap water. Then 
it is injected with fixative solution (exp: Kaiserling) under hydrostatic 
pressure. Finally it is sliced and immersed sliced in %5 fixative solution 
(exp: formalin) until fixed.

 (16)

2.2.2.	 Dehydration

At this stage, the water content in the tissue is replaced by volatile chemicals 
(alcohol or acetone). The use of volatile chemicals facilitates the impregnation 
stage. Ethanol series can be used, but will often prolong the process and will 
damage the coloration and result in a pale appearance. The cooled and fixed 
sample is immersed in acetone at 25°C, whereupon it quickly freezes while 
retaining its shape. After a while, acetone begins to replace the water crystals 
in the tissue. The volume of acetone must be at least 10 times the volume of the 
sample, and the residence time in the acetone bath depends on the size of the 
sample. Three changes of acetone can be used and the percent concentration 
of acetone should be measured at these steps. Finally, the water concentration 
coming out of the tissue should not exceed 1% at the last stage. If it passes, 
a final acetone (100% pure acetone is added) bath can be done. If ethanol 
dehydration is used, an additional step is required in which the saturation 
(concentration or degree of purity) of the absolute alcohol is replaced with a 
suitable intermediate solvent such as acetone or methylene chloride. Acetone 
will increase dehydration, but it should be noted that methyl chloride is not 
miscible with water (15,17,18,19).



126   ADVANCES IN MEDICINE AND HEALTH SCIENCE

***Degreasing

Lipid-rich tissues should be transferred in acetone at room temperature for several 
hours, depending on the size of the tissue. Meanwhile, lipids are dissolved and 
separated from tissues. Biological tissues prepared for epoxy plastination need 
an extra oil bath in methylene chloride to increase their transparency (15).

2.2.3.	Forced	İmpregnation

This step is one of the steps that reveals the actual plastinate. It is carried out 
in a vacuum unit where acetone-saturated biological tissues are immersed in a 
liquid polymer bath. A volatile chemical such as acetone is preferred because 
the polymer will interact and replace a volatile chemical much more easily (this 
is the answer to why acetone is preferred in the dehydration stage). After the 
biological tissue is placed in the vacuum unit, the pressure is slowly reduced by 
a vacuum pump, causing the acetone to pass from the liquid phase to the vapor 
phase. The escaping of the acetone creates a vacuum that allows the polymer to 
penetrate down to the microscopic levels of the tissue. If the applied vacuum is 
too high, the acetone is removed before the more viscous polymer seeps into 
the tissue and the sample settles. It is therefore very important that the vacuum 
be controlled with a regulator and that the unit is made of heat resistant glass 
so that the reaction can be monitored regularly. With properly applied vacuum, 
continuous reaction bubbles show on the tissue surface. The pressure should 
be gradually reduced over a period of time, when the bubbling stops, the tissue 
is polymerized and can be taken out of the pressure unit. In addition, when the 
pressure unit machine is stopped, the biological tissue can be allowed to remain 
in the polymer liquid for 1 or 2 days without opening the cover of the vacuum 
unit (15,17,18,19).

2.2.4. Curing

This stage is an indispensable and important stage in which plastinates are 
obtained after the impregnation stage. After the tissues come out of the polymer 
bath, the polymer in the containers with the tissue in the vacuum unit is still 
liquid and can be reused. There are three different curing options, depending on 
the polymer used. In the case of silicone tissues, the polymer/hardener mixture 
used in the impregnation will eventually set within days to weeks. An accelerator 
chemical in vapor or gas form significantly speeds up the curing process by 
promoting crosslinking between polymer chains. The polymerized tissues are 
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placed on a platform above the volatile accelerator in an airtight container. The 
presence of a desiccant simplifies the process as any moisture causes whitish 
discoloration on the tissue surface. Initially, the polymer expands and leaks from 
the surface to be wiped until the tissue surface hardens. After a few days, the 
tissue can be transferred to a sealed container containing desiccant only, where 
the accelerator already present in the tissue can spread evenly and complete the 
curing process (wait for a few more days). The curing process may take a short 
time depending on the size of the polymerized tissue.

Curing of epoxy resin impregnated tissues is carried out by heat treatment 
at 45°C. In the oven, the final curing takes several days to complete. The tissue 
impregnated with polyester are cured by exposure to UV light for 45 minutes 
and left in the oven for a few days at 45°C (15,17,18,19).

3. Results

3.1. Finishing and storage

Tissues that turn into plastinate can be made more attractive by trimming 
unwanted areas. In particular, a dilute detergent or a lubricant can be used to 
remove residual polymer with a scalpel. Thus, the surface can be made smooth 
by polishing the plastinate at the same time. The most beautiful and special 
of plastinates can be mounted on a display stand. Other plastinates obtained 
can also be easily stored in plastic bags at room temperature. Humidifiers can 
also be placed where plastinates are stored and displayed. Occasionally there 
may be polymer bleed on the tissue or a wet appearance of the curing solution. 
Therefore, it is recommended to keep the plastinates under observation for 6 
months or 1 year from the time they are produced, and to wipe them when the 
tissue vomits chemicals (15,19).

4. Discussion

Plastination can be considered as one of the technological inventions of the 
age in the field of health sciences. Especially in the field of medicine, the 
immortalization of the human body and organs is made possible by plastination 
(21). It is a very valuable invention to have the chance to learn by touching a real 
tissue and to be able to keep that tissue like a living model without being spoiled 
for years in education (21,22).

It has been a fact defended by medical educators that the cadaver is an 
effective and important teaching tool (23,24). However, the storage conditions 
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of the cadaver are quite demanding and it is very difficult to preserve it for 
long generations without spoiling. Thanks to plastination, the cadaver can be 
preserved for a long time (12,15).

There are some situations that make it difficult to use cadaver in education. 
These are usually problems such as the irritant effect and odor of the cadaver 
fixative solution. At the same time, the fact that the cadaver is an organic material 
is also open to microbial activity and makes it necessary to constantly touch it 
with gloves (25).

When a cadaver and its organs turn into plastinate, organic tissue properties 
such as odor and putrefaction are lost. During the training, the cadaver can be 
touched without gloves. Because the chemicals used in plastination prevented 
decay and microbial activity quite well. In addition, the cadaver does not need 
to be stored in solution and constantly moist. When all these advantages are 
considered together, a plastinated cadaver is an extremely comfortable course 
material in terms of education (15,19,25).

The advantages of plastination are not limited to the ease of use of a whole 
cadaver (26). The advantages offered by section plastination are like a revolution 
in medical education. Normally, cross-sectional anatomy is usually seen during 
radiology training (26,27). Because the curricula of anatomy can only suffice 
for clinically enriched systematic anatomy in terms of timing. Cross-sectional 
anatomy can be studied mostly in postgraduate education. In fact, cross-sectional 
anatomy is the subject of radiology rather than anatomists (27,28,29).

Thanks to plastination, cross-sectional anatomy can be emphasized 
vividly. Because although cadavers and their organs are sliced to serve cross-
sectional anatomy, storage conditions and the dispersion of structures limit the 
visualization of cross-sectional anatomy. In radiology, there is a virtual reality. 
Sections are usually black and white, as color rendering requires some cost 
(27,28,29).

Plastination is a great invention for studying cross-sectional anatomy (27). 
When living cadaver tissues are divided into sagittal, horizontal and coronal 
sections and plastinated, a material that can be touched by hand and whose colors 
can be distinguished (muscle, bone, cartilage, vessel, etc.) is obtained. Thus, 
the structures that can only be examined in the virtual environment become a 
wonderful educational tool by hand (27,30).

Plastination has an important place not only in the field of anatomy but also 
in the field of pathology (20,31,32). The plastination of pathological specimens 
and their use for educational purposes is a tremendous invention. Because 
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pathological samples contain pathology, they are stored in important solutions. 
It is almost impossible to hold it by hand and remove it from the solution and 
examine it (for educational purposes). Because the tissues also carry the risk of 
possible infectious disease agents, unfortunately, the examination area is limited 
by taking them out of the solution.

Thanks to plastination, it is very easy and comfortable to handle and 
examine pathological tissues and organs. Tissues and organs do not contain 
any risk of infectious disease or problems such as irritation in living tissue. In 
addition, it brings a wonderful visuality and the chance to be examined by hand 
to education (20,31,32).

Plastination technique is still being developed today (33). Because the 
chemicals used and the equipment layout are somewhat costly (15). Therefore, 
the establishment of this mechanism in every medical school in the world 
requires some cost. In addition, unfortunately, the chemicals used may have toxic 
effects and employee health and safety analyzes are ongoing (34). Therefore, the 
plastination unit also brings along a trained technical personnel (34,35, 36.

There may still be unexplored details inside the plastination. What can be 
used instead of the chemicals used, or which solutions can be recommended 
in the new technology in the selection of fixative solution, are the places with 
question marks. For this, it is an area open to development and improvement.

5. Conclusion

Plastination is the immortalization of biological material. Such a great invention 
has advantages as well as disadvantages. Efforts are still underway to eliminate 
its disadvantages (cost and harmful effects of chemicals). Its advantages can be 
like a revolution in health education.
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1. Introduction

The covid-19 pandemic process has affected the whole world as well as the 
education field (1). Unfortunately, in faculties such as medical faculties 
where applied education is important, medical education has been tried to 

be continued online. One of the departments affected by the pandemic in medical 
faculties is anatomy education (1,2). In particular, anatomy education, where 
learning with visual memory and tactile sense is at the forefront, unfortunately 
had to be supported by distance education visuals (3). The most used area in this 
regard has been web videos showing anatomical structures that can be viewed 
online (4).

Anatomy lesson has been the one of the most challenging subjects for 
students since history for all faculties that take anatomy lessons (5). Anatomy 
education, which has been based on cadaver since history, has become open 
to many innovations with the development of technology in recent years (6). 
Tablets, models and three-dimensional software have been used in anatomy 
education in recent years (7,8,9). No matter how advanced the technology is, 
the sense of reality and tactile learned from the cadaver has always been more 
desirable for students (6,8).

In this article, it was intended to examine the effect of web-based anatomy 
videos on students. The replies given by the students about the use of these 
videos in anatomy education are very important in the future shaping process of 
anatomy education.
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2. Material And Method

This study was carried out with the permission of the ethics committee of 
Kafkas University Faculty of Medicine (Approval number: 2019/12; Decision: 
15). The research was carried out on the opinions of the third and second year 
medical students of Kafkas University Faculty of Medicine in the 2020-2021 
academic year. The data collection forms filled in the research were prepared on 
the web and sent to the students via e-mail. 144 students (64 from the third year, 
80 from the second year) answered the questions in the data collection form. 
Questionnaire were made with a five-point Likert scale (strongly agree, agree, 
undecided, disagree, strongly disagree) (10) The questions answered by the 
students were automatically analyzed with the program on the web system and 
the results were obtained with this program. The system automatically calculated 
the answered options with frequency and percentage calculation. Statistical 
analysis was made using SPSS 22.0.The answers given by the third and second 
year students to the questions were statistically compared with the chi-square 
test. The results were scored at a 95% confidence interval, and p-value of <0.05 
was considered significant.

3. Results 

When the questions were asked to the students and the answers were examined, 
very good data were obtained.  While the second graders responded with the 
opinion that ‘the videos you watch on the Internet help you understand the 
subject’, ‘I agree’ at a high rate (43,80%), ‘I agree’ and ‘I strongly agree’ 
responses are high and equal in the 3rd grade (34,40%). As can be seen from 
this answer, students like to learn anatomy lessons through videos. Both second 
(42, 50%) and third year (39,10%) students strongly disagree with the view that 
‘anatomy education is sustainable with only videos’. The strong refusal of the 
students to teach anatomy lesson only from videos is a positive situation for the 
future of anatomy education. Both second (32, 50 %) and third year students 
(39,10%) strongly disagree with the view that ‘depth perception can be selected 
in videos’. Third (32, 80%) and second year students (35%) highly disagree with 
the view that ‘Three-dimensional perception can be selected in videos’. Third 
grade students (43, 80%) highly disagree with the view that ‘Since formaldehyde 
in the cadaver disturbs, we should learn the cadaver from the videos.’a, while 
the second grade students (45%) highly disagree strongly. 
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To the sixth question, both third (71, 90%) and second year  (61,30%) 
students answered highly ‘I strongly agree’. To the seventh question, both third 
(46, 90%) and second year (70%) students answered highly ‘I strongly agree’.  
To the eighth question, both third (56, 30%) and second year (48, 80%) students 
replied highly ‘I strongly agree’. 

To the ninth question, third grade students (32, 80%) answered ‘I do not 
agree’ with a high rate, while second year students answered ‘I do not agree’ and 
‘I am undecided’ at the same rate (26,  30%). To the tenth question, both third 
(37, 50%) and second year students (52,50%) highly disagree. In the eleventh 
question, both third (39,10%) and second graders (48,70%) gave a high rate 
of strongly disagree. In the twelfth question, both third (51,60%) and second 
graders (58,80%) answered highly strongly agree.

When the replies given by the third and second graders to each question 
were compared, it was observed that there was a significant difference only in 
the seventh question in terms of p value (p<0.05) (table 3). The replies given by 
both second and third grade students to all questions are shown in tables 1 and 2.
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table 1. Percentage of frequency (f) that third year students gave  
to the questions

third year students of the medicine 
faculty
(N:64)

totally 
Agree 
(%)

totally 
Disagree 
(%)

Undecided 
(%)

Agree 
(%)

Disagree 
(%)

1- The videos you watch on the Internet 
help you understand the subject.

34,40% 3,10% 23,40% 34,40% 4,70%

2-Anatomy education can be sustained 
only with videos.

6,30% 28,10% 18,80% 7,80% 39,10%

3-Depth perception can be selected in 
videos.

7,80% 6,30% 29,70% 17,20% 39,10%

4-Three-dimensional perception can be 
selected in videos.

9,40% 3,10% 23,40% 31,30% 32,80%

5-Since the formaldehyde in the cadaver 
disturbs, we should learn the cadaver 
from the videos.

6,30% 29,70% 10,90% 9,40% 43,80%

6-Even if the formaldehyde in the cadaver 
bothers, we should learn the cadaver both 
from the videos and by touching.

71,90% 1,60% 7,80% 17,20% 1,60%

7- Videos are tools that support the 
learning of the lesson, the lesson is not 
completely learned from the videos.

46,90% 6,30% 9,40% 34,40% 3,10%

8- Since the time to use the anatomy 
laboratory is limited, the subjects 
of applying anatomy lessons can be 
supported by instructional videos taken on 
models and cadavers.

56,30% - 1,60% 35,90% 6,30%

9- I can learn most of the information I 
need in videos.

21,90% 4,70% 25% 32,80% 15,60%

10- I can learn some of the information I 
need in the videos.

20,30% 4,70% 17,20% 37,50% 20,30%

11- Instead of coming to the anatomy 
practice lesson, the lesson should be 
taught from videos and shown on-line.

6,30% 39,10% 17,20% 12,50% 25%

12- The basis of anatomy education is 
cadavers, videos on models and cadavers 
can only support education.

51,60% 1,60% 12,50% 31,30% 3,10%
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table 2. Percentage of frequency (f) that second year students gave  
to the questions

Second year students of the medicine 
faculty
(N:80)

totally 
Agree 
(%)

totally 
Disagree 
(%)

Undecided 
(%)

Agree 
(%)

Disagree 
(%)

1- The videos you watch on the Internet 
help you understand the subject.

30% 1,30% 17,50% 43,80% 7,50%

2-Anatomy education can be sustained 
only with videos.

3,80% 30% 20% 3,70% 42,50%

3-Depth perception can be selected in 
videos.

7,50% 17,50% 26,20% 16,20% 32,50%

4-Three-dimensional perception can be 
selected in videos.

9% 15% 23,80% 17,50% 35%

5-Since the formaldehyde in the cadaver 
disturbs, we should learn the cadaver from 
the videos.

7,50% 45% 11,30% 5% 31,30%

6-Even if the formaldehyde in the cadaver 
bothers, we should learn the cadaver both 
from the videos and by touching.

61,30% 2,50% 7,50% 22,50% 6,30%

7- Videos are tools that support the 
learning of the lesson, the lesson is not 
completely learned from the videos.

70% 3,70% 3,70% 16,20% 6,30%

8- Since the time to use the anatomy 
laboratory is limited, the subjects of 
applying anatomy lessons can be supported 
by instructional videos taken on models and 
cadavers.

48,80% - 11,20% 30% 10%

9- I can learn most of the information I 
need in videos.

18,80% 7,50% 26,30% 26,30% 21,30%

10- I can learn some of the information I 
need in the videos.

15% 1,30% 12,50% 52,50% 18,80%

11- Instead of coming to the anatomy 
practice lesson, the lesson should be taught 
from videos and shown on-line.

8,80% 48,70% 11,30% 8,80% 22,50%

12- The basis of anatomy education is 
cadavers, videos on models and cadavers 
can only support education.

58,80% 1,20% 11,30% 17,50% 11,30%
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table 3. ‘p’ values of second and third year students’ answers to each  
question with chi-square test (p: Chi-square test of  

second and third grade students ‘p’ values).

Questions ‘p’ values
1- The videos you watch on the Internet help you understand the subject. 0.626
2-Anatomy education can be sustained only with videos. 0.797
3-Depth perception can be selected in videos. 0.374
4-Three-dimensional perception can be selected in videos. 0.082
5-Since the formaldehyde in the cadaver disturbs, we should learn the cadaver 
from the videos.

0.303

6-Even if the formaldehyde in the cadaver bothers, we should learn the cadaver 
both from the videos and by touching.

0.560

7- Videos are tools that support the learning of the lesson, the lesson is not 
completely learned from the videos.

0.023

8- Since the time to use the anatomy laboratory is limited, the subjects of 
applying anatomy lessons can be supported by instructional videos taken on 
models and cadavers.

0.100

9- I can learn most of the information I need in videos. 0.799
10- I can learn some of the information I need in the videos. 0.357
11- Instead of coming to the anatomy practice lesson, the lesson should be taught 
from videos and shown on-line.

0.645

12- The basis of anatomy education is cadavers, videos on models and cadavers 
can only support education.

0.141

4. Discussion

When the answers were examined, it was observed that the students were 
generally satisfied with the video education. However, since the depth perception 
and three-dimensional perception in the videos cannot be selected as in real 
materials, students view negatively if the videos are completely effective in 
anatomy education.

While the second graders responded with the opinion that ‘the videos 
you watch on the Internet help you understand the subject’, As can be seen 
from this answer, students like to learn anatomy lessons through videos. Both 
second and third year students strongly disagree with the view that ‘anatomy 
education is sustainable with only videos’. The strong refusal of the students to 
teach anatomy lesson only from videos is a positive situation for the future of 
anatomy education. Both second and third year students strongly disagree with 
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the view that ‘depth perception can be selected in videos’. Third and second year 
students highly disagree with the view that ‘Three-dimensional perception can 
be selected in videos’. Third grade students highly disagree with the view that 
‘Since formaldehyde in the cadaver disturbs, we should learn the cadaver from 
the videos.’, while the second grade students highly disagree strongly. In this 
question, students express that they want to learn by seeing and touching the 
cadaver, despite the toxic effect of formalin solution.

To the sixth question ’Even if the formaldehyde in the cadaver bothers, we 
must learn the cadaver both from the videos and by touching’, both third and 
second year students answered highly ‘I strongly agree’. To the seventh question 
‘Videos are tools that support lesson learning, lesson is not entirely learned from 
videos’, both third and second year students answered highly ‘I strongly agree’. 
In this question, students think that videos are just a tool for learning. What 
is important is that the anatomy lesson is supported as a whole with videos, 
models and cadavers. To the eighth question ‘Since the time to use the anatomy 
laboratory is limited, the subjects of applying anatomy lessons can be supported 
by instructional videos taken on models and cadavers’, both third and second 
year students answered highly ‘I strongly agree’. 

To the ninth question ‘I can learn most of the information I need in videos’, 
third grade students answered ‘I do not agree’ with a high rate, while second 
year students answered ‘I do not agree’ and ‘I am undecided’ at the same rate. 
To the tenth question ‘I can learn some of the information I need in the videos’, 
both third and second year students highly disagree. In the eleventh question 
‘Instead of coming to the anatomy practice lesson, the lesson should be taught 
from videos and shown on-line.’, both third and second graders gave a high rate 
of strongly disagree. In the twelfth question ‘The basis of anatomy education 
is cadavers, videos on models and cadavers can only support education.’, both 
third and second graders answered highly strongly agree.

Despite the disturbing odor of the formaline solution used for cadaver 
fixation in the anatomy laboratory, students prefer to learn the practice lesson 
live rather than from the videos. Student opinions argued that the videos could 
only be used to support the lesson. Unfortunately, most of the information 
needed from the videos cannot be learned. However, in cases where time is 
limited in the laboratory environment, anatomy videos before or after the lesson 
can support the lesson highly.

Undoubtedly, the innovations that technology offers to the field of anatomy 
are very important (11,12). Digital learning tools, softwares, electronic atlases 
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and tablets attract the attention of the new generation in terms of learning 
lessons and make life easier. However, it is highly controversial whether these 
innovations take over education completely. That is why, in this study, especially 
student views on the future of anatomy education are included (13,14). The 
Covid-19 pandemic process is also a guiding process in the on-line processing 
of the anatomy lesson and has created awareness (15).

The situation of teaching anatomy lessons from distance education or videos 
does not fully meet the information needs of medical students (16). Especially 
three-dimensional perception is by seeing and touching (16,17). Therefore, video 
training can only be used as a supplement to normal cadaver education.

5. Conclusion

 Student views are extremely important for innovations in the field of education. 
Although video anatomy education seems very modern and technological, it 
does not replace the perception of reality. New generation students adapt well 
to technology and innovations. But instead of a digital education, they want a 
supportive technology for a live anatomy lesson with normal traditional cadavers 
and taught in a laboratory environment.
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1.  Introduction

Coronavirus disease 2019 (COVID-19), which originated in late 2019 in 
Wuhan city in China, became one of the most important pandemics in 
recent medical history, the virus was firstly reported as an outbreak in 

December 2019 (1-3). Three months later, covid-19 was declared as a global 
pandemic by the Director-General of the World Health Organization. The 
etiological agent of this pandemic is a novel coronavirus of suspected zoonotic 
origin, which is structurally similar to the Severe Acute Respiratory Syndrome 
(SARS) and Middle East Respiratory Syndrome (MERS) causing agents, and 
it’s known as SARS-COV2(4,5). Like SARS & MERS, SARS-COV2 is a 
positive-stranded RNA virus and it is isolated from bats and can be transmitted 
from animals to humans, from humans to humans, and from animals to animals 
mainly by respiratory droplets(5). It was found that the mean incubation time of 
COVID-19 was 6.4 days, varying from 2.1 to 11.1 days (5,6). Whereas the main 
symptoms of covid-19 were like other coronaviruses, and it is mainly located 
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in the lower respiratory system. The severity of the disease was ranged from 
asymptomatic to multiorgan failure. Fever, cough, myalgia, sputum development, 
headache, hemoptysis, diarrhea, dyspnea was the main symptoms of COVID 19, 
and, in severe cases, acute respiratory distress syndrome (ARDS), acute cardiac 
injury, or secondary bacterial infection may occur in infected patients (7,8).

The diagnosis of COVID-19 is based mainly on the detection of the viral 
genome by use of the real-time reverse-transcription-polymerase chain reaction 
(rRT-PCR) analysis but also laboratory values and biochemical markers changes 
may play an important role in the monitoring of COVID-19 patients(7,9). In the 
last months, many published studies talked about the possible abnormalities of 
laboratory values in COVID-19 patients and the ability to use these values to 
predict the prognosis of the disease (5 ,9,10). The purpose of this review is to 
discuss the possible changes in laboratory values and biochemical markers in 
COVID 19 patients, and the ability to use these markers as predictors for disease 
prognosis. 

2.  The role of laboratory values in the diagnosis of COVID 19 and 
patient follow up

Due to the rapid spread of COVID-19, the affected countries started to find 
different methods to diagnose COVID-19 (7).  At the start of the pandemic and 
according to World Health Organization (WHO) the diagnosis of COVID-19 was 
mainly based on the detection of viral RNA in respiratory secretions by detecting 
distinctive viral sequences by nucleic acid amplification tests (NAATs), such as 
rRT-PCR(11,12). Also, some studies suggest the presence of viral RNA in feces 
or rectal swabs, and in severe cases, the presence of viral RNA in the patient’s 
blood has been confirmed (3,8,13). According to CDC serological tests can be 
also used in the detection of viral antibodies (IgM, IgG) in the human body but 
this method will not be effective within the first 7 days of illness (7,11).

Although the high reliability of rRT-PCR in the diagnosis COVID-19, it 
needs a long processing period (3-4 hours), qualified laboratories, expensive 
facilities, and skilled staff. And for this, many countries have restricted the use 
of rRT-PCR tests to people with extreme respiratory symptoms. Moreover, some 
studies find that during PCR testing for COVID-19 some cases were confirmed 
as a false negative(13,14) .

Biochemical markers play an important role in the confirmation of COVID-
19 diagnosis and follow-up of the infected patients (15,16). several studies find 
that the lymphocyte counts, red blood cell counts, inflammatory markers, and 
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the coagulation profile of COVID-19 patients were impaired significantly in 
critically ill patients and may be used as good predictors for COVID-19 patients’ 
status (12,19,20). Table 1 provides a summary of the most possible biomarkers 
changes in COVID-19 patients, and these changes will be more significant in 
patients with moderate and severe systemic disease. Although we cannot depend 
only on biochemical markers in COVID 19 diagnosis, it represents a cornerstone 
in COVID-19 patient follow-up (5). 

Table 1. Possible biomarkers abnormalities in COVID-19 patients.
Other  

Biomarkers

Coagulation  

Biomarkers

Inflammatory 

Biomarkers

Hematological  

Biomarkers

DecreasedIncreasedDecreasedIncreasedIncreasedDecreasedIncreased

AlbuminCardiac 

Troponin

AST

ALT

LDH

Total 

Bilirubin

GGT

Creatinine

PTaFDP

PT

D-dimer

INR

CRP

ESR

Procalcitonin

Interleukin-6

Ferritin

Lymphocytes

Eosinophils

Thrombocytes

Erythrocyte 

Hemoglobin

Leukocytes

Neutrophiles

CRP: C Reactive Protein; ESR: Erythrocyte sedimentation rate; FDP: fibrin/
fibrinogen degradation products; PT: Prothrombin Time; INR: International 
Normalized Ratio; PTa: prothrombin time activity; AST: Aspartate transaminase; 
ALT: Alanine transaminase; LDH: Lactate Dehydrogenase; GGT:  Gamma-
Glutamyl Transferase.

3.  Abnormalities of hematological values in COVID-19 patients 

As with other laboratory values, the hematological values are not specific 
enough to depend on it, in COVID-19 diagnosis. But it can be used as important 
prognostic markers([16,17). The change in hematological parameters is 
dependent mainly on the severity of the COVID-19 case. Besides, in the recently 
published meta-analysis by Elshazli et al., they found that many hematological 
and immunological markers, in particular neutrophilic count, could be very 
useful for clinical teams in COVID-19 patients status evaluation (18). According 
to our literature review, we can summarize the changes of hematological values 
in COVID-19 patients as the following:  
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3.1.		 Lymphopenia

It is a decrease in the total number of lymphocytes. It is the most widely 
described abnormality in available studies. In this context, many published 
studies in China and other places confirmed the reduction in the lymphocyte 
count in moderately and severely ill COVID-19 patients(10,19). Yuan et al., 
performed a cohort study on nearly 117 patients, they divided the patients into 
a regular group, severe group, and critically ill group. They found that most 
patients developed lymphopenia, and the reduction in lymphocyte count was 
much more in the severe and critical ill group (20).

Another recent study showed that about 96.1 %  of a total of 153 severely 
ill patients of COVID-19 were suffering from a reduction in lymphocyte 
counts(21). In a meta-analysis of 21 studies involving 3377 COVID-19 positive 
patients, Henry et al., found that patients with serious and fatal disease had lower 
lymphocyte and platelet counts than non-severe disease and survivors(22). 
Another meta-analysis involved 38 studies, concluded that lymphopenia was 
observed in 56.5 % of a total of 3062 COVID-19 patients(19). The reason for 
lymphopenia in COVID 19 is that the host immune system makes a concerted 
effort to combat the virus with all available cells and cytokines. With SARS-
CoV-2 chronic disease, natural killer cells and T cells become depleted and their 
number decreases, leading to lymphopenia(23).

3.2.		 Neutrophilia

It is an increase in the total number of neutrophils. Although some studies suggest 
that there were no significant changes in neutrophils count(5), other studies 
found that there was an increase in the number of neutrophils. In the same above-
mentioned study, Yuan et al., found that the WBC count and neutrophil count 
in COVID-19 patients were largely within usual normal ranges; but, the median 
value in the severe and critically ill groups was markedly higher than that in the 
regular group(20). Furthermore, an updated meta-analysis performed by Gita et 
al., found that twenty-six studies showed significantly higher neutrophils count 
in severe COVID-19 patients compared to non-sever COVID-19 patients (24).

 3.3.  Eosinopenia

Eosinopenia is decreasing in eosinophils count. Many studies talked about 
the possible decrease in eosinophil count in COVID-19 patients(25,26). In a 
recent study, Qian et al., reported that the eosinophils count decreased in 66% 
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of the total 32 COVID-19 patients(27). And in another study, Zhang et al., 
confirmed that decreasing in the eosinophils occurred in 52.9% of the total of 
140 COVID-19 patients (28). Another study said that the decrease in the number 
of eosinophils is confirmed only at hospital admission, and returned to normal 
level at discharge, concluding that rising eosinophils could be an indication of 
improvement in the clinical status of COVID-19 patients(29).  

3.4.		 Leukocytosis

Leukocytosis is an increase in the total number of leukocytes (white blood 
cells). According to our literature review, several recently published studies 
suggest the presence of leukocytosis in moderate and critically ill COVID-19 
patients(30). A recently published study by Guan et al., contained laboratory 
data of 1099 COVID-19 patients, observed leukocytosis in 11.4 percent of 
patients with a serious disease, compared to 4.8 percent of patients with mild to 
moderate disease(21).In the same context, the above-mentioned meta-analysis 
performed by Gita et al., found that the number of leukocytes in severe cases 
of COVID-19 was much more than in non-severe cases. Also, Yamada et al., 
reported that the leukocytosis was associated with severe outcomes and poor 
prognosis in covid-19 patients(30).   However, the same study observed that 
leukocytes count in COVID-19 pneumonia was lower, when compared to non- 
COVID-19 pneumonia(24).

3.5.		 Thrombocytopenia

It is a decrease in the number of platelets. Platelet count is a simple, inexpensive, 
and widely available biomarker that has been related to the severity of disease 
and mortality risk in COVID-19 patients. Many studies reported that the number 
of platelets decreased significantly in COVID-19 patients, and thrombocytopenia 
is noticed in 5–41.7% of COVID-19 patients, and its rate of occurrence varies 
depending on the severity of the disease. Besides, it is classically mild (counts are 
commonly 100–150 ×109/L) (31-33). In this way, Guan et al., found that 36.2% 
of total 1099 covid-19 patients present with thrombocytopenia on admission(21). 
Furthermore, Soraya and Ulhaq, in their published meta-analysis, found that 
twenty-six studies presented significantly lower thrombocyte counts (SMD = 
−0.32, 95%CI −0.49 to −0.15, p = 0.0002) in severe COVID-19 compared to 
non-severe COVID-19 (24). Another meta-analysis includes 7,613 COVID-19 
patients also concluded that patients with severe disease had a lower platelet 
count when compared with non-severe disease patients (33). 
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3.6.		 Changes	of	hemoglobin	and	erythrocyte	changes

According to our literature review, the changes in erythrocytes count and 
hemoglobin were not significant. However, Yuan et al., found that several 
patients had different levels of erythrocyte and hemoglobin reduction, which 
was more noticeable in severely and critically ill patients(20). Another meta-
analysis showed that the severe COVID-19 patients have lower hemoglobin 
levels than those who suffer from a non-severe form of COVID-19 (22).  

4.  Abnormalities of inflammatory markers in COVID-19 patients

The hyperinflammatory condition was one of the main features in COVID-19 
patients, the inflammation status differs according to the disease severity(21). 
As we said before, the inflammation process increases gradually, and COVID-
19 patients typically have very mild initial symptoms and signs. Due to the 
rapid viral replication and cytokine storms, the disease will deteriorate within a 
limited period (between 7 and 10 days) into acute respiratory distress syndrome 
(ARDS) and other multiorgan disorders(34). It has been shown that excessive 
inflammatory responses and excessive cytokine release, were the key causes 
of the rapid progression of the disease (7,37). And for this, the observation of 
inflammatory markers changes will be very important in patient monitoring. 
C-reactive protein (CRP), Procalcitonin (PCT), Interleukin-6 (IL-6), serum 
ferritin level, and erythrocyte sedimentation rate (ESR), were the most used 
inflammatory markers to assess the inflammatory status in COVID-19 patients.  
Some studies suggest using a combination of many laboratory tests to assess 
the hyperinflammatory condition and prognosis. The neutrophil to lymphocyte 
ratio (NLR) and the lymphocyte to C-reactive protein ratio (LCR), platelet-to-
lymphocyte ratio (PLR), and monocyte-to-lymphocyte ratio (MLR), were from 
the most important used combinations(5,36). According to our literature review, 
the most significant changes in inflammatory markers in COVID-19 patients can 
be summarized as the following:

4.1.		 Increasing	C-reactive	protein	levels

The increase of CRP was very significant in COVID-19 patients and especially in 
those who are suffering from severe disease(36). Hariyanto et al., found in their 
recently published meta-analysis that the elevation in CRP was accompanied by 
severe disease. And they found that the CRP can be used as a good prognostic 
value to discriminate between the severe and non-severe states of COVID-19 
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with an ideal cutoff value of 33.55 mg/L(34). Another study noticed that the 
elevation of CRP levels was in 60.7 % of total 793 covid-19 patients, and the 
elevation was in 56.4% of the total 658 non-severe patients and 81.5% of the 
total 135 severe patients(21).

4.2.  Increasing erythrocyte sedimentation rate

As CRP, erythrocyte sedimentation rate considers one of the most helpful 
inflammatory markers in clinical practice. The increase of ESR was reported 
by many studies conducted in different places of the world[2,7,10]. Israfil et al., 
found in their recently published meta-analysis that the elevation of ESR was 
72.99 % of the total of 237 patients(2). Another case-control study published 
by Fei et al. found that the elevation of ESR was one of the clinical laboratory 
characteristics of COVID-19 patients(6). In the same framework, another study 
reported through a correlation relationship that the elevation of erythrocyte 
sedimentation rate (R =0.55, p < .01) was associated with computed tomography 
(CT) severity scores(37).

4.3.		 Increasing	procalcitonin	levels

Procalcitonin is a well-known infection and systemic inflammation biomarker. 
It is a glycoprotein with no hormonal activity. It is formed in the C-cells of the 
thyroid gland under normal conditions. Although PCT levels in healthy humans 
are undetectable (0.1 ng/ mL), PCT levels may rise to over 100 ng/mL through 
serious infection (bacterial, parasitic, and fungal) with clinical symptoms, it has 
recently been suggested that it may be used as a marker for chronic low-grade 
inflammation(38). In COVID-19 patients, the increase of PCT level was largely 
observed[10,20,25,40]. In a meta-analysis involving 21 studies, Henry et al., 
found that the increase in the procalcitonin level was associated with increased 
severity and mortality of COVID-19 (22). Another meta-analysis of the literature 
has been carried out by Lippia and Plebani, conclude that the measuring of PCT 
can be useful in predicting the progression of a disease to a more severe form. 
Besides, the study reported that the increased PCT levels are linked to a nearly 
5-fold increased risk of serious SARS-CoV-2 infection(39).

4.4.		 Increasing	IL-6	levels

The protein IL-6 is developed by a variety of cell types. Since it aids in the 
regulation of immune responses, the IL-6 test may be useful as a marker of 
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immune system activation. In COVID-19 the rapid increase of cytokines like 
IL-6 is linked to cytokine storm, which maybe it is the main cause for acute lung 
injury and ARDS, as well as tissue damage and multi-organ failure(20,35,41,42).

An increasing number of studies have found that the increase of IL-6 is 
largely associated with the severe form of COVID-19(2,8,10). 

Henry et al., found in their meta-analysis that non-survivors COVID-
19  patients had significantly higher IL-6 levels than survivors(22). One more 
meta-analysis of 16 papers involving 10,798 Chinese patients conducted by 
Coomes et al. to assess the evidence that IL-6 levels are linked to COVID-19 
severity and the efficacy of Tocilizumab, a humanized monoclonal antibody 
against the IL-6 receptor. Reported that the serum IL-6 levels were elevated in 
all COVID-19 patients, but they were 2.9-fold higher severely ill COVID-19 
patients (42).

4.5.		 Increasing	ferritin	levels

Ferritin is a protein found throughout the body that stores iron and releases it in 
a regulated manner. Most living organisms contain this protein. Inflammation 
and/or many other diseases may cause considerable increases in serum ferritin 
levels(43). Since serum ferritin is derived from damaged cells (and thus 
represents cellular damage), it is a good indicator of cellular damage. Also, in 
COVID-19 patients, the increase in ferritin levels has been reported in several 
studies(2,22,45).  A recently published study had been shown that the ferritin 
level was above 300 mg/dL in 63.9% of a total number of 64 adults (≥18 years 
old) COVID-19 patients(45). Another review revealed that most patients have 
elevated ferritin levels during the acute phase of the disease(14). 

5.  Abnormalities of coagulation parameters in COVID-19 patients

In critically ill patients, abnormal blood coagulation is common, and it has a 
negative impact on their prognosis(46). This is also obvious in COVID-19, 
and especially in severe cases that are often complicated by coagulopathy 
[9,24,50]. According to many reports, elevated levels of D-dimer and fibrin/
fibrinogen degradation products (FDP) are linked to a poor prognosis in 
severe COVID-19 [4,23,51]. Additionally, prothrombin time (PT) activity 
reduction has been reported by several  studies(47). In a case-control study, 
Han et al., checked the coagulation parameters of a total of 94 COVID-19 
patients and found that their PT-activity was lower than uninfected controls 
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(81% vs. 97%; p < 0.001). In D-dimer and FDP testing, the variations were 
more pronounced (10.36 vs. 0.26 ng/L; p < 0.001, and 33.83 vs. 1.55 mg/L; p 
< 0.001, respectively). Whereas the increase in D-dimer value was particularly 
noticeable in critically ill patients(47). Luo et al., performed a retrospective 
cohort study of a total of 85 patients with COVID-19. The authors noted that 
non-survivors had massively greater admission PT, International Normalized 
Ratio (INR), D-dimer, and FDP levels than survivors, while the PT-activity 
was lower. Besides that, non-survivors had substantially higher percentages 
of those with PT > 13 s, PT-act < 75%, D dimer > 0.55 mg/L, and FDP > 
5 mg/L than survivors(3).The importance of coagulation parameters tests has 
been proved by another study, Guan et al., examined the clinical laboratory 
parameters of a total of 1099 covid-19 patients and reported D-dimer levels 
more than 0.5 mg/L was seen in 260/560 (46.4%) cases.  43% of the non-severe 
patients showed raised D-dimer, whereas the rate was about 59.6% in severe 
patients(21). The elevation of D-dimer levels has been also concluded by 
another published meta-analysis, and the authors concluded that the D-dimer 
levels were significantly higher in the severe form of  COVID-19 compared to 
the non-severe form of COVID-19(24). And this is considered another good 
evidence showing that the massive abnormalities in coagulation parameters 
may be related to a more severe form of COVID-19 patients. Consequently, we 
can conclude that the evaluation of coagulation parameters may be useful in 
monitoring and predicting the severity of COVID-19. 

6.  Abnormalities of other biomarkers in COVID-19 patients

In addition to the above-mentioned parameters, many other biochemical 
parameters may be changed during COVID-19. The following changes were the 
most important changes that we had noticed during our literature review:   

6.1.  Increased cardiac troponin

In general, increased cardiac-specific troponin concentrations (troponin I 
and troponin C) in the blood are used to diagnose myocardial infarction. The 
severe form of COVID-19 is often associated with acute respiratory distress 
syndrome, which is often linked to a hyper inflammation state and accordingly 
elevated levels of cardiac troponin(8,9,49).  In this context, some researchers 
link mortality rate with the elevation of troponin level. During retrospective 
case series analysis, Guo et al., reported that the elevation of cardiac troponin 
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is significantly associated with fatal outcomes, wherever the mortality rate was 
37.5% of a total 16 COVID-19 patients without underlying CVD but elevated 
troponin levels and 69.44% of a total 36 COVID-19 patients with underlying 
CVD and elevated troponin levels(48). Deng et al., described that 42 (37.5%) 
of a total of 122 COVID-19 patients had increased troponin levels during 
hospitalization, the authors also observed that the troponin levels had risen 
sharply in the last week before death(49). 

6.2.		 Increased	lactate	dehydrogenase	levels:

Lactate dehydrogenase (LDH) is an enzyme that catalyzes the conversion of 
pyruvate to lactate in almost all human cells, including those in the heart, liver, 
muscles, kidneys, lungs, and bone marrow. The increase in LDH levels may 
consider an indicator for cell damage(50). A case-control study was performed 
by Fei et al., showed that the elevation in LDH levels was much higher in 
COVID-19 patients when compared with those non- COVID-19 patients (6). 
In this respect, Fan et al., in their study found that the COVID-19 patients who 
need intensive care unit (ICU) have higher LDH levels when compared with 
those who didn’t need ICU(51). Yuan et al., conclude the same fact, where they 
reported that the LDH levels in severe and critically ill COVID-19 patients were 
significantly higher than regular non-severe patients(20). 

6.3.		 Increasing	 the	 levels	 of	 alanine	 aminotransferase	 and	 other	 liver	
enzymes

Alanine aminotransferase (ALT) is an enzyme mainly located in liver and kidney 
cells. It is also present in much smaller quantities in the heart and muscles. In 
normal human, traces of ALT present in the blood, but the increase of ALT levels 
generally indicate to liver damage. Some studies talked about the association 
between the COVID-19 and liver damage(53,54). A recent study published by 
Liao et al. showed that the elevation of ALT was reported in 56 (38.1%) of a 
total of 147 COVID-19 patients. The study found that the ALT elevation peak 
was on 3-6 days after hospital admission, and it was accompanied with other 
hepatic enzyme elevation like aspartate aminotransferase (AST) (elevation 
percentage in a total of 147 covid-19 patients was 54.4%) and were associated 
with COVID-19 induced liver damage(51). Cai et al., observed that 76.3% of a 
total 417 COVID-19 patients had elevated liver functions including ALT, AST, 
total bilirubin, and gamma-glutamyl transferase (GGT)(52). 
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6.4.		 Decreased	albumin	levels

The liver makes albumin, which is a water-soluble protein. It accounts for about 
60% of total protein in the blood and serves a variety of functions. The low level 
of albumin is normally associated with several pathological conditions like severe 
liver disease, burns, sepsis, and renal disease. Many studies reported that the severe 
forms of COVID-19 were accompanied by significantly low levels of serum 
albumin, and this allied with a poor prognosis (31,36,37). In this perspective, an 
observational study reported that the low albumin levels in COVID-19 patients 
were allied with poor disease prognosis and higher mortality (54). 

6.5.		 Increased	serum	creatinine	levels	

Creatinine is a waste product formed by muscles when a compound called 
creatine is broken down. The kidneys extract creatinine from the body by filtering 
almost all of it from the blood and excreting it in the urine. Increasing creatinine 
levels indicates kidney failure.  Some studies showed that the severe form of 
COVID-19  may be associated with acute kidney function and consequently 
high levels of serum creatinine(10,56,57). In the same vein, Samies et al., 
published a case-report  study describe that  the severe form of COVID-19 has a 
risk for developing rhabdomyolysis allied with increasing serum creatinine and 
creatinine kinase (CK) levels(55).   

7.  Conclusion

In summary, we can say that the COVID-19 has a lot of effects on many laboratory 
values and clinical biomarkers. Many biomarkers like D-dimer, CRP, ESR, IL-6, 
and ferritin may be used as good predictors for disease prognosis. Continuous 
evaluation of hematological, inflammatory, and coagulation parameters, will be 
very helpful in the clinical management of normal and critically ill COVID-19 
patients. 
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1. Introduction

Ischemia-reperfusion injury (IRI) is a cause of high morbidity and mortality 
in many clinical conditions such as organ transplantations, stroke, 
cardiopulmonary resuscitation, hemorrhagic shock, and myocardial and 

cerebrovascular infarction. In the case of ischemia, which is the decrease or 
interruption of the blood flow to the tissue, the decreased oxygen level damages 
the tissue. Then, in the stage of reperfusion, which is the re-flow of blood into 
the tissue, the number of reactive oxygen species increases rapidly as a result of 
the rush of oxygen to the tissue. In this case, the damage to the tissue increases 
and oxidative stress occurs. IRI is the result of inflammatory responses that 
occur with the reorganization of blood flow to the tissue. If oxidative stress 
exceeds a certain threshold, cellular dysfunction and cell death occur. Curcumin 
is a spice derived from the root of the Curcuma longa plant. It is a powerful 
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antioxidant, anti-inflammatory, and anti-cancer agent in various diseases, also in 
IRI. Curcumin is a preferred agent in the prevention of oxidative stress damage 
due to its antioxidant effect. In this study, prominent studies on the effect of 
curcumin on IRI in recent years are mentioned.

2. Ischemia/Reperfusion Injury (IRI)

While ischemia is a condition where the blood flow to a tissue is interrupted for 
any reason; reperfusion means restoring the flow of blood to the same tissue. As 
a result of ischemia, the tissue enters a hypoxia state which is cells cannot get 
enough oxygen (1). The longer the ischemia lasts, the greater the damage to the 
organ, and even some cells of the organ undergo apoptosis. As a result of the 
elimination of the interruption of the blood flow to the tissue, the reperfusion 
process begins. Researchers thought that this process strengthens the cellular 
damage of the organ during ischemia (2,3). As a result of polymorphonuclear 
leukocytes infiltration into the organ, and increasing the free oxygen radicals in 
the tissue, tissue damage during ischemia becomes even more destructive (4). 
The sum of these processes is called tissue IRI.

Because of the ischemia, the tissue undergoes hypoxia and a pathological 
process begins (5). With this pathological condition, the production of ATP in the 
cells decreases, and functional disorders occur accordingly. With the decrease 
in ATP production, an increase in the amount of calcium and sodium occurs in 
the cell. Especially with the accumulation of calcium in the cell, a cytotoxic 
situation occurs. In addition, with acidosis (an abnormal condition due to an 
excessive increase in the amount of acid or base), which occurs as a result of the 
decrease in ATP production, the oxygen stores in the cell decrease significantly. 
Even if the oxygen stores start to fill up with the re-flow of oxygen to the cell 
during reperfusion, the ischemic damage is exacerbated because the amount of 
SOR in the cell increases (6). In addition, due to the inability to remove the 
waste materials produced by the cells from the organ with blood, toxic substance 
accumulation begins to occur in the tissue (7).

Reperfusion is more harmful to tissue than ischemia. The reason for this 
is thought to be the damage to the tissue due to the increase in the number of 
reactive oxygen species due to the re-started blood flow to the organ, although 
the molecular signaling mechanisms have not yet been fully explained. In 
addition to the damage to the tissue that has undergone ischemia during the 
reperfusion stage, other organs may also be damaged (8). As a result of IRI, 
there is a significant decrease in ATP production and loss of function of oxidative 
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phosphorylation in tissue. Proteases and phosphatases are overactivated and this 
causes membrane lipid peroxidation. In addition, this situation causes an increase 
in the number of reactive oxygen species. This condition is called oxidative 
stress. Although there are multiple explanations about how the mechanisms of 
I/R injury work, studies on its treatment have not reached a sufficient level. 
While ischemia causes some cellular dysfunctions, it activates mechanisms that 
lead to advanced cell death. After ischemia, apoptosis and necrosis are observed 
as irreversible damage in the cells (9).

3. Antioxidants

Free radicals are substances that are beneficial to have at a certain level in the 
body. The balance of these substances in the body is ensured by the body’s 
antioxidant defense system. Antioxidant substances bind to reactive oxygen 
species and remove them from the body (10). Thus, it regulates the effect of 
free radicals by reducing cellular damage. There are antioxidant substances 
produced by the body itself, and antioxidant substances can also be taken into 
the body with some foods. These are called endogenous (inside the body) and 
exogenous (outside the body) antioxidant substances (10-12).

The effects of the antioxidant defense system that reduce the effect 
of SORs can be summarized as follows: removal of oxygen or reducing its 
concentration, removal of catalytic metal ions, removal of SORs, and breaking 
of chain reactions (9). In healthy people, these mechanisms work actively and 
antioxidant substances prevent cellular damage caused by reactive oxygen 
species. However, during IRI, this balance in the body is disrupted in favor 
of oxidant substances. As a treatment method, it can be helped to restore the 
balance by increasing the number of antioxidant substances in the body (13).

4. Curcumin: An inexpensive and readily available spice

Curcumin is a compound derived from the stem of the Curcuma longa plant, 
widely used in Asia (Figure 1) (14). It is used in medicine because of its 
strong antioxidant and anti-inflammatory effects, and in kitchens, because it is 
a spice. It is also used as a pigment with orange colour. Curcumin is readily 
available, inexpensive, and can be found all over the world. It is considered a 
therapeutic agent used in a variety of foods in traditional and complementary 
medicine. In addition, turmeric is also identified as a cancer medicine in Indian 
natural medicine studies (15). It is effective in conditions such as oxidative and 
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inflammatory conditions, metabolic syndrome, and arthritis. It helps reduce 
inflammation and muscle soreness in exercisers and athletes. 

Figure 1. Extracts of Curcuma longa and  
constituent of a curcuminoid extract (15).

According to recent studies, it is a powerful agent with therapeutic potential 
against various cancers and diseases (16,17). In one study, Al-Rabia et al. 
showed significant anticancer potency of scorpion venom-conjugated curcumin 
phytosomes against human prostate cancer PC3 cells (18). So, they stated that 
curcumin is a treatment approach for prostate cancer. Bayrak et al. reported that 
curcumin protects the kidneys against IRI via its antioxidant effects (19). 

Known to have a short half-life, curcumin has poor bioavailability when 
taken alone, due to poor absorption, rapid metabolism, and rapid elimination 
(20). The benefit of curcumin can be increased with potentiating agents. For 
example, bioavailability and dissolution rate can be increased by changing 
the solvent of curcumin. It has been shown that solvents such as corn oil and 
soybean oil dissolve curcumin well and increase its absorption in the body 
(21). Another example states that piperine (the main active ingredient in black 
pepper) increases the bioavailability of curcumin by 2000% (22). In one study, 
Köse-Vuruşkan et al. evaluated curcumin’s effects on distant organ damage in 
a rat model of renal IRI (23). This study investigated the effect of ischemia-
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reperfusion on the ovaries and the therapeutic effects of melatonin, curcumin, 
and combined melatonin-curcumin treatments. According to the results of the 
study, it was stated that the histological structure of the ovary was partially 
preserved in all treatment groups.

5. The antioxidant effect of curcumin

As a result of the literature review, the prominent cerebral, cardiovascular, and 
renal IRI studies with curcumin in recent years are summarized in Table 1.

5.1.	 Cerebral	IRI	

Ischemic stroke, or cerebral ischemia, is one of the most common types of 
strokes worldwide. This ischemia condition is characterized by decreased 
blood flow to a certain region of the brain (24). As a result of this pathological 
condition, which is associated with a series of signals, the brain tissue is 
deprived of oxygen and glucose, ion pumps and ion channels are closed, and 
neurons die (25). 

Several studies used curcumin as an antioxidant agent on IRI. Chen et al. 
reported that curcumin inhibits cerebral IRI in rats through the ERK-CHOP-
caspase-11 pathway. Also, it inhibits cell apoptosis (26). As a result of this 
study, compared with the control group, the neurobehavioral scores, neuronal 
apoptosis, MDA, IL-1β, IL-18, mRNAs, and protein levels of ERK/p-ERK, 
CHOP/p-CHOP, and caspase-11 in model group were significantly higher (p < 
0.01). Compared with the model group, the positive control and medium/high 
dose curcumin groups were significantly lower (p < 0.01). However, SOD and 
GSH decreased significantly in the model group (p < 0.01). SOD and GSH 
increased significantly in positive control and medium/high dose curcumin 
groups (p < 0.01). Also, curcumin significantly alleviated neuroinflammation 
and ischemic state (p < 0.01).

In another study, Li et al. showed a therapeutic effect of triblock copolymer 
nanomicelles loaded with curcumin in an animal model of cerebral IRI in stroke 
through the downregulation of NF-κB-p65 protein and inflammatory cytokines 
(27). Researchers stated a higher level of triblock copolymer nanomicelles 
loaded with curcumin compared to curcumin in plasma and organs including 
the brain, heart, and kidneys. NF-κB, IL-1β, IL-6, and TNF-α expressions 
significantly upregulated compared to control group rats after induction of 
I/R, which leads to an increase in inflammation. On the other hand, triblock 
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copolymer nanomicelles loaded with curcumin significantly downregulated 
the level of these inflammatory cytokines compared to curcumin. According to 
this study’s results, the lipid peroxidation level in pre-treated rats with 80mg/
kg triblock copolymer nanomicelles loaded with curcumin was significantly 
reduced.

In another cerebral IRI study, Mo et al. studied the mechanisms of cerebral 
IRI through protein kinase C θ signaling (28). In this study, ischemic stroke, 
oxygen, and glucose deprivation/reoxygenation were used to treat PC12 cells to 
determine the protective mechanism of curcumin. They showed the mechanisms 
by which curcumin exhibited a protective function against cerebral IRI by 
reducing blood-brain barrier dysfunction. This study showed that oxygen and 
glucose deprivation/reoxygenation injury induced a decrease in TEER and 
increased Ca2+ concentration and cell permeability. However, curcumin alleviated 
these effects. The protein kinase C θ was associated with the protective function 
of curcumin in the oxygen, and glucose deprivation/reoxygenation cell model. 
In this study, with in vitro model, also in vivo model was used. The middle 
cerebral artery occlusion and reperfusion model was applied to simulate the IRI 
rat model. Finally, they stated that curcumin could reverse the middle cerebral 
artery occlusion and reperfusion-induced increase in Ca2+ concentration and 
blood-brain barrier disruption. 

According to He at el., curcumin-laden exosomes alleviate cerebral IRI by 
inhibiting ROS-mediated mitochondrial apoptosis (29). In a transient cerebral 
ischemia rat model, they designed macrophage-derived exosomes loaded with 
curcumin as a multifunctional biomimetic delivery vehicle alleviating cerebral 
I/R injury by inhibiting ROS-mediated mitochondrial apoptosis. These findings 
demonstrate the good therapeutic efficacy of curcumin-laden exosomes for 
treating IRI, providing experimental evidence for the potential clinical benefits 
of curcumin-laden exosomes for other modes of neuroprotection. 

Ran et al. suggested that curcumin ameliorates white matter injury after 
ischemic stroke in both in vivo and in vitro studies (30). According to this 
study, curcumin ameliorated white matter lesions and brain tissue loss 21 days 
poststroke. Also, curcumin improved sensorimotor function 3, 10, and 21 days 
after stroke. It significantly reduced the number of gasdermin D+ (GSDMD+) 
Iba1+ and caspase-1+Iba1+ microglia/macrophage 21 days after stroke. In vitro, 
lipopolysaccharide with ATP treatment was used to induce pyroptosis in primary 
microglia. Both in vivo and in vitro studies confirmed that curcumin inhibited 
the activation of the NF-κB pathway. 
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5.2.	 	Cardiovascular	IRI

The population’s aging brings cardiovascular and cerebrovascular diseases (31). 
Myocardial ischemia is seen due to a blockage in one of the vessels leading to 
the heart. In the case of vascular occlusion, a decrease in blood flow is observed. 
Atherosclerosis also causes a decrease in the amount of oxygen required to go to 
the heart. As a result, myocardial ischemia occurs. As a result of this situation, 
myocardial cell death, that is, myocardial IRI is observed (32). Atherosclerosis 
is most common in the arteries. Also, oxidative stress plays an important role 
in secondary organ damage due to aortic clamping. In an abdominal aortic IRI 
study investigating the effects of thymoquinone, silymarin, and curcumin, it was 
determined that silymarin and thymoquinone administration reduced oxidative 
stress more effectively than curcumin (33). According to the results of this study, 
oxidative stress index (OSI) values in the thymoquinone group were lower than 
in the control group (P<0.05). Total antioxidant level (TAS), total oxidant level 
(TOS), and OSI showed lower results in the silymarin group than in the control 
group (P<0.05). TAS and TOS levels were higher in the curcumin group than 
in the control group (P<0.05). No significant histopathological difference was 
found between the groups.

In another study, researchers reported that curcumin protects tissues from 
oxidative stress and mitochondrial dysfunction caused by cardiac reperfusion 
injury (34). Similarly, Wu et al. showed that this antioxidant agent has a 
protective effect on myocardial IRI, and its mechanism may be related to the 
activation of the PI3K/AKT/mTOR signaling pathway (35). Also, according to 
this study’s result, curcumin inhibited inflammation, apoptosis, and oxidative 
stress.

5.3.	 Renal	IRI

Conditions in which ischemia is observed in the kidney can be listed as follows: 
transplantation, nephron-sparing surgery, renal vascular surgery, or crush 
syndrome (9). Renal IRI causes permanent damage to the organ due to the 
oxidative stress it causes, especially during the reperfusion phase, which carries 
the risk of mortality and morbidity (36). In addition, acute kidney injury (AKI) 
occurs as a result of renal IRI (37). 

Cui et al. suggested that curcumin improved renal function in IRI and 
relieved the degree of renal injury via increasing SOD content in serum and 
reducing MDA and FRAP levels in the rat model (38). On the other hand, 
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curcumin increased the level of CAT, GPx, GSH, IL-10, IFN-c, and FRAP and 
significantly decreased MDA, Cr, BUN, IL-8, TNF-α, IL-6, and myeloperoxidase 
MPO expressions in tissues. In another study, Yang et al. showed that curcumin 
could attenuate renal IRI via JNK/p300/CBP-mediated anti-apoptosis signaling 
in rats (39). According to these results, curcumin significantly decreased 
caspase-3 and caspase-9 expression. And its decreased renal apoptosis and 
enhanced renal function. 

When renal IRI occurs, AKI also occurs after this disease (37). In an 
exemplary study, experimental septic-AKI was established in rats and the 
effects of curcumin on this disease were examined (40). At the end of this study, 
researchers concluded that curcumin may be a potential therapeutic agent for 
the septic-AKI. Curcumin reduced inflammatory response and improved renal 
microcirculatory perfusion. Serum levels of creatinine, cystatin C, IL-6, and 
TNF-α were significantly lower in the curcumin-treated group (p < 0.05). 
Another AKI study, which was performed by Li et al., was designed both in 
vivo and in vitro (41). In vivo, curcumin-treated mice had improved kidney 
function and antioxidant protein expression compared to AKI mice. In addition, 
macrophage infiltration, oxidative stress, tubular apoptosis, and mitochondrial 
damage were reduced in the kidneys of curcumin-treated mice. According to the 
results of the in vitro study, curcumin treatment applied to the renal proximal 
tubular epithelial cell line (HK2) reduced mitochondrial ROS and mitochondrial 
fragmentation. It also increased mitochondrial biogenesis.



THE ANTIOXIDANT EFFECT OF CURCUMIN ON CEREBRAL, CARDIOVASCULAR . . .     167

table 1. The antioxidant effect of curcumin in various in vitro and in vivo 
studies on cerebral, cardiovascular, and renal IRI

Type of IRI Dose Outcome In vivo/
in vitro

Study

Cerebral IRI

50, 100 and 200 
mg/kg/d

by gavage once a 
day for 4 weeks

Curcumin alleviated 
the ischemic state and 
neuroinflammation.

Rat
Chen et 

al. (2022)

Cerebral IRI

Curcumin: 80 mg/
kg

for 2 weeks 

Triblock copolymer 
nanomicelles 
loaded with 

curcumin: 80 mg/kg
for 2 weeks

Curcumin-loaded triblock 
copolymer nanomicelles 

showed a therapeutic effect 
on cerebral IRI in stroke.

Rat
Li et al. 
(2021)

Cerebral IRI 20 μM curcumin

Curcumin showed a 
protective effect against 
cerebral IRI by reducing 

blood-brain barrier 
dysfunction.

Rat PC12 cell 
line

Mo et al. 
(2021)

Cerebral IRI

Curcumin-laden 
exosomes 
1.5 μg/mL

/10 μg/mL cur

Curcumin-loaded exosomes 
inhibited mitochondrial 

apoptosis, reducing cerebral 
IRI effects.

Murine 
macrophage 

RAW264.7 cell 
line/rat

He et al. 
(2020)

Ischemic 
Stroke

150 mg/kg/
intraperitoneally 

(IP) after 
reperfusion, 

followed by daily 
administrations for 

7 days

Curcumin improved white 
matter damage after ischemic 

stroke.
Mice

Ran et al. 
(2021)

Aortic IRI
After 120-minute 
ischemia 200 mg/

kg/IP

Curcumin reduced oxidative 
stress.

Rat
Yardımcı 

et al. 
(2022)

Myocardial 
IRI

25, 50 and 100 
mg/kg /IP 30 min 
before operation

Curcumin has a protective 
effect on myocardial IRI.

Rat
Wu et al. 
(2021)

Renal IRI

60 mg/kg 30 mg/kg 
and 15 mg/kg

into the tail vein for 
3 days

Curcumin improved renal 
function in IRI.

Rat
Cui et al. 
(2021)
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Renal IRI

200 mg/kg/day 
orally for 7 d 

before the left renal 
ischemia

Curcumin enhanced renal 
function and decreased 

apoptosis.
Rat

Yang et al. 
(2021)

Acute 
Kidney 
Injury

IP injection with 
100mg/kg

1 time after surgery

Curcumin improved renal 
microcirculatory perfusion 

and decreased inflammatory 
response.

Rat
Wang et 

al. (2021)

Acute 
Kidney 
Injury

5 μM /
50 mg/kg

injected into the 
peritoneal cavity

Curcumin improved kidney 
function and antioxidant 

protein expression. Also, it 
reduced mitochondrial ROS 

and fragmentation.

Renal proximal 
tubular 

epithelial cell 
line (HK2) / 

Mouse

Li et al. 
(2021)

6. Conclusion

Although the ischemia-affected tissue needs to reach oxygen as soon as possible, 
this rapid flow of oxygen causes more damage to the tissue than ischemia. In 
recent years, researchers have conducted various studies to understand the 
mechanisms of reperfusion injury and to reduce this damage. For example, they 
developed new treatment approaches with antioxidant agents to reduce reactive 
oxygen derivatives that increase during ischemia and reperfusion. One of these 
substances, curcumin, has already provided promising results in preclinical 
trials. Various studies on the most effective dosage and timing of administration 
of curcumin are available in the literature. However, more curcumin studies 
are needed for this oxidative stress situation triggered by IRI. We think that 
this therapeutic agent will be integrated into clinical applications after the most 
effective dose for curcumin to be used in the case of IRI is found in further 
studies.
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1. Introduction

Electromagnetic fields (EMFs) are frequently used in medicine, industry, 
security, daily life, and especially in mobile communication, and their 
usage areas are increasing day by day. The health effects of EMFs, which 

have become indispensable in today’s modern life, are still not fully clarified. 
It is of great importance to raise awareness and educate the public to enable the 
global community to take action against the potential threats of EMF.

2.  Electromagnetic Fields

Non-ionizing radiation (NIR) has a lower energy level than ionizing radiation 
(IR). NIR doesn’t eliminate electrons from the atoms of substances, including 
biological tissue. NIR includes the electromagnetic spectrum of ultraviolet, 
visible light, infrared, microwave, radio frequency, and extremely low frequency 
radiation. NIR can come from both natural and man-made sources. An example 
of a naturally occurring EMF is the Earth’s magnetic field. The sources of EMFs 
created by people are numerous. Extremely low-frequency electromagnetic 
fields (ELF-EMFs) are characterized as EMFs with frequencies from 1-300 Hz 
(1). Among the sources of ELF-EMF are electrical devices used in our daily 
lives, power lines, and electrical cables. Radiofrequency electromagnetic fields 
(RF-EMFs) are characterized as EMFs with frequencies from 100 kHz - 300 
GHz (2). The most typical sources of electromagnetic fields are mobile phones, 
radio and television signals, satellite stations, wireless, magnetic resonance 
imaging devices. 



174   ADVANCES IN MEDICINE AND HEALTH SCIENCE

Figure 1: The spectrum of electromagnetic fi elds (3)

The International Agency for Research on Cancer (IARC) classifi ed RF radiation 
as “Group 2B-possible carcinogen” in 2011 (4). Considering the long time it 
took for tobacco and cigarette use to be classifi ed as “Group 1A carcinogen”, it 
should not be ignored that RF radiation is still at the beginning of this time (5).

This book section talks about the consequences of in vivo, in vitro, and 
epidemiological examinations in the writing of the effects of non-ionizing 
electromagnetic fi elds on people. The relationship between electromagnetic 
fi elds and cancer is emphasized by the analysis of the recent literature.

3.  Electromagnetic Fields and Cancer

Cancer is one of the biggest health problems worldwide. With the developing 
technologies, many treatment methods have been developed against cancer. 
Thus, people’s survival rates and quality of life increase. In addition to the 
positive contributions of developing technologies, it also brings negative effects 
on humans and the environment. With the developing technologies, the usage 
areas of electromagnetic fi elds are increasing. As the usage areas of EMFs 
expand, people and the environment are exposed to higher frequencies with 
higher power density. In new technologies such as 5G and 6G, even higher 
frequencies are used than the currently used frequencies. While the relationship 
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of currently used electromagnetic fi elds with cancer has not been clarifi ed yet, 
it is not known what kind of health problems new generation technologies may 
cause. In this section, brain cancer, and blood cancer, which are thought to be 
possible due to electromagnetic fi eld exposure, are discussed by reviewing the 
current literature.

Figure 2: Cancer risks of RF-EMFs & ELF-EMFs 
(Created with BioRender.com)

3.1.		 Blood	Cancer

There are many types of blood cancer. Each has different symptoms, processes, 
physiology, and prognosis. Some of these types are leukemia, acute myeloid 
leukemia, lymphoblastic leukemia, Hodgkin lymphoma, myeloma, childhood 
leukemia, lymphoma, myelodysplastic syndromes, and myelofi brosis (6). 
According to IARC, 474 519 people in the world were diagnosed with new 
cases of leukemia in 2020.  311 594 people died related to leukemia in the world 
in 2020 (7).

The most frequent cancer-related death among children is leukemia. 
According to the IARC Global Cancer Observatory, approximately 280,000 
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children and adolescents between 0 and 19 years of age worldwide were 
diagnosed with leukemia in 2020, and approximately 110,000 children died of 
cancer. These numbers are probably higher given the difficulty of diagnosing 
childhood cancer (8). 

Touitou et al. reported that chronic exposure (1-20 years) to ELF-EMFs 
reduces peak time serum cortisol rates. They stated that health risks, including 
cancer, may be associated with exposure to electric fields and magnetic fields 
(9). The exposure rate of children and adolescents (aged 0-19 years) to RF-EMF 
& ELF-EMF is gradually increasing compared to previous generations. The 
relationship between environmental ELF-EMF exposure and the risk of childhood 
leukemia was investigated in 17 volunteers (males, aged 20-30). The impact of 
ELF-EMF on the expression of 16 genes was investigated in the study. No gene 
responses associated with ELF-EMF exposure were found in the analyzed gene 
or gene sets (10). Since the study that found no connection between ELF-EMF 
and leukemia was conducted on adults, it is not a reliable indicator of how ELF-
EMF affects leukemia in children. In patients with childhood acute leukemia, 
Yang et al. showed a potential link between electrical transformers and power 
lines and the XRCC1 Ex9 + 16A allele. Having a magnetic field of more than 
0.14 uT while being 100 m away from electrical transformers and power lines 
demonstrates a connection between power lines and the XRCC1 Ex9 + 16A 
allele in individuals with childhood acute leukemia (11). Rodriguez-Garcia and 
Ramos showed that living near thermoelectric power stations and high power 
lines increases the possibility of acquiring acute myeloblastic leukemia (12). 
ELF-EMF exposure levels above 0.3 μT have been shown by a case-control 
study to increase the harm of childhood leukemia by 1.4 to 1.7 times (13).

The degree of magnetic field exposure may be related to pediatric 
leukemia, according to a meta-analysis of 11,699 cases and 13,194 controls 
at various magnetic field values (14). Pediatric leukemia cases and magnetic 
field exposure may be related, according to a meta-analysis done in the US to 
determine whether there is a link between home exposure to magnetic fields 
and childhood leukemia (15). In the study examining the connection between 
mobile phone use and leukemia, it was found that cell phone use didn’t build the 
gamble of leukemia. But the possibility of an effect after prolonged cell phone 
use is left open (16).

When choosing their living spaces, people should choose houses away 
from high voltage lines, power plants, and electricity distribution points. Those 
exposed to ELF-EMF in infancy can cause lethal diseases such as cancer.
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3.2.		 Brain	Cancer

The 10th biggest cause of death for both sexes is brain and other nervous system 
cancer. In 2020, other nervous systems and brain tumors are expected to be 
the leading cause of death for 251,329 people worldwide. It is estimated that 
18,280 adults will die from brain cancer (10,710 men and 7,570 women) in the 
United States in 2022 (17). Although the incidence of brain cancer is low, it 
has one of the lowest survival rates and includes the worst prognoses. Surgery, 
radiotherapy, and chemotherapy are traditional cancer treatment methods used 
for brain tumors (18).

Living near power lines increases the risk of blood cancer (11, 12), as 
well as increases the risk of brain tumors (19). Wang et al. according to a meta-
analysis conducted in 2016, using a phone for a long time could lead to a rise 
in glioma risk (20). The association between the incidence of brain cancer 
subtypes and mobile phone use in the UK between 1985 and 2014 was analyzed. 
Malignant glioma and malignant neoplasms of the parietal lobe did not rise with 
the use of mobile phones, however malignant neoplasms of the temporal lobe 
grew more quickly than anticipated (21). A malignant brain tumor is more likely 
to form in people who use mobile phones, according to an epidemiological case-
control research. The highest risk was found in the group using cordless phones 
whose first use was before the age of 20 (22). 

The greatest case-control research on cell phone usage and brain tumors 
has ever been done is called Interphone. 2708 cases of glioma and 2409 
meningiomas were studied using a common protocol in 13 countries. It showed 
that people who use mobile phones have an elevated risk of developing a brain 
tumor in the area of the head where they use the mobile phone. It has been 
shown that the area where the tumors develop is in the temporal lobe of the 
brain (the brain region most exposed to RF-EMFs emitted when using mobile 
phones) (23). CERENAT is a multicenter case-control study of 253 gliomas, 
194 meningiomas, and 892 control cases in France between 2004-2006. This 
case-control study shows that long-term (more than 10 years) mobile phone use 
is a cumulative accumulation due to heavy mobile phone use, increasing the 
risk of glioma. Mobile phone use in occupational and urban life increases the 
risk of brain cancer. Especially considering occupational use, long-term use of 
mobile phones causes a cumulative effect and increases the risk of glioma (24). 
INTERPHONE and CERENAT studies, which are multicenter case-control 
studies, provide data that support each other.
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In a case-control study of 649 patients with malignant brain tumors of both 
sexes, aged 20 to 80, ipsilateral mobile phone usage was found to dramatically 
increase the chance of developing malignant brain tumors (25). In a case-case 
research examining the link between mobile phone usage and acoustic neuroma, 
it was discovered that intensive cell phone users with a daily total call duration 
of >20 minutes had an increased chance of developing an acoustic neuroma in 
the ear that was used more frequently (26).

The longest-term (approximately 2 years) studies on the health effects of 
RF-EMF in rats were conducted by NTP and the Ramazzini Institute (RI). The 
long-term effects of new technologies are difficult to predict. Such studies are 
important in terms of shedding light on the effects of RF-EMF for long periods. 
In 2016, NTP found that mice exposed to near-field RF-EMF modulated by the 
Global System for Mobile Communications (GSM) and Code Division Multiple 
Access (CDMA) for two years had an elevated incidence of malignant glial 
tumors of the brain and heart Schwannoma (27). The Ramazzini Institute’s (RI) 
2-year far-field RF-EMF exposure research produced results that were in line with 
those of the NTP investigation. The study performed by RI, conducted a study to 
evaluate the lifetime carcinogenic effect of far-field RF-EMF (1.8 GHz GSM) 
on 2448 Sprague-Dawley rats. Both studies found that RFR exposure increased 
the risk of brain tumors in Sprague-Dawley rats. Some epidemiological research 
on mobile phone users have shown similar results. The Ramazzini Institute has 
called for a reassessment of the human carcinogenic potential of NIR by the 
IARC (28).

4.  Conclusion

In vivo animal research and epidemiological studies carried out between 
2008 and 2018 were examined to assess the potential causative association 
between RF-EMF exposure and tumor development by the Food and Drug 
Administration (FDA) in 2020. The FDA study claims that there is insufficient 
data to establish a link between RF-EMF exposure and cancer. The FDA claims 
that these trials had several shortcomings, including the absence of a distinct 
dose-response connection (29). Regarding whether RF-EMF causes cancer, the 
American Cancer Society (ACS) has not issued a formal position statement 
(30). Organizations such as the Swedish Radiation Safety Authority (SSM) 
exclude articles of unsatisfactory quality. From a scientific point of view, the 
SSM sees poor quality work as a waste of time, money, human resources, and 
experimental animals (31).
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The reasons why the relationship between non-ionizing radiation and 
carcinogenicity has not been clarified until now;

•  failure to perform standard experimental designs,
•  lack of adequate and regular information for epidemiological studies,
•  the existence of large-capital companies, 
•  lack of international coordination.

Many meta-analyses (32-35) and reviews (36, 37) have shown that cell phone 
use raises the risk of tumors. The potential adverse effects of RF-EMF on 
humans and the environment should be confirmed by in vitro and in vivo studies 
and independent, multicenter epidemiological studies. While the physiological 
consequences of EMF exposure have not been fully elucidated, it is important to 
reduce exposure times in pregnant women and infants.
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1.1. Introduction

The incidence of breast cancer is in the first place in women. One out of 
every 8-10 women is diagnosed with breast cancer during their lifetime 
(1). Breast cancer is responsible for 20% of cancer-related deaths. It 

ranks third after lung and colorectal cancers (2). Although breast cancer is rare 
in the pre-productive period, its rate increases with the productive return and 
continues less rapidly in the postmenopausal period (3). Advances in breast 
cancer treatment techniques have brought about a decrease in mortality rates (4).

When breast cancer incidence and epidemiological studies are examined, many 
risk factors are responsible for the formation of breast cancer, not a single factor 
(5). These risk factors are demographic factors including age, ethnicity/race; First 
menstruation, age at birth and menopause, number of births, family history, familial/
genetic factors including BRCA1 and BRCA2, p53, PTEN or other gene mutations, 
radiotherapy applied to the thorax before the age of 30, hormone replacement 
therapy, alcohol use, breast biopsy number encompasses benign proliferative breast 
diseases, presence of atypical hyperplasia and dense breast tissue (6).

2.1. Breast Cancer Prognostic Factors

Clinical and molecular studies on breast cancer have revealed that breast cancer 
is an inhomogeneous disease (7). Therefore, prognostic and predictive factors 
have gained importance in the management of breast cancer today. These factors 
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are; tumor diameter, axillary lymph node metastases, tumor type and histological 
evaluation, tumor proliferation rate, hormone receptors and molecular prognostic 
factors (8).

Developing molecular diagnostic methods have revealed important 
information in determining the prognosis of breast cancer. Molecularly, these 
mutations are: BRCA1 and BRCA2 mutations, TP53 mutations resulting in 
Li-Fraumeni syndrome, PTEN resulting in Cowden syndrome, STK11 causing 
Peutz-jeghers, neurofibromatosis (NF1) and E-cadherin (CDH)-1) mutations can 
be counted. The risk of breast cancer ranges from 65-81% for BRCA1 mutation 
carriers and 45-85% for BRCA2 carriers (9).

2.1.1.	Histological	Grade

Histological grade is an important prognostic marker for breast carcinoma. In this 
system, tubule formation, nuclear grade and number of mitosis are scored. All 
scores are summed to obtain a value between 3 and 9. Tubule structures are scored 
as >75% score 1, 10-75% score 2, and <10% score 3 when calculating tubule 
formation. The nuclear grade is determined from the periphery of the tumor or the 
area with the highest grade, from 1 to 3 according to the nuclear changes. Mitosis 
scoring is done between 1 and 3 by counting 10 fields at 40x magnification. Grade 
1: grades are given as 3-5, grade 2: 6-7 and grade 3: 8-9 (10).

2.1.2.	Hormone	Receptors

Estrogen (ER) and progesterone (PR) hormone receptors are important 
biomarkers in determining breast carcinoma prognosis and predicting clinical 
benefit from endocrine therapy. ER and PR receptors are detected by their 
nuclear expression by immunohistochemistry. Nuclear 1% staining in tumor 
cells is considered ER and PR positive (11).

2.1.3	HER2

HER2 is a growth factor receptor located on the cell surface of normal mammary 
epithelium. It regulates cell proliferation, development and survival. In 10-20% of 
breast tumors, the ERBB2 (HER2) gene is amplified, resulting in overexpression 
of the HER2 protein on the cell surface. HER2-positive cases can be treated with 
HER2-targeted therapies in addition to chemotherapy. Immunohistochemistry is 
used as the initial test; Immunohistochemically, the score is defined as 1, 2, 3. In 
cases with a negative score of 1, a positive score of 3, and a positive score of 2, 
HER2 determination is performed by in situ hybridization (12).
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2.1.4 IMMUNOSCOR

During the development of a tumor, tumor cells interact with their 
microenvironment. Tumors are usually infiltrated by defense cells such as 
lymphocytes, macrophages or mast cells. The traditional staging system does 
not predict the host immune response as a prognostic marker. It has now been 
determined that cancer progression is affected by the immune response of 
the host. Therefore, tumor infiltrating lymphocytes (TILs) are an important 
prognostic and therapeutic marker. It is an indicator of good prognosis. T 
lymphocytes expressing CD 3 and CD 8 are detected by immunohistochemistry. 
The immunoscore is calculated by counting the T lymphocytes at the tumor 
center and border (13). 

2.1.5	CD68

Tumor-associated macrophages (TAM) are highly heterogeneous cells originating 
from resident tissue-specific macrophages and monocytes. Macrophages have 
extraordinary plasticity. It responds efficiently to environmental signals and 
changes their phenotype (14). The variability of TAMs is largely dependent 
on cancer type, stage, and intra-tumor heterogeneity. Macrophages can be 
subdivided according to their cellular properties and cytokine secretion profile. 
M1 macrophages secrete IL-1, IL-6 and TNF, release reactive oxygen and 
reactive nitrate species, and have a proinflammatory role. M2 macrophages 
secrete IL-4, IL-10, IL-13, and TGFβ and have an anti-inflammatory role, 
promoting angiogenesis and promoting tumor progression. Most TAMs exhibit 
alternatively activated M2 properties, produce abundant anti-inflammatory 
factors and facilitate tumor growth. High TAM in patients with breast cancer 
shows a poor prognostic relationship (15). However, as tumors progress and 
grow, the tumor microenvironment markedly affects TAMs, the majority of 
which exhibit M2-like pro-tumor properties, while inflammatory M1-like 
macrophages act as scavengers. TAMs serve as a double-edged sword, but are a 
crucial regulator of breast cancer development. TAMs have now been recognized 
as potential targets for adjuvant therapy (16). 

2.1.6	PD-L1

Programmed Death 1 (PD1) is a transmembrane protein. It is widely expressed 
on NK cells, T cells and B cells acts as an immune checkpoint receptor. Its 
associated receptor is Programmed Death Ligand 1 (PD-L1). Activation of the 
PD1/PD-L1 pathway transmits a strong inhibitory signal to the T cell, resulting in 
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suppression of antitumor adaptive responses. Thus, it leads to a poor prognosis. 
Currently, blocking of immune checkpoints using monoclonal antibodies 
targeting the PD1/PD-L1 pathway has shown very promising results (17).

3.1		 Classification	of	Breast	Carcinomas

For many years, classical breast cancer classification was made only by 
histomorphological examination. Today, both classical and molecular 
classification are used together in the diagnosis, treatment and prognosis of 
breast cancers. These are prognostic and predictive, clinicopathological and 
molecular biomarkers (18).

3.1.1	Molecular	Classification

Breast cancer is heterogeneous at the molecular level and has different gene 
expression patterns that lead to differences in behavior and prognosis. Cluster 
analysis of genes that differed between replicates of the same tumor revealed the 
presence of four main breast cancer intrinsic subtypes in addition to a normal 
breast-like group. Luminal A subtype shows ER+/HER2- expression and has 
a low proliferation index.  Although luminal B (HER2-) shows ER+/HER2- 
expression, its difference from luminal A is its high proliferation index and 
worse prognosis. Luminal B (HER2+) subtype is ER+/HER2+ and proliferation 
index is high. HER2 rich type shows ER-/HER2+ expression. Its prognosis is 
worse than luminal A.The basal-like subtype is usually ER (-), PR (-), HER2 
(-) and they show myoepithelial cell-like (CK5/6, CK17) expression (table 1) 
(20-21).
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table 1. Molecular classification

Luminal A Luminal B
(HER2 (-)

Luminal B
(HER2 (+)

HER2 rich Triple negatif

expression ER (+)
PR (+) 
HER2 (-)

ER (+)
PR (+)  
HER2 (-)

ER (+)
PR (+)
HER2 (+)

ER (-)
PR(-)  HER2 (+)

ER (-)
PR (-)
HER2 (-)

Ki-67 Low 
(<%14)

Medium-High 
(>%14)

Medium-High 
(>%14)

High High

Derece Low Medium Medium-High Medium-High High
Prognoz good less good less good    

(HER2
Can be 
improved with 
treatment)

less good    
(HER2
Can be improved 
with treatment)

Bad

To hormonal 
therapy
Response

good good Medium Bad Bad

Response to 
Chemotherapy

Bad Bad Medium good Some 
respond well

3.2.1.	Histological	classification

World Health Organization classification of epithelial malignant tumors of the 
breast, and ICD codes.

Epithelial tumors

Invasive breast carcinoma

Infiltrating duct carcinoma (NOS), 8500/3

Oncocytic carcinoma, 8290/3

Lipid rich carcinoma, 8314/3

Glycogen rich carcinoma, 8315/3

Sebaceous carcinoma, 8410/3

Lobular carcinoma NOS, 8520/3

Tubular carcinoma, 8211/3

Cribriform carcinoma NOS, 8201/3

Mucinous adenocarcinoma, 8480/3
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Mucinous cystadenocarcinoma NOS, 8480/3

Invasive micropapillary carcinoma of breast, 8507/3

Metaplastic carcinoma NOS, 8575/3

3.2.2	Invasive	carcinoma,	non-specific	type

The term nonspecific type of invasive breast carcinoma (IBC-NOS) refers to a 
group of invasive breast carcinomas that cannot be morphologically classified 
as any of the specific histological types. The histopathological features of IBC-
NOS are highly variable. It can vary even within the same case. Structurally, 
tumor cells can be arranged into cords, clumps, and trabeculae. they typically 
show membrane E-cadherin expression. Associated ductal carcinoma in situ 
(DCIS) foci are observed in the majority of cases. Approximately 20-30% of 
IBC-NOS shows lymphovascular invasion or perineural invasion (22).

4.1.2	Invasive	lobular	carcinoma

It constitutes 5-15% of all breast carcinomas (1). Invasive lobular carcinoma 
(ILC) is an invasive breast cancer characterized by proliferation of discohesive 
small cells that are mostly dispersed separately or arranged in a single-row linear 
pattern. Lymphovascular invasion is rare. Lobular carcinoma in situ (LCIS) is 
observed in approximately one-third of lobular carcinomas. Most ILCs express 
ER and PR and are HER2 negative (23).

4.1.3	Tubular	Carcinoma

Tubular carcinoma (TC) constitutes approximately 1.6% of invasive 
breast carcinomas (1). TC is observed in advanced ages. They are usually 
macroscopically small in size. TC is a low-grade invasive breast carcinoma 
consisting of well-formed tubules with an open lumen covered by a single layer 
of neoplastic cells. Columnar cell change, atypical ductal hyperplasia, and DCIS 
occur together in 85% of patients with cytological nuclear morphology similar 
to tubular casrinoma. Typically, they are ER and PR receptor positive and HER2 
negative. TCs are grade 1 carcinomas by definition (24).

4.1.4	Cribriform	Carcinoma

It constitutes approximately 0.4% of invasive breast carcinomas (1). Cribriform 
carcinoma (CC) is an invasive carcinoma consisting of islands of tumor cells 
with well-defined cribriform spaces. CC consists of invasive epithelial islands 
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with well-defined, rounded spaces, similar in appearance to cribriform-type 
DCIS. The islands have an oval or angular outline and are contained within 
a desmoplastic stroma. DCIS associated with CC usually has a cribriform 
architecture and is low and otra grade. CCs are grade 1 carcinomas by definition 
(25).

4.1.5	Mucinous	Carcinoma

Mucinous carcinoma (MC) constitutes approximately 2% of all breast carcinomas 
(1). MC appears on mammography as a well-circumscribed or lobulated mass. 
MC is an invasive breast carcinoma characterized by clumps of neoplastic cells in 
abundant extracellular mucin, divided by thin fibrous septa containing capillary 
blood vessels. The nuclear grade is low or medium. Mucinous carcinomas are 
mostly ER and PR receptor positive, HER 2 negative carcinomas (26).

4.1.6	Invasive	Micropapillary	Carcinoma

Invasive micropapillary carcinomas are rare and constitute 0.9-2% of all 
breast carcinomas (1). Invasive micropapillary carcinomas usually present 
as a palpable irregularly circumscribed mass. Calcifications may be present. 
Invasive micropapillary carcinoma is an invasive breast cancer without a 
fibrovascular nucleus consisting of clusters of small, hollow or morula-like 
malignant cells surrounded by open spaces with an inside-out growth pattern. 
It is usually associated with invasive micropapillary carcinoma, micropapillary 
and cribriform DCIS. lymphovascular invasion has been reported. Mostly ER 
and PR receptors are positive and HER2 expression is variable (27).

4.1.7	Apocrine	Differentiated	Carcinoma

Apocrine differentiated carcinomas are rare and constitute 1-4% of all breast 
carcinomas (1). Apocrine differentiated carcinoma is an invasive breast 
carcinoma characterized by cells with prominent nucleoli, large nuclei, and 
abundant eosinophilic granular cytoplasm. DCIS with apocrine morphology 
often accompanies invasive carcinoma. In conclusion, most carcinomas with 
apocrine differentiation are either grade 2 or grade 3 (63,64). Usually ER and 
PR receptor are negative. HER2 positive in 33% (28).

4.1.8	Metaplastic	Carcinoma

Metaplastic carcinoma is rare and constitutes 0.2 - 1% of all breast carcinomas 
(1). Metaplastic carcinoma is an invasive breast carcinoma characterized by 
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differentiation of neoplastic epithelium into squamous cells and/or mesenchymal 
cells (29). Compared to IBC-NOS, lymph node metastasis rates are lower. 
Compared to other triple negative carcinomas, the rate of distant metastasis 
is higher. ER, PR receptors and HER2 are mostly negative in metaplastic 
carcinoma (30).

4.1.9 Secretory carcinoma

Secretory carcinoma is extremely rare and accounts for less than 1% of all breast 
carcinomas (1). Secretory carcinoma is an invasive carcinoma consisting of 
intracytoplasmic vacuoles and extracellular epithelial cells with eosinophilic, 
balloon-like secretions. It is often associated with ETV6-NTRK3 fusion. 
Immunohistochemically, tumor cells typically express CEA (polyclonal), S100, 
mammaglobin, SOX10, and MUC4, often in a strong and diffuse pattern. They 
are mostly triple negative tumors. They rarely show weak ER and PR receptor 
positivity (31).
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1. Introduction

Dental anxiety and fear are among the most common problems in 
pediatric dentistry. The fear and anxiety that can occur in patients 
against the stress caused by dental operations is generally defined as 

dental anxiety (1). High dental anxiety and fear may prevent successful dental 
treatment and result in negative treatment results (2, 3). Anxiety in children 
makes them think that they are vulnerable to harmful events. In fact, this 
anxiety and fear can prevent patients from visiting the dentist (4). When the 
anxiety and fears in childhood cannot be eliminated, they can continue into 
adulthood (5).

Pain is considered as a set of unpleasant emotions that arise as a result of 
sensory or emotional experiences caused by actual or probable tissue damage 
in children (6). Local anesthesia is often preferred for pain control in pediatric 
dentistry. However, this method is a frightening and painful process especially 
for pediatric patients (7, 8). Negative experiences associated with the use of 
local anesthesia may lead to the development or increase of dental anxiety in 
children (9). These anxieties, caused by painful and negative experiences, cause 
children to avoid regular dental visits. When regular visits are not made, dental 
problems increase and the child begins to feel even more pain. This situation 
can turn into an undesirable process that continues as a vicious circle (10). 
For this reason, it is very important for the continuation of the treatment that 
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the anesthesia is painless and distracting the child (11). Apart from traditional 
anesthetic injection methods in pediatric dentistry, it is turning to alternative 
methods that can increase patient comfort. With the new methods introduced 
in recent years, new devices that can provide anesthesia without using needles 
have been developed (12). 

2. Local Anesthesia

Local anesthesia is briefly defined as loss of sensation in a limited area of the 
body (13). Traditionally in dentistry, it is done using a needle to eliminate the 
feeling of pain during the treatment. Due to the small anatomical structures in 
children, anesthesia is different compared to adults. If the needle goes too deep, 
the superficial vascular structures in the maxilla tuber area may be damaged 
and hematoma may occur. Needle penetration should be reduced because the 
ramus is shorter and narrower in the anteroposterior direction. Less bone tissue 
calcification causes the effect of anesthesia to be faster (14).

2.1.	 Local	Infiltration	Anesthesia

Topical	 anesthesia; It is defined as superficial loss of sensation by direct 
application of anesthetic solutions in spray, ointment or gel form. It is frequently 
used in pediatric dentistry to prevent pain caused by local anesthetic injection 
(15). In addition, there are areas of use such as reducing the pain of operative 
dental procedures, relieving the pain of mucosal lesions such as ulcers, skin 
anesthesia before general anesthesia and sedation before vascular access (16). 
Vasoconstrictors added to it because it prolongs the effect of anesthesia are 
not added to topical anesthetics because they impair mucosal permeability. 
Because topical local anesthetics act by diffusion, they are more concentrated 
than injected local anesthetics (17). Topical anesthetics should be applied to a 
dry mucosa with cotton applicators for at least one minute (18). According to 
studies, topical anesthetics cannot provide sufficient anesthesia for soft tissue 
biopsies. It could not provide sufficient blocking in restorative dental treatments 
without additional local anesthesia (16).

Intramucosal	anesthesia; It is a technique used in mucosal incisions and 
anesthetic solution is applied into the mucosa (19). It is contraindicated in cases 
of acute inflammation and when deep tissue anesthesia is required. The area to 
be applied is disinfected with antiseptic solutions. Anesthesia is injected 1-1,5 
cm away from the relevant area without pressure (20).
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Submucosal	anesthesia; It is a technique in which the solution is applied 
under the mucosa on the periosteum. The anesthetic solution passes through 
the cortical and cancellous bones and reaches the nerve fibers in the bone. It 
is generally known as local infiltration anesthesia in dentistry and is the most 
commonly used technique (19, 20). In order for the needle to pass through the 
mucosa more painlessly, the cheek and lip tissue are removed and stretched 
before application. To be effective, the teeth must be given close to the root 
tips. In this way, the effect time of anesthesia is shortened and its strength 
increases (21).

Intraligamental	anesthesia; It is generally used when anesthesia is not 
sufficient. The periodontal membrane of the involved tooth is anesthetized (22). 
In patients with bleeding disorders, this technique can be preferred instead of 
regional anesthesia to reduce the risk of hemorrhage (20). In this technique, 
progress is made from the mesial side in single-rooted teeth, from mesial and 
distal in multi-rooted teeth, until resistance is felt along the long axis of the 
teeth. When resistance is felt, 0.2 cc solution is given (23). Its most important 
advantages are that its effect is limited only to the tooth treated, the success rate 
is high, and it does not cause soft tissue injuries after anesthesia because it does 
not affect the surrounding tissues (24).

Intrapulpal	 anesthesia; In cases where effective anesthesia cannot be 
provided, anesthesia is given directly on the exposed pulp tissue. When root 
canals or canals cannot be accessed with an injector, it is applied to the pulp 
chamber by giving 0.2-0.3 ml of solution under pressure (14).

2.2.	 Nerve	Block	Anesthesia	(Regional	Block	Anesthesia)

Regional anesthesia is the blocking of certain sensory nerve conduction without 
interrupting consciousness (25). In block anesthesia, anesthesia is applied close 
to the relevant nerve but away from the study area (26). Posterior superior 
alveolar nerve block, Nasopalatine Nerve Block, Anterior Palatine Nerve Block, 
Inferior Alveolar Nerve Block, Mental Nerve Block, Incisive Nerve Block, 
Buccal Nerve Block are regional anesthesia. Posterior superior alveolar nerve 
block in the upper jaw and inferior alveolar nerve block in the lower jaw are the 
most commonly used regional anesthesia in dentistry (14).

Posterior	 superior	alveolar	 (PSA)	anesthesia	 (Tuber	Anesthesia); It is 
used to provide anesthesia of the PSA nerve, which is a branch of the maxillary 
nerve. This anesthesia blocks the roots, periodontium and buccal mucosa of 
all molars except the mesiobuccal root of the upper first molar (27). In PSA 
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anesthesia in children, the needle is directed towards the apical of the most 
posterior tooth and distal to the zygomatic process. Then, without losing the 
bone contact, it is advanced from the front to the back at an angle of 45 degrees 
to the chewing plane, from the outside to the inside. An average of 1 cm is 
advanced and injection is made slowly after aspiration (28). In advancing ages, 
after all the permanent teeth have erupted, the mouth is opened halfway and 
the mandible is shifted to the side to be anesthetized. Thus, the vestibulum 
oris expands, the coronoid process moves away from the tuber, and the lateral 
pterygoideus muscle relaxes. Then, following the distal root of the second molar, 
it is advanced at an angle of 45 degrees to the occlusal plane and the injection is 
completed by controlling the aspiration (14, 29).

Inferior	Alveolar	Nerve	Block	(Mandibular	Anesthesia); It is the most 
commonly used anesthetic technique for the anesthesia of the lower jaw, 
especially the posterior teeth (30). After anesthesia of the alveolaris inferior 
nerve, anesthesia of the gingiva, mucosa, jawbone, lips, cheek, chin skin and 
teeth up to the midline of the related half jaw is provided. In this anesthesia, the 
lingual nerve is usually blocked because it runs close to the inferior alveolar 
nerve. Therefore, the floor of the mouth, the anterior part of the tongue, and 
the lingual gingiva areas also experience loss of sensation (28). The aim of the 
technique is to block the inferior alveolar nerve from the mandibular foramen. As 
the mandible grows anteroposterior, the foramen of the mandible also diverges 
posteriorly. Except for the location of the foramen mandible, the inferior alveolar 
nerve block in adults and children is similar. During application, the soft tissue in 
front of the ramus mandible is ruled out with a mirror while the patient’s mouth 
is fully open. The needle is inserted at the level of the opposite molars into the 
mucosa between the internal oblique ridge and the raphe pterygomandibularis. 
An average of 15 mm is advanced, when bone contact is taken, aspiration is 
performed and the injection is completed (7, 19, 24).

3. Alternative Local Anesthesia and Handling Systems

The traditional aspiration needle used by most dentists was introduced by Cook 
many years ago (31). These needles produce pain due to mechanical trauma 
to the oral mucosa (32). Therefore, with the development of technology, new 
anesthetic delivery systems are being developed that can reduce injection 
pain (33). Topical Anaesthesia, Electronic Dental Anaesthesia, Jet-Injectors, 
Iontophoresis, Computer-controlled local anaesthesia are some of the delivery 
systems and applications recently developed for ease of anesthesia.
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3.1.	 Electronic	Dental	Anaesthesia	(EDA)

Unlike traditional injection methods, the Electronic dental anesthesia (EDA) 
system does not have a needle and is therefore a good alternative for patients with 
needle phobia. It has been presented and applied as an alternative to chemical 
pain control in dentistry (34, 35). This system can provide local anesthesia 
using Transcutaneous Electrical Nerve Stimulation (TENS) application (36). 
The TENS system was introduced in the 1970s to reduce acute and chronic 
pain and to be used in some areas of sports medicine (37). After a short time, 
EDA working with TENS started to be used for pain relief in dentistry (38). 
TENS units operating in the mouth have been modified as low current, high 
frequency. It has been used in the pain control of facial pains and trigeminal 
neuralgia, myofascial pain dysfunction for relief of muscle spasms (39). When 
used appropriately, it aims to eliminate the need for local anesthesia in children 
and adults (35). The level of anesthesia needed during dental treatments can 
be controlled, and the feeling of numbness disappears immediately when the 
system is turned off. In this way, it is not expected that the feeling of paresthesia 
will pass for hours like traditional local anesthetics (36).

In the EDA system, electric current is created in the subcutaneous tissues 
by using electrodes (pads). This system consists of a battery powered portable 
device. Electrodes are attached to the treatment area and block the surrounding 
nerves (40). Studies have shown that it can be used in restorative dentistry, non-
surgical periodental procedures, and tooth extractions (41). Although there are 
not many studies testing its use in children, there are studies suggesting its use in 
children with needle phobia (42). Its effectiveness is more successful in anterior 
teeth than in posterior teeth, and its effectiveness may vary according to the depth 
of restoration (43). Although it has been found to be successful in periodontal 
treatments, its success in endodontic and surgical treatments is controversial 
(44). In studies comparing traditional local anesthetics with EDA, it was found 
to be insufficient in pain control in dental treatments (45). In a literature review, 
it was found that the analgesic effect of the EDA system is beneficial in some 
procedures in the maxillofacial region, but EDA does not always constitute an 
alternative to the use of local anesthesia (46).

3.2.	 Jet-Injectors

Jet-injectors were first produced for mass immunization in 1866. In the 
following years, it was used for intramuscular injection of insulin and hepatitis 



198   ADVANCES IN MEDICINE AND HEALTH SCIENCE

B vaccines (47). This system can push liquid medicine through very small holes 
by using high pressure with a mechanical energy. In this way, thin liquids are 
created that can penetrate the subcutaneous tissue without the use of needles 
(48). Although its use in dentistry is limited, it is used for placement of rubber-
dam clamps, placement of orthodontic bands and placeholders, and abscess 
drainage incision (12). It has been described that a high rate of anesthesia is 
provided in pediatric patients in various clinical procedures such as extraction 
using jet injector, pulpal treatment, tooth preparation, rubber-dam and abscess 
drainage (49).

Because they are needle-free, they cause less tissue damage, is an almost 
painless technique, and is quick and easy to use (49). Despite these advantages, 
there are also disadvantages such as high cost, sudden noise and pressure 
sensation in the injection, and the possibility of residual hematoma (50). This 
system can be preferred especially in children with fear of needles (51).

3.3. Iontophoresis

Iontophoresis is used in three main applications in dentistry (52). It can provide 
treatment by using negatively charged fluorine ions in dentin sensitivity. It can 
be used in the treatment of oral ulcers (aphthae) and herpers labialis. It can 
be applied to provide topical anesthesia. It can help deliver local anesthesia 
to deeper tissues after topical anesthesia. It helps the penetration of positively 
charged substances such as lignocaine and adrenaline into the tissue under 
electrical load (16). In this way, anesthesia is provided without the use of 
needles. Not many studies have been done in pediatric dentistry. In one study, 
it was used in the surgical extraction of primary teeth and positive results were 
obtained (53).

3.4.	 Computer-controlled	local	anaesthesia

Computer-controlled local anesthetic applications emerged in the mid-1990s. 
In this system, the flow rates of anesthetic solutions can be controlled by 
computers and pain caused by rapid injection can be prevented (54). The 
most important disadvantage is that it is injected in a very long time, such 
as 4 minutes. This long period can cause stress and impatience, especially in 
pediatric patients (55). In addition, since needles are used in this system, it may 
not be used by those with fear of needles (8). In one study, computer-controlled 
local anesthesia was found to be painless and more effective in adults compared 
to children (56).
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The Wand

It was introduced to the market in 1997 as the first computer-controlled local 
anesthesia system (57). This system consists of base unit, foot pedal and 
disposable caps. The microprocessor main unit is connected to the footswitch 
and to the disposable caps over the local anesthetic cartridge. The local 
anesthetic solution drawn from the cartridge passes through the thin tubes in the 
handpieces and reaches the needle in the targeted tissue. The foot pedal controls 
the injection speed. It also has aspiration mode to avoid the risk of intravascular 
injection. There are different injection speed modes (43).

It provides a simple and convenient injection experience, thanks to the 
constant flow rate of the solution and facilitates the controlled use of the syringe 
(43, 55). According to a study conducted in pediatric patients, Wand is more 
comfortable than traditional local anesthesia applications. Even during needle 
sticking, pediatric patients responded more positively to Wand anesthesia (57).

Single tooth Anesthesia (StA)

Milestone Scientific, the manufacturer of Wand, introduced single-dental 
anesthesia as a new device in 2006. It has a Dynamic Pressure Detection 
system that continuously monitors the outlet pressure of the anesthetic solution. 
Calculation of the pressure by the system instead of the operator provides a 
more comfortable anesthesia with less tissue damage (58). Similar to Wand, 
there are 3 different injection speed modes.

Comfort Control Syringe

The main difference of this system from other computerized systems is the 
absence of a foot pedal. It consists of a main unit and syringe. Aspiration 
and injection are controlled via syringe. It is more practical and easier to use 
than traditional injections (59, 60). There is a two-stage delivery rate for all 
injections (two-stage delivery rates). In the first stage, the anesthetic solution is 
delivered at very low rates, after 10 seconds, in the second stage, the injection 
speed increases to the level set. Although easy to control, this device is more 
difficult to use than other computer-controlled devices. Because the syringe is 
bulky, it may not be practical or useful (61). This system was compared with 
traditional dental syringes in terms of injection pain, ease of administration, 
and patient acceptability, and no significant difference was observed in either 
technique (62).
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4. Conclusion

In the field of pediatric dentistry, children’s fear and anxiety about dental 
procedures is a common problem, although it is quite challenging for clinicians. 
Local anesthetics are often preferred in the control of pain perception in children. 
However, this procedure can be frightening and painful for children. For this 
reason, it is important that the anesthesia procedure is performed as painlessly 
as possible and by distracting the child. At this point, local anesthesia and 
transport systems developed as alternatives become attractive. These systems 
can minimize tissue damage and pain caused by the pressure created by the local 
anesthetic injected into the tissue. For this reason, the use of new generation 
computer-controlled local anesthetic applications in the field of pediatric 
dentistry is becoming more and more widespread and it is reported that it gives 
successful results in the control of pain perception in children.

Keywords: local	anesthesia,	computer-assisted	anesthesia,	dental	anxiety
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In the last 50 years, dental implants have become one of the most preferred 
treatment methods due to their high success rates. To ensure the esthetics 
of implant restorations; it should be ensured that the natural characteristics 

are obtained in the restorations on the implant and the emergence profile of the 
soft tissue looks like that of the natural teeth. Success in implant restorations in 
the esthetic region depends on the preservation and augmentation of the peri-
implant soft tissue, namely periodontal surgical procedures.(1)

1. Indications for soft tissue reconstruction

After the tooth extraction, there is a significant volume loss in the soft and hard 
tissues around the extracted teeth.(2, 3) Soft tissue augmentations (subepithelial 
connective tissue grafts, free gingival grafts) prevents collapsing of the gingiva 
and peri-implant mucosa and increase the thickness of the buccal soft tissue. In 
addition, papilla roconstruction is also performed with controlled pressure that 
applied during the early healing period of implant or gingiva former placement. 
Pink esthetics around the implant is also related to the thickness of the peri-
implant mucosa. (4-6) These treatments provide long term health of the peri-
implant mucosa. (7-9)

Pink	Esthetic	Score

Furhauser et al. (2005), created an index defined as the pink esthetic score (PES) 
to classify soft tissue appearance in anterior implant restorations.(10) PES 



206   ADVANCES IN MEDICINE AND HEALTH SCIENCE

depends on seven variables: mesial papilla, distal papilla, soft tissue level, soft 
tissue contour, alveolar bone irregularities, soft tissue color and structure. Each 
variable is evaluated with 2-1-0 scores. 2 is the highest score and 0 is the lowest 
score. Furhauser et al. suggested that PES would be appropriate for evaluation 
of soft tissue around single-tooth implant restorations for many years.

2. Planning

Treatment plan should be made up carefully in order to provide long-term 
survival and esthetic success rates . A risk analysis should be done at the 
beginning. With the risk analysis, the essentials of the esthetic success of dental 
implants is evaluated by both dentist and the patient before the treatment. 

1. Patient’s expectation: Recently, the public’s awareness of the increasing 
benefit of dental implant treatments has positive and negative effects. 
While the increase in the number of patients is a positive effect, unrealistic 
patient expectations are among the negative effects. The form of the teeth, 
function and esthetics of the final restoration should be evaluated and the 
patient should be informed about realistic results. (11, 12)

2. Smoking: This risk factor should be considered with the risks of local and 
systemic complications.

 Smoking has a negative effect on graft applications and implant 
osseointegration, and also poses a risk of peri-implantitis in the long term. 
(12-15) Smoking more than 10 cigarettes/day should be considered as 
‘high esthetic risk’.

3. Smile line: Esthetic success of the patient depends on the incisal part of the 
maxillary teeth with the low smile lines,  pink esthetic problems are rare. 
The size, color, shape, structure and light transmittance of the restorations 
directly affect the esthetic outcome of the patients with the middle smile 
line. The gingiva is barely visible. Appearance of the gingival contour can 
lead to esthetic complications with the patients who have high smile line 
has gummy smile and gingiva is the soft tissue appearance. They should 
have healthy, symmetrical gingival contours. The emmergence profile and 
gingival margin contour also lead to high esthetic expectations. (16)

4. Gingival biotype: Thick, attached and wide gingiva masks subgingival 
metallic components (such as implants, abutments) and resistant to 
recession.(17) On the other hand, pleased ethetic results are observed  when 
the adjacent teeth are periodontally healthy and sufficient bone is available 
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in single tooth restorations. However, soft tissues should be supported with 
free gingival graft and connective tissue grafts in order to prevent long-
term complications. (17-19) Implant positioning, surrounding bone height, 
and gingival discoloration should be evaluated.

5. Teeth shape: Risks can be reduced since square-shaped teeth generally 
have a thick gingival biotype. Papilla formation is rarely seen in implant-
supported restorations. Triangular teeth generally have a thin gingival 
biotype and show a scalloped gingival contour. In these patients, square-
shaped restorations and large contact areas should be preferred. (19)

6. Infection: There shouldn’t be any acute or chronic infection in the area 
where the implant will be applied. (20) Patients with suspected periodontitis 
or recurrent periodontitis should be evaluated suspiciously. There is a risk 
of biological complications in these patients. (21, 22) Periodontal diseases 
should be treated before implant treatment.

7. Restorations around the implants: Implant surgical area should be healthy. 
If the region has subgingival prosthetic restoration, in order to prevent 
inflammation of the gingiva the restorations should be corrected.

8. Surgical Area: The implant must be placed in the anatomically correct 
position in the edentulous space. The correct implant diameter and length 
should be preferred. The distance between two implants should be at least 3 
mm, and the distance between implant and tooth should be 2 mm. Existing 
bone should be buccolingual 2 mm larger than the implant diameter. 
Choosing an implant with a larger diameter may cause resorption.

3. Free Gingival Graft

Autogenous free gingival grafts (FGG) are used to increase the amount of 
keratinized tissue in peri-implant soft tissue defects. (1) Hard palate, tuber, 
ramus, edentulous ridges can be used as donor sites in FGG procedures. The 
color of the recipient area does not naturally match with the adjacent soft tissue. 
However, FGG are suggested for exposed implant surfaces to increase the width 
of the keratinized mucosa (KM). KM width is important in terms of ensuring the 
long-term success of peri-implant tissues.  

More than 2 mm width of the KM band causes less risk of discomfort 
during brushing, plaque accumulation, peri-implant soft tissue inflammation, 
immunological reactions and peri-implantitis when compared to areas with a 
KM band of <2-mm around the implant. (23, 24) Orsini et al. reported improved 
plaque control and reduced gingival inflammation with an increase in the width 
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of the keratinized mucosa in their study. (25, 26) FGG can be applied before 
implant if the KM band is <2-mm. (27). Baseğmez et al. reported in their 
randomized controlled study that FGG applications were more effective than 
classical vestibuloplasty in a 1-year follow-up. (28)

In conclusion, free gingival grafts are preferred as a treatment option to 
prevent implant loss by increasing the width of the keratinized mucosa.

Autogenous	Connective	Tissue	Graft

Autogenous connective tissue grafts are ideal material for the treatment of soft 
tissue deficiencies. The connective tissue matrix acts as a conductor for the new 
fibroblasts and integrate with the surrounding tissues. (29) Connective tissue 
grafts (CTG) are used in the treatment of soft tissue defects, recessions and 
alveolar contour arrangements. (30) The palatal region is the most commonly 
used donor site for CTG, the mandibular retromolar region and the maxillary 
tuber sites can also be used. (31)

Palatal mucosa consists of three layers: epithelial cover, subepithelial 
connective tissue and submucosa. The connective tissue beneath the epithelium 
is quite thick and predominantly collagenous. The palatal submucosa contains 
mostly collagen fibrils and a small amount of elastic fibrils that connect the 
subepithelial connective tissue with the periosteum.(32) The maxillary tuber 
region is the second preferred donor site where autogenous connective tissue 
grafts can be obtained. This region contains less fat and glandular tissues and 
more collagen than the palate region. The very dense, thick and collagen-rich 
tuber area is of lower quality than the palatal connective tissue and is more prone 
to necrosis. (33)

Response of the soft tissues are different with the peri-implant mucosa 
and the natural tooth. It provides esthetic treatments around the implant by 
contributing to the increase of soft tissue volume and contour. (34) Burkhardt et 
al. reported a 66% success rate at 6-month follow-up exposed implant surface 
was covered with connective tissue. (35) Zuchelli et al. have  higher success rate 
of the  procedure when the implant crowns are removed and a new abutment is 
used to allow the connective tissue to enter the interdental space, the tissue is 
taken in one piece and de-epitelized to obtain a collagen-rich graft.

4. Connective tissue materials

Acellular Dermal Matrix (AlloDerm® Regenerative Tissue Matrix (RTM), 
Biohorizons, USA) or containing Xenogenic Collagen Matrix (Geistlich 
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Mucograft®, Geistlich Pharma AG, Switzerland) can be used instead of 
autogenously removed connective tissue grafts. De Souza et al. was found that 
although the histological structure of alloderm and autogenous connective tissue 
grafts were quite different in the postoperative 6-month period, the integration 
of the applied site of the graft was similar. (37) Woodyard et al. 6 months after 
applying a cell-free skin matrix (AlloDerm® Regenerative Tissue Matrix (RTM), 
Biohorizons, USA) with the flap shifted to the coronal, they noted thicker of the 
soft tissue margin compared to the control group with only the flap. (38) Lorenzo 
et al. compared xenogenic collagen matrix (Geistlich Mucograft®, Geistlich 
Pharma AG, Switzerland) and autogenous connective tissue graft to increase the 
amount of keratinized tissue around the implant. Increased keratinized tissue 
was observed in both groups, and it was reported that recession was observed 
in both groups. (39) Başeğmez et al. examined 1, 3, 6-month follow-ups in 
alloderm (AlloDerm® Regenerative Tissue Matrix (RTM), Biohorizons, USA) 
and free gingival graft applications around the implant and keratinized gingival 
width at 3 (p=0.026) and 6 months ( p<0.001). It was found higher in the FGG 
group. (40)

5. Papilla Reconstruction

Papilla shaping around the implant is performed with controlled pressure applied 
during the early healing period following soft tissue augmentation (fixed bridge 
prostheses) or during the opening of the implant (implant restorations). In order 
to prevent rapid apical loss of the reconstructed tissue, soft tissue shaping should 
be performed in multiple consecutive sessions targeting small changes. It has 
been suggested that implant-supported temporary restorations that mimic the 
contours of the permanent prosthesis should be applied at the time of extraction 
or gingiva former placement.(41)

If pressure is applied on the newly grafted tissue, pressure necrosis may 
be encountered, and the surgical outcome may be adversely affected. Soft tissue 
shaping can be started two weeks after the surgical procedure. The physical 
pressure applied to the soft tissue by the pontic shape. It is aimed to obtain 
an oval body shape at the base of the body and apply composite. It should be 
ensured that there is contact between the augmented area and the reshaped base. 
The soft tissue should rise slightly interproximal and facially towards the coronal 
of the bridge body. The pressure should not cause anemia more than 5 minutes. 
(41) Two or three sessions are needed in order to achieve the desired shape. 
Some new composite layer is added to the base of the body at each appointment. 



210   ADVANCES IN MEDICINE AND HEALTH SCIENCE

By using a different color composite at each appointment, the layer thickness is 
better followed.

6. Conclusion

Implant surgery is a predictable treatment model with a high success rate. 
Surgical procedures in the esthetics of implant restorations and peri-implant soft 
tissue arrangements are gaining more and more importance. Clinicians should 
not only pay attention to osseointegration but also be careful about the esthetic 
outcomes of the implant treatments. 
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1.  Stem cells

Stem cells can regenerate themselves and differentiate into many different 
cell types (1). According to the potential for differentiation, stem cells 
are considered into five groups, totipotent, pluripotent, multipotent, 

oligopotent, and unipotent (2). The zygote is a totipotent cell that can 
differentiate into all cells in the organism. In addition, the totipotent property 
is also valid for blastomeres formed by the division of the zygote. Pluripotent 
stem cells exist in the inner cell mass of the embryo in the blastocyst phase. 
These cells can form all tissues and organs in the organism, except for placental 
structures (3). Pluripotent cells can also be produced by reprogramming somatic 
cells (4). Multipotent stem cells can differentiate into several specialized cells 
derived from bone marrow and adipose tissue at further stages of the embryo 
or in the adult organism (4,5). Oligopotent stem cells are a group of stem cells 
that can form two or more lines of cells within the tissue such as lymphoid and 
myeloid stem cells (6). Unipotent stem cells have the ability to differentiate into 
a uniform cell type, such as satellite cells of skeletal muscle (5). On the other 
hand, mesenchymal stem cells used for therapeutic purposes are stem cells with 
multipotent properties (7).
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2.  Mesenchymal stem cells (MSCs)

MSCs are in the class of adult stem cells (8). They have the ability to regenerate 
and differentiate themselves (9). MSCs can be isolated from various tissues 
such as the placenta, umbilical cord, amniotic fluid, bone marrow, adipose 
tissue, menstrual blood, and tooth pulp. Also, they can be cultured under in 
vitro conditions (9-12). MSCs must have some characteristics in order to be 
recognized in the culture conditions. As fallows, MSCs must adhere to plastic 
when maintained under standard culture conditions. They must express CD105, 
CD73, and CD90, but must not express CD45, CD34, CD14 or CD11b, CD79α 
or CD19 and HLA-DR molecules. Besides, MSCs must differentiate into 
osteoblasts, adipocytes and chondroblasts under in vitro conditions (13).

MSCs show anti-inflammatory, antiapoptotic, angiogenic, and 
immunomodulatory effects with the factors they secrete (12). Because of these 
properties, MSCs constitute the potential for therapeutic applications (14). 
Today, mesenchymal stem cells are used to treat numerous diseases such as 
spinal cord injuries, diabetes, bone, cartilage, and tendon damages (12,14). The 
disadvantage of mesenchymal stem cells in terms of clinical use is that they need 
to be reproduced under in vitro culture conditions due to their small number. This, 
in turn, requires serious technology, infrastructure, experience, and cost. It is also 
imperative that culture processing must be performed in a laboratory equipped 
with internationally recognized standards of good manufacturing practices 
(GMP) (8). The other challenge is to illuminate the highly complex mechanisms 
of differentiation, mobilization, and targeting of MSCs (9). In addition, the 
effects of MSCs are regulated by many biochemical and biophysical factors 
from their close environment. It is thought that these factors play a crucial role 
in determining the differentiation of MSCs and their contributions to the repair 
process (15). On the other hand, although no significant side effects have been 
reported in clinical trials with MSCs, all interventional treatments have some 
risks. Therefore, the risks that may arise during the use of mesenchymal stem 
cells for treatment should be taken into account and compared with the potential 
benefits for patients (13).

In this review, current experimental studies were summarized to ascertain 
the therapeutic roles of MSCs on ovarian disorders.

3.  Ovarian disorders leading to infertility

Infertility is defined as a condition in which pregnancy does not occur and is 
a disease with a high prevalence. It adversely affects couples’ quality of life 
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(16). Various pathological disorders in genital organs are among the main causes 
of infertility. Premature ovarian insufficiency, polycystic ovary syndrome (17), 
ovarian aging (11), and exposure to chemotherapy drugs (18) can be counted as 
ovarian disorders that lead to female infertility. Premature ovarian insufficiency is 
a condition that ovarian functions end before the age of 40 and the woman enters 
menopause. Polycystic ovary syndrome is a complex disorder characterized by 
problems such as menstrual irregularity, weight gain, and hirsutism, in which 
large numbers of small and benign cysts form in the ovaries (17). Ovarian aging 
is defined as a low ovarian reserve for a woman’s age and a low number of good-
quality eggs (11). Chemotherapy drugs such as cyclophosphamide also cause 
ovarian damage, impairing reproductive functions (18). 

Recent clinical trials have been working on the treatment of female 
infertility using new treatment techniques. It is a matter of curiosity as to 
what effects mesenchymal stem cells, which are thought to can be used as an 
alternative treatment approach in many diseases, have on ovarian disorders, 
which are one of the most important causes of female infertility. This review 
focused on the effects of mesenchymal stem cell therapy on ovarian disorders 
and comprehensively mentioned the possible positive effects.

4.  MSC applications in ovarian disorders

4.1.		 MSC	treatment	in	ovariectomy-induced	ovarian	failure

In studies in which the ovarian failure model was created by performing 
unilateral ovariectomy, the effects of placenta-derived mesenchymal stem 
cells (PD-MSCs) have been investigated on other ovarian tissue left behind. 
Stem cells have been administered to rats by intravenous or intraovarian routes 
(10,19,20). At the end of the experiment, it has been observed that transplanted 
PD-MSCs migrated into the follicular periphery of ovarian tissue. Also, it has 
been determined that while oxidative stress markers and caspase-3 expression 
decreased, antioxidant markers and PCNA expression increased in the ovarian 
tissues of the mesenchymal stem cell transferred group (10). Similarly, it has 
been detected that the levels of estrogen, follicle-stimulating hormone (FSH), 
and anti-mullerian hormone (AMH) significantly increased in the group that 
applied PD-MSC compared to the group without stem cell transplantation 
(10,19,20). It has been also noted that primordial follicle number significantly 
increased (10) and the regeneration of enlarged blood vessels was seen in the 
mesenchymal stem cell administered group compared to the group not given 
stem cells. In contrast, it has been reported that there was a decline in the rate of 
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follicular atresia in the group that applied PD-MSC (20). On the other hand, it 
has been observed that the expressions of Nanos3, Nobox, LHX8, and Lin28a, 
which are genes related to folliculogenesis, were upregulated in the ovaries of 
the PD-MSC-administered group. It has been also found that PD-MSCs elevated 
the phosphorylation of GSK3 beta and FOXO3 in the ovary and induced follicle 
maturation by altering the growth and apoptosis balance in oocytes (19). In 
addition, it has been determined that vascular endothelial growth factor (VEGF) 
and VEGF receptor 2 expressions increased with the activation of PI3K/AKT/
mTOR and GSK3β/β-catenin signaling pathways in the ovaries of the PD-MSC 
administered group (20). Thus, it has been concluded that PD-MSCs can restore 
ovarian functions by regulating oocyte growth and folliculogenesis through the 
PI3K-FOXO3a signaling pathway (19). It has also been reported that VEGF 
secreted by PD-MSCs supported follicular development through vascular 
remodeling (20). In light of these data, it has been stated that stem cell therapy 
based on PD-MSCs can be used as an alternative treatment for obstetric and 
gynecological diseases, including infertility and menopause (10,19,20). 

4.2.  MSC treatment in ovarian damage

Effects of mesenchymal stem cells derived from the umbilical cord (21), adipose 
tissue (22), and bone marrow (23) on the ovary were examined in studies in 
which ovarian damage was created with doxorubicin (22), cisplatin (23) and 
ozone inhalation (21). Stem cells have been administered to rats intravenously or 
intraperitoneally (21-23). Research findings have revealed that the percentage of 
terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) positive 
cells decreased in the ovarian tissue in the group that was applied mesenchymal 
stem cell treatment, while the expressions of anti-apoptotic and antioxidant 
enzymes (21) and estradiol level increased (23). It has been also determined that 
mesenchymal stem cell therapy increased the numbers of primordial, secondary, 
and tertiary follicles while reducing the number of atretic follicles. In addition, 
it has been observed that the theca and medulla layers of the ovary converted to 
normal histological appearance after stem cell therapy (22). Based on these data, 
it has been concluded that mesenchymal stem cell therapy can improve ovarian 
structure and functions in ovarian damage (21-23).

4.3.		 MSC	treatment	in	polycystic	ovary	syndrome	(PCOS)

The effects of mesenchymal stem cells obtained from bone marrow (24) and 
umbilical cord (25,26) on the ovary have been investigated in studies that 
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created PCOS with testosterone enanthate (24), testosterone propionate (26), 
and dehydroepiandrosterone (25). Stem cells have been administered to 
experimental animals by intravenous or intraovarian routes (24-26). In studies, it 
has been found that mesenchymal stem cell therapy increased oocyte and ovary 
volumes, antral follicle count, and zona pellucida thickness while reducing 
primary and preantral follicle counts (24). Also, it has been detected that after 
mesenchymal stem cell administration, rats with PCOS showed regular estrus 
cycles, the number of granulosa cells in their ovaries increased, and the number 
of immature cystic follicles decreased (26). Besides, it has been noticed that 
the levels of serum estrogen, progesterone, FSH, and total antioxidant capacity 
(TAC) increased, and the levels of serum testosterone, luteinizing hormone 
(LH) and malondialdehyde (MDA) decreased in the mesenchymal stem cell-
administered group (24,26). Similarly, it has been observed that transforming 
growth factor 1 (TGF-1) expression (26), TUNEL-positive apoptotic cell 
percentage (24), and gene expression levels of CYP17A1, DENND1A.V2 
associated with PCOS significantly declined with the effect of mesenchymal 
stem cell therapy in ovarian tissue (27). On the other hand, it has been reported 
that MSC administration affected the systemic inflammatory response by 
significantly reducing the expressions of proinflammatory factors such as tumor 
necrosis factor α (TNF-α), interleukin-1β (IL-1β), and interferon-γ (IFN-γ) and 
fibrosis-related genes in ovarian tissue (25). As a result, it has been highlighted 
that MSC therapy improved folliculogenesis by creating anti-inflammatory, 
antioxidant and anti-apoptotic effects in the PCOS experimental model and could 
be a potential novel approach for the treatment of PCOS patients (24,25,27).

4.4.		 MSC	treatment	in	premature	ovarian	insufficiency

In studies in which premature ovarian insufficiency was created with 
cyclophosphamide (18,28,29), zona pellucida glycoprotein-3 (30,31), and 
ceftriaxone (32), the effects of mesenchymal stem cells obtained from the 
placenta (31), umbilical cord (33-35), adipose tissue (36,37), bone marrow 
(29,38,39) and menstrual blood (M32) on the ovary have been investigated. 
Stem cells have been administered to experimental animals by intravenous, 
intraperitoneal or intraovarian routes (40-42). When the findings obtained 
from the studies were examined, it has been found that mesenchymal stem cell 
therapy significantly improved the estrus cycle and the ability of fertilization 
in experimental animals (18). Also, it has been noted that the frequency of 
pregnancy, the number of offspring, and the weight of the ovary increased in 
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MSC administered group (43). In addition, it has been reported that stem cell 
therapy reduced serum FSH and LH levels (30,38), while increasing estrogen, 
progesterone, and AMH concentrations (44). From a histological point of view, it 
has been determined that mesenchymal stem cell therapy increased the numbers 
of primordial (28), secondary and tertiary follicles (45) and corpus luteum (36); 
on the contrary, reduced the number of atretic follicles (37). Besides, it has been 
observed that stem cell therapy reduced collagen fiber content and degenerative 
changes (34,37) and increased the number of blood vessels in the ovary (46).

In the studies carried out using molecular techniques, it has been found that 
Ki-67 (40), CyclinD2 (39) and Bcl-2 expressions increased (29); Bax (39) and 
caspase-9 expressions, as well as the number of TUNEL positive cells decreased 
in the ovary due to the effect of mesenchymal stem cell application (28). On 
the other hand, it has been stated that mesenchymal stem cell therapy provided 
differentiation of the primordial follicle into the primary follicle by activating 
pAKT and pFOXA3a expressions in the ovary (45). Also, it has been detected 
that stem cell therapy increased VEGF, insulin-like growth factor I (IGF-1), 
and hepatocyte growth factor (HGF) expressions in the ovary (29,36,38,46). 
In addition, it has been revealed that the expressions of inducible nitric oxide 
synthase (iNOS) (37), which is a marker of oxidative stress, as well as Smad 
2, Smad 4, and TGF-β1 which are genes associated with fibrosis in the ovary 
decreased depending on the effect of mesenchymal stem cell therapy (32). On 
the contrary, it has been determined that the expressions of follicle-stimulating 
hormone receptor (FSHR), inhibin α, inhibin β, and connexin-43 increased in 
the ovaries of MSC administered group (40,41,43). In conclusion, it has been 
asserted that in vivo transplantation of mesenchymal stem cells can restore 
damaged ovarian tissue by reducing apoptosis and oxidative stress, which are 
the main mechanisms of premature ovarian insufficiency (28,36,37).

4.5.		 MSC	treatment	in	natural	ovarian	aging	

In studies that were conducted using animals with natural ovarian aging (11,47), 
the effects of mesenchymal stem cells obtained from amniotic fluid (11) and 
umbilical cord (47) on the ovary were investigated. Stem cells have been 
administered to experimental animals by intravenous or intraovarian routes 
(11,47). When the data obtained from the studies were examined, it has been 
found that mesenchymal stem cell therapy increased serum estrogen and AMH 
levels while decreasing FSH levels. In addition, it has been observed that the 
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structure and functions of the ovary improved (11), and the number of follicles 
and the proliferation capacity of granulosa cells increased with stem cell therapy 
(47). Similarly, it has been noticed that the expressions of HGF, VEGF, and 
IGF-1 growth factors in ovarian tissue significantly increased after stem cell 
administration. Based on these data, it has been emphasized that growth factors 
secreted from mesenchymal stem cells may have therapeutic effects through the 
paracrine mechanism on improving ovarian reserve function (11,47).

In a conclusion, the positive effects of mesenchymal stem cells obtained 
from different tissues and transplanted into the organism by different routes on 
ovarian disorders have been demonstrated by numerous studies. Based on the 
reported findings, it can be stated that mesenchymal stem cell therapy plays a role 
in the regulation of processes such as apoptosis, proliferation, folliculogenesis, 
growth factor production, and reproductive hormone secretion in the ovary 
and thus can be used as an alternative treatment method for improving ovarian 
disorders.
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1. Introduction

The coronavirus outbreak, first reported in December 2019 in Wuhan,
China, in Hubei Province, has rapidly spread across the globe (1, 2). 
While more than 621,992,000 (29 September 2022) cases of coronavirus 

have been reported worldwide at the time of writing this text, USA, India, 
France and Brazil are the leading countries with the highest number of cases. 
However, this number is expected to increase linearly (3). This virus has been 
identified as new coronavirus 2019 (nCoV 2019) or coronavirus 2 (SARS-
CoV-2), while the virus-induced disease has been identified as COVID 19 (4-6).  
World Health Organization (WHO) has declared a global public health problem 
due to the ongoing epidemic of pneumonia caused by the new coronavirus type 
(2). Similar to SARS-CoV in humans, this virus exhibits strong binding to the 
angiotensin-converting enzyme 2 (ACE2) receptor (7).
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Initial reports show that COVID-19 is a serious infectious disease that 
requires about 5% intensive care and causes 2% death (6, 8). Patients with severe 
disease often die due to severe alveolar damage and progressive respiratory 
failure (6, 9). Patients with COVID-19 have elevated levels of many inflammatory 
cytokines and chemokines, including interleukin-6 (IL-6), interleukin-1β (IL-
1β), induced protein 10 (IP10) and monocyte chemo attractant protein-1 (MCP-
1) (chemokine) (10). The cytokine release syndrome (CRS) is one of the key 
mechanisms connected to the disease’s devastating progression (10).  

CRS is a systemic inflammatory response characterized by a sharp increase 
in the level of many pro-inflammatory cytokines caused by infection, certain 
medications, and other possible factors (11, 12). Acute respiratory distress 
syndrome (ARDS) has been identified in 20% of COVID-19 cases (13). CRS 
is one of the underlying causes of many pathological processes, including 
ARDS (14). Neutralizing underlying inflammatory factors in CRS will help 
reduce mortality rates in severe cases with COVID-19 (13). Therefore, using 
drugs (tocilizumab, etc.) or natural compounds that can inhibit the release 
of inflammatory cytokines, especially IL-6, may be a new approach that can 
resist CRS (15-17). As an IL-6 receptor antagonist, tocilizumab shows promise 
as a treatment for COVID-19 (17). The presence of different inflammatory 
regulators that are effective on the production of cytokines is known. One 
of these important immunomodulators is peroxisome proliferator-activated 
receptor gamma (PPAR-γ) and the other is Toll-like receptors (TLRs) (18-22). 
Some natural compounds present in foods may also act as anti-inflammatory 
molecules, preventing the expression of pro-inflammatory cytokines (23).  It 
has been hypothesized that certain naturally occurring molecules in food, such 
as PPAR-γ agonists (19, 24-26) and TLRs antagonists (27-30), can act as anti-
inflammatory molecules by reducing the production of IL-6 and other pro-
inflammatory cytokines. For example, curcumin, the bioactive compound of 
turmeric, has been reported to act as a PPAR-γ agonist (31) and TLR4 antagonist  
(27) suppressing the release of inflammatory cytokines, particularly IL-6.

Nutrition, one of the determining factors of health, is an important part of 
the treatment protocol of many acute and chronic diseases (32). Previous studies 
show that supportive treatments such as improving nutritional status in SARS 
and Ebola virus outbreaks have positive effects on the course of infection and 
reduce mortality (33, 34). It may be considered that this may also be valid for the 
current SARS-CoV-2 (or COVID-19) outbreak that continues to spread rapidly 
in the world. 
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This paper addresses the need for a review evaluating COVID-19, CRS 
and nutrition together, so far lacking in the scientific literature. In this review, the 
CRS associated with the serious course of the COVID-19 disease and nutrients 
that have effects on the activity of PPAR-γ and TLRs pathways, which play 
important roles in the release of inflammatory cytokines, are examined from a 
wide perspective.

2.  Cytokine Release Syndrome

2.1.		 Introduction	to	Cytokine	Release	Syndrome

Possible causes of COVID-19’s severe symptoms include CRS and its most 
severe form, secondary hemophagocytic lymphohistiocytosis (sHLH) (35). This 
syndrome is characterized by the overproduction of inflammatory cytokines 
(IL-6, IL-10 and tumor necrosis factor alpha (TNF-α) (11, 36). When anti-
T-cell antibody muromonab-CD3 (OKT3) was first used in the clinic as an 
immunosuppressive therapy during organ transplantation, the term “cytokine 
release syndrome” was coined (37, 38). Subsequently, CRS was also observed 
after the infusion of various antibody-based agents, the use of some non-protein-
based cancer drugs, and stem cell transplantation (11).  Immunotherapies, such 
as chimeric antigen receptor T-cell therapies, have been shown to cause CRS, a 
severe autoimmune disorder, in some patients (39). It is stated that CRS develops 
in serious SARS and MERS patients (10). 

It is the ACE2 receptor that is used by coronavirus 2 (SARS-CoV-2) to 
infect alveolar epithelial cells (40). Interleukin-6 (IL-6) and other cytokines and 
chemokines are released into the environment by macrophages and other natural 
immune cells in response to the release of SARS-CoV-2 (13, 40) (Figure 1).
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2.2.	 Interleukin-6	in	Cytokine	Release	Syndrome

Interleukin-6 is a 26 kDa weight protein containing 184 amino acids, belonging to 
the four α-helical long chain families (41, 42). IL-6 is an infl ammatory molecule 
secreted by different cells, including macrophages, monocytes, dendritic cells, 
T and B lymphocytes, fi broblasts, endothelial cells, mast cells, neuronal cells, 
mesengial cells, osteoblasts, and tumor cells (43-45). 

The secretion of IL-6 can be affected by many physiological factors. The 
average IL-6 concentration in the blood is around 1 pg/mL.  Acute hyperglycemia, 
a high-fat diet, physical activity, and before/after surgery are all mentioned as 
potential causes of an increase in IL-6 levels (45). IL-1β and TNFα are the 
primary inducers of IL-6 expression (46). Besides, there are different factors 
involved in IL-6 expression, such as TLRs, prostaglandins, adipokines, stress 
response, and other cytokines (45, 46). 

As a pleiotropic cytokine, IL-6 controls the infl ammatory response’s acute 
phase by acting both pro- and anti-infl ammatory (47). Due to its hormone-like 
properties, IL-6 is involved in a wide variety of physiological processes (40, 46). 
One of the mechanisms responsible for the transformation of acute infl ammation 
into chronic infl ammation is increased IL-6 levels (48). 

IL-6 can give a signal in two main ways called classical cis signal or trans 
signal (13). In these signaling pathways, IL-6 initiates intracellular signaling 
by fi rst forming a complex with the IL-6 receptor (IL-6R) and then binding 
to transmembrane glycoprotein 130 (gp130) (40, 49). The Janus kinase/signal 
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transducer and activator of transcription (JAK-STAT) pathway is thereby 
activated (13, 40, 50). Cis signalling activation results in pleiotropic effects 
on the natural immune system that contribute to CRS, as well as the acquired 
immune system (51). The cis signalling pathway activated by increased IL-6 
levels increases TH17 and B cell differentiation and the number of CD8 cytotoxic 
T cells, while the trans signalling pathway increases IL-8, IL-6, monocyte 
chemoattractant protein-1 recruitment  and vascular endothelial growth factor 
levels. In addition, increased IL-6 secretion is reported to increase C-reactive 
protein levels in the liver (13, 51).  Potential pathways of IL-6 causing CRS are 
summarized in Figure 2 (13, 40).

2.3.		 Interleukin-6	Receptor	Synthetic	Antagonists	

Blocking IL-6 has been proposed as a potential new treatment for infl ammatory 
and autoimmune diseases (42, 52). As a result, patients with COVID-19 can 
benefi t from treatment with IL-6 receptor antagonists, especially tocilizumab 
(17). 

Tocilizumab is a humanized antibody specifi c for IL-6R, and it is used to 
treat rheumatoid arthritis and Crohn’s disease (52). Tocilizumab has been shown 
to alleviate the cachexia that results from high levels of IL-6 expression in 
people with lung cancer (53). In addition, it is stated that by binding tocilizumab 
to IL-6R, it can inhibit CRS by suppressing cis and trans signals (40). The use 
of Tocilizumab for CRS treatment is also approved by the FDA (39). However, 
Radbel et al. found that one of the two COVID-19 patients using tocilizumab 
developed sHLH and the other patient developed viral myocarditis  (17). 
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Besides Tocilizumab, there are different IL-6 receptor antagonists. The 
only approved and currently available inhibitor of IL-6 is tocilizumab (TCZ), 
but sarilumab (SAR) is a fully human monoclonal antibody directed against 
the IL-6 receptor- and has higher affinity for the target molecule (54, 55).  In 
addition, thiazolidinediones (TZDs) have been shown to activate PPAR-γ in 
both in vivo and in vitro studies (26, 56, 57). IL-6 signaling can be blocked 
by a variety of compounds, including antibodies (45). For example, zoledronic 
acid (ZA), a bisphosphonate compound used in adjuvant treatments to inhibit 
metastasis of cancer cells, is reported to have a positive effect on the course of 
the disease by reducing IL-6 secretion (45, 53). 

These findings suggest that anti-cytokine therapies, such as IL-6 receptor 
antagonist, may be useful in treating COVID-19 by blocking the CRS (35, 40). 
However, data on the effectiveness of these treatments in COVID-19 disease are 
quite limited (17, 35). 

3.  Effects of Nutrition on PPAR-γ and TLRs Activation

3.1.		 Nutritional	Agonists	of	PPAR-γ

In addition to its roles in many processes, PPAR-γ is also known to suppress the 
inflammatory process (58). It has been hypothesized that PPAR-γ agonists, like 
those found in some foods, can act as anti-inflammatory molecules, repressing 
the expression of pro-inflammatory cytokines like IL-6. These benefits are 
attributed to PPAR-γ agonists, which are also thought to influence immune cell 
differentiation toward anti-inflammatory phenotypes (19, 24-26). 

A number of natural PPAR-γ ligands that can be found in foods are 
mentioned (58).  Pomegranate seed oil’s punicic acid, for instance, has been 
shown to suppress the expression of pro-inflammatory M1 macrophages and 
reduce the production of inflammatory cytokines like IL-6, IL-8, IL-12, and 
TNF-α by modulating the PPAR-γ (58, 59). Carvacrol, a compound of thyme, 
creates anti-inflammatory effects by providing inhibition of COX-2 with its 
agonist role on PPAR-γ (60). In addition, citral, the component responsible 
for Lemongrass oil’s distinctive aroma and perfume, activates PPAR-γ, which 
suppresses COX-2 activity and reduces the expression of pro-inflammatory 
cytokines like IL-1β and IL-6. (61). Some studies have shown that rosemary and 
sage, thanks to their carnosic acid and carnosol content, can activate PPAR-γ 
(58, 62). Gaddipati et al. also found that curcumin supplementation inhibits IL-6 
expression (63).  In addition, Table 1 summarizes the effects of some nutrients 
on PPAR-γ activity. 



NUTRITIONAL AGONISTS OF PPAR-γ AND NUTRITIONAL . . .     233

table 1. Review of The Studies Examining  
The Effects of Some Nutrients on PPAR-γ Activity

Reference Subjects Study Design Conclusion

Omega-3

(64) 52 patients 
with T2DM

DHA-rich fish oil 
(2400 mg/d) or a 
placebo was given 
to participants for 8 
weeks. 

Subjects with type 2 diabetes 
who took DHA-rich fish oil 
for eight weeks had higher 
PPAR-γ activity than those 
who took a placebo, with the 
difference being statistically 
significant  (p<0.01).

(65) 40 obese 
breast cancer 
patients

Patients were 
subdivided into two 
groups (20 each) and 
omega group received 
2 gm n-3 daily with 
chemotherapy. 

Omega-3 FAs treatment with 
chemotherapy significantly 
enhanced the level of PPAR-γ 
and decreased NF-κB level.

Curcumin

(31) C57BL/6 
mice

Mice were injected 
with Curcumin 
(100 mg/kg) or corn 
oil intraperitoneally 
once a day for 1 week. 

Curcumin induced PPAR-γ 
activity by blocking the 
NF-κB activation pathway.

(66) Sprague-
Dawley rats

Curcumin was given 
intragastrically to rats 
once daily at a dose of 
150 mg/kg.  

As a result of treatment with 
curcumin, PPAR-γ expression 
was boosted.

(67) Hypertensive 
rats

Subjects were orally 
treated with curcumin 
(100 mg/kg/d) for 12 
weeks.

Curcumin treatment 
significantly upregulated 
PPAR-γ expression and 
activity in rats.

T2DM, Type 2 diabetes mellitus; DHA, Docosahexaenoic acid; PPAR-γ, 
peroxisome proliferator-activated receptor gamma; FAs, Fatty acid;  NF-κB, 
Nuclear factor-κB.
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table 1. (Continue) Review of The Studies Examining  
The Effects of Some Nutrients on PPAR-γ Activity

Reference Subjects Study Design Conclusion

Piperin

(68) C57BL/6 
mice

Piperine (50 mg/kg, 
daily at 18:00) was 
administered orally to 
mice for 3 weeks.

The protective effects of 
piperine were reversed when 
the PPAR-γ antagonist was 
applied in vivo or in vitro. 
Piperine stimulated PPAR-γ.

(69) C57/B6 
mice

Piperine (50 mg/kg 
diluted in 0.1% DMSO) 
was orally administered to 
mice for 3 weeks.

The transactivation of 
PPAR-γ by piperine resulted 
in an increase in PPAR-γ 
mRNA. 

Capsaicin

(70) Male 
Sprague−
Dawley 
rats

Capsaicin doses of 0.5 
and 1.0 mg/kg was 
administered to the rats 
intragastrically six times 
per week for 4 weeks. 

The TGF-β1/Smad pathway 
was downregulated by 
capsaicin by way of PPAR- 
γ activation.

(71) Wistar 
rats

For the duration of the 
study, rats in the capsaicin 
group were given 2 mg/
kg of capsaicin via oral 
gavage.

In animals treated with 
capsaicin increased PPAR-γ

T2DM, Type 2 diabetes mellitus; DHA, Docosahexaenoic acid; PPAR-γ, 
peroxisome proliferator-activated receptor gamma; FAs, Fatty acid;  NF-κB, 
Nuclear factor-κB.

3.2.		 Nutritional	Antagonists	of	Toll-Like	Receptors	

Another important regulator that affects the production of cytokines is TLRs. 
TLRs play crucial roles in inflammation initiation as sensors for pathogen-
associated molecular patterns (PAMPs) (72). The nuclear factor kappa B (NF-
κB) signaling pathway is one of many intracellular signaling pathways activated 
when TLRs are activated. Intriguingly, IL-6 transcription and release are 



NUTRITIONAL AGONISTS OF PPAR-γ AND NUTRITIONAL . . .     235

primarily induced by NF-κB activation (20-22). In their study with 47 chronic 
kidney patients, Grabulosa et al. (2018) found a positive correlation between 
TLR4 and IL-6, IL-10, TNF-α (73). Nishikawa et al. (2017) found that IL-6 
production was significantly suppressed in TLR4 down-regulated cells (74). 
Tang et al. (2015) also found that TLR2 increased IL-6 and IL-10 secretion (75). 

It is thought that TLRs antagonists, naturally found in some foods (27-30), 
and different synthetic antagonists of TLRs (76-78) can act as anti-inflammatory 
molecules, inhibiting the expression of pro-inflammatory cytokines, including 
IL-6, by inactivation of TLRs. With these effects, TLRs antagonists are thought 
to have positive effects on health (79). A number of natural compounds 
found in foods act as an antagonist of TLRs (80). For example, it is stated 
that S-adenosylmethionine and betaine prevent the upregulation of TLR 
signalling pathways (79). Additional research shows that curcumin suppresses 
inflammation by inhibiting TLR-4 (27-29). Another study showed that chronic 
alcohol consumption activated TLR1, 2 and 6-9, which further increased the 
TNF-α response to LPS (81). In different studies, it has been determined that 
saturated fatty acids (30, 82, 83) and human milk (84) activate TLRs, but 
polyunsaturated fatty acids (30, 82), orange juice (85), and soyasaponin (86) 
inhibit TLRS activation. In the study conducted by Pérez-Bárcena et al. (2008) to 
evaluate effects of glutamine suplementation (0.3 g/kg per day) on expression of 
TLRs, it was determined that glutamine supplementation to parenteral nutrition 
did not increase TLR2 and TLR4 expression (87).
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table 2. Review of The Studies Examining  
The Effects of Some Nutrients on Expression of TLRs

Reference Subjects Study Design Conclusion
Curcumin
(88) Sprague-

Dawley 
rats

Rats were randomly 
divided groups and 100μg 
curcumin was administered 
intrathecally once a day for 
7 consecutive days in Cur 
group and MOR+Cur group. 

TLR4 were significantly 
down-regulated in 
MOR+Cur group as 
compared with that in 
morphine group.

(89) Mice The mice in control group 
were fed a high-fat diet 
and the mice in curcumin 
group were fed a high fat 
diet supplemented with 
curcumin (0.1% w/w) for 
16 weeks.

Curcumin 
supplementation 
significantly reduced 
TLR4 expression

Sulforaphane
(90) Pigs Five pigs were then treated 

immediately with i.v. of 
Saline and the other 5 with 
i.v. SFN (2 mg/kg). 

SFN compared to 
controls reduced mtDNA 
circulation, which gave 
the TLR-9 signal.

(91) Wistar rats Sulforaphane was given 
intraperitoneally to rats (10 
mg/kg/day) for three days.

No differences in groups 
were found in TLR4.

Omega-3
(92) Wistar rats In this study, rats were fed 

the same diet for the first 6 
or 21 weeks of their lives.

Chronic exposure to a 
diet characterized by very 
low n-3 PUFA content 
led to higher expression 
of TLR2 and TLR4 in 
hippocampus of rats.

(93) Sprague-
Dawley 
rats

Over the course of four 
weeks, diabetic rats were 
given either omega-3 fatty 
acids (10% of the rats’ dietary 
intake) or pioglitazone (20 
mg/kg), or both.

Together, the omega-3 
fatty acids and the 
combination treatment 
reduced TLR4 activation 
by a large margin.

Cur, curcumin; MOR+Cur, morphine plus curcumin, SFN, Sulforaphane; i.v., 
intravenous injections; mtDNA, Mitochondrial DNA
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4.  Conclusion

Many inflammatory cytokines and chemokines significantly increase in 
COVID-19 patients, including interleukin-6 (IL-6) levels. CRS is one of the 
primary mechanisms linked to the severe course of COVID-19 disease and the 
production of inflammatory cytokines. The presence of different inflammatory 
regulators that are effective on CRS and the production of cytokines are widely 
known. One of these important immunomodulators is PPAR-γ and the other is 
TLRs. Although its mechanisms have not been fully explained yet, nutritional 
agonists of PPAR-γ, like omega-3, curcumin, piperin, capsaicin, punicic 
acid, carvacrol, citral, carnosic acid and carnosol, possess anti-inflammatory 
properties through PPAR-γ activation. In addition, it can be considered that 
intake of nutritional antagonists of TLRs, like curcumin, sulforaphane, omega-
3, S-adenosylmethionine, betaine, polyunsaturated fatty acids, and soyasaponin 
may also have an anti-inflammatory effect by inhibiting TLR activation. In 
contrast to this effect, it can be claimed that saturated fatty acids, human milk, 
and alcohol consumption may activate TLRs. According to these data, it can be 
concluded that PPAR-γ and TLRs are pathways affected by nutritional status. 
CRS caused by coronavirus infections may be avoided by advocating for a 
healthier lifestyle, one that includes eating foods high in nutrients that activate 
PPAR-γ and deactivate TLRs.
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1.  Introduction

Chronic pain is an important problem that still needs to be studied. 
Neuropathic pain (NP) is one of the most disturbing clinical problems 
that is difficult to describe with findings such as severity, spontaneity, 

hyperalgesic or allodynic effect and may show individual differences. The 
lack of adequate efficacy of currently available analgesics is one of the main 
reasons for intensive in-vivo and in-vitro studies. NP is known to be resistant to 
pharmacological agents such as analgesics, anti-inflammatory drugs and opioids. 
The underlying causes of NP include traumatic injury, infection, autoimmune 
disease, cancer, diabetes mellitus, and NP may result from damage to neurons 
involved in pain signaling. In neuropathic pain, despite the advances made in 
nociceptive information, every new step in the study of pain pathophysiology is 
needed to identify highly effective analgesics. In experimental studies based on 
pain as a research hypothesis, it has been shown that the events that cause pain 
may be dysfunction based on cell differentiation in the nervous system, microglia 
or neuron cells with factors such as nerve damage, tissue inflammation (1-4). 

In the perception of pain sensation, the presence of free nerve endings 
characterized by appropriate stimuli is indicated instead of talking about pain-
specific receptors. Dermal nerve endings act as a transducer, allowing different 
energies to be converted into electrical signals by receptor potentials generated 
by appropriate stimuli, and pain sensation is carried to the relevant higher centers 
via primary fibers (5,6).
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The dorsal root ganglion (DRG) is composed of sensory neurons that 
branch into the ether for conduction and receptors involved in receiving stimuli 
from the environment. These neurons include Aδ fibers and C fibers, which carry 
conduction to the spinal dorsal horn (SDH). Studies have shown that P2XRs 
from purinergic receptors are active on the pain signal transmitted to the sensory 
cortex through this group (7-9).

2.  Adenosine triphosphate and its role in neuropathic pain

While adenosine triphosphate (ATP) was a well-known source of energy 
for cellular activity, in the early 1970s, the idea that ATP might actually be 
a neurotransmitter was added to this knowledge (10). In the light of studies 
conducted since those years, it has been shown that it plays a transmitter role 
in many possible sites from the cardiovascular system to the urogenital system 
(11).

Again, in studies conducted towards the end of the 19th century, it was 
stated that ATP could induce pain via P2X3 with the increased expression 
of P2X3 receptor in nociceptive sensory neurons. While the initial findings 
suggested that ATP plays a role in acute pain, it has also been recognized to be 
involved in chronic pain, especially in chronic inflammatory and neuropathic 
pain. The study findings that led to this conclusion suggest that P2X3 receptors 
on sensory nerves may be tonically activated by ATP released from nearby 
damaged or stressed cells or perhaps from the sensory nerves themselves (12). 
In this context, with the proposed idea, the purinergic receptor-ATP relationship 
is brought to light, shedding light on the field of purinergic neurotransmission 
(13). In the central nervous system, ATP is an intermediary molecule between 
nerve cells and glial cells (14). However, in a cerebral injury that may be present, 
ATP is neuroprotective at low concentrations and shows pathogenic conjugation 
at high concentrations (15).

The existence of highly complicated relationships in pain sensation and 
perception mechanisms has been revealed by studies. Purinergic receptors 
(P2XRs) are among the many ion channels and molecular structures that are 
functional in the sensation of pain, its nociceptive perception and its transport to 
the relevant neurons (16-19).

It has been predicted that ATP will be released from vesicles and bind to 
the relevant P2X receptor in a pathway characterized as a neurotransmitter by 
detection of its presence in the intracellular environment (20).
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It is P2X3 that have been implicated in the ATP-pain relationship, as 
evidenced by the fact that P2X3 knockout mice show reduced nociceptive 
signaling. The purinergic receptor family with which ATP establishes a receptor 
relationship is divided into P1 and P2 because of their channel characteristics. Of 
these, G protein-coupled P1 receptors are specific for nucleosides and P2, defined 
as an ionotropic ion channel, is specific for nucleotides. P2 is classified into 
P2X and P2Y, which are known to be related to intracellular Ca+2. P2 receptors 
are divided into P2X receptors called ionotropic and P2Y receptors called 
metabotropic. There are seven subtypes of P2X receptors (P2X1 - P2X7), ATP-
sensitive, ligand-gated ion channels. The other subtype, the P2Y receptor family, 
consists of eight subtypes P2Y1, P2Y2, P2Y4, P2Y6, P2Y11, P2Y12, P2Y13, 
P2Y14 (21). When distinguishing these receptors according to their functional 
status, these examples can be listed. In P2Y1 and P2Y2 cell proliferation; In 
P2X5 cell differentiation; P2X7 is involved in cell proliferation and cell death 
in cancer (22). P2X receptors are ion channels consisting of 2 parts and located 
in the membrane (23). P2X3 receptors are selectively expressed in small-scale 
nociceptive neurons. P2X2/3 has been identified in the spinal cord inner lamina 
II and is found in peripheral sensory nerve projections such as skin and internal 
organs. P2X3 is known to be down-regulated by peripheral nerve injury and 
its expression. P2X3 is expressed in afferent sensory neurons and triggers 
nociceptive signaling mediated by Ca+2 influx in trans-membrane mobilization of 
Na-K ions and activated via ATP. Activation of this receptor leads to nociceptive 
signal propagation by calcium influx together with transmembrane movement 
of sodium and potassium.The presence of P2X4/P2X6 in the central nervous 
system has also been determined in the pain process (24,25). P2X3 and P2X2/3 
receptors are expressed in nociceptive neurons. In the initial phase of pain, 
P2X3 and P2X2/3, P2X4 and P2X7 modulate the transmission of pain (26, 27).

3.  Pain Studies Citing P2XRs 

In terms of pain mechanism, it is possible to talk about two main topics as 
nociceptive and neuropathic pain. While nociceptive pain is acute and is a 
process that is stimulated by an agent and ends after a while, NP can be a chronic 
process that meets the emergence of pain sensation with a stroke that may cause 
damage to the nerves or systemic pathology such as diabetes (28).

There are many ion channels in peripheral primary sensory afferent neurons 
that affect the perception of pain sensation with possible damage. Among these, 
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structures such as voltage-dependent Na+ and Ca+2 channels, ligand-gated ion 
channels, transient receptor potential channels (TRP), and purinergic P2X can 
be listed among the active signaling elements in the pathophysiology of pain. 
In this context, the working hypothesis is NP, and it is remarkable to encounter 
many studies related to Np and P2XR (29).

The role of P2X3 in the nociceptive signaling pathway has been 
demonstrated in a model of peripheral neuropathy using the CCI model. These 
results indicated that it was dependent on the activity of tactile allodynia after 
PNI (30). The relationship between microglial P2X4R and tactile allodynia 
has been demonstrated by inhibiting allodynia associated with neuropathic 
pain through a P2X4 blockade (31). In another pain study, it was shown that 
it inhibits allodynia via a tactile P2X4R antagonist in a herpetic pain model 
(32). In Guillain-Barré Syndrome, a demyelinating autoimmune disease, there 
is an increase in P2X4R expression, which is predicted to be related to the 
pain (33, 34).

The involvement of ATP as a neurotransmitter in forms of pain received 
through purinergic ionotropic, P2X, receptors located both in peripheral 
nociceptors and in nociceptive neurons in the spinal cord is not only remarkable, 
but it also harbors many unknowns (1). In the findings obtained in this process, 
increased activity and/or expression of the relevant receptors are importantdata 
regarding the event (1). Therefore, selective targeting of specific P2X receptors 
such as P2X3, P2X4 and P2X7 constitutes a promising approachin the search 
for new analgesic drugs (2-5).

In the study planned for the hypothesis that neuropathic pain mobilized 
as a stressor drives functional plasticity in the sympathoadrenal system, 
immunohistochemical data in rats subjected to chronic constriction injury of 
the sciatic nerve showed that P2X3 and P2X7 purinergic receptors and transient 
receptor potential vanilloid-1 (TRPV1) channels were overexpressed in 
chromaffin cells from neuropathic animals.

ATP is found in low concentrations in the extracellular medium.However, 
its concentration increases in some pathological conditions, inflammatory 
diseases such as diabetes, cancer, tissue damage and hypoxia (35). Diabetic 
neuropathy is a common characterized by paresthesia and pain caused by the 
accumulation of sorbitol in peripheral nerves. Nerve damage observed in DNP 
has been reported to affect 60-70 % of people with DM (36) Factors that can 
be listed in the pathogenesis of DNP include factors such as hyperglycemia, 
hyperlipidemia, increase in mitochondrial and cytosolic reactive oxygen 
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species (ROS) (37) The relief of diabetic neuropathic pain (DNP) is still 
not an overcome problem due to the increasing number of patients and the 
unfavorable prognosis of peripheral neuropathy experienced. In a study 
conducted by measuring plantar mechanical and thermal latencies in an STZ-
induced diabetic neuropathic pain model, the pathophysiology of diabetic 
neuropathy in the presence of mechanical allodynia and/or thermal hyperalgesia 
was examined and it was shown that P2X3R and TRPV1 expressions were 
greatly increased in DRG neurons. They suggested that vitamin B treatment 
may contribute by suppressing neuropathic pain,pathogenized P2X3R  and 
TRPV1 (38).

Cancer pain is a serious complication that patients profit from and 
negatively affects the patient’s standard of living. While many factors are 
involved in cancer pain, the roles of P2XRs connected to ATP ion channels have 
also come to light. The concentration of ATP in the tumor microenvironment 
is high enough to trigger the receptor potential in P2XRs, resulting in neural 
signaling and access to upstream centers.Upregulation of P2XR expression 
triggers cancer pain and lowering P2X expression provides prevention of 
cancer pain. It is precisely at this point that P2XR offers a promising field of 
study on cancer pain (39). The result obtained in one of the recent studies on 
cancer and P2XR reports that the P2X7 receptor in the hippocampus plays an 
important role in the development of pain in the case of bone cancer in rats via 
the P2X7R/PRG-1/PP2A pathway (40). In the light of the results of another 
bone cancer study, it is seen that the P2X3 receptor is upregulated in DRG in 
rats with a bone cancer model. In cancer pain, P2X3R is therapeutic for pain 
management (41).

ATP-related P2X receptors are involved in tumor development, invasion, 
progression, and related symptoms. Indeed, P2XR is expressed in cancer 
pathophysiology and is functional not only in tumor cells but also in immune 
infiltrate and proximal neurons. Accordingly, it is striking that ATP and P2XRs are 
functional in cancer processes such as tumor cell differentiation, bioenergetics, 
angiogenesis, metastasis and so on (42). Activation of the P2X7 receptor is 
known to be effective in developing brain tumors and related processes (43). 
In the presence of pathological conditions such as mechanical nerve damage, 
ischemia, or chronic neurodegenerative diseases such as NP, Alzheimer’s, 
Parkinson’s, and MS, ATP concentration increases. In these conditions, extra 
cellular damage develops on the pathological processes of neurodegeneration, 
and P2X7R and its antagonists are pointed out as a way out (44).
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4.  Conclusion

Purinergic receptors, which draw attention as they are among the many 
factors that trigger neuropathic pain, have been shown to provide important 
information about the pathogenesis of pain, and may provide a great opportunity 
to investigate strategies that will allow the development of new drugs for the 
relief of neuropathic pain in a negative emotion such as pain.In the light of this 
information, new studies are needed on the existing developments in nociceptive 
information processing in neuropathic pain.
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