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Abstract
The coronavirus disease 2019 (COVID-19) caused by the novel, severe acute respiratory coronavirus 2 (SARS-CoV-2) has
been spreading since late 2019 and has infected more than 360 million people worldwide. Infected individuals often develop severe
illnesses, such as hypoxic respiratory failure and acute respiratory distress syndrome, which can lead to multiple organ failure.
To manage the COVID-19 pandemic, vaccination programs have been conducted around the globe. In addition to supportive and
antiviral medications, much attention has been focused on immunotherapies aimed at reducing pathological changes in the lungs.
Currently, mesenchymal stem cells (MSCs) have received extensive attention as an option in treating COVID-19 because of their
immunomodulatory, anti-inflammatory, and regenerative properties. This article discusses how MSCs play a major role in the
battle against COVID-19, their pathological characteristics, their safety, and their possible effectiveness in treating the disease.
(International Journal of Biomedicine. 2022;12(3):329-338.).
Keywords: COVID-19 • cytokine • mesenchymal stem cells • treatment
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Abbreviations
G-CSF, granulocyte colony-stimulating factor; IP-10, IFN-γ-inducible protein 10; CP-1, monocyte chemoattractant protein-1;
MSCs, mesenchymal stem cells; MIP-1α, macrophage inflammatory protein-1 alpha.

Introduction
COVID-19, which appeared in December 2019, is
caused by the novel SARS-CoV-2 and first appeared in
Wuhan, China.(1) SARS-CoV-2 belongs to the beta coronavirus
family.(2) As of May 24, 2022, a total of 6,280,424 deaths have
occurred of the 526,707,203 COVID-19 cases worldwide
(www. WHO.int).
The symptoms of COVID-19 vary among individuals
and can range from asymptomatic infections to critical
illnesses.(3) Studies report mild symptoms, such as fever,
fatigue, and dry cough, with some individuals experiencing
diarrhea and expectoration.(4,5) The more serious symptoms

*Contact Information: Dr. Fazliny Bt Abd. Rahman, PhD.
Faculty of Dentistry, SEGi University. Selangor, Malaysia. E-mail:
fazlinyrahman@segi.edu.my

developed into dyspnea or hypoxemia within a week and,
in severe cases, rapidly developed into ARDS, septic shock,
metabolic acidosis, and coagulation dysfunction.(4,6,7)
Altogether 60.7% of the world’s population, or
4,717,280,262 persons, have been fully vaccinated.
Vaccinations have proven to be a good solution to this problem.
However, vaccines are not considered as a treatment but more
as prevention. Various treatments have been introduced for
COVID-19, such as remdesivir, favipiravir, corticosteroids,
tocilizumab, hydroxychloroquine, and convalescent plasma
therapy.(8,9) Treating COVID-19 patients with stem cell therapy
has been considered an option, and the few studies conducted
show some degree of success.(4,10) Stem cell therapy treatments
have been employed for various diseases, ranging from
autoimmune diseases to hereditary and infectious diseases.(11-13)
COVID-19 and potential recipients of MSC treatment
Potential recipients of MSC treatment can be divided
into 3 groups: 1) young patients who are critically ill, 2) old
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patients that are critically ill, and 3) patients with comorbidities
having a high risk of infections.(14) The inclusion criteria for
critically ill patients are categorized into oxygen saturation
<93%, respiratory rates >30 times/min, and requiring
ventilation.(15) The advantages of MSCs are that they can be
obtained from various sources, such as bone marrow, adipose
tissue, placenta, and dental sources. In addition, MSCs are
multipotent and can be cryopreserved for multiple uses, thus
making them readily available.(16) Their advantages are that they
can proliferate and differentiate into trilineage differentiation,
and their immunomodulatory properties make them a good
source for stem cell treatment. In addition, MSCs possess
extensive immunoregulatory abilities and can regulate both the
innate and adaptive immune systems, making them the most
promising cell-based therapy for COVID-19.(17,18) MSCs have
no ethical issues and are available from various sources. A
search at ClinicalTrials.gov on 27 May 2022 using the terms
“mesenchymal stem cells” and “COVID-19” revealed about 97
clinical trials that had been registered (Table 1).
Some studies report that stem cells could reduce
mortality rates and improve pulmonary functions and disease
remission in patients with COVID-19.(7,10,19-22) However,
a comprehensive analysis of this issue has not yet been
performed. This study aimed to evaluate the safety and efficacy
of stem cells in treating patients with COVID-19. Currently, a
few studies have reported using stem cell therapy as one of the
options for treating COVID-19.(23,24)
COVID-19 is usually associated with elevated levels of
several inflammatory cytokines such IL-2, IL-6, IL-7, MCP1, MIP-1α, G-CSF, TNF-α, and IP-10.(25-29) The association of
COVID-19 with elevated levels of cytokines is known as a
“cytokine storm.”
The SARS-CoV-2 virus will replicate and attack the
respiratory tract and pulmonary tissues, which can trigger overreactive immune responses and induce tissue inflammation and
damage during acute infections. The histological characteristics
of lesions in the lungs are virus-induced and lead to diffused
alveolar epithelial damage and inflammatory cell infiltration, as
seen in autopsies on patients who suffered a critical illness. As
a result, the damage shows alveolar destruction with alveolar
linin cell necrosis, protein-rich exudates, hyaline membrane
formation, and endothelial cell membrane destruction.(30) In
addition, SARS-CoV-2 can cause severe thrombotic disorders.
(31-33)
In severe cases, high levels of cytokines and chemokines are
detected as a result of overactivation and massive infiltration of
immunocytes such as CD4+ and CD8+ T cells into the lungs.(34)
MSCs are seen as one of the options for treating
COVID-19 patients as the disease can produce excessive
inflammatory cytokines that result in the respiratory system
being overwhelmed by a storm of such cytokines as IP-10, IL2, IL-6, and TNF-α as a result of the infection.
The immune systems of COVID-19 patients seem
to produce excessive amounts of cytokines and result in an
inimical environment for the disease course.(4) MSCs are
capable of secreting various types of soluble factors, such as
nitric oxide, indoleamine 2,3-dioxygenase, prostaglandin E2,
TGF-β, and IL-10 by paracrine secretion, as well as releasing
extracellular vesicles and EXOs to suppress excessive immune

responses.(35) They can also interact with immune cells such
as B cells, lymphocytic T cells, macrophages, NK cells, and
neutrophils in order to regulate and balance the immune
response. In addition, MSCs can also make direct interactions
with various immune cells, including lymphocytic T cells, B
cells, macrophages, neutrophils, and NK cells, to regulate the
intensity and balance of the immune response.(36) MSCs can
be independent of interferons and can continuously activate
many antiviral genes.
The prolonged condition of excessive amounts of
cytokines can cause severe lung infections, leading to difficulty
in breathing and eventually death. Excessive cytokines
in COVID-19 patients can lead to organ failure followed
by edema, cardiac failure, and acute respiratory distress
syndrome. The role of MSCs is to prevent the over-production
of cytokines, as any complete shutting down of the immune
system will affect a patient’s ability to fight infections.
COVID-19 patients have been successfully treated
using anti-IL-6 receptor monoclonal antibodies. This was
done by inhibiting the overactivation of the immune system
and improving the endogenous repair of injured tissues.(10)
It was also found that the number of regulatory dendritic
cells increased significantly after MSC transplantation.(10)
MSC transplantation also decreased TNF-α levels and higher
IL-10 levels in critically ill COVID-19 patients in the MSC
treatment group, compared to the placebo control group.
Challenges and Perspective
Large-scale vaccination programs aimed at establishing
herd immunity were initiated to check the spread of the SARSCoV2 pandemic. However, there have been re-infections and
post-vaccination breakthroughs in COVID-19 cases. MSCs
may serve as an alternative immunotherapeutic option for
severely affected individuals and contribute to the improvement
of COVID-19 outcomes. However, the use of MSCs in
treating COVID-19 patients is still at an early stage. Various
factors need to be taken into account in order to maximize
their therapeutic effects. These include the choice of a time
window for treatment, identifying suitable-phase COVID-19
patients, dosages, and interval times, among others.(30) Although
still in the experimental stage, some MSC treatments against
COVID-19 have been completed. Notably, clinical application
protocols will be required to maximize their therapeutic effect.
In addition, the MSC characteristics of different production
batches may vary, while biological activity and cell dryness
may affect their efficacy. Also, MSCs derived from different
sources could produce dissimilar therapeutic effects.
Some adverse effects of MSC treatment and infusions,
such as low-grade fevers, facial flushing, headaches, and allergic
rashes, have been reported.(30) The risk of thromboembolic
events associated with high doses of intravenous MSC
infusions should be taken into consideration.
MSCs have been suggested as a post-COVID-19
treatment for severe cases due to their anti-fibrotic and
differentiation properties. In addition, both frozen and
fresh MSCs have shown some proven efficacy in clinical
applications, and it is noteworthy that dead or apoptotic MSCs
found in MSC preparations exert the same immunomodulatory
properties as living MSCs by releasing phosphatidylserine.(37)
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Table 1. ClinicalTrials.gov Search Results 06/14/2022
Study
Conditions
Interventions
Locations
Results
Mesenchymal Stem Cell Infusion for Unknown No Results • COVID-19 • Drug: Mesenchymal stem cells • NIBMT, Rawalpindi, Punjab, Pakistan
COVID-19 Infection
status
Available
• Other: Placebo
• RSUPN Dr. Cipto Mangunkusumo, Jakarta
• Biological: Injection of
Pusat, DKI Jakarta, Indonesia
secretome -mesenchymal stem • RSUP Fatmawati, Jakarta, DKI Jakarta,
No
Results
•
COVID-19
Mesenchymal Stem Cell Secretome Completed Available
cell
Indonesia
In Severe Cases of COVID-19
• Other: Placebo
• RSUP Persahabatan, Jakarta, DKI Jakarta,
• Drug: Standard treatment of Indonesia
Covid-19
• Rumah Sakit Universitas Indonesia, Depok,
Jawa Barat, Indonesia
• Coronavirus
Mesenchymal Stem Cells Therapy in Completed No Results Disease 2019 • Other: Mesenchymal stem cells • University of Health Sciences, Istanbul,
Patients With COVID-19 Pneumonia
Available (COVID-19)
Turkey
Pneumonia
Safety and Efficacy of Mesenchymal Unknown No Results
• Biological: Umbilical cord
Stem Cells in the Management of
mesenchymal stem cells
status
Available • COVID-19 derived
Severe COVID-19 Pneumonia
• Biological: Placebo
A Proof of Concept Study for the DNA
• Istinye University, Istanbul, Turkey
Repair Driven by the Mesenchymal Completed No Results • COVID-19 • Biological: Mesenchymal Stem • SBÜ Dr. Sadi Konuk E#itim ve Ara#t#rma
Stem Cells in Critical COVID-19
Available Pneumonia
Cells Transplantation
Hastanesi, Istanbul, Turkey
Patients
Novel Coronavirus Induced Severe Unknown No Results
• Biological: Dental pulp
Pneumonia Treated by Dental Pulp status
Available • COVID-19 mesenchymal stem cells
Mesenchymal Stem Cells
• Hospital Vera Cruz, Campinas, São Paulo,
NestaCell® Mesenchymal Stem
Unknown No Results • COVID-19 • Biological: NestaCell®
Brazil
Cell to Treat Patients With Severe
status
Available Pneumonia
• Biological: Placebo
• Hospital de Barueri, São Paulo, Brazil
COVID-19 Pneumonia
• IncCOR, São Paulo, Brazil
Mesenchymal Stem Cell for Acute
• Instituto Nacional de Ciencias Médicas y
Respiratory Distress
Unknown No Results • Covid 19
• Biological: Infusion IV of
Nutrición Salvador Zubirán, Mexico City,
Syndrome Due for
status
Available
Mesenchymal Stem cells
Mexico
COVID-19
•
Use
of
Stem
Treatment of COVID-19 Patients Unknown No Results Cells for
Using Wharton's Jelly-Mesenchymal status
• Biological: WJ-MSCs
• Stem Cells Arabia, Amman, Jordan
Available COVID-19
Stem Cells
Treatment
• Hospital Universitario de Getafe, Getafe,
Madrid, Spain
• Hospital Universitario de Cruces, Barakaldo,
Clinical Trial of Allogeneic
Spain
Mesenchymal Cells From Umbilical Withdrawn No Results • COVID
• Biological: Mesenchymal cells • Hospital Universitario de La Princesa, Madrid,
Cord Tissue in Patients With
Available
• Drug: Standard of care
Spain
COVID-19
• Hospital Infantil Universitario Niño Jesus,
Madrid, Spain
•Hospital Ramón Y Cajal, Madrid, Spain
• Complejo Universitario La Paz, Madrid, Spain
Mesenchymal Stem Cell Treatment Unknown No Results
• Beijing 302 Military Hospital of China,
for Pneumonia Patients Infected With status
Available • COVID-19 • Biological: MSCs
Beijing, China
COVID-19
Title
1

2

3
4
5
6
7
8

9

10

11

Mesenchymal Stem Cells in
12 Patients Diagnosed With
COVID-19
Bone Marrow Mesenchymal Stem
Cell Derived Extra-cellular Vesicles
13 Infusion Treatment for Mild-toModerate COVID-19:
A Phase II Clinical Trial
Safety and Efficacy Study of
Allogeneic Human Dental Pulp
14 Mesenchymal Stem Cells to Treat
Severe COVID-19 Patients

Status

Results
Recruiting No
Available • Covid19

• Biological: MSC
• Drug: Control

Not yet
No Results
recruiting Available • COVID-19 • Drug: ExoFlo

• Hospital Regional Lic Adolfo Lopez Mateos,
Mexico City, Ciudad De Mexico CDMX
(Mexico City), Mexico
• Direct Biologics, Austin, Texas, United States

• Biological: allogeneic human
dental pulp stem cells (BSH • Renmin Hospital of Wuhan University (East
No
Results
Recruiting Available • COVID-19 BTC & Utooth BTC)
Campus), Wuhan, Hubei, China
•Other: Intravenous saline
injection (Placebo)

• Drug: Oseltamivir
hormones
Active, not No Results • COVID-19 •• Drug:
• Fuzhou General Hospital, Fuzhou, Fujian,
Device: oxygen therapy
recruiting Available Pneumonia
• Procedure: mesenchymal stem China
cells
Bone Marrow-Derived Mesenchymal
• Guangzhou Institute of Respiratory Health,
•
Coronavirus
Cell Treatment for Severe
Unknown No Results Disease 2019 • Biological: BM-MSCs
The First Affiliated Hospital of Guangzhou
16 Stem
Patients With Coronavirus
status
Available COVID-19) • Biological: Placebo
Medical University, Guangzhou, Guangdong,
Disease 2019 (COVID-19)
China
• COVID-19
Acute
• Drug: Mesenchymal Stem
• Trabzon Kanuni Training and Research
to Apply to Which Patient in Recruiting No Results Respiratory
17 When
Cell Antigen-1,
Hospital, University of Healthy Sciences,
MSC?
Available Distress
Human
Trabzon, Yomra, Turkey
Syndrome
• Biological: Mesenchymal
Use of Mesenchymal Stem Cells in
ARDS,
No Results •Human
Stem Cells derived from
• Instituto de Medicina Regenerativa, Tijuana,
18 Acute Respiratory Distress Syndrome Unknown
status
Available • Covid-19
Wharton Jelly of Umbilical
Baja California, Mexico
Caused by COVID-19
cords
Safety and Effectiveness of
Stem Cells in
15 Mesenchymal
the Treatment of Pneumonia of
Coronavirus Disease 2019
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Treatment With Human Umbilical
Mesenchymal Stem
Results
19 Cord-derived
Completed No
Cells for Severe Corona Virus
Available
Disease 2019 (COVID-19)
Study of Allogeneic Adipose-Derived
Stem Cells to Treat
20 Mesenchymal
Withdrawn
Post COVID-19 "Long Haul"
Pulmonary Compromise
A Clinical Trial to Determine the
Safety and Efficacy of Hope
Autologous
21 Biosciences
Completed
Mesenchymal Stem Cell Therapy
(HB-adMSCs) to Provide Protection
Against COVID-19

• Corona
Virus Disease
2019(
COVID-19)

No Results • Covid19
Available

• Biological: COVI-MSC

No Results • COVID-19 • Biological: HB-adMSCs
Available

Study of Allogeneic AdiposeMesenchymal Stem Cells
No Results
22 Derived
for Treatment of COVID-19 Acute Recruiting Available • Covid19
Respiratory Distress
Efficacy of Infusions of MSC
Wharton Jelly in the SARS23 From
Cov-2 (COVID-19) Related Acute Completed
Respiratory Distress Syndrome
A Randomized, Double-Blind, PlaceboControlled Clinical Trial to Determine
Safety and Efficacy of Hope
24 the
Biosciences Allogeneic MesenchymalCompleted
Stem Cell Therapy (HB-adMSCs) to
Provide Protection Against COVID-19
Study of Allogeneic Adipose-Derived
Stem Cells to Treat Post Not yet
25 Mesenchymal
COVID-19 "Long Haul" Pulmonary recruiting
Compromise
Study of Human Umbilical Cord
26 Mesenchymal Stem Cells in the Unknown
status
Treatment of Severe COVID-19

• General Hospital of Central Theater
• Biological: UC-MSCs
Command, Wuhan, Hubei, China
• Biological: Saline
• Maternal and Child Hospital of Hubei
containing 1% Human serum
Wuhan, Hubei, China
albumin#solution without UC- Province,
• Wuhan Huoshenshan Hospital, Wuhan,
MSCs#
Hubei, China

No Results • COVID19
Available ARDS

• Biological: COVI-MSC
• Drug: Placebo

Results • Covid-19
Recruiting No
Cytokine
Available •Storm

A Global Expanded Access Protocol
• Covid19
on Bone Marrow Mesenchymal Stem
• ARDS
No
Results
29 Cell Derived Extracellular Vesicle Available Available • Hypoxia
Infusion Treatment for Patients With
• Cytokine
COVID-19 Associated ARDS
Storm
Study of Intravenous Administration of
Adipose-Derived MesenResults • Covid19
30 Allogeneic
Withdrawn No
chymal Stem Cells for COVID-19Available • ARDS
Induced Acute Respiratory Distress
Study to Evaluate the Efficacy and
yet No Results • Covid19
31 Safety of AstroStem-V in Treatment Not
recruiting Available Pneumonia
of COVID-19 Pneumonia
Administration of Allogenic UC32 MSCs as Adjuvant Therapy for
Critically-Ill COVID-19 Patients

• COVID
Results • Pulmonary
Recruiting No
Available Infection
• Sars-CoV2

• Biological: Injection of
Secretome-MSCs
• Drug: Standard treatment of
Covid-19

• Biological: Bone Marrow
Mesenchymal
Stem Cell Derived Extracellular
Vesicles
Infusion Treatment
• Drug: COVI-MSC
• Drug: Placebo

• Union Hospital, Tongji Medical College,
Huazhong University of Science and
Technology, Wuhan, Hubei, China

• RSUD Bantul, Bantul, Central Java, Indonesia
• RS PKU Muhammadiyah Gamping,
Yogyakarta, Central Java, Indonesia
• RS Primaya Bekasi Timur, Bekasi, Jakarta,
Indonesia
• Bhayangkara Hospital, Makassar, South
Celebes, Indonesia
• Gatot Soebroto Army Hospital, Jakarta, Indonesia
• Dr. Esnawan Antariksa Air Force Hospital,
Jakarta, Indonesia

• Fresno Community Hospital, Fresno,
California, United States

• Drug: AstroStem-V

• Drug: Oseltamivir
• Drug: Azithromycin
• Biological: Umbilical Cord
Mesenchymal Stem Cells

Clinical Research of Human
Unknown No Results • COVID-19 • Biological: UC-MSCs
33 Mesenchymal Stem Cells in the
Available
• Other: Placebo
Treatment of COVID-19 Pneumonia status
Clinical Trial to Assess the Safety
and Efficacy of Intravenous
of Allogeneic Adult
No Results
34 Admi-nistration
Mesenchymal Stem Cells ofExpanded Completed Available • Sars-CoV2
Adipose Tissue in Patients With
Severe Pneumonia Due to COVID-19

• Hope Biosciences Stem Cell Research
Foundation, Sugar Land, Texas, United States

• Biological: COVI-MSC
• Biological: Placebo

• 2019 Novel
No Results Coronavirus • Biological: UC-MSCs
Available Pneumonia
• Drug: Placebo
• COVID-19
Corona Virus • Biological: Allogeneic
Clinical Study for Subjects With
yet
No Results •Infection
27 COVID-19 Using Allogeneic Adipose Not
adipose-derived stem cells
Tissue-Derived Mesenchymal Stem Cells recruiting Available • Covid19

Treatment of Severe COVID-19
Using Secretome of
28 Patients
Hypoxia-Mesenchymal Stem Cells
in Indonesia

• Teradan Clinical Trials LLC, Brandon,
Florida, United States
• Sarasota Memorial Health Care System
(SMH), Sarasota, Florida, United States
• St Luke’s Research, Boise, Idaho, United States
• St. Luke’s Boise, Boise, Idaho, United States
• Ascension St. John, Tulsa, Oklahoma, United States
• PRX Research/Dallas Regional Medical
Center, Mesquite, Texas, United States

• Biological: Ex vivo expanded
Wharton’s Jelly Mesenchymal • Nancy University Hospital, Vandœuvre-lèsStem Cells
Nancy, France
• Biological: Placebo

No Results • COVID-19 • Biological: HB-adMSCs
Available
• Other: Placebos

No Results • Covid19
Available

• Hope Biosciences Stem Cell Research
Foundation, Sugar Land, Texas, United States

• Drug: ALLOGENEIC AND
EXPANDED ADIPOSE
TISSUE-DERIVED
MESENCHYMAL STEM
CELLS

• Cipto Mangunkusumo General Hospital,
Jakarta Pusat, DKI Jakarta, Indonesia
• Persahabatan General Hospital, Jakarta, DKI
Jakarta, Indonesia
• Sulianti Saroso Center for Infectious Disease,
Jakarta, DKI Jakarta, Indonesia
• Universitas Indonesia Hospital, Depok, West
Java, Indonesia
• Puren Hospital Affiliated to Wuhan
University of Science and Technology, Wuhan,
Hubei, China
• Hospital Universitario de Jerez de la Frontera,
Jerez de la Frontera, Cádiz, Spain
• Hospital Reina Sofía, Córdoba, Spain
• Hospital Universitario Virgen de las Nieves,
Granada, Spain
• Hospital Universitario Virgen Macarena, Sevilla,
Spain
• Hospital Unversitario Virgen del Rocío,
Sevilla, Spain
• Hospital Nuestra Señora de Valme, Sevilla, Spain
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Adipose-derived Stem
35 Autologous
Cells (AdMSCs) for COVID-19

Not yet
No Results
recruiting Available • COVID-19

• Biological: autologous
adipose-derived stem cells

Allogenic UCMSCs as Adjuvant
for Severe COVID-19
36 Therapy
Patients

Results
Recruiting No
Available • Covid 19

• Biological: Normoxic
Allogenic UCMSC
• Other: Normal saline solution

Adipose Mesenchymal Cells
Abatement of SARS-CoV-2
37 for
Respiratory Compromise in
COVID-19 Disease

• Covid-19
Not
yet No Results Pneumonia
recruiting Available • Cyotokine
Storm

• Biological: Autologous
Adipose MSC’s

Stem Cells for the
38 Mesenchymal
Treatment of COVID-19

Results • Covid19
• Biological: PrimePro
Completed No
Available • Prophylaxis • Other: Placebo

39

40

41

42

• COVID
• Covid-19
• Coronavirus
Treatment of Covid-19 Associated
• Pneumonia
Pneumonia With Allogenic
No
Results
Completed Available • Pneumonia,
Pooled Olfactory Mucosa-derived
Viral
Mesenchymal Stem Cells
• Pneumonia,
Interstitial
• Sars-CoV2
• Covid19
ExoFlo™ Infusion for Post-Acute
Not yet
No Results • Postviral
COVID-19 and Chronic Postrecruiting Available Syndrome
COVID-19 Syndrome
• Dyspnea
Bone Marrow Mesenchymal Stem
• COVID-19
Cell Derived Extracellular Vesicles
as Early Goal Directed Therapy for Not yet
No Results Acute
COVID-19 Moderate-to-Severe
recruiting Available Respiratory
Distress
Acute Respiratory Distress Syndrome
Syndrome
(ARDS): A Phase III Clinical Trial
Mesenchymal Stem Cell Therapy
Unknown No Results • Covid-19
for SARS-CoV-2-related Acute
status
Available
Respiratory Distress Syndrome

Completed

Treatment of Coronavirus COVID-19
(Pathogen SARS-CoV-2) Unknown
45 Pneumonia
With Cryopreserved Allogeneic
status
P_MMSCs and UC-MMSCs
A Study of ADR-001 in Patients With
46 Severe Pneumonia Caused by SARS- Recruiting
CoV-2 Infection (COVID-19)
Safety and Effectiveness of Placental
Derived Exosomes and Umbilical
Cord Mesenchymal Stem Cells in
47 Moderate to Severe Acute Respiratory Recruiting
Distress Syndrome (ARDS)
ssociated With the Novel Corona
Virus Infection (COVID-19)
Efficacy and Safety Study of
48 Allogeneic HB-adMSCs for the
Treatment of COVID-19

Terminated

Efficacy and Safety of EXOSOMETherapy to Reduce Hyper49 MSC
inflammation In Moderate COVID-19 Recruiting
Patients
An Exploratory Study of ADR-001
50 in Patients With Severe Pneumonia
Caused by SARS-CoV-2 Infection

Completed

• Dr. Moewardi General Hospital, Surakarta,
Central Java, Indonesia
• Dr. Hasan Sadikin, Bandung, West Java,
Indonesia
• Dr. Sardjito General Hospital, Yogyakarta,
Indonesia

• Southern California Hospital at Culver City /
Southern California
Hospital at Hollywood, Culver City, California,
United States

• Biological: Allogenic pooled
olfactory mucosa-derived
• Institute of Biophysics and Cell Engineering
mesenchymal stem cells
of National Academy of Sciences of Belarus,
• Other: Standard treatment
Minsk, Belarus
according to the Clinical
protocols
• Biological: Bone Marrow
Mesenchymal Stem Cell
Derived Extracellular Vesicles
• Other: Saline
• Drug: EXOFLO
•Biological: Cell therapy
protocol 1
•Biological: Cell therapy
protocol 2

•Royan Institute, Tehran, Iran

• COVID-19
• Acute
Respiratory
• Biological: UCMSCs
Distress
• Other: Placebo
Syndrome
• Corona Virus
Infection
• Corona Virus
Infection
• Biological: Umbilical Cord
• ARDS
Stem Cells +
•ARDS, Human Mesenchymal
• Diabetes Research Institute, University of
Heparin along with best
Has Results • Acute
Miami Miller School of Medicine, Miami,
supportive
care.
Respiratory
Florida, United States
•Other:
Vehicle
+
Heparin
along
Distress
with
best
supportive
care
Syndrome
• COVID-19
• Procedure: Placenta-Derived
MMSCs;Cryopreserved
Placenta-Derived Multipotent
No Results • COVID-19 Mesenchymal Stromal Cells • Institute of Cell Therapy, Kyiv, Ukraine
Available Pneumonia
• Drug: Antibiotics
• Drug: Hormones
• Drug: Anticoagulant Therapy
• Device: #xygen therapy
SARS-CoV-2 • Biological: Mesenchymal
No Results •Infection
• Osaka University Hospital, Suita, Osaka,
cell
Available (COVID-19) •stem
Japan
Biological: Placebo
• COVID-19
Acute
Respiratory
• Drug: EV-Pure™ and WJNo Results Distress
Pure™
• Kit Bartalos, Liberty, Missouri, United States
Available Syndrome
•Respiratory • Drug: Placebo
Distress
Syndrome
• River Oaks Hospital and Clinics, Houston,
No Results • COVID-19 • Biological: HB-adMSC
Texas, United States
Available
• Other: Placebo
• United Memorial Medical Center, Houston,
Texas, United States
• Drug: Exosome-MSC
• RSPAD Gatot Soebroto, Jakarta, DKI Jakarta,
Intravenous injection
Indonesia
No Results • SARS-CoV2 • Drug: Placebo Intravenous
• RSUP Dr. M. Jamil, Padang, West Sumatra,
Available Infection
Injection
• Drug: COVID-19 Standard Indonesia
• RSUP Dr. Sardjito, Yogyakarta, Indonesia
Treatment
• Severe Acute
No Results Respiratory
• Biological: Mesenchymal
• Osaka University Hospital, Suita, Osaka,
Available Syndrome
stem cell
Japan
Coronavirus 2

Umbilical Cord Tissue (UC) Derived
Mesenchymal Stem Cells (MSCs)
Results
43 Versus Placebo to Treat Acute
Withdrawn No
Available
Pulmonary Inflammation Due to
COVID-19

of UC-MSCs for COVID-19
44 Use
Patients
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• Covid19
Drug: allogeneic mesenchymal • Site 550: University of Hassanudin/
Results • Corona Virus •stem
Completed No
cell
Dr. Wahidin Sudirohusodo Hospital,
Available Infection
• Other: Placebo
Makassar, Indonesia
• SAR
• Hospital São Rafael S.A. - Instituto D’Or de
Pesquisa e Ensino, Salvador, BA, Brazil
• Santa Casa de Misericórdia da Bahia
(Hospital Santa Izabel),Salvador, BA, Brazil
• Saraiva & Berlinger Ltda. - EPP (IPECC),
Campinas, SP, Brazil
Study of Intravenous COVI-MSC for
No
Results
•
Biological:
COVI-MSC
52 Treatment of COVID-19- Induced
Recruiting Available • Covid19
• CECIP JAU - Centro de Estudos Clínicos do
•
Drug:
Placebo
Acute Respiratory Distress
Interior Paulista Ltda., Jaú, SP, Brazil
• CEMEC - Centro Multidisciplinar de
Estudos Clínicos Ltda. -EPP, São Bernardo Do
Campo, SP, Brazil
• Impar Serviços Hospitalares S/A(Hospital
Nove de Julho), São Paulo, SP, Brazil
• COVID-19
Infection
• COVID-19Associated
Acute Respiratory Distress
Syndrome
Cord Blood-Derived Mesenchymal
• Hematopoietic• Other: Best Practice
Stem
Cells
for
the
Treatment
of
No
Results
• M D Anderson Cancer Center, Houston,
53 COVID-19 Related Acute Respiratory Recruiting Available and Lymphoid• Biological: Mesenchymal
Texas, United States
Cell
Neoplasm
Stem
Cell
Distress Syndrome
• Malignant
SolidNeoplasm
• Symptomatic
COVID-19
Infection
LaboratoryConfirmed
• Puren Hospital Affiliated to Wuhan
Therapy
for
Pneumonia
Patients
No
Results
UC-MSCs
54 Infected by 2019 Novel Coronavirus Withdrawn Available • COVID-19 •• Biological:
University of Science and Technology, Wuhan,
Other: Placebo
Hubei, China
• COVID
•
Drug:
Allogeneic
and
Against COVID-19 Using
Results • Respiratory expanded adipose tissue-derived• Fundacion Jimenez Diaz, Madrid, Spain
55 BAttLe
Suspended No
MesenchYmal Stromal Cells
Available Distress
mesenchymal stromal cells
Syndrome
• Helen Keller Hospital, Sheffield, Alabama,
United States
• St. Joseph Hospital Heritage, Fullerton,
• Covid19
California, United States
•
Biological:
DB-001
Vesicle Infusion
No Results • ARDS
• Donald Guthrie Foundation/ Robert Packer
56 Extracellular
Completed
•
Other:
Intravenous
normal
Treatment for COVID-19
Available • Pneumonia, saline
Hospital, Sayre, Pennsylvania, United States
Associated ARDS
Viral
• Covenant Health, Lubbock, Texas, United
States
• PRX Research, Mesquite, Texas, United
States
Therapeutic Study to Evaluate the
51 Safety and Efficacy of DW-MSC in
COVID-19 Patients

Regenerative Medicine for
57 COVID-19 and Flu-Elicited ARDS
Using Lomecel-B (RECOVER
Mesenchymal Stem Cells (MSCs) in
Inflammation-Resolution Programs
of Coronavirus Disease 2019
58 (COVID-19) Induced Acute
Respiratory Distress Syndrome
(ARDS)
Study of the Safety of Therapeutic
With Immunomodulatory MSC
59 Tx
in Adults With COVID-19 Infection
Requiring Mechanical Ventilation
Modulation by Exosomes
60 Immune
in COVID-19

Umbilical Cord Lining Stem Cells
61 (ULSC) in Patients With
COVID-19 ARDS

Results • ARDS,
Recruiting No
Available Human
• Covid19

• Biological: Longeveron
Mesenchymal Stem Cells
(LMSCs)
• Other: Placebo

• Miami VA Healthcare System, Miami,
Florida, United States
• University of Maryland Medical Center,
Baltimore, Maryland, United States
• Wake Forest Baptist Medical Center,
Winston-Salem, North Carolina, United States

Not yet
No Results • ARDS
recruiting Available • COVID-19

• Biological: MSC

• University Hospital Tuebingen,Tuebingen,
Germany

Active, not No Results • COVID
recruiting Available

• Biological: BM-Allo.MSC
• Biological: Placebo

• St. Francis Medical Center, Lynwood,
California, United States

• COVID-19
• Critical
• Biological: Application of
Results Illness
Recruiting No
in a whole blood
Available • Hypercyto- exosomes
assay
kinemia
• Lung Fibrosis
• Covid19
• Corona Virus • Biological: Umbilical Cord
Infection
Lining Stem
No
Results
Recruiting Available • SARS-CoV Cells (ULSC)
Infection
• Other: Placebo (carrier
• ARDS
control)
• Coronavirus

A Pilot Clinical Study on Inhalation of
Stem Cells Exosomes
No Results
• Biological: MSCs-derived
62 Mesenchymal
Treating Severe Novel Coronavirus Completed Available • Coronavirus exosomes
Pneumonia

• Ulm University Hospital, Clinic of
Anesthesiology and Intensive Care Medicine,
Ulm, Germany

• Miami Baptist Hospital, Miami, Florida,
United States
• Sanford Research, Sioux Falls, South
Dakota, United States
• Ruijin Hospital Shanghai Jiao Tong
University School ofMedicine, Shanghai,
Shanghai, China
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Use of hUC-MSC Product (BX-U001)
yet
No Results
63 for the Treatment of COVID-19 With Not
recruiting Available
ARDS
A Phase II Study in Patients With
64 Moderate to Severe ARDS Due to
COVID-19

• COVID-19
• ARDS
• Acute
Respiratory
Distress
Syndrome

Results
Recruiting No
Available • Covid19

Study of Allogeneic Adipose-Derived
Mesenchymal Stem Cells for NonResults
65 COVID-19 Acute Respiratory
Withdrawn No
Available
Distress Syndrome

• Acute
Respiratory
Distress
Syndrome
• Ards

Safety and Efficacy of Intravenous
Wharton's Jelly Derived
Results
66 Mesenchymal Stem Cells in Acute
Recruiting No
Available
Respiratory Distress Syndrome Due to
COVID 19

• Acute
Respiratory
Distress
Syndrome

Mesenchymal Stromal Cells for the
of SARS-CoV-2
67 Treatment
Induced Acute Respiratory Failure
(COVID-19 Disease)

Investigational Treatments for
68 COVID-19 in Tertiary Care
Hospital of Pakistan

• Sars-CoV2
• Acute
Results Respiratory
Recruiting No
Available Distress
Syndrome
• COVID-19
• Covid19
• Cytokine
Release
No
Results
Completed Available Syndrome
• Critical
Illness
• ARDS
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• Biological: Human umbilical
cord mesenchymal stem cells +
best supportive care
• Other: Placebo control + best
supportive care
• Biological: hMSC

• Providence Medical Foundation, Fullerton,
California, UnitedStates
• Providence Saint John’s Health Center Saint John’s Cancer Institute, Santa Monica,
California, United States

• Biological: COVI-MSC
• Drug: Placebo
• Drug: Wharton’s jelly derived
Mesenchymal stem cells.
• BioXcellerator, Medellin, Antioquia-CO,
• Drug: Hydroxychloroquine, Colombia
lopinavir/ ritonavir or
• Clinical Somer, Rionegro, Antioquia,
azithromycin and placebo
Colombia
(standard therapy)
• Biological: Mesenchymal
Stromal Cells
• Other: Supportive Care

• Houston Methodist Hospital, Houston,
Texas, United States

• Procedure: Therapeutic
Plasma exchange
• Biological: Convalescent
Plasma
• Drug: Tocilizumab
• Drug: Remdesivir
• Biological: Mesenchymal
stem cell therapy

• Pak Emirates Military Hospital, Rawalpindi,
Punjab, Pakistan

Efficacy and Safety Evaluation
of Mesenchymal Stem Cells for
69 the Treatment of Patients With
Respiratory Distress Due to
COVID-19

• COVID-19
• SARS-CoV 2
Active, not No Results • Adult
• Drug: XCEL-UMC-BETA
recruiting Available Respiratory
• Other: Placebo
Distress
Syndrome

• Hospital de Bellvitge, Hospitalet de
Llobregat, Barcelona, Spain
• Mútua de Terrassa, Terrassa, Barcelona,
Spain
• Hospital del Mar, Barcelona, Spain
• Hospital Vall d’Hebron, Barcelona, Spain
• Hospital Clínic de Barcelona, Barcelona,
Spain

Randomized Double-Blind Phase 2
of Allogeneic HB-adMSCs
70 Study
for the Treatment of Chronic
Post-COVID-19 Syndrome

Results • Post
Recruiting No
Available COVID-19
Syndrome

• Biological: HB-adMSCs
(allogeneic)
• Other: Placebo

• Hope Biosciences Stem Cell Research
Foundation, Sugar Land, Texas, United States

The Use of Exosomes for the
Treatment of Acute Respiratory
71 Distress Syndrome or Novel
Coronavirus Pneumonia Caused by
COVID-19

• Covid19
• Novel
Coronavirus
Not yet
No Results Pneumonia
recruiting Available • Acute
Respiratory
Distress
Syndrome

• Drug: MSC-exosomes
delivered intravenously every
other day on an escalating dose:
(2:4:8)
• Drug: MSC-exosomes
Mission Community Hospital, Panorama
delivered intravenously every •City,
California, United States
other day on an escalating dose
(8:4:8)
• Drug: MSC-exosomes
delivered intravenously every
other day (8:8:8)

• Covid19
• Pneumonia
Use of Stem Cells for
No Results • Multiple
• Biological: MSC Treatment
72 Clinical
Completed
the Treatment of Covid-19
Available Organ Failure • Biological: Saline Control
• Corona Virus
Infection
• Biological: Mesenchymal
Safety
and
Feasibility
of
Allogenic
Not
yet
No
Results
73 MSC in the Treatment of COVID-19 recruiting Available •• COVID-19
Cells
Sars-CoV2 Stromal
infusion
HBPCOV01:"Intermediate Size
Expanded Access Protocol for
the Treatment of Post-COVID-19
Results
74 Syndrome" HBPD05: "Intermediate Available No
Available
Size Patient Population Expanded
Access IND for the Treatment of
Patients With Parkinson's Disease"
in Patients With Severe
75 ACT-20
COVID-19 Pneumonia
Treatment of Severe COVID-19
With Allogeneic
76 Pneumonia
Mesenchymal Stromal Cells
(COVID_MSV)
Efficacy of Intravenous Infusions
77 of Stem Cells in the Treatment of
COVID-19 Patients

• Post
COVID-19
Syndrome
• Parkinson
Disease

• Biological: HB-adMSCs

Unknown No Results • COVID-19
status
Available Pneumonia

• Biological: ACT-20-MSC
• Biological: ACT-20-CM
• Biological: Placebo

Results • COVID-19
Completed No
Available Pneumonia

• Biological: Mesenchymal
Stromal Cells
• Other: Placebo

Unknown No Results • Corona Virus • Biological: Intravenous
status
Available Infection
Infusions of Stem Cells

• Istinye University, Istanbul, Turkey
•SBÜ Dr. Sadi Konuk E#itim ve Ara#t#rma
Hastanesi, Istanbul, Turkey

• Hope Biosciences Stem Cell Research
Foundation, Sugar Land, Texas, United States

• Hospital Universitario Rio Hortega,
Valladolid, Spain
• Jinnah Hospital, Lahore, Punjab, Pakistan
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• Covid19
The MEseNchymal coviD-19 Trial:
• Acute
MSCs
in
Adults
With
Respiratory
No
Results
78 Failure Due to COVID-19 or Another Recruiting Available Respiratory
Distress
Underlying Cause
Syndrome
Safety and Efficiency of Method of
79 Exosome Inhalation in COVID-19
Associated Pneumonia

Is Fetal Hemoglobin a Key for
of Hypoxia and Saving Not yet
80 Improvement
Last Breath in COVID-19 Patient?. recruiting
A Pilot Study.
Evaluation of Safety and Efficiency
81 of Method of Exosome Inhalation in Completed
SARS-CoV-2 Associated Pneumonia.
Umbilical Cord(UC)-Derived
Stem Cells(MSCs)
82 Mesenchymal
Treatment for the 2019-novel
Coronavirus(nCOV) Pneumonia

Unknown
status

Mesenchymal Stromal Cell Therapy Active, not
83 For The Treatment Of Acute
recruiting
Respiratory Distress Syndrome

84 MSCs in COVID-19 ARDS

• Covid19
• SARS-CoV-2
PNEUMONIA
• COVID-19
• COVID-19
No Results Acute
Available Respiratory
Distress
Syndrome
• Covid19
SARS-CoV-2
Has Results •PNEUMONIA
• COVID-19
• Pneumonia,
No Results Viral
Pneumonia,
Available •VentilatorAssociated
ARDS,
No Results •Human
Available • COVID

Enrolling No Results
by
invitation Available

• Drug: EXO 1 inhalation
• Drug: EXO 2 inhalation
• Drug: Placebo inhalation

• Medical Centre Dinasty, Samara, Russian
Federation

• Procedure: fetal blood
transfusion
• Drug: EXO 1 inhalation
• Drug: EXO 2 inhalation
• Drug: Placebo inhalation

• Medical Centre Dinasty, Samara, Russian
Federation

• Biological: UC-MSCs

• Zhongnan Hospital of Wuhan University,
Wuhan, Hubei, China

• Drug: Mesenchymal Stromal • Uppsala University Hospital, Uppsala,
Stem Cells - KI-MSC-PL-205 Sweden

• Mesenchymal
Stromal Cells
• Remestemcel-L
No
Results
• Biological: Remestemcel-L
Terminated Available • Acute
• Drug: Placebo
Respiratory
Distress
Syndrome
• COVID

Blood Stem Cells in SevereCompleted No Results •• Covid19
85 Menstrual
Cytokine
Covid-19
Available Storm
• Severe Acute
Respiratory
Syndrome
Cell Therapy Using Umbilical CordResults Coronavirus 2
86 derived Mesenchymal Stromal Cells Completed No
Available • Severe Acute
in SARS-CoV-2-related ARDS
Respiratory
Distress
Syndrome
• Severe Acute
Respiratory
Stem
Cell
Educator
Therapy
Treat
the
Not
yet
No
Results
87 Viral Inflammation in COVID-19
recruiting Available Syndrome
(SARS)
Pneumonia
• SARSNintedanib for the Treatment of
No
Results
Induced
88 SARS-Cov-2 Induced Pulmonary
Recruiting Available Cov-2
Pulmonary
Fibrosis
Fibrosis

of Descartes-30 in Acute
89 Study
Respiratory Distress Syndrome

• Biological: CYP-001

• Nepean Hospital, Kingswood, New South
Wales, Australia
• Westmead Hospital, Westmead, New South
Wales, Australia
• Footscray Hospital, Footscray, Victoria,
Australia
• Sunshine Hospital, Saint Albans, Victoria,
Australia

• Acute
Respiratory
No
Results
Recruiting Available Distress
Syndrome
• Covid19

• Dignity Health, Gilbert, Arizona, United
States
• University of Southern California, Los
Angeles, California, United States
• Stanford University, Stanford, California,
United States
• Emory University, Atlanta, Georgia, United
States
• Lutheran Hospital, Fort Wayne, Indiana,
United States
• Ochsner Clinic, New Orleans, Louisiana,
United States
• Maine Medical Center, Portland, Maine
United States
• University of Maryland, Baltimore,
Maryland, United States
• Brigham and Women’s Hospital, Boston,
Massachusetts, United States
• University of Michigan, Ann Arbor,
Michigan, United States
• and 11 more

• Biological: Allogeneic human
enstrual blood stem cells
secretome
• Avicenna Research Institute, Tehran, Iran
• Other: Intravenous saline
injection
• Biological: Umbilical cord
Wharton’s jelly-derived human
• Other: NaCl 0.9%

• Hôpital Pitié-Salpêtrière - APHP, Paris,
France
• Hôpital Européen Georges Pompidou APHP, Paris, France

• Combination Product: Stem
Cell Educator- Treated
Mononuclear Cells Apheresis
• Drug: Nintedanib 150 MG
[Ofev]
• Other: Placebo

• Biological: Descartes 30

• Pneumologie, Paris, France
• University of Alabama at Birmingham,
Birmingham, Alabama, United States
• University of California-Irvine, Irvine,
California, United States
• University of Iowa Hospitals and Clinics,
Iowa City, Iowa, United States
• University of Maryland Medical Center
Medical Center, Baltimore, Maryland, United
States
• Brigham and Women’s Hospital, Boston,
Massachusetts, United States
• University of Oklahoma Health Sciences
Center, Oklahoma City, Oklahoma, United
States
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Multiple Dosing of Mesenchymal
not No Results
90 Stromal Cells in Patients With ARDS Active,
recruiting Available
(COVID-19)

A Study of Cell Therapy in
Subjects With Acute
91 COVID-19
Kidney Injury Who Are Receiving
Renal Replacement Therapy
Repair of Acute Respiratory
92 Distress Syndrome by Stromal Cell
Administration (REALIST)
Therapy for Patients With
93 ASC
Severe Respiratory COVID-19

Active, not No Results
recruiting Available
Results
Recruiting No
Available
Results
Withdrawn No
Available

• Acute
Respiratory
Distress
Syndrome
• ARDS
(Moderate or
Severe)
• COVID-19
Pneumonia
• COVID-19
• Acute Kidney
Injury
• Sepsis
• Acute
Respiratory
Distress
Syndrome
• Respiratory
Tract Diseases

• Biological: Mesenchymal
stromal cells
• Other: Placebo

• University of Minnesota, Minneapolis,
Minnesota, United States
• University of Pittsburgh, Pittsburgh,
Pennsylvania, United States

• University of New Mexico School of Medicine,
Albuquerque, New Mexico, United States
• Medical University of South Carolina,
Charleston, South Carolina, United States
• Biological: Human umbilical cord• Belfast Health and Social Care Trust, Royal
derived CD362 enriched MSCs Hospitals, Belfast,,Northern Ireland, United
• Biological: Placebo (Plasma-Kingdom
Lyte 148)
• 2014 Department of Cardiology, The Heart
• Drug: Stem Cell Product
Centre, University Hospital Rigshospitalet,
Copenhagen, Denmark
• Biological: SBI-101

• Acute
Respiratory
No
Results
• Biological: Mesenchymal
Completed Available Distress
Stromal Cells
Syndrome
• Covid19
• Autoimmune
Diseases
• Cardiovascular
Disorders
• Diabetes
Complications
• Integumentary
Disease
• MusculoskeMesenchymal Stem Cells for the
letal Disorders Biological: PrimePro™/
No
Results
95 Treatment of Various Chronic and
Recruiting Available • Neurodegene- •PrimeMSK™
Acute Conditions
rative Disorders
• Neurologic
Disorders
• Pulmonary
Disorders
• Sexual
Dysfunction
• Urologic
Disorders
• Viral Illness
• COVID-19
Stromal Cells for
No Results Pneumonia
• Biological: Allogeneic
96 Mesenchymal
Recruiting
COVID-19 and Viral Pneumonias
Available • Viral
Mesenchymal Stromal Cells
Pneumonia
First-In-Human Phase 1b Study of Not yet
No Results
97 A
AmnioPul-02 in COVID-19
recruiting Available • COVID-19 • Drug: AmnioPul-02
Immuno-Therapy for
94 Cellular
COVID-19 Acute Respiratory
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• The Ottawa Hospital, Ottawa, Ontario,
Canada

• Southern California Hospital at Culver City
/ Southern California Hospital at Hollywood
/ Multiple US-based Sub-Investigator Sites,
Culver City, California, United States

• Medical University of South Carolina,
Charleston, South Carolina, United States

U.S. National Library of Medicine | U.S. National Institutes of Health | U.S. Department of Health & Human Services

Overall, although clinical research on treating
COVID-19 with MSCs is still in its infancy, the continuing
exploration and mining of data show that such therapy has
far-reaching significance and prospects for broad clinical
application. We also hope that with continued improvements
in stem cell therapies more lives and patients with severe cases
of COVID-19 can be saved.
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Abstract
The emergence of oxidized low-density lipoprotein (OxLDL) is crucial for the progression of cardiovascular diseases (CVD)
linked to atherosclerosis. OxLDL stimulates endothelial activation and smooth muscle proliferation and has an atheroscleroticpromoting effect. The measurement of OxLDL correlates with the presence of CVD and may be a prognostic marker for future
health outcomes. Circulating OxLDLs can be used as biomarkers since their levels rise in patients with advanced atherosclerosis.
Immunological methods have proven to be very useful methodologies. Anti-OxLDL monoclonal antibodies have been developed
that bind strongly to OxLDL and are used in ELISA for OxLDL measurements. Routine inclusion of OxLDL estimation in an
at-risk population can help the clinicians understand the disease initiation and progression and improve early intervention and
management.(International Journal of Biomedicine. 2022;12(3):339-343.)
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Introduction
Oxidized low-density lipoprotein (OxLDL) is formed
by the modification of LDL, a major group of lipoproteins
that enable the transport of multiple, different lipid molecules.
OxLDL is labeled as “bad cholesterol” for its key role in the
pathogenesis of atherosclerosis leading to cardiovascular
diseases (CVD).(1) The formation of atheromatous plaques, a
major cause of morbidity and mortality, in the tunica intima of
coronary arteries supplying the myocardium manifests as CVD.
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Globally, CVD is the major cause of death. Statistics
show that in 2019, 17.9 million people died from cardiovascular
diseases, which is 32% of the total number of deaths in the
world. Atherosclerosis is a long-term inflammatory condition
of the arterial wall that is mainly caused by environmental and
genetic risk factors, which result in a variety of complications
– myocardial infarction, stroke, and other CVDs.(2)
OxLDL is a potent atherogenic lipoprotein that is known
to alter endothelial functions. OxLDL is a form of LDL or “bad”
cholesterol, which is formed during oxidative stress.(3) LDL
particles are the main carriers of cholesterol in the circulation. The
LDL particle is made of a hydrophobic core of polyunsaturated
fatty acids (PUFAs) and esterified cholesterol surrounded by
phospholipids, unesterified cholesterol, and one molecule of
apolipoprotein B-100 (ApoB-100). LDL PUFAs (mainly
linoleic acids (4) with minor amounts of arachidonic acid and
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docosahexaenoic acid) are protected against oxidation by
abtooxidants, primarily α-tocopherol. There are different sizes
of LDL.(5)
Brown and Goldstein were the first to postulate that LDL
has to undergo some structural changes to achieve atherogenic
properties.(6) Oxidative stress is an important trigger of lipid
oxidation.(7) LDL oxidation leads to the alteration of ApoB
recognition sites and the unregulated uptake of LDL by
macrophages via scavenger receptors (SRs). The uptake of
OxLDL by SRs leads to the accumulation of cholesterol within
the foam cells. The emergence of such cells is a specific feature
of early atherosclerotic lesions. Oxidation of LDL particles
in the vascular endothelium has been reported to be an initial
event in atherosclerotic plaque formation. OxLDL stimulates
endothelial activation and smooth muscle proliferation evincing
pro-atherosclerotic effects. Moreover, the studies demonstrate
that all of the changes associated with endothelial cell
modification of LDL can be attributed to oxidation.(8)
Inflammation and lipid metabolism alterations play
a critical role in atherogenesis. However, the details of
the relationships and causality among these fundamental
processes still remain a puzzle. According to the classical
hypothesis, atherosclerotic plaques are formed over a long
duration with an accumulation of OxLDL, thus increasing the
risk of myocardial infarction and stroke. A large number of
studies indicate that OxLDL is a useful marker of CVD. (9-11)
Chemical nature of OxLDL
There are several oxidizable components in LDL, but
PUFAs are the major targets of free radicals. Saturated fats are
less involved in peroxidation due to their chemical nature and are
resistant to oxidative damage. The majority of PUFAs in LDL
are present as cholesteryl esters, and therefore, quantitatively,
most of the oxidized fatty acids in the fully oxidized LDL are
esterified to cholesterol. LDL-PUFAs are oxidized by enzymatic
and nonenzymatic pathways in the arterial tissue, specifically
by the endothelial cells and macrophages.
It should be noted that LDL particles are rich
in antioxidants such as α-tocopherol, β-carotene, and
ubiquinol-10, which protect LDL from free radical attack
and oxidation.(12,13) However, at the end of the lag phase
of LDL oxidation, the antioxidant property of LDL is
diminished, and PUFAs in LDL particles are rapidly oxidized
to hydroperoxide, further breaking down to generate more
reactive aldehyde products and metabolites, such as MDA and
4-hydroxynonenal.
OxLDL exists in multiple forms, characterized by
different degrees of oxidation, including minimally modified
LDL, which is still recognized by the LDL receptor, and fully
or extensively OxLDL, which is recognized by SRs. Whereas
native LDL has no effect on the immune system, OxLDL is
immunogenic, and immune complexes formed by oxidized
LDL and corresponding antibodies are pro-atherogenic and
proinflammatory.(14,15)
It has been well documented that small dense LDL
(sdLDL) has a greater atherogenic potential than that of other
LDL subfractions. sdLDL particles have a decreased affinity
for the LDL receptor resulting in a prolonged retention time
in the circulation. Additionally, they more easily enter the

arterial wall. sdLDL particles contain less antioxidative agents
and are therefore more susceptible to oxidation than larger
forms of lipoproteins.(16) Circulating sdLDL readily undergoes
multiple atherogenic modifications in blood plasma, such as
desialylation, glycation, and oxidation, that further increase its
atherogenicity.(17)
OxLDL contains unoxidized and oxidized fatty acid
derivatives both in the ester and free forms, their decomposition
products, cholesterol and its oxidized products, proteins with
oxidized amino acids and cross-links, and polypeptides with
varying extents of covalent modification with lipid oxidation
products, and many others.(11)
Formation of OxLDL in vivo and in vitro
There are a number of mechanisms for the oxidation
of LDL: lipoxygenase reaction, copper and ceruloplasminmediated oxidation, iron-mediated oxidation, peroxidasemediated oxidation, peroxynitrite-mediated oxidation, thioldependent oxidation, xanthine oxidase, NADPH oxidase, and
other superoxide generators.
The most common hypothesis for LDL oxidation is
that it occurs in microdomains isolated from the antioxidant
environment of the arterial tunica intima. LDL particles
react with free radicals and their by-products. Reacted LDL
aggressively interacts with the surrounding tissues, causing
tissue damage. In vivo, LDL oxidation occurs mainly within
the subendothelial space of the arterial wall, in any of the cells
within the artery, including the endothelial cells, macrophages,
SMCs, and T- lymphocytes. Wen et al. found that LDL oxidation
can occur intracellularly, most probably within lysosomes.
Transition metals such as iron and copper can do this in a cellfree system.(18) Ojo and Leake (19) have postulated that LDL is
oxidized by iron at lysosomal pH by the hydroperoxyl radical
(HO2•), which is more reactive and hydrophobic than the
superoxide radical (O2•−).
In vivo, LDL oxidation occurs mainly within the
subendothelial space of the arterial wall. Studies have
suggested that superoxide, myeloperoxidase (MPO),
15-lipoxygenase, peroxynitrite (ONOO−), and thiols may
contribute to LDL oxidation (Figure 1). 15-lipoxygenase,
produced by endothelial cells and monocytes/macrophages,
converts PUFAs into lipid hydroperoxides and thereby
oxidizes LDL. Activated macrophages secrete MPO, which
generates reactive species, thereby oxidizing LDL. Finally,
OxLDL interacts with SRs presented on endothelial cells,
macrophages, and SMCs. (20)

Fig. 1. In vivo mechanisms for oxidation of LDL.
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In in vitro experiments, fully (80%-100%) oxidized
LDLs are usually prepared by exposure to transition metal ions,
such as Cu2+(21,22) or Fe2+.(23) Incubation with cells producing
ROS, or exposure to MPO secreted by activated macrophages,
leads to minimally oxidized LDLs, which appear to be better
related to the degree of oxidation in vivo. (24-26)
Mertens and Holvoet detail the 3 stages of in vitro
oxidation of LDL by metal ions: an initial lag phase
(consumption of endogenous antioxidants), a propagation
phase (rapid oxidation of PUFAs to lipid hydroperoxides),
and a decomposition phase (formation of reactive aldehydes).
Reactive aldehydes such as hydroxynonenal, hexanal and
MDA react with lysine residues in ApoB, resulting in OxLDL.
Atherogenic effects of OxLDLs
The most important atherogenic effect of LDL oxidation
is that this modification of LDL shifts the recognition and
internalization of the lipoprotein from the LDL receptor
(LDLR) to SRs.(27-30) The binding of OxLDL to SRs can trigger
a number of intracellular events that depend on the type of
cell and SR involved.(27) Interaction of OxLDL with SRs
(SR-A, SR-B1, CD36, LOX-1) induces rapid and unregulated
uptake of OxLDL by special cells. Thus, macrophages uptake
OxLDL via SR-A and CD36; endothelial cells uptake OxLDL
via CD36 and LOX-1. These receptors internalize OxLDL in
a specific manner until foam cells are formed.(31) Uptake of
OxLDL by macrophages leads to marked accumulation of
cholesterol, converting the macrophages to foam cells (18,32)
and initiating the development of atherosclerotic lesions
(Figure 2).
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and proinflammatory elements involved in atherogenesis.(24) As
a highly atherogenic moiety, OxLDL was reported to upregulate
endothelial ABCA1, a cell membrane protein that mediates the
transport of cholesterol, phospholipids, and other metabolites
from cells to lipid-depleted HDL apolipoproteins, through the
activation of the peroxisome proliferator-activated receptor
gamma (PPARγ)–liver X receptor (LXR) pathway in lipidloaded macrophages.(40) OxLDL appears to transcriptionally
downregulate ABCA1 via the inhibition of LXR. Thus,
OxLDL-regulated ABCA1 may contribute to endothelial
dysfunction, accumulation of lipid within the vascular wall,
and the subsequent development of atherosclerosis.(41,42)
Wang et al.(43) showed that OxLDL up-regulates arginase
I, which contributes to endothelial dysfunction by reducing
L-arginine availability to eNOS for NO production and thus
vasodilation. Thus, OxLDL instigates atherosclerotic events
throughout the disease progression, starting from endothelium
dysfunction, white blood cell activation, foam cell formation,
SMC migration, and proliferation to platelet adhesion and
aggregation(18) (Figure 3)

Fig. 3. Endothelial dysfunction and progression
of atherosclerosis

Fig. 2. Uptake of OxLDL by macrophages, formation of
foam cells and atherosclerotic plaque.
Source: Picture retrieved from https://commons.
wikimedia.org/wiki/File:Blausen_0227_Cholesterol.png
Free to use and License attributable to BruceBlaus, CC
BY 3.0 <https://creativecommons.org/licenses/by/3.0>,
via Wikimedia Commons.

OxLDL also activates a number of cellular responses in
macrophages, dendritic cells, endothelial cells, T cells, SMCs,
and platelets, which in the aggregate promote inflammation,
lesion formation, atherogenesis, unstable atherosclerotic
plaques, and thrombosis.(33-39) OxLDL stimulates the
expression of endothelial adhesion molecules, has chemotactic
effects, and inhibits the migration of macrophages outside the
subendothelial space, thus increasing the number of leukocytes

Source: Picture retrieved from https://commons.
wikimedia.org/wiki/File:Endo_dysfunction_
Athero.PNG
Free to use and License attributable to
Transferred from en.wikipedia to Commons,
CC BY-SA 3.0 <http://creativecommons.org/
licenses/by-sa/3.0/>, via Wikimedia Commons.

Measurement of OxLDL
OxLDL levels could be a useful marker for predicting
future cardiovascular events; however, substantial differences
exist among the different methods of OxLDL measurement.(44)
In the past 10 years, it has been possible to generate MABs to
OxLDL to measure OxLDL in the plasma directly.(21)
Challenges in estimating OxLDL in humans have been
overcome with ELISA. ELISA methods are used to determine
OxLDL levels in plasma by either “sandwich assays or competitive
assays.” ELISA methods have demonstrated that OxLDL levels
increase under certain pathological conditions, including acute
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myocardial infarction and carotid artery atherosclerosis.(45) Human
Oxidized LDL ELISA Kit is an enzyme immunoassay developed
to detect and quantify human oxidized LDL in plasma, serum, or
other biological fluid samples. The kit contains a copper oxidized
LDL standard against which unknown samples may be compared.
Each oxidized LDL assay is configured to selectively measure
either carboxymethyl-lysine-modified LDL, 4-Hydroxynonenalmodified LDL(HNE–LDL), or MDA-LDL.(44)
Accumulation of OxLDL in atherosclerotic lesions
has also been demonstrated by immunohistochemical and
biochemical studies using the DLH3 antibody. This antibody
recognizes oxidized phosphatidylcholines (OxPC) generated
during oxidative modification of LDL, and OxPC-apoB
adducts formed in OxLDL are the presumed antigens. The
presence of OxLDL in the LDL fraction of human plasma was
demonstrated by introducing a sandwich ELISA procedure
using DLH3 together with an anti-apoB antibody.(46)
Several immunoassays with antibodies against OxLDLs,
MDA-modified LDLs, lysine-substituted LDLs, and OxPCs
have been developed and widely used to measure OxLDLs
in biological samples. Among many antibodies against
atherosclerotic lesions, a clone that strongly reacts with copperinduced OxLDL was raised. The antibody, DLH3, recognizes
OxPCs, where 1-palmitoyl-2-(9-oxo)nonanoyl-PC (9CHO-PC,
also called PONPC) is one of the potent antigenic molecules.(46)
Tan et al.(47) established a simple, specific and rapid
gold nanoparticle-based lateral flow immunoassay (LFIA)
on quantifying OxLDL/β2GPI complexes from test samples.
β2GPI recognizes the structural part of 7-ketocholesteryl-9carboxynonanoate(oxLig-1), a specific ligand in OxLDL, to
form indissociable OxLDL/β2GPI complexes.(48) Presently,
serological levels of OxLDL/B2GPI complexes are measurable
by ELISA. Tan et al.(47) fabricated another MAB, 3H3, which
shares antigen-specificity similar to WB-CAL-1, yet with
improved affinity and specificity towards β2GPI complexed
with OxLDL.(49) The developed OxLDL/β2GPI LFIA offers a
simple test procedure to quantitatively assess OxLDL/β2GPI in
serum or a sample containing the same.
A valid measure of in vivo OxLDL formation is
represented by the susceptibility to oxidation of isolated plasma
LDLs, as assessed by the lag time for forming conjugated
dienes(50) induced by Cu2+ that can be spectrophotometrically
detected at 234 nm. Another method is to evaluate the acid
hydrolysis products of lipoperoxides such as MDA, which
reacts with thiobarbituric acid (TBA) to form MDA–TBA
adducts. The TBA-reactive substances can be measured
spectrophotometrically, fluorometrically, or by high-pressure
liquid chromatography.(24)
In conclusion, oxidative stress is an important trigger of
lipid oxidation. OxLDL was found to modulate different signal
transduction cascades leading to gene expression, apoptosis,
adhesion, inflammation, differentiation, and migration, all
of which contribute to the development of atherosclerosis.
Circulating OxLDLs can be used as biomarkers since their
levels rise in patients with advanced atherosclerosis. Routine
inclusion of OxLDL estimation in an at-risk population can help
the clinicians understand the disease initiation and progression
and improve early intervention and management.
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Relevance of studying the problem of childhood obesity
The problem of obesity is relevant to the health care system
of many countries of the world.(1) Childhood and adolescent
obesity require special attention because they are very often
progressive and lead to the development of various kinds of
complications in adulthood. It has been established that in the
developed countries of the world, up to 25% of adolescents are
*Corresponding author: Prof. Marina A. Darenskaya, PhD.
Scientific Centre for Family Health and Human Reproduction
Problems, Irkutsk, the Russian Federation. E-mail: marina_
darenskaya@inbox.ru

overweight and 15% are obese.(2) WHO experts attribute the high
prevalence of childhood obesity to the changed economic and
social conditions of life in modern society, the consequence of
which is an unhealthy diet and low levels of physical activity.
(3,4)
The exogenous-constitutional form is the most common
in the structure of obesity, characterized by a pronounced
imbalance between caloric intake and expenditure.(3) As a
polyethylological disease, this form of obesity requires both
a comprehensive and individualized treatment approach. The
main predictors of adolescent obesity, in addition to hereditary
factors, are such factors as hypodynamy, imbalanced energy
metabolism, a poor family history, and psychoemotional
stress.(1)
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Studying the pathogenetic mechanisms of obesity
formation and development is becoming increasingly
important now.(5) Obesity was found to be associated with
chronic inflammation in adipose tissue, dyslipidemia, the
development of oxidative stress (OS), microbiota composition
disorder, and other factors.(6-8)

Oxidative stress and obesity
OS is an important component of the pathogenesis of
obesity and its possible complications.(9-11) Preclinical in vitro
and in vivo studies have shown that OS has a stimulating effect
on preadipocyte proliferation and differentiation, as well as
an increase in adipocyte size.(12) In a healthy body, reactive
oxygen species (ROS) are also involved in the activation of
hypothalamic neurons involved in the regulation of eating
behavior. In obesity, due to an increase in oxidative processes,
the production of ROS increases, and the center of hunger is
activated.(9) Obesity is characterized as an increase in white
adipose tissue (AT) secreting several putative appetite-related
adipokines. In addition, the following factors associated
with obesity that are stimulated by OS can be identified:
hyperglycemia, dyslipidemia, micronutrient deficiency, chronic
inflammation, hyperleptinemia, and increased activity of muscle
tissue to maintain excess body weight in obesity, endothelial
dysfunction, disruption of mitochondrial respiratory function,
and others.(5,13) Obesity is accompanied by increased levels
of free fatty acids in the blood, which stimulates superoxideanion radical production.(14) The progression of OS results in the
accumulation of cytotoxic compounds in the body, including
endogenous aldehydes that act as mediators of damage and
provoke characteristic metabolic shifts.(9,13,15) The antioxidant
defense (AOD) system plays an important role in protecting
against the damaging effects of OS. AOD components act as
stabilizers of biological membranes, inactivate free radicals,
and prevent the development of chain processes of free radical
oxidation of organic compounds, primarily unsaturated tissue
lipids.(16) Primarily, special antioxidant enzymes provide this
function: superoxide dismutase (SOD), catalase, enzymes of a
glutathione redox system, and water- and fat-soluble vitamins.
(16-18)
The ratio of the activity of oxidative processes and AOD,
as a rule, determines the intensity of the metabolism and its
adaptation capabilities. Disruption of AOD is characterized by
the development of LPO syndrome and can lead to a number
of negative consequences for the cell: membrane damage,
inactivation or transformation of enzymes, suppression of
the fission process, and accumulation of inert polymerization
products.(19) Available data allow us to consider obesity also as
a chronic inflammatory process, which is accompanied by the
activation of proinflammatory cytokines, such as IL-6, IL-1, and
TNF-α, known mediators of the early stage of inflammation, as
well as IL-8, γ-interferon, and IL-18.(6,7)

Microbiota and Obesity
The microbiota is a key factor in maintaining the
homeostasis of the human organism.(20) It performs a number
of important functions, such as regulating energy metabolism,
maturation, and maintenance of immune system function;
vitamin synthesis; and regulating bile acid reabsorption in
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the gut.(21) In addition, bacteria produce analogs of human
hormones: serotonin, histamine, dopamine, norepinephrine,
and testosterone. Influencing the intestinal wall, these
substances entering the bloodstream affect our brain, shaping
habits, taste preferences, and even behavior.(22) The concept
of the “gut-brain-gut” axis has become a paradigm.(23) Some
authors extend this axis by adding the interaction between
gut microbiota (GM) and the immune system: “gut-brainimmune-system microbiota.” The gut microbiome is a kind
of indicator of the macroorganism, reacting to physiological,
dietary, climatic, and geographical factors by changing
its qualitative and quantitative composition. According to
many researchers, without belittling the role of heredity and
environmental factors, it is GM that contributes significantly
to the development of metabolic disorders and obesity
by modeling the cascade of macroorganism enzymatic
responses, interacting with receptors directly and/or with
its own metabolites and signaling molecules.(21) In addition,
GM can mediate the activation of inflammatory reactions and
fibrogenesis.(24) Recent evidence suggests quantitative and
qualitative differences in the GM composition among subjects
at high and low risk of developing obesity and obesity-related
complications.(21,25) Putative mechanisms include increased
energy absorption from food, altered gut permeability, gut
hormone release, induction of OS, and inflammation.(26)
According to a study by Qiao et al.,(27) GM dysbacteriosis in
obese mice was also caused, at least in part, by an increase in
OS.(28)
Bacterial overgrowth syndrome and translocation
of intestinal flora also lead to the development of OS and
activation of the systemic inflammatory response.(29) Microbiota
transplantation studies conducted in both animals and humans
suggest that gut “dysbiosis” itself may lead to weight gain
and insulin resistance.(30) The microbial composition of GM is
influenced by both body weight and dietary components (such
as fiber, polyphenols, and lipids). In obese individuals, weight
loss decreases the ratio of Firmicutes to Bacteroidetes,(31)
whereas a caloric high-fat diet increases it.(32) A high-fat diet in
mice caused an increase in aerobic bacteria in Peyer’s Plaques,
including Streptococcus, Pseudomonas, Comamonas, and
Flavobacterium,(28) as well as the reduction of anaerobic
and facultative anaerobic bacteria of the genus Allobaculum
and Lactobacillus.(27,28) Bacteria also deploy specialized
mechanisms to combat OS, which include enzymes such as
SOD, thioredoxin reductase system, glutathione glutaredoxin,
and NADH oxidase - NADH peroxidase systems.(33) It has
previously been shown that a high-fat diet contributes to gut
mucosal inflammation mediated by a decrease in the number
of lactobacilli. The fact is that fat-rich foods ensure the
selection of bacterial strains resistant to OS. And these turned
out to be lactobacilli that secrete proinflammatory cytokines.
Conversely, “good” L. reuteri strains, producers of antiinflammatory substances, were displaced from the population.
(34)
The largest case-control study reported higher levels of
L. reuteri in the fecal microbiota of obese individuals, (35,36)
and fecal L. reuteri of humans correlated positively with
body mass index. A higher oxidation-resistant phenotype
was found in mice on a high-fat diet, especially those prone
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to obesity. A high-fat diet induces the formation of more
ROS in the gut (37) and markers of OS.(38)This causes a shift
in the microbial composition toward the growth of bacteria
resistant to oxidative conditions, such as Escherichia coli and
Enterococcus.(27) Susceptibility to obesity is characterized by
an unfavorable gut microbiome, predisposing to peripheral
and central inflammation and weight gain. The results show
that a high-fat diet led to an imbalance of L. reuteri, with antiinflammatory function. This may be due to increased OS in the
gut environment.(39)
Researchers at the Scientific Centre for Family Health
and Human Reproduction Problems conducted comprehensive
studies of OS reactions and the microbiota composition in
adolescents with obesity. It has been found that obesity in
adolescents is associated with an imbalance in the LPO-AOD
system and depends on the patient’s ethnicity.(18,40-42) In assessing
the degree of oxidative cell damage in obese adolescents, the
high sensitivity of the oxidative stress index (OSI) has been
shown.(10,43) Analysis of the data in the LPO-AOD system
showed a pronounced imbalance in adolescents with obesity
in the form of increased values of primary and secondary LPO
products, reduced values of TAA and SOD activity, as well as
low values of α-tocopherol in adolescent girls with obesity.(44)
Conducting non-drug therapy and biofeedback therapy (BFT)
did not lead to normalization of the indicated parameters, both
in the group of teenage boys and girls with obesity, while an
increase in the oxidized glutathione level was noted in girls after
non-drug therapy and a decrease in α-tocopherol level after BFT.
(45)
Due to the lack of efficacy of the above types of therapy with
respect to the parameters of redox status in adolescents with
obesity, additional pharmacological correction by prescribing
antioxidant drugs becomes relevant.
The researchers at our Centre also conducted studies
on GM in obese children and adolescents.(46) The gut
microbiome of adolescents with normal body weight and
obesity was analyzed by two mutually complementary methods
(bacteriological analysis according to the industry standard and
metasequencing of the V3-V4 region of the 16S rRNA gene).
(47,48)
It was shown that obese adolescents have an imbalance
of the colonic microbiota characterized by a low content of
bifido- and lactoflora representatives, a spectrum of Escherichia
coli associations, and a high frequency of registration of
opportunistic microorganisms and their associations.(47)
Additionally, the frequency of occurrence of bifidobacteria
in the gut microbiome of adolescents by PCR diagnostics
was determined. A disturbance in the species composition of
bifidoflora in adolescents with obesity was shown, which was
associated with a decrease in the frequency of occurrence
of the most physiologically important species: B. longum,
B. adolescentis, B. bifidum and an increase in the level of B.
catenulatum detection.(48) The important role of the duration
of breastfeeding in the formation of a stable community
in the gut microbiome of adolescents was confirmed.(49) A
decrease in the representation of phylotypes in the structure
of the gut microbiome and their diversity was observed only
in adolescents with obesity, but the dysbiotic state of the
biocenosis, which has features characteristic of early transition
to complementary feeding, persisted when breastfeeding less

than 3 months, both in obesity and normal body weight.(50,51)
On the other hand, significant differences in the composition
of the gut microbiome were observed in adolescents born by
cesarean section: first of all, a decrease in the proportion of
Bacteroidetes and Actinobacteria in the total microbiome and
an increase in the representation of proteobacteria, mainly of the
Enterobacteriaceae family. A significant difference was revealed
between the composition of GM in the obese and control groups:
Dorea(phyla Firmicutes), Bacteroides, Parabacteroides (phyla
Bacteroidetes), Slackia, and Collinsella (phyla Actinobacteria)
prevailed in obese patients.(52) Prediction of the functional
content of the gut microbiome showed the dominance of
biosynthetic pathways over the pathways of destruction,
assimilation, and utilization. Based on the abundant distribution
of the potential activity of the predicted metabolic pathways,
different degrees of metabolic activity of GM are predicted in
obese adolescents, which suggests that even with differences
in taxonomic composition, the gut microbial community can
compensate for the absence of certain taxonomic groups by
implementing the necessary metabolic functions due to other
phylogenetically close taxa.(53)
In adolescents with obesity and functional bowel
disorders, the GM composition differs from that in adolescents
without functional bowel disorders. Disturbances in the GM
composition are associated with an increase in the level of
potential pathobionts, which can lead to the development
of microinflammation in the intestinal wall and exacerbate
the symptoms of functional bowel disorders.(54) Functional
bowel disorders in obese adolescents was associated with an
imbalance in the minor components of GM and a disturbance
in its metabolic and regulatory functions.(55)

Conclusion
Studying the pathogenetic mechanisms in the formation
and development of obesity in adolescence is essential due to
its high prevalence. Obesity was found to be associated with
chronic inflammation in adipose tissue, dyslipidemia, the
development of OS, microbiota composition disorder, and other
factors. A consequence of the OS progression is the accumulation
in the body of cytotoxic compounds, including endogenous
aldehydes, acting as mediators of damage and provoking
characteristic shifts in metabolism. Gut microbiota contributes
significantly to the development of metabolic disorders and
obesity by modeling the cascade of enzymatic reactions of the
macroorganism, interacting with receptors directly and/or with
its metabolites and signaling molecules. In this context, it may
be relevant to investigate the significance of the interaction of
these systems to substantiate personalized approaches to the
prevention and treatment of adolescent obesity.
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Abstract
We aimed to review the role of different types of imaging (computed tomography [СТ], ultrasonography [US], magnetic
resonance imaging [MRI]) in measuring the optic nerve diameter (OND) and optic nerve sheath diameter (ONSD) in adults and
the potential advantages and limitations of each modality. A literature search was carried out using ResearchGate, Saudi Digital
Library, Google Scholar, and Mendeley databases between 2010 and 2021 (papers presented in English) with the keywords
“computed tomography,” “magnetic resonance imaging,” “ultrasonography,” “optic nerve sheath diameter,” and “optic nerve
diameter.” Of the 60 articles analyzed, 42 were included in the review.
Compared to ONSD, the evidence for OND appeared to be more limited. After comparing all three imaging modalities (CT,
MRI, and US), we concluded that for the most accurate measurements of ONSD we should be using MRI (range: 4.0–6.0 mm).
CT (range: 4.4–6.7 mm) would provide the second most exact measurements after MRI. Although CT and MRI provide the most
consistent and accurate measurements, ultrasound is more commonly used (ONSD range: 3.4–7.7 mm) due to it’s being noninvasive, easy to use, and easily available anywhere, from big hospitals to small clinics, unlike CT and MRI. All three imaging
modalities can provide good measurements, and hopefully, soon ultrasound will be as accurate as MRI in measuring the optic
nerve. (International Journal of Biomedicine. 2022;12(3):349-354.).
Keywords: optic nerve • optic nerve sheath diameter • computed tomography • ultrasonography • magnetic resonance imaging
For citation: Mohamed IAM, Wazir Ali HA, Abati SMA, Alghamdi SS, Bushara L, Gareeballah A, Osman HE. Radiographic
Measurement of Normal Optic Nerve and Optic Nerve Sheath Diameters Using Different Modalities. International Journal of
Biomedicine. 2022;12(3):349-354. doi:10.21103/Article12(3)_RA4

Abbreviations
ON, optic nerve; CT, computed tomography; US, ultrasonography; MRI, magnetic resonance imaging; ICP, intracranial pressure;
SDL, Saudi Digital Library; OND, optic nerve diameter; ONSD, optic nerve sheath diameter.

Introduction
Detecting the pathologies in the optic pathway became
much easier with the improvement of more advanced imaging
approaches.(1,2) In our review, we analyzed various imaging

modalities for measuring the optic nerve. The optic nerve,
or what some might call the cranial nerve, is a bundlelike collection of nerve fibers. It relays secondary vision
information from the eye to the brain; injuring it may result in
various symptoms, from redness in the eyes to loss of vision.
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Imaging modalities help to detect optic nerve pathologies in
their early stages to prevent the disease from progressing.(3-6)
Modern studies have shown the effectiveness of MRI, CT, and
US in detecting abnormal changes within the optic nerve, as
well as the presence of intracranial pressure (ICP), one of the
medical emergencies. The increase in ICP (>20 mmHg) can
also contribute to changes in the normal optic nerve diameter
(OND) and optic nerve sheath diameter (ONSD).(7-10) All these
imaging modalities are commonly used to detect pathologies
surrounding the eyes. Color-coded Doppler ultrasonography
offers a high-level detection of eye-related diseases. MRI
technology using different sequences can be obtained to
evaluate intra-orbital pathology, especially the standard SE
sequences that are more routinely used than STIR sequences
for the optic nerve pathway.(11-15)
We aimed to review the role of different types of imaging
(СТ, US, MRI) in measuring the OND and ONSD in adults
and the potential advantages and limitations of each modality.

Methods
A literature search was carried out using ResearchGate,
Saudi Digital Library (SDL), Google Scholar, and Mendeley
databases between 2010 and 2021 (papers presented in
English) with the keywords “computed tomography,”
“magnetic resonance imaging,” “ultrasonography,” “optic
nerve sheath diameter,” and “optic nerve diameter.” Of the 60
articles analyzed, 42 were included in the review.

Results and Discussion
The results presented in Table 1 show good consensus in
the ONSD measurements performed by CT.

the mean ONSD using CT and measured at 3 mm distance from
the posterior globe was 5.4±0.6 mm. Jaggi et al.(17) reported
that in subjects without known optic nerve or intracranial
disease, the mean ONSD, measured by CT, was 6.3±0.5 mm
on the right side and 6.1±0.6 mm on the left side. A study
performed by Vaiman et al.(13) on 300 patients revealed that the
normal ONSD (3 mm behind the eye globe) was 4.94±1.51
mm on the right side and 5.17±1.34 mm on the left side. A
total of 256 cases (115 men and 141 women) with 512 normal
orbits were included in a study performed by Ko et al.(18) to
establish normative measurements of orbital structures using
CT in the Hong Kong population aged 21 to 91 years (mean
age, 58.2 years). The study found that the mean value of OND
was 4.4±1.7 mm. In a study by Giger-Tobler et al.(19) ONSD
measured (n=30) by CT was 5.2±1.11mm. The mean value of
ONSD measured at 3 mm behind the globe was 4.79±1.00 mm
in a study performed by Al-Tameemi et al.(7) ONSD, measured
by CT, was 4.4±0.5 mm in 200 healthy Nigerians.(8) In a study
by Rush et al.,(6) an average ONSD observed in 18 patients
who survived a cardiac arrest with the good neurological
outcome was 6.60±0.78 mm. All these measurements are
almost as accurate as MRI, with the advantage of CT having a
much faster scanning time, which would make it a promising
imaging modality when measuring with the utmost accuracy,
for example, before surgeries.
Through our investigation of MRI studies, we concluded
that MRI gets the most accurate and best results in measuring
the optic nerve (Table 2).
Table 2.
The optic nerve measurements (mm) performed by MRI.
Source

Right side Left side

Benevento et al.
ONSD, Mean±SD (range)
OND, Mean±SD (range)

Overall

(11)

Table 1.
The optic nerve measurements (mm) performed by CT.
Source

Right side

Left side

Giger-Tobler et al.(19)
ONSD, Mean±SD
Jaggi et al.(17)
ONSD, Mean±SD

Overall
5.2±1.11

6.3±0.5

6.1±0.6

Pricher et al.
ONSD, Mean±SD
(16)

Vaiman et al.(13)
ONSD, Mean±SD
Ko et al.(18)
OND, Mean±SD

5.4±0.6
4.94±1.51

Kim et al.(12)
ONSD,
Mean±SD (95% CI)

4.9±0.05 (4.0–6.0)
3.1±0.3 (2.6–4.0)
4.73±0.36 4.69±0.33
(4.67–4.78) (4.64–4.72)

Ko (20)
ONSD, Mean±SD
Watcharakorn (21)
ONSD, Mean±2SD
OND, Mean±2SD

4.37±0.52
5.10±1.07 5.13±1.03
2.76±0.66 2.74±0.66

Mncube & Goodier (10)
OND, Mean±SD (range)

5.17±1.34
4.4±1.7

Al-Tameemi et al.(7)
ONSD, Mean±SD

4.79±1.00

Itanyi et al.(8)
ONSD, Mean±SD

4.4±0.5

Rush et al.
ONSD, Mean±SD

6.66±0.78

(6)

Pricher et al.(16) found that in Caucasian subjects (mean
age of 68.9±10.9 years) without known optic nerve diseases,

4.27±0.53
(2.46–5.19)

EROĞLU SE et al. (22)
ONSD, Median (IQR)
Chandrappa et al.
ONSD, Mean±SD

4.71±0.31
(4.66–4.75)

4.40 (4.20–4.70)

(23)

3.52±0.69 3.69±0.71

MRI has high accuracy due to its high sensitivity, even
though its scanning time is extended. Thus, Benevento et
al.(11) performed a study to determine the range of OND and
ONSD in normal human eyes, measured 3 mm behind the
globe, using MRI coronal scans of 14 patients from 36 to 78
years. The mean value of ONSD and OND was 4.9±0.05 mm
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(range: 4.0–6.0 mm) and 3.1±0.3 mm (range: 2.6–4.0 mm),
respectively. In a study by Kim et al.,(12) the mean ONSD in
314 healthy adults was 4.71±0.31 mm (95% CI: 4.66–4.75
mm). The ONSD did not differ significantly between the right
and left eyes (P=0.106). Ko(20) found ONSD of 4.37±0.52 mm
in the patients (mean age of 59.7±17.8 years) with apparently
normal ICP. In a study by Watcharakorn et al.,(21) ONSD was
measured on 102 volunteers; the mean value of the right ONSD/
OND and left ONSD/OND at 3 mm behind the eye globe
was 5.10±1.07/2.76±0.66 mm and 5.13±1.03/2.74±0.66 mm,
respectively. Mncube & Goodier(10) showed that intracranial
OND at 5 mm behind the eye globe was 4.27±0.53 mm (range:
2.46-5.19 mm). The normal median ONSD value at 3 mm
behind the eye globe in 291Turkish adults with apparently
normal ICP was 4.40 mm (IQR: 4.20-4.70 mm).(22) In a study
by Chandrappa et al.,(23) analysis of 500 patients’ MRI data
showed that the mean value of the right ONSD and left ONSD
was 3.52±0.69 mm and 3.69±0.71 mm, respectively.
Thus, MRI has shown the closest results in the ONSD
measurement, indicating that the MRI may be classified as the
method of choice when accurate measurements of the optic
nerve are needed.
Analyzing the use of the three imaging modalities
(CT, MRI, and US) in measuring the optic nerve, we noticed
that most of the articles we found focused on the use of US
imaging technology. It is obvious that US is easy to do, fast,
and available in more places, from big hospitals to small-town
clinics, unlike MRI, which is usually unavailable in small
clinics due to it’s being much more expensive and bigger.
After analyzing the US measurements (Table 3), we
found a moderate convergence in the results of researchers
from different regions. In a prospective observational study
performed by Maude et al.(24) in Chittagong (Bangladesh),
ONSD measured using a 15MHz ultrasound probe in 136
healthy volunteers was in the IQR range of 4.25–4.75 mm
(median of 4.41mm). The US measurement performed by
Goeres et al.(25) and Giger-Tobler et al.(19) showed the mean
ONSD of 3.68 mm (95% CI: 2.85–4.40 mm) and 6.2±0.84
mm, respectively. The mean ONSD was 4.8±0.6 mm in
a study performed by Garcia et al.,(26) who examined 23
normal eyes by 3D ultrasound-based coronal "C-scan"
imaging. In a study by Bäuerle et al.,(27) US examinations
performed 3 mm behind the papilla in the right eyes of 15
healthy volunteers found a mean ONSD of 5.43±0.49 mm.
In a study by Anas,(28) which included 400 healthy Nigerian
adults, the right and left ONSDs at 3 mm posterior to the
globe were 4.18±0.49 mm and 4.17±0.44 mm (P=0.12),
respectively. A prospective study, which included 100 Hong
Kong Chinese adults, found that the mean ONSD measured
(at 3 mm behind the globe) using a 7.5 MHz linear probe was
4.05±0.19 mm.(29) Avci et al.(30) determined the ONSD value
by ocular ultrasonography in 195 healthy adults aged 65 with
normal ICP.; the mean ONSD of both eyes was 4.16±0.69
mm, and the difference between the ONSD of the left and
right eyes was 0.16±0.18 mm. In a study by Ertl et al.,(31)
the normal ONSD values were 4.9–5.3 mm in 187 healthy
volunteers. In 100 healthy volunteers of Pakistani origin,
the median of the right ONSD and left ONSD was 4.84 mm

Table 3.
The optic nerve measurements (mm) performed by US.
Source

Right side

Left side

Maude et al.(24)
ONSD, Median (IQR)

Overall
4.41
(4.25–4.75)

Garcia et al.(26)
ONSD, Mean±SD

4.8±0.6

Goeres et al.
ONSD, Mean (95% CI)

3.68
(2.85–4.40)

(25)

Giger-Tobler et al.(19)
ONSD, Mean±SD

6.2±0.84

Bäuerle et al.
ONSD, Mean±SD (range)

5.43±0.49
(4.6–6.4)

(27)

Anas(28)
ONSD, Mean±SD

4.18±0.49 4.17±0.44

Chan & Mok (29)
ONSD, Mean±SD

4.05±0.19

Avci et al.
ONSD, Mean±SD

4.16±0.69

(30)

Ertl et al.(31)
ONSD, range
Asghar et al.(32)
ONSD, Median (IQR)

4.9–5.3
4.84
4.86
(4.84–4.97) (4.85–4.96)

Rehman et al.(33)
ONSD, Mean±SD

4.33±0.38

Chen et al.(2)
ONSD, Median (IQR)

5.1
(4.7–5.4)

Wang et al.(34)
ONSD, Mean±SD

3.55±0.38

Soldatos et al.(35)
ONSD, Mean±SD (range)

3.6 ± 0.6
(2.2–4.9)

Ballantyne et al.(36)
ONSD, range
Lochner et al.(37)
ONSD, Mean±SD (range)
Kim et al.(38)
ONSD, Median (IQR)
Savi de Tové et al.(39)
ONSD, Mean±SD (95% CI)

3.4–3.6
5.95± 0.68
(4.5–7.7)
4.10
4.10
4.10
(3.80–4.40) (3.80–4.30) (3.85–4.35)
4.20±0.28
(4.17–4.24)

with the range of 4.84–4.97 mm (in 95% of individuals),
and 4.86 mm with the range of 4.85–4.96 mm (in 95% of
individuals), respectively.(32) In another study conducted
in Pakistan, US examinations performed 3 mm behind the
retina of 26 healthy volunteers (mean age of 34.69±4.79
years) found a mean ONSD of 4.33±0.38 mm.(33) Chen et
al.(2) reported that the median (IQR) of ONSD (assessed 3
mm behind the globe) in 519 healthy Chinese adults was
5.1 (4.7–5.4)mm. The 95% percentile of ONSD was 5.9
mm. Wang et al.(34) found that Chinese patients (mean age
of 43.59±15.79 years) with apparently normal ICP had
ONSD of 3.55±0.38 mm measured 3 mm posterior to the
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orbit. In a study by Soldatos et al.,(35) the ONSD measured 3
mm posterior to the papilla in 26 healthy Greek participants
(mean age of 49±19 years) was 3.6 ± 0.6 mm (range: 2.2–4.9
mm). Ballantyne et al.(36) found an average ONSD of 3.4–
3.6 mm in 67 healthy British people. In a study performed
by Lochner et al.,(37) OND and ONSD measured using a
4-11-MHz linear array transducer (3 mm behind the entry
of the nerve) in 20 healthy Italian individuals (mean age
46.3 ±16.4 years) were 3.08±0.38 mm (range: 2.1–3.8 mm)
and 5.95±0.68 mm (range: 4.5–7.7 mm), respectively. In
a study by Kim et al.,(38) a total of 585 individuals (mean
age of 21.4 ± 1.9 years) were included, in which the median
ONSD was 4.10 mm (IQR: 3.85–4.35 mm]. There was no
significant difference in ONSD between the right and left
eyes (P= 0.510). In a study by Savi de Tové,(39) ultrasound
ONSD was measured in 210 healthy black African adults;
the mean ONSD was 4.20±0.28 mm (95% CI:4.17–4.24 mm
and 95th percentile of 4.70 mm).
Thus, ultrasonography is still an effective imaging
modality in measuring the optic nerve, even though it is not
as accurate and dependable as MRI and CT.
After reviewing the data for the three different imaging
modalities, we found that ultrasound results differed from CT
and MRI more than CT and MRI differed from each other in
the measurements of ONSD. In contrast, CT has the closest
measurements to MRI. Thus, in a study by Giger-Tobler et
al.(19) ONSD measured (n=30) by ultrasound (6.2±0.84 mm)
was significantly (P<0.01) higher than ONSD in CT (5.2±1.11
mm) or MRI (5.3±1.14 mm). There was no significant (P=0.24)
difference between ONSD measured by CT and MRI. A study
performed by Shokoohi et al.(40) included 82 patients. The mean
axial and coronal ONSD in the MRI examinations was 5.6 mm
and 5.7 mm at 3-5.9 mm behind the globe, respectively. The
mean ONSD from the US measurements was 6.22 mm and
5.52 mm in the axial and coronal planes, respectively. Thus,
no concordance was found between US and MRI. In a study
by Kalantari et al.,(41) the discrepancy in measurements of the
ONSD between CT and MRI in the transverse plane was less
than the predetermined cut-off value of 0.2 mm. Steinborn
et al.(42) showed a good correlation of measurement values of
OND and ONSD between the high-resolution US and MRI
(mean difference of 0.02–0.97 mm).
Thus, the MRI modality gives the most accurate
measurements of the optic nerve, but it is also the most difficult
one since it has a long scanning time, which could make the
patient uncomfortable. In addition, MRI is unavailable in
most small clinics. CT has the closest measurements to MRI;
therefore, being cheaper than MRI with a short scanning
time, CT became more favorable in measuring the optic
nerve. Ultrasonography is still an effective imaging modality
in measuring the optic nerve, even though it is not as accurate
and dependable as MRI and CT.

most accurate measurements of ONSD we should be using
MRI (range: 4.0–6.0 mm). CT (range: 4.4–6.7 mm) would
provide the second most exact measurements after MRI.
Although CT and MRI provide the most consistent and
accurate measurements, ultrasound is more commonly used
(ONSD range: 3.4–7.7 mm) due to it’s being non-invasive,
easy to use, and easily available anywhere, from big hospitals
to small clinics, unlike CT and MRI. All three imaging
modalities can provide good measurements, and hopefully,
soon ultrasound will be as accurate as MRI in measuring the
optic nerve.
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Abstract
The aim of this study was to assess the prevalence, structure, and influence of anemic syndrome on the main health indicators
of patients with coronary heart disease (CHD), including the main parameters of the quality of life (QOL).
Methods and Results: The study included 1210 patients (309 men and 901 women) with an average age of 67.57±9.35
years who were registered at the dispensary with CHD (angina pectoris CCSA classes II-IV) in 2 Regional Hospitals. With the
help of the computer program “Monitoring system for patients with anemia syndrome,” medical records from 2 randomly selected
primary care areas were analyzed. The data directly related to anemia, comorbid pathology, and previous treatment formed the
main part of the statistical data. The QOL was evaluated using the 36-Item Short Form Survey (SF-36) questionnaire. The FACTAn questionnaire was used to account for the characteristic symptoms, and their severity, accompanying anemia.
Our findings indicate the presence of anemia in 500(41.3%) patients (355/71% women and 145/29% men). The average age
of the patients with diagnosed anemia was 65.34±6.37 years in men and 63.49±7.05 years in women. Anemia of mild severity was
observed in 410(82%) patients, moderate severity in 75(15%) patients, and severe anemia in 15(3%) patients. IDA was detected
in 467(93.4%) cases and B12-deficiency anemia in 33(6.6%) cases. We found a negative correlation between the blood iron level
and age (r=-0.56, P<0.05), which can indirectly indicate the progression of latent iron deficiency with age in CHD patients.
All 500 CHD patients with anemia were included in Group 1. Group 2 included 710 CHD patients without anemia. In
Groups 1 and 2, angina severity according to CCSA classification was as follows: CCSA class II - 186(37.2%) and 456(64.2%)
cases (P=0.000), CCSA class III – 248(49.6%) and 196(27.6%) cases (P=0.000), and CCSA class IV - 66(13.2%) and 58(8.2%)
cases (P=0.005), respectively. Group 1 patients, in contrast to Group 2 patients, had the following characteristic clinical features:
palpitation (48.2% vs. 35.0%, P=0.000), higher HR (81±9.5 bpm vs. 71.8±8.7 bpm, P=0.000) and respiratory rate (18.9±1.1 vs
18.3±1.2 per minute, P=0.000).
The assessment of the impact of anemia on QOL by FACT-An revealed a statistically lower Anemia subscale score in
Group 1 than in Group 2 (32.0±5.7 vs. 44.0±6.5, P=0.000). We found a positive correlation between the Hb level and the FACTAn Anemia subscale score (r=0.54, P<0.05). Patients in Group 1 demonstrated a low level of QOL in the physical and mental
domains, according to SF-36, in comparison with Group 2. Correlation analysis revealed a direct relationship between the Hb level
and the average score of the PF (physical functioning) scale (r=0.52, P<0.05)) and PCS (physical component summary) (r=0.38,
P<0.05)) of the SF-36 questionnaire.
The observed high incidence of anemic syndrome in CHD patients with angina pectoris (CCSA class II-IV) requires special
attention due to the high impact on the QOL of patients and aggravation of the course of the underlying disease.(International
Journal of Biomedicine. 2022;12(3):355-359.).
Keywords: anemia • сoronary heart disease • quality of life
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Abbreviations
BMI, body mass index; BP, bodily pain; CHD, coronary
heart disease; GH, general health; FACT-An, the Functional
Assessment of Cancer Therapy–Anemia; Hb, hemoglobin;
HR, heart rate; IDA, iron deficiency anemia; QOL, the quality
of life; RBC, red blood cell; RBCC, RBC count, MCV, mean
corpuscular volume; MCHC, mean corpuscular hemoglobin
concentration; MCH, mean corpuscular hemoglobin; MCS,
mental component summary; MH, mental health; PF,
physical functioning; PCS, physical component summary;
RP, role-physical functioning; RE, role emotional; SF, social
functioning; SF-36, the 36-Item Short-Form Health Survey;
SF, social functioning; VT, vitality.

Introduction
Anemia is a condition in which the number of red blood
cells or the hemoglobin concentration within them is lower than
the normal range.(1) This condition occurs for various reasons,
has different results, and may require specific treatment tactics
from a general practitioner or a hematologist.(2) Anemia is a
quite common pathology.(3,4) According to statistics, 32.9% of
the world’s population suffers from anemia, indicating this
nosology’s widespread prevalence.(5)
The anemic syndrome often accompanies many chronic
diseases (cardiovascular diseases, chronic kidney diseases,
oncological diseases), worsening the course and progression
of these pathologies. Considering that most patients are older
people with a sufficient number of concomitant diseases, this
problem remains actual.(6,7)
The aim of this study was to assess the prevalence,
structure, and influence of anemic syndrome on the main
health indicators of patients with coronary heart disease
(CHD), including the main QOL parameters.

Materials and Methods
The study included 1210 patients (309 men and 901
women) with an average age of 67.57±9.35 years who were
registered at the dispensary with CHD (angina pectoris CCSA
classes II-IV) in 2 Regional Hospitals.
With the help of the computer program “Monitoring
system for patients with anemia syndrome,” medical
records from 2 randomly selected primary care areas were
analyzed. The information about patients in the registry
included personal data, anamnesis data, and laboratory and
instrumental test results. The data directly related to anemia,
comorbid pathology, and previous treatment formed the main
part of the statistical data.(8) Anthropometric information, ECG
archive, and coronary angiography data were also evaluated,
as were the blood test parameters, such as hemoglobin (Hb)
level, red blood cell count (RBCC), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), leukocyte
formula, the levels of platelets, serum iron and vitamin B12,
and morphological changes in erythrocytes (anisocytosis,
poikilocytosis).

The main criteria for anemia were Hb<130 g/L and
RBCC<4×1012/L for men, Hb<120 g/L, and RBCC<3.8×1012/L
for women.(9) Criteria for iron deficiency anemia (IDA)
included MCV<80 fL, MCH<26 pg, MCHC<320 g/L, serum
iron <9 mmol/L, anisocytosis, and poikilocytosis. Criteria
for vitamin B12-deficiency anemia included MCV>95 fL,
MCH>33 pg, MCHC from 320 g/L to 380 g/L, serum iron
level >9 mmol/L, serum vitamin B12<100 pg/mL.
According to the severity, anemia was divided into mild
(Hb≥90 g/L), moderate (Hb from 90 g/L to 70 g/L), and severe
(Hb<70 g/L).
All patients underwent the following examinations:
12-lead ECG, Echocardiography, 24-hour Holter monitoring,
treadmill test, and coronary angiography.
Stable angina severity was assessed according to
the Canadian Cardiovascular Society angina (CCSA)
classification.(10) The diagnosis of coronary artery disease
included angina pectoris CCSA classes II-IV and documented
history of previous myocardial infarction.
The QOL was evaluated using the 36-Item Short Form
Survey (SF-36) questionnaire.(11) The SF-36 contains eight
domains: Physical functioning [PF (10 items)], Role-physical
[RP (4 items)], Bodily Pain [BP (2 items)], General Health
[GH (5 items)], Vitality [VT (4 items)], Social functioning [SF
(2 items)], Role-emotional [RE (3 items)], and Mental Health
[MH (5 items)]. These eight scales can be aggregated into two
summary measures: the Physical Component Summary (PCS)
and Mental Component Summary (MCS). Anemia-related
domains such as the Vitality and Physical functioning were
previously identified to be of special interest.(12,13)
The FACT-An questionnaire (14,15) was used to account for
the characteristic symptoms, and their severity, accompanying
anemia. The FACT-An includes 13 fatigue-specific items (the
Fatigue Subscale) plus an additional 7 items specific to anemia
and unrelated to fatigue. Anemia subscales such as FACT-An
Total, Fatigue subscale, and Anemia subscale are of special
interest. Higher scores indicate better health status.(16)
Statistical analysis was performed using Microsoft
Excel software package. For descriptive analysis, results
are presented as mean±standard deviation (SD). Inter-group
comparisons were performed using Student’s t-test. Pearson’s
correlation coefficient (r) was used to determine the strength
of the relationship between the two continuous variables.
A probability value of P<0.05 was considered statistically
significant.
The study was approved by the Ethics Committee
of Voronezh State Medical University named after N. N.
Burdenko.

Results and Discussion
The results of the study are presented in Tables 1 and 2.
Our findings indicate the presence of anemia in 500(41.3%)
patients (355/71% women and 145/29% men). The average
age of the patients with diagnosed anemia was 65.34±6.37
years in men and 63.49±7.05 years in women. Anemia of
mild severity was observed in 410(82%) patients, moderate
severity in 75(15%) patients, and severe anemia in 15(3%)
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patients. IDA was detected in 467(93.4%) cases and B12deficiency anemia in 33(6.6%) cases.
All patients were divided into 2 groups. Group 1
included 500 CHD patients with anemia. Group 2 included
710 CHD patients without anemia.
In Group 1 patients, the average serum iron level
(5.6±1.1 mmol/L) was lower than in patients with B12deficiency anemia (11.1±2.6 mmol/l) on 49.5% (P<0.001),
as well as MCV on 19.3% (74.1±1.8 fL vs. 91.8±4.2 fL,
P<0.01).
We found that 208(41.6%) cases of anemia were
diagnosed as a concomitant disease, and in 292(58.4%) cases,
anemia was not included in the diagnosis.
In Groups 1 and 2, angina severity according to CCSA
classification was as follows: CCSA class II - 186(37.2%) and
456(64.2%) cases (P=0.000), CCSA class III – 248(49.6%)
and 196(27.6%) cases (P=0.000), and CCSA class IV 66(13.2%) and 58(8.2%) cases (P=0.005), respectively.
Group 1 patients, in contrast to Group 2 patients, had the
following characteristic clinical features: palpitation (48.2%
vs. 35.0%, P=0.000), higher HR (81±9.5 bpm vs. 71.8±8.7
bpm, P=0.000) and respiratory rate (18.9±1.1 vs 18.3±1.2 per
minute, P=0.000).
The assessment of the impact of anemia on QOL by
FACT-An revealed a statistically lower Anemia subscale score
in Group 1 than in Group 2 (32.0±5.7 vs. 44.0±6.5, P=0.000)
(Table 1).

with anemia. The SF score of 87.0±5.4 points in Group
1, reflecting limitations on social activity due to health
problems, indicated a relatively weak effect of anemia on
social activity. However, in Group 2, this score was much
higher and reached 100. The RE score was 0.0 in Group 1,
reflecting a greater effect of anemia on the emotional state of
the CHD patients. The MH score, reflecting general mental
health (psychological distress and well-being), was below 37
points in 75% of patients in Group 1, which can be interpreted
as severe psychological distress on the background of
anemia. In Group 2, the MH score was 52.0±6.4 vs. 36.0±7.1
in Group 1 (P=0.000). The MCS, combining items from the
VT, SF, RE, and MH scales with corresponding weighting
coefficients, was 36.0±7.1 and 41.2±5.1 in Groups 1 and
2, respectively. Differences between groups amounted to 5
points in the median and 5-6 points in the upper and lower
quartiles, which was not clinically significant. However, the
differences between the groups were statistically significant
(P=0.000).
Table 2.
QOL indicators on the SF-36 scales in patients of the studied
groups.
SF-36 scale

Group 1

Group 2

P-level

PF

40.0 ±5.5

53.0 ±6.1

0.000

RP

0.0

10.0 ±3.3

-

Table 1.

BP

22.0±6.7

32.0±5.1

0.000

The FACT-An Anemia subscale score in patients of the studied
groups.

GH

40.0±8.7

50.0±7.1

0.000

PGS

31.5±9.1

41.5±8.3

0.000

FACT-An

Group 1

Group 2

P-level

VT

30.0±7.4

47.0±9.9

0.000

Anemia subscale

32.0 ±5.7

44.0 ±6.5

0.000

SF

87.0±5.4

100.0

0.000

RE

0.0

13.3±4.1

-

MH

36.0±7.1

52.0±6.4

0.000

MGS

37.1±3.3

41.2±5.1

0.000

We found a positive correlation between the Hb level
and the FACT-An Anemia subscale score (r=0.54, P<0.05)
and BMI (r=0.21, P<0.05), and a negative correlation
between the Hb level and and HR (r= -0.22, P<0.05).
Patients in Group 1 demonstrated a low level of QOL
in the physical and mental domains, according to SF-36,
in comparison with Group 2 (Table 2). In Group 1, about
50% of patients showed PF scores of less than 40 points.
In Group 2, 75% of patients had these indicators more than
52 points. In Group 1, the RP score was 0.0, compared to
13 points in Group 2. The differences between the groups
before and after treatment were statistically significant. The
BP score was 22.0±6.7 in Group 1 versus 32.0±5.1 in Group
2 (P=0.000). The GH score was also lower in Group 1 than
in Group 2. The PCS, combining items from the PF, RP, BP,
and GH scales with corresponding weighting coefficients,
was 31.5±9.1 and 41.5±8.3 in Groups 1 and 2, respectively
(P=0.000).
The VT score decreased to 30.0±7.4 points in Group
1, compared to 47.0±9.9 points in Group 2 (P=0.000),
indicating a significant decrease in QOL in CHD patients

Correlation analysis revealed a direct relationship
between the Hb level and the average score of the PF scale
(r=0.52, P<0.05) and PCS (r=0.38, P<0.05) of the SF-36
questionnaire. We found a negative correlation between
the blood iron level and age (r=-0.56, P<0.05), which can
indirectly indicate the progression of latent iron deficiency
with age in CHD patients.
Anemia, particularly iron deficiency hypochromic
microcytic anemia, is a medical-social problem. IDA prevalence
and severity are largely determined by the life standard, the
nature of nutrition, and cultural traditions. Anemia usually
accompanies chronic diseases in therapeutic profile patients,
mainly having cardiovascular pathology.(17-20) In individuals
over 60 years old anemia significantly impaired overall survival
and health-related quality of life.(20-23) Multiple studies have
shown decreased survival in older anemic individuals.(24-26) In
this connection, increased education regarding IDA and a focus
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on earlier diagnosis of IDA is very important in order to improve
the QOL of patients with anemia.
The medical MIS module «Monitoring system for
patients with anemia syndrome» in primary care contributes
to the rapid assessment of the results of examinations and
therapy of patients with anemia, allowing the correction of
IDA. High-quality data entered into the registers of patients
with various pathologies contributes to the timely correction
of treatment and improvement of the patient’s QOL.
Targeting groups of patients who need active detection
and treatment of IDA through the use of the computer program
«Monitoring system for patients with anemia syndrome»
provided an increase in IDA control. Dynamic detection and
treatment of anemic syndrome accompanying other chronic
diseases (in particular, CHD) were followed by a decrease
in the need for primary health care mainly and, to a lesser
extent, in inpatient medical care over the year. Improving
the effectiveness of IDA treatment through the use of the
aforementioned computer program has led to an improvement
in all components of the QOL.

Conclusion
The observed high incidence of anemic syndrome
in CHD patients with angina pectoris (CCSA class II-IV)
requires special attention due to the high impact on the QOL
of patients and aggravation of the course of the underlying
disease. The severity of anemia syndrome is directly
proportional to the age of patients and is more common in
women in the form of IDA. In our study, most CHD patients
(82%) had mild anemia; IDA was more common (93.4%).
CHD patients with reduced Hb levels are more likely to suffer
from palpitations and shortness of breath. IDA primarily
affects the physical components of the QOL and, to a lesser
extent – the mental ones.
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Abstract
The purpose of this study was to assess the clinical and genetic features of the course of hypertension, complicated by a
hypertensive crisis in the inhabitants of the Aral Sea region.
Methods and Results: The study included 132 patients (52 men and 80 women) with AH who applied at least 5 times
(4.9±2.4) during 1 year to the Nukus Emergency Medical Care Center with a diagnosis of “Uncomplicated hypertensive crisis.”
The mean age of the patients was 57.2±11.6 years, the mean duration of AH ‒ 8.85±3.4 years. The control group consisted of 50
healthy people (mean age of 52.7±6.4 years), women and men in equal proportions. A cardio Hypertension Panel of multiplex
RT-PCR assay was used to detect 4 SNP [ADD1 rs4961 (G460T), GNB3 rs5443 (C825T), AGT rs4762 (C521T), and AGT rs699
(T704C)]. To assess the strength of the association between a genetic marker and AH, measured by the OR, we used multiplicative
and additive models.
According to the results of office BP measurement, the average SBP corresponded to AH Grade 3 (200.8±22.6 mmHg), and
DBP corresponded to AH Grade 2 (105.4±7.62 mmHg). All AH patients, regardless of gender, were diagnosed with left ventricular
hypertrophy and increased carotid intima-media thickness. Microalbuminuria was detected in 89 (67.4%) patients, proteinuria in
39 (29.6%) patients. Among AH patients, 88% had a high salt taste sensitivity threshold (STST) and 12% had a medium STST
(χ²=269.455, P=0.0001). Analysis of the multiplicative and additive models for the AGT rs699 (Т704С) SNP showed a significant
risk of AH with the carriage of the T allele (OR=3.70, 95% CI: 1.88-7.26, P=0.000) and the homozygous TT genotype and
heterozygous CT genotype (OR=12.55, 95% CI: 0.72-218.80, P=0.000, and OR=2.67, 95% CI: 1.24-5.74, P=0.000, respectively).
At the same time, the carriage of the C allele and CC genotype may be protective against the development of AH in individuals of
the Aral Sea region. Analyzing the additive models, we also found a significant risk of AH with the carriage of the homozygous CC
genotype of the AGT rs4762 (C521T) SNP (OR=5.92, 95% CI: 2.78-12.63, P=0.000). For the ADD1 rs4961 (G460Т) SNP and the
GNB3 rs5443 (C825T) SNP, we did not find associations with the risk of AH. The presence of ethnic differences in the prevalence
and associative links of AH candidate genes with the development of the salt-sensitivity phenotype require further extended
searches in this direction, especially in the Aral Sea region.(International Journal of Biomedicine. 2022;12(3):360-366.).
Keywords: arterial hypertension • salt sensitivity • Aral Sea • candidate genes
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AH, arterial hypertension; AHT, antihypertensive therapy; AGT, angiotensinogen; ACEIs, angiotensin-converting enzyme
inhibitors; ARBs, angiotensin receptor blockers; BP, blood pressure; CIMT, carotid intima-media thickness; CCBs, calcium
channel blockers; DBP, diastolic BP; eGFR, estimated glomerular filtration rate; HWE, Hardy–Weinberg equilibrium; LVH,
left ventricular hypertrophy; LVMI, left ventricular mass index; MAU, microalbuminuria; RAAS, renin-angiotensin-aldosterone
system; SBP, systolic BP; SSH, salt-sensitive hypertension; STST, the salt taste sensitivity threshold.
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Introduction
The disappearance of the Aral Sea is an ecological
catastrophe of our time.(1) The Aral Sea was the fourth
largest lake in the world by water surface area in 1960.
Water withdrawal for irrigation was a primary reason for the
desiccation of the lake. The Aral Sea surface area has declined
from 68,000 km2 in 1960 to 14,280 km2 in 2010, water volume
reduced from 1,093.0 km3 in 1960 to 98.1 km3 in 2010, and
salinity increased from 10 g/L in 1960 to 130 g/L in 2010.(2)
Local climate change has occurred simultaneously with the
disappearance of water. An arid, sharply continental climate
in the Aral Sea basin, a high salinity level, pollution, and lack
of drinking water, all of which are harmful to human health.
(1)
More than one generation has already changed, struggling
with this environmental catastrophe, which undoubtedly has
affected the health of the population of the Aral Sea region,
and in particular, the phenotype of arterial hypertension (AH).
According to the STEPS study, conducted in Uzbekistan
in 2019, the prevalence of hypertension among the adult
population aged 18-69 years was 38%; 34.4% of respondents
had high salt intake, according to their response to the
following item on the questionnaire: “always or often add
salt, salty sauces or savory gravies before or during meals”;
and one sixth of the population ate less than 5 servings of
vegetables and/or fruits per day, on average. Patients with
hypertension in the Aral Sea zone are subject to both climatic
and environmental impacts, as well as the impact of high
blood pressure (BP) on target organs and cardiovascular risk.
At the same time, despite the widespread clinical introduction
of combined antihypertensive therapy, in some patients it is
not possible to control BP and achieve the target level. Patients
with uncontrolled hypertension have a worse prognosis for both
cardiovascular events and the development of complications
in the form of hypertensive crises. It should be noted that
properly selected, rational antihypertensive therapy, patients’
adherence to treatment and adherence to a healthy lifestyle—
in particular, reducing the amount of NaCl consumed to the
WHO recommended <5g/day— contribute to the control of
BP. The significance of high salt intake and the development
of salt-sensitive hypertension (SSH) was previously noted in
our earlier publications.
AH is a complex trait determined by both genetic and
environmental factors. To date, more than 90 different genetic
polymorphisms that appear to be associated with high BP have
been identified.(3) Most interest in the genetic polymorphisms
linked to SSH has focused on the genes involved in sodium
transport (NKCC1), genes involved in regulating the RAAS
(AGT, ACE), and the ADD1 and CNB3 genes.
The purpose of our study was to assess the clinical and
genetic features of the course of hypertension, complicated by
a hypertensive crisis in the inhabitants of the Aral Sea region.

Materials and Methods
The study included 132 patients (52 men and 80
women) with AH who applied at least 5 times (4.9±2.4)
during 1 year to the Nukus Emergency Medical Care Center
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with a diagnosis of “Uncomplicated hypertensive crisis.”
The mean age of the patients was 57.2±11.6 years, the mean
duration of AH ‒ 8.85±3.4 years. Exclusion criteria were
complicated hypertensive crisis, acute coronary syndrome,
acute cerebrovascular accident, exfoliating aortic aneurysm,
severe co-morbid conditions, cardiac arrhythmias, chronic
heart failure (NYHA FC>III) in the stage of decompensation.
Examination of AH patients with uncomplicated
hypertensive crises was carried out within 10-15 minutes of
admission, according to the recommendations of the ESC/
ESH (2018).(4) Emergency care included captopril 25–50 mg
SL or urapidil 5–10 mg IV bolus.
All patients underwent the following examinations:
assessment of traditional risk factors, physical examination,
clinical and biochemical laboratory methods, 12-lead ECG,
and echocardiography. Office BP was measured using a
mercury sphygmomanometer, according to Korotkov’s
method. BP was measured 3 times, and the means of these
measurements were used in the analyses.
Echocardiography was carried out according
to the recommendations of the American Society of
Echocardiography in M- and B-modes using Philips EnVisor
C Ultrasound Machine (the Netherlands). Left ventricular
hypertrophy (LVH) was defined as LVMI of >95 g/m2 (for
women) and >115 g/m2 (for men).(4) CCA IMC thickness was
assessed for both left and right carotid arteries using a 7.5
MHz linear array transducer (Sonoline Versa Pro ultrasound
system, Siemens, Germany).
The salt taste sensitivity threshold (STST) was
assessed according to the method of R. Henkin.(5) The level
of MAU (albumin in 24-hour urine between 30-300 mg) was
determined by the enzymatic method, using the biochemical
analyzer Daytona TM (Rendox, Great Britain).
The genetic part of the study included 96 AH patients
(56 women and 40 men) with uncomplicated hypertensive
crisis and mean age of 55.3±8.6 years. The control group
consisted of 50 healthy people (mean age of 52.7±6.4 years),
women and men in equal proportions.
Genomic DNA samples were isolated from the
peripheral blood leukocytes by using the PROBA-RAPID kit
according to manufacturer`s protocol. A cardio Hypertension
Panel of multiplex RT-PCR assay was used to detect 4 SNP
[ADD1 rs4961 (G460T), GNB3 rs5443 (C825T), AGT rs4762
(C521T), and AGT rs699 (T704C)].
Statistical analysis was performed using the statistical
software «Statistica». (v10.0, StatSoft, USA). The normality
of distribution of continuous variables was tested by onesample Kolmogorov-Smirnov test. For descriptive analysis,
results are presented as mean±standard deviation (SD), median,
interquartile range (IQR; Q1 to Q3). Means of 2 continuous
normally distributed variables were compared by independent
samples Student’s t test. The Mann-Whitney U Test was used
to compare the differences between the two independent groups
(for nonparametric data). Group comparisons with respect to
categorical variables were performed using chi-square test.
A probability value of P<0.05 was considered statistically
significant. Genetic markers for HWE were tested. Differences
in the allele and genotype distribution between the groups were
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assessed by χ2- test with Yates correction or Fisher’s exact
test, when appropriate. Odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated. Two genetic models were
analyzed: the additive inheritance model (Cochran-Armitage
Linear Trend Test) and the multiplicative inheritance model.
The study protocol was reviewed and approved by the
Ethics Committee of the Republican Specialized Centre of
Cardiology. All participants provided the written informed
consent.

Table 1.

Results
According to the results of office BP measurement,
the average SBP corresponded to AH Grade 3 (200.8±22.6
mmHg), and DBP corresponded to AH Grade 2 (105.4±7.62
mmHg). Heart rate was 79.86±11.54 bpm. About 86% of
patients were diagnosed with obesity degree 1-2 (BMI
30.2±4.78 kg/m²), and 30.3% of patients with coronary
artery disease FC I-II. A history of MI was found in 8.3%
of patients, Type 2 diabetes mellitus in 19.5% of cases, and
the consequences of a stroke 6 months prior in 6.06% of
cases. Analysis of the survey of previous therapy showed that
41(31%) patients were not treated, although they previously
knew about the increase in BP; 79(60%) patients received
only one antihypertensive medication, of which more than half
were treated with RAAS blockers; and the rest of the patients
were equally treated with beta-blockers and BCCs. Dual AHT
was noted in 10(7.5%) patients and triple AHT in 2 patients. A
diuretic was included in combined AHT only in 1 case. Thus,
patients with uncontrolled hypertension did not receive proper
AHT, and one third of patients did not take antihypertensive
medication, which was the reason for the development of the
uncomplicated hypertensive crisis.
All AH patients, regardless of gender, were diagnosed
with LVH and increased CIMT. MAU was detected in
89(67.4%) patients, proteinuria in 39(29.6%) patients. Thus,
in our AH patients, the presence of multiple hypertensionmediated organ damage (LVH, vascular and renal damage)
was revealed against the background of uncontrolled
hypertension (Table 1), which indicates a high and high-tovery-high cardiovascular risk.
Among AH patients, 88% had a high STST and 12%
had a medium STST (χ²=269.455, P=0.0001). In the control
group, there were persons with low, medium, and high STST,
while persons with medium and high STST accounted for 70%
(χ²=0.78 P=0.677). However, there were significant intergroup
differences in reaching the threshold concentration of NaCl
and in the amount of sodium ions excreted in the urine, which
indicates a greater intake of dietary sodium in AH patients and
characterizes hypertension as SSH.
The case-control design is often employed for testing the
association between a marker and a disease. In a case-control
study, the strength of an association is measured by the odds
ratio (OR). Given 2 alleles (A, a) of an SNP, the 3 possible
genotypes (AA, Aa, aa) can be dichotomized in different ways
yielding different genetic models.(6) In our study, we used
multiplicative (A vs. a) and additive (AA vs. aa, AA vs. Aa,
and Aa vs. aa) models.

Markers of target organ damage and STST data in AH patients and
controls
AH patients
(n=132)

Control group
(n=50)

Р

LVMI, g/m2

171.62±30.9

82.2±20.1

0.000

CIMT, mm

1.24±0.16

0.8±0.1

0.000

MAU, mg/24-h

221.0±130.2

19.4±5.2

0.000

eGFR
mL/min/1.73m²

65.2±18.8

101.4±8.5

0.000

0.48±0.22%
0.64 [0.32; 0.64]

0.21±0.14
0.16 [0.08; 0.32]

0.000

Variable

NaCl,%
(Henkin test)

Na+ in daily urine,
162.4±42.8
121.9±42.3
mmol/L
166.4 [133.5; 202.4] 129.6 [85.2; 158.8] 0.000

The HWE plays an important role in genetic
epidemiologic studies. If the controls are in HWE, the cases
may then be tested. There are many factors that can result in
deviation from HWE, such as a genotyping error, population
stratification, and so on (7-10). If the cases are in HWE, the data
may be analyzed by allele counting, as any genetic effect is
consistent with a multiplicative model.(11) In the absence of
HWE in controls, the allelic association test is not suitable
and alternative methods must be used to test for multiplicative
models.(12) The Cochran–Armitage trend test (CATT),(13,14)
which utilizes an additive model, is usually more powerful
than Pearson’s chi-squared test with 2df.(15)
The distribution of polymorphic markers of the ADD1
rs4961 (G460T), GNB3 rs5443 (C825T), AGT rs4762 (C521T),
and AGT rs699 (T704C) is presented in Table 2.
The distribution of polymorphic markers of the ADD1
rs4961 (G460T) SNP in AH patients and controls was in
HWE. An analysis of the frequency distribution of alleles of
the ADD1 rs4961 (G460T) showed that the carriage of the G
allele was dominant in AH patients (65.4% vs. 34.6% for the T
allele; χ2=35.787, P=0.000) and controls (66% vs. 34% for the
T allele; χ2=20.48, P=0.000). In AH patients and controls, the
genotype distribution was as follows: GG=40.4%, GT=50%,
TT=9.6% (χ2=37.755, P=0.000) and GG=44%, GT=44%,
TT=12% (χ2=15.36, P=0.001), respectively.
The distribution of polymorphic markers of the GNB3
rs5443 (C825T) SNP in controls was in HWE. We found
HWE was absent in AH patients. An analysis of the frequency
distribution of alleles of the GNB3 rs5443 (C825T) SNP
showed that the carriage of the C allele was dominant in AH
patients (67.6% vs. 32.4% for the T allele; χ2=46.34, P=0.000)
and controls (65% vs. 35% for the T allele; χ2=18.0, P=0.000).
In AH patients and controls, the genotype distribution was
as follows: CC=39.4%, CT=56.4%, TT=4.2% (χ2=59.77,
P=0.000) and CC=42%, CT=46%, TT=12% (χ2=15.54,
P=0.000), respectively.
The distribution of polymorphic markers of the AGT
rs4762 (C521T) SNP in controls was not in HWE. An
analysis of the frequency distribution of alleles of the AGT
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rs4762 (C521T) showed that the carriage of the C allele was
dominant in both AH patients (87.8% vs. 12.2% for the T
allele; χ2=214.5, P=0.000) and controls (70% vs. 30% for the
T allele; χ2=32.0, P=0.000.). In AH patients and controls, the
genotype distribution was as follows: CC=79.8%, CT=16%,
TT=4.2% (χ2=139.8, P=0.000) and CC=40%, CT=60%,
TT=0 (χ2=42.0, P=0.000), respectively. Thus, we revealed a
significant predominance of the homozygous CC genotype in
patients and the heterozygous CT genotype in controls in the
absence of the homozygous TT genotype.
The distribution of polymorphic markers of the AGT
rs699 (Т704С) SNP in AH patients and controls was in HWE.
An analysis of the frequency distribution of alleles of the AGT
rs699 (Т704С) SNP showed that the carriage of the C allele
was dominant in both AH patients (66.5% vs. 33.5% for the T
allele; χ2=40.894, P=0.000) and controls (88% vs. 12% for the
T allele; χ2=115.52, P=0.000). In AH patients and controls, the
genotype distribution was as follows: CC=43.6%, CT=45.8%,
TT=10.6% (χ2=32.777, P=0.000) and CC=76%, CT=24%,
TT=0 (χ2=67.92, P=0.000), respectively. Thus, in contrast to
AH patients, the homozygous CC genotype was dominant in
healthy individuals.
To assess the strength of the association between
a genetic marker and AH, measured by the OR, we used
multiplicative (Table 3) and additive (Table 4) models. Taking
into account the absence of HWE in controls for the AGT
rs4762 (C521T) SNP, the multiplicative model was excluded
in this case.
Analysis of the multiplicative and additive models for
the AGT rs699 (Т704С) SNP showed a significant risk of AH

Table 3.
Genetic predisposition to AH (the multiplicative inheritance model)
Frequency of
alleles

Gene SNP Allele

χ2

P

OR (95% CI)

AH Control
rs4961
ADD1 G460Т
rs5443
GNB3 C825T
rs699
AGT Т704С

G

0.654 0.660

Т

0.346 0.340

C

0.68

0.65

Т

0.32

0.35

C

0.665

0.88

Т

0.335

0.12

0.01 0.996

0.19 0.909

15.68 0.000

0.97 (0.58-1.63)
1.03 (0.62-1.71)
1.12 (0.67-1.87)
0.89 (0.53-1.49)
0.27 (0.14-0.53)
3.70 (1.88-7.26)

with the carriage of the T allele (OR=3.70, 95% CI: 1.88-7.26,
P=0.000) and the homozygous TT genotype and heterozygous
CT genotype (OR=12.55, 95% CI: 0.72-218.80, P=0.000, and
OR=2.67, 95% CI: 1.24-5.74, P=0.000, respectively). At the
same time, the carriage of the C allele and CC genotype may
be protective against the development of AH in individuals of
the Aral Sea region.
Analyzing the additive models, we also found a
significant risk of AH with the carriage of the homozygous
CC genotype of the AGT rs4762 (C521T) SNP (OR=5.92,
95% CI: 2.78-12.63, P=0.000). For the ADD1 rs4961 (G460Т)
SNP and the GNB3 rs5443 (C825T) SNP, we did not find
associations with the risk of AH.

Table 2.
The distribution of polymorphic markers of the ADD1 rs4961 (G460T), GNB3 rs5443 (C825T), AGT rs4762 (C521T), and AGT rs699
(T704C ) in AH patients and controls.
Gene

ADD1

GNB3

AGT

AGT

SNP

rs4961
G460Т

rs5443
C825T

rs4762
C521T

rs699
Т704С

Genotype

AH

HWE

GG

0.404

0.428

GT

0.500

0.452

TT

0.096

CC

χ2

P

Control

HWE

0.440

0.436

0.440

0.449

0.120

0.120

0.116

0.394

0.456

0.420

0.423

CT

0.564

0.438

0.460

0.455

TT

0.043

0.105

0.120

0.123

CC

0.798

0.770

0.400

0.490

CT

0.160

0.215

0.600

0.420

TT

0.042

0.015

0.000

0.090

CC

0.436

0.442

0.760

0.774

CT

0.457

0.446

0.240

0.211

TT

0.106

0.112

0.000

0.014

1.040

7.698

6.205

0.066

0.5945

0.0213

0.0449

0.9674

χ2

0.019

0.006

9.184

0.93

P

0.9904

0.9970

0.0101

0.6282

Allele

Frequency of alleles
AH

Control

G

0.654

0.66

T

0.346

0.34

C

0.68

0.65

T

0.32

0.35

C

0.878

0.70

T

0.122

0.30

C

0.665

0.88

T

0.335

0.12
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Table 4.

Gene

SNP

Genotype

Genetic predisposition to AH (the additive inheritance model
[CATT])

AH Control

χ2

P

OR (95% CI)

GG 0.40

0.44

rs4961
ADD1 G460Т GТ 0.50

0.86 (0.43-1.73)

0.44

ТТ 0.10

0.12

CC 0.394

0.42

0.896 (0.45-1.80)

rs5443 CT 0.564
GNB3 C825T

0.46

0.16 0.924 1.52 (0.76-3.02)

TT 0.042

0.12

0.33 (0.09-1.21)

СС 0.798 0.400

5.92 (2.78-12.63)

0.01 0.995

1.27 (0.64-2.54)
0.78 (0.26-2.32)

rs4762
0.13 (0.06-0.28)
AGT C521T СТ 0.160 0.600
14.30 0.000
ТТ 0.043 0.000
5.02 (0.26-95.19)
СС 0.436
rs699
AGT Т704С СТ 0.458

0.76

ТТ 0.106

0.00

0.24

0.24 (0.11-0.53)
10.57 0.005

2.67 (1.24-5.74)
12.55 (0.72-218.80)

Discussion
As is known, environmental conditions play an
important role in the mechanisms of development of saltsensitive hypertension. In the Aral Sea region, they are
extremely unfavorable in terms of salinity of the soil and
water, which, of course, leads to excessive consumption of
sodium chloride. Apparently, the increased consumption
of sodium chloride in the Aral Sea region leads to a large
amount of SSH and a complicated course of the disease.
However, until now, it remains unclear in whom and to
what extent excessive consumption of sodium chloride has a
pathological effect on the level of BP. It is known that among
those who take a significant amount of salt with food, AH
does not develop in all cases. And vice versa, as practice
shows, restriction of salt intake does not always lead to a
significant decrease in BP of AH patients. In this regard, it is
suggested that sodium chloride has a significant effect on the
regulation of BP only in individuals with a certain hereditary
background.
In a number of works,(16,17) not only an increase in
STST in essential hypertension was noted, but also its
genetic determination in families of AH patients. Thus, in the
Rostov population, the hereditary predisposition to AH was
determined by the coefficient of heritability of STST, which
amounted to 0.425 (P<0.05),(16) i.e. the genetic variability
of STST was determined by 42.5%, while the phenotypic
variability was determined by 57.5%, which justifies the need
for preventive measures (restriction of dietary sodium intake)
among healthy relatives of AH patients.

Individual components of the RAAS also predispose
people to the formation of increased salt sensitivity.(18) The
presence of a genetic predisposition to salt sensitivity is
evidenced by the results of observing Kuna Indians, who
lived in isolation on the San Blas Islands for a long time and,
therefore, consumed practically no salt. Over the past 50
years, the diet of many of them began to contain the same
amount of sodium as that of the inhabitants of nearby Panama,
but, unlike the latter, their BP remains stably normal.(19)
Salt sensitivity is estimated to be present in 51% of the
hypertensive and 26% of the normotensive populations.(18) The
individual blood pressure response to salt is heterogeneous
and possibly related to inherited susceptibility. Previous
family studies have documented a moderate to high
heritability of salt sensitivity, generally ranging from 22%
to 84%.(20-22) Linkage analyses and genetic association
studies have suggested that genetic mechanisms may play
a pivotal role in BP salt sensitivity.(23) A number of genes
that predispose one to salt sensitivity have already been
established in humans.(24-31)
Liu et al.(32) conducted a meta-analysis of 22 studies
including 14,303 hypertensive patients and 15,961
normotensive patients, which demonstrated a significantly
insignificant association of the T allele of the ADD1
G460T SNP with the risk of developing AH, compared
with the G allele (P=0.69, OR=1.02, 95% CI: 0.94-1.10, P
heterogeneity<0.0001). Meta-analysis conducted on other
genetic traits also did not reveal significant differences in the
general population, as in Caucasians, East Asians and other
populations. Thus, the conducted meta-analysis did not prove
the association of the ADD1 G460T SNP with AH.
In a study by Marlin,(33) an increase in serum sodium levels
with a simultaneous decrease in potassium concentration was
observed in the presence of the TT variant of the GNB3 rs5443
(C825T) SNP, which contributes to a significant increase
in the activity of the renal Na+/H+ transporter. Thus, the
products of most of the genes involved in the development of
salt sensitivity, one way or another, are involved in regulating
renal transport of sodium, contributing to its retention in the
body.
Our previous results(34) indicate a significantly greater
accumulation of the G allele of the ADD1G460Т SNP among
patients with salt-resistant AH than among patients with SSH.
Moreover, according to the literature data, TT and TG variants
of the ADD1 rs4961 (G460Т) SNP predispose one to salt
sensitivity, that is, the T allele of the ADD1 rs4961 (G460Т)
SNP plays a role in forming salt sensitivity.
Hunt et al.(35) showed that in AH patients with the T allele
of the AGT rs699 (M235T) SNP the decrease in BP with salt
restriction in food was more pronounced than in the carriers of
the M allele, which indicates the higher salt sensitivity of the
those with the T allele.
An analysis of the literature data demonstrates the
presence of genetic determinants in the development of
SSH, ethnic differences in the prevalence and associative
links of AH candidate genes with the development of the
salt-sensitivity phenotype and, accordingly, the complicated
course of AH. In addition, the role of epigenetic mechanisms
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in the development of a complicated course of AH is not
unimportant. However, as these data are scarce and somewhat
contradictory, further extended searches in this direction are
required, especially in the Aral Sea region.
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Abstract
The aim of our study was a comparative evaluation of the effectiveness of the combined use of azilsartan with indapamide, and
azilsartan with nitrendipine in achieving antihypertensive and organ-protective effects in patients with arterial hypertension (AH).
Methods and Results: The study included 101 patients aged 30-75 years (mean age of 53.1±11.2 years) with AH Grades 1-2
(ESC/ESH, 2018), who were on outpatient treatment at the Republican Specialized Center of Cardiology (Tashkent, Uzbekistan).
After the screening stage, all patients were discontinued from previous therapy and assigned to the 2 regimes of dual
therapy. Group 1 included 50 AH patients treated with azilsartan (Az) and indapamide (Ind); Group 2 included 51 patients treated
with Az and nitrendipine (Nit). The average daily dose of Az was 49.3±6.0 mg, Nit - 10.88±4.3 mg, and Ind - 1.69±0.5 mg. The
effectiveness of the prescribed therapy was evaluated after 6 months of treatment.
The 6-month dual therapy with Az+Ind and Az+Nit is characterized by high antihypertensive efficacy with a significant
positive effect on the parameters of diurnal blood pressure (BP) profile in AH patients. Achieving the target level of BP in both
groups provided high organ-protective efficacy, expressed in a significant regression of LV hypertrophy and LV dimensions,
a decrease in the carotid intima-media thickness (CIMT) and arterial rigidity. However, the best cardio- and vaso-protective
efficacy was noted in Group 1, which was expressed in a more pronounced improvement in the left ventricular diastolic function,
a decrease in the CIMT on both sides, and a significant improvement in the parameters of central hemodynamics and arterial
stiffness. Dual therapy with Az+Ind and Az+Nit in AH patients was accompanied by a positive effect on the metabolic profile
and excellent nephroprotection, with an advantage in the Az+Ind group. A significant decrease in the blood level of low-density
lipoprotein cholesterol, total cholesterol, and uric acid is characteristic in both groups of patients. A significant decrease in the
levels of fasting blood glucose and triglycerides occurs only in the Az+Ind therapy.(International Journal of Biomedicine.
2022;12(3):367-374.).
Keywords: arterial hypertension • arterial stiffness • left ventricular hypertrophy • antihypertensive medication
For citation: Mashkurova ZT, Abdullaeva GZh, Khamidullaeva GA, Sherbadalova NKh, Khatamova MN, Safarov ZhB, Atoeva
MI. Clinical Efficacy of Combined Use of Azilsartan with Indapamide and Azilsartan with Nitrendipine in Patients with Arterial
Hypertension. International Journal of Biomedicine. 2022;12(3):367-374. doi:10.21103/Article12(3)_OA3

Abbreviations
AH, arterial hypertension; AS, arterial stiffness; AHM, antihypertensive medication; ACEIs, angiotensin-converting enzyme
inhibitors; ARBs, angiotensin receptor blockers; AIx, augmentation index; BP, blood pressure; CCA, common carotid artery;
CCBs, calcium channel blockers; DBP, diastolic BP; DBPP, diurnal blood pressure profile; FBG, fasting blood glucose;
GFR, glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; CIMT, carotid intima-media thickness; IVST,
interventricular septal thickness; LVMI, left ventricular mass index; LVDF, left ventricular diastolic function; LVH, left
ventricular hypertrophy; LVEDV, left ventricular end-diastolic volume; LAV, left atrial volume; LAVI, LAV index; LDL-C, lowdensity lipoprotein cholesterol; PP, pulse pressure; PWV, pulse wave velocity; LVESD, left ventricular end-systolic dimension;
LVEDD, left ventricular end-diastolic systolic dimension; PWT, posterior wall thickness; SBP, systolic BP; TC, total cholesterol;
TG, triglycerides.
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Introduction
Arterial hypertension (AH) remains a major risk factor
for cardiovascular complications and death.(1) AH is diagnosed
in a third of the world’s population and annually leads to the
death of almost 10 million people (ESC/ESH, 2018).
Large epidemiological and clinical studies have
shown that high blood pressure (BP) plays a significant
role in the development of a dramatic increase in the risk
of cardiovascular events, including fatal ones. In particular,
the risk of cardiovascular events, including coronary heart
disease, cerebrovascular disease, and kidney damage, is
directly related to the SBP level.(2)
According to current recommendations, the approach
to the treatment of AH has changed significantly, based on
evidence-based medicine, taking into account the pathogenesis
of the disease. Despite significant progress, however, a number
of problems associated with complications and therapy of this
disease remain unresolved. One of the main problems of AH is
damage to organs and systems, including the pathogenesis of
left ventricular hypertrophy (LVH), endothelial dysfunction,
and kidney damage.
According to a number of studies, arterial stiffness
and endothelial dysfunction, which are closely associated
with vascular remodeling during aging, in hypertension,
chronic renal failure, diabetes mellitus, and other conditions,
are independent risk factors for cardiovascular mortality
and general mortality in patients with atherosclerosis.(3) The
Consensus Document of the European Experts on the use of
arterial stiffness (AS) in the diagnostic and therapeutic process
(2006) states that the determination of AS has an advantage
over classical risk factors, as it directly reflects the actual
damage to the vascular wall. According to some studies, at
the same level of BP in patients with hypertension, the pulse
wave velocity (PWV) is most often increased in contrast to
intima-media thickness (IMT) or left ventricular mass index
(LVMI).(4,5)
Based on current European Guidelines (ESC/ESH,
2018),(1) most patients are indicated to start therapy with a
dual combination of drugs: angiotensin-converting enzyme
inhibitor (ACEI) or angiotensin receptor blocker (ARB) +
diuretic or calcium channel blocker (CCB). The exception is
patients with low BP (close to normal BP values), very elderly,
and debilitated people. A relatively new member of the ARB
class is azilsartan, which has a high affinity and reliable
binding to AT1 receptors, which provides a powerful and longlasting antihypertensive effect, convincingly demonstrated
in previous studies.(6-10) In particular, according to the office
measurement of BP and daily monitoring, azilsartan showed
statistically significant superiority in reducing BP, compared
with valsartan, candesartan, and olmesartan.(11) It is well
known that the most commonly prescribed and most studied
dihydropyridine CCB is amlodipine. The high antihypertensive
and organ-protective efficacy of amlodipine have long been
known. At the same time, CCB nitrendipine, which exhibits
neuroprotective activity, is also of interest. Thiazide and
thiazide-like diuretics remain the gold standard for any
combination therapy. One of the brightest representatives of

this group of diuretics is indapamide, a distinctive feature of
which is its metabolic neutrality and vasodilatory activity. The
pronounced positive effects of indapamide in elderly patients
and patients with heart failure make it a priority in most
patients with AH.
The aim of our study was a comparative evaluation
of the effectiveness of the combined use of azilsartan with
indapamide, and azilsartan with nitrendipine in achieving
antihypertensive and organ-protective effects in AH patients.

Materials and Methods
The study included 101 patients aged 30-75 years with
AH Grades 1-2 (ESC/ESH, 2018), who were on outpatient
treatment at the Republican Specialized Scientific and
Practical Medical Center for Cardiology. Exclusion criteria
were symptomatic hypertension, valvular heart disease,
acute coronary syndrome, chronic heart failure (NYHA
FC>III), cardiac arrhythmia, history of stroke and myocardial
infarction, diabetes, occlusive peripheral arterial disease, renal
impairment, severe co-morbidities, orthostatic hypotension.
After the screening stage, all patients were discontinued
from previous therapy and assigned to the 2 regimes of
dual therapy. Group 1 included 50 AH patients treated with
azilsartan (Az) and indapamide (Ind); Group 2 included 51
patients treated with Az and nitrendipine (Nit). The average
daily dose of Az was 49.3±6.0 mg, Nit - 10.88±4.3 mg, and
Ind - 1.69±0.5 mg. The effectiveness of the prescribed therapy
was evaluated after 6 months of treatment. Dosing of AHM,
taking into account the maximum doses, was titrated at 2-week
intervals to achieve a target blood pressure.
The effectiveness of therapy was assessed by achieving
the target BP level according to 2018 ESH/ESH Guidelines for
the management of AH. The primary target level for SBP and
DBP was <140 mmHg and <90 mmHg, respectively.
All patients underwent the following examinations:
assessment of traditional risk factors, physical examination,
clinical and biochemical laboratory methods, 12-lead ECG,
echocardiography, and 24-hour ABPM. Office BP was
measured using a mercury sphygmomanometer, according to
Korotkov’s method. BP was measured 3 times, and the means
of these measurements were used in the analyses. The 24-hour
ABPM was performed using a BR-102 plus (SCHILLER,
Switzerland).
Echocardiography was carried out according to the
recommendations of theAmerican Society of Echocardiography
in M- and B-modes using Philips EnVisor C Ultrasound
Machine (the Netherlands). The following parameters were
measured and calculated: IVST, PWT, LVEDD, LVESD, EF,
LVEDV, and LVM (LVM was calculated using the formula
R. Devereux (1994). LVM was indexed to body surface area
(LVMI). Left ventricular hypertrophy (LVH) was defined as
LVMI of >95 g/m2 (for women) and >115 g/m2 (for men).(1)
The ratio of peak early filling velocity to peak atrial filling
velocity (PE/PA) was calculated.
Ultrasound scans of the left and right carotid arteries
were performed with a 7.5 MHz probe using a duplex B-mode
scanner with a resolution of 0.1 to 0.2 mm. CIMT was
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measured in the distal wall of the CCA approximately 1 cm
below the beginning of the bulb.
The level of MAU was determined by the method of
enzymatic analysis on the biochemical analyzer “Daytona
TM” (“Rendox,” Great Britain), allowing to estimate the
MAU in the range of 30-300 mg/L and above.
The pulse contour analysis was carried out using the
SphygmoCor device (AtCor Medical, Australia), which
obtains peripheral arterial pressure waveforms by applying
an arterial applanation tonometer to the wrist. Such indicators
as the central SBP (SBPc), central DBP (DBPc), central PP
(PPc), AA, AIx, and PWV were analyzed.
Blood levels of TC, TG, HDL-C, LDL-C, and VLDL-C
were determined in the venous blood using automatic
biochemical analyzer Daytona (RANDOX, United Kingdom)
and RANDOX test systems by the enzymatic colorimetric
method. The content of LDL-C was calculated according to
Fridvald’s formula.
Statistical analysis was performed using the statistical
software «Statistica» (v10.0, StatSoft, USA). Baseline
characteristics were summarized as frequencies and
percentages for categorical variables and as mean± standard
deviation (SD) for continuous variables. The Mann-Whitney
U Test was used to compare the differences between the two
independent groups (for nonparametric data). The Wilcoxon
criterion was used to compare the differences between the
paired samples. Group comparisons with respect to categorical
variables were performed using chi-square test. A probability
value of P<0.05 was considered statistically significant.
The study protocol was reviewed and approved by the
Ethics Committee of the Republican Specialized Centre of
Cardiology. All participants provided the written informed
consent.

Results
The average age of the patients was 53.1±11.2 years, the
average duration of AH was 8.5±7.2 years. Before the start of
therapy, the average SBP in the groups was 156.2±16.6 mmHg,
DBP ‒ 90.9±11.2 mmHg (Table 1). Obesity (BMI≥30 kg/m2)
was found in 53(52.5%) patients, and 38(37.6%) patients were
overweight. LVH, according to the 2018 ESC/ESH criteria,
was detected in 79.2% of patients. Dyslipidemia was detected
in 73.3% of cases, IMT thickening in 66.3% of cases, and an
increased AS in 47.5% of patients. Thus, according to the risk
stratification of patients with AH, more than half had high and
very high cardiovascular risk.
Analysis of the office BP indicators showed high
antihypertensive efficacy of 6-month therapy in both groups,
regardless of the therapy regimens (Table 2). In Group 1,
SBP, DBP, and BPmean decreased from 153.0±14.7 mmHg
to 120.3±8.5 mmHg (P<0.001), from 90.2±11.4 mmHg to
77.7±5.8 mmHg (P<0.001), and from 111.1±11.6 mmHg
to 91.9±6.1 mmHg (P<0.001), respectively. In Group 2,
SBP, DBP, and BPmean decreased from 159.3±17.9 mmHg
to 122.9±7.6 mmHg (P<0.001), from 91.5±11.1 mmHg to
78.5±4.3 mmHg (P<0.001), and from 114.1±11.6 mmHg
to 93.3±4.6 mmHg (P<0.001), respectively. In general, a

significant positive dynamics in indicators of the DBPP was
found in both groups. In particular, average 24-h SBP and
DBP, average daytime SBP and DBP, average nighttime SBP
and DBP, daytime and nighttime variability in SBP and DBP,
as well as daytime and nighttime elevated SBP and DBP load
indices significantly decreased after 6 months of therapy in
both groups (Table 3).
Table 1.
Clinical characteristics of AH patients in the study groups
Parameters
Age, yrs

General
group

Group 1
(Az+Ind)

Group 2
(Az+Nit) P-value

53.1±11.2 50.9±10.6 55.3±11.5 0.058

AH duration, yrs

8.5±7.2

7.2±6.3

9.8±7.8

0.273

SBP, mmHg

156.2±16.6 153±14.7 159.3±17.9 0.485

DBP, mmHg

90.9±11.2 90.2±11.4 91.5±11.1 0.749

BPmean, mmHg

112.6±11.6 111.1±11.6 114.1±11.6 0.613

BMI, kg/m

30.7±4.6

2

BMI >30 kg/m , %
2

30.7±3.8

30.6±5.3

0.921

53 (52.5%) 28 (56.0%) 25 (49.0%) 0.482

BMI >25<30 kg/m2, % 38 (37.6%) 19 (38.0%) 19 (37.2%) 0.938
LVH, %

80 (79.2%) 38 (76.0%) 42 (82.3%) 0.431

РЕ/РА< 1.0, %

75 (74.3%) 33 (66.0%) 42 (82.3%) 0.060

PWV >10 m/sec, %

48 (47.5%) 22 (44.0%) 26 (51.0%) 0.482

CIMT ≥0.9 mm, %

67 (66.3%) 28 (56.0%) 39 (76.5%) 0.029

Dyslipidemia, %

74 (73.3%) 36 (72.0%) 38 (74.5%) 0.776

P-value - between Groups 1 and 2.

Achieving the target level of BP in both groups provided
high organ-protective efficacy, expressed in a significant
regression of LVH and LV dimensions, a decrease in the
CIMT and arterial rigidity. However, the best cardio- and
vaso-protective efficacy was noted in Group 1. The regression
of LVH was assessed by the dynamics of LVMI (Table 4). In
particular, in Groups 1 and 2, LVMI decreased from 127.4±32.9
g/m2 to 110.3±29.0 g/m2 (P<0.001) and from 138.7±31.9 g/m2
to 116.6±30.3 g/m2 (P<0.001), respectively. At the same time,
the degree of decrease in LVMI was -13.3±15.6% in Group 1,
and -14.4±17.9% in Group 2. A significant regression of LVH
against the background of 6-month dual therapy in both groups
was accompanied by an improvement in LVDF. In Group 1, PE/
PA after treatment was 1.10±0.30 versus 0.90±0.30 (P<0.001)
before treatment, in Group 2 ‒ 1.00±0.30 versus 0.90±0.20
(P<0.001), having reached the standard values. However,
LAV and LAVI significantly decreased (from 50.7±11.6 mL to
45.1±9.0 mL (P<0.02) and from 25.3±5.4 mL/m2 to 23.2±3.8
mL/m2 (P<0.02), respectively) only in Group 1. A significant
decrease in LVMM in both groups was associated with a
decrease in the degree of concentric LVH. We found a significant
increase in the LVEDV/LVMM index: from 0.51±0.07 mL/g
to 0.57±0.14 mL/g (P<0.001) in Group 1 and 0.50±0.11 mL/g
to 0.54±0.12 mL/g (P<0.02) in Group 2. Both dual-therapy
regimens were characterized by a significant increase in LVEF.
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Table 2.
Antihypertensive efficacy of 6-month therapy in the study groups
Mann-Whitney U Test
U
Z
P-value
1055
1.523
0.128
156.2±16.6
153±14.7
159.3±17.9
SBP, mmHg
121.6±8.1*
120.3±8.5*
122.9±7.6*
1003
2.175
0.030
1182
0.669
0.504
90.9±11.2
90.2±11.4
91.5±11.1
DBP, mmHg
78.1±5.1*
77.7±5.8*
78.5±4.3*
1188
0.741
0.459
1088
1.272
0.203
112.6±11.6
111.1±11.6
114.1±11.6
BPmean, mmHg
92.6±5.4*
91.9±6.1*
93.3±4.6*
1007
1.958
0.050
∆% SBP
-21.5±7.8
-20.8±8.5
-22.2±7.0
1208
-0.456
0.648
∆% DBP
-13.0±9.9
-12.9±9.6
-13.2±10.3
1235
-0.273
0.785
∆% BPmean
-17.2±7.5
-16.7±7.8
-17.7±7.1
1217
0.394
0.693
χ2
P-value
SBP
95 (94.1%)
48 (96.0%)
47 (92.2%)
0.67
0.414
Achieving the target
DBP
97
(96.0%)
47
(94.0%)
50
(98.0%)
1.08
0.298
level of BP
BPmean
100 (99.0%)
49 (98.0%)
51 (100.0%)
1.03
0.310
The numerator represents the results before treatment and the denominator - after treatment. P-value - between Groups 1 and 2.
* - P<0.001- before treatment and after 6-month therapy within the group.
Parameters

General
group

Group 1
(Az+Ind)

Group 2
(Az+Nit)

Table 3.
Dynamics of ABPM indicators against the background of 6-month dual therapy in the study groups
Mann-Whitney U Test
U
Z
P-value
655
1.032
0.302
Average 24-h SBP,
141.3±15.3
140.2±15.7
142.6±15
mmHg
121.1±11.3*
118.5±12.7*
123.7±9.1*
520
2.401
0.016
702
-0.561
0.575
Average 24-h DBP,
86.6±11.7
87.6±13.1
85.5±10.0
mmHg
73.4±8.7*
73.1±9.4*
73.7±8.0*
722.5
0.560
0.576
655
1.212
0.225
Average daytime SBP,
142.8±16.2
141.4±16.7
144.3±15.6
mmHg
122.4±11.5*
120.1±13.3*
124.8±8.8*
552
2.233
0.026
739
-0.388
0.698
Average daytime DBP,
88.3±12.5
89.3±14.3
87.2±10.3
mmHg
75.3±9.1*
75.2±10.0*
75.5±8.1*
728
0.506
0.613
553.5
1.897
0.058
Average nighttime SBP,
135.6±15.4
133.1±16.0
138.4±14.5
mmHg
117.6±12.7*
113.9±12.4*
121.5±12.1*
483
2.910
0.004
708
-0.321
0.748
Average nighttime DBP,
81.5±11.9
82.2±12.5
80.8±11.3
mmHg
68.6±9.8*
67.8±9.2*
69.4±10.3*
676
1.016
0.309
635
1.231
0.218
24- h SBP variability,
16.4±4.3
16.2±4.9
16.7±3.5
mmHg
12.3±2.8*
11.8±2.5*
12.9±3.0*
598.5
1.776
0.076
724
0.340
0.734
24- h DBP variability,
14.2±4.1
14.1±4.6
14.4±3.6
mmHg
11.4±3.0*
11.0±2.8*
11.8±3.1*
656
1.211
0.226
706
0.711
0.477
Daytime SBP variability,
16.1±4.7
15.9±5.2
16.3±4.2
mmHg
12.0±2.9*
11.4±2.2*
12.7±3.4*
614.5
1.618
0.106
742
0.358
0.720
Daytime DBP variability,
14.5±5.0
14.4±5.3
14.7±4.7
mmHg
11.0±3.0*
10.4±2.5*
11.5±3.4°
644
1.329
0.184
602
1.223
0.221
Nighttime SBP variability,
14.3±5.1
13.8±5.4
14.9±4.8
mmHg
10.7±3.6*
10.6±3.7°
10.9±3.5*
729
0.495
0.620
616.5
1.072
0.284
NighttimeDBP variability,
10.9±4.1
10.4±4.5
11.3±3.6
mmHg
9.0±3.7°
8.6±4.3
9.5±3.1°
629.5
1.471
0.141
614
1.455
0.146
48.9±29.9
44.8±30.3
53.2±29.1
Daytime SBP load, %
14.2±20.1*
12.9±22.1*
15.6±17.9*
597
1.847
0.065
613.5
-0.574
0.566
43.2±28.4
45.0±29.0
41.4±28.0
Daytime DBP load, %
12.3±17.4*
12.1±19.1*
12.6±15.8*
727
0.528
0.597
539.5
2.086
0.037
74.3±27.0
67.7±28.6
81.5±23.4
Nighttime SBP load
41.1±33.1*
28.1±30.4*
54.4±30.5*
429.5
3.457
0.001
604.5
0.255
0.799
52.9±32.7
52.0±35.1
53.8±30.3
Nighttime DBP load, %
17.9±26.1*
14.0±23.2*
21.9±28.5*
607.5
1.819
0.069
640.5
-0.823
0.410
4.8±7.4
5.5±7.6
4.0±7.2
Nocturnal SBP fall,%
3.5±6.6
4.4±5.7
2.6±7.4
645
-1.321
0,186
612.5
-0.753
0.451
7.5±10.2
8.2±11.0
6.8±9.3
Nocturnal DBP fall,%
8.2±8.7
8.4±7.5
7.9±9.8
743
-0.358
0.720
The numerator represents the results before treatment and the denominator - after treatment. P-value - between Groups 1 and 2.
* - P<0.001 and ° - P<0.02 before treatment and after 6-month therapy within the group.
Parameters

General
group

Group 1
(Az+Ind)

Group 2
(Az+Nit)
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In both groups, we found a decrease in the CIMT and
MAU level (Table 4). However, the left CIMT significantly
decreased and reached the standard values only in Group 1:
from 0.90±0.20 mm to 0.86±0.11 mm (P<0.02).
The effectiveness of both dual-therapy regimens,
with the Az+Ind having some advantage, was found for
the parameters of central hemodynamics and AS (Table 5).
In particular, the indicators of SBPc, DAPc, PPc, and AA
significantly improved, and the PWV decreased. However, the
AI significantly decreased only in Group 1.
Both dual-therapy regimens had a positive effect on
the dynamics of biochemical parameters (Table 6). LDL-C
decreased from 124.5±29.2 mg/dL to 105.5±28.6 mg/
dL (P<0.001) in Group 1, and from 129.7±48.7 mg/dL to
103.9±32.7 mg/dL (P<0.001) in Group 2. A significant decrease
in the levels of TG and FBG was observed in Group 1: from
175.4±88.2 mg/dL to 146.5±52.3 mg/dL (P<0.02) and from
5.7±1.0 mmol/L to 5.4±0.6 mmol/L (P<0.02), respectively. In
addition, there was a significant decrease in the blood levels of
creatinine and uric acid and an increase in GFR.

Thus, both dual-therapy regimens had a positive effect
on the metabolic profile, with the Az+Ind therapy having some
advantages.
It is well known that AHMs must not only have a prolonged
antihypertensive effect during the day, but also contribute to the
improvement of DBPP. It is very important to ensure an organprotective effect during treatment. All modern AHM classes
have approximately the same antihypertensive efficacy, but
not all have the same anti-remodeling effect in AH patients.
Among AHMs, ARBs have a fairly convincing evidence base
in improving the prognosis of AH patients.(12-18) A unique feature
of azilsartan is its ability to significantly improve DBPP, in
comparison with other ARBs, which undoubtedly affects the
prognosis of AH patients.(8-11) In particular, by reducing the
average 24-h SBP and DBP, BP variability, and normalizing
the degree of nocturnal BP reduction, azilsartan helps to reduce
the degree of target organ damage and the risk of developing
cardiovascular complications in AH patients. CCBs also have a
fairly convincing evidence base in improving the prognosis of
AH patients (ASCOT, TOMHS, PREVENT, ALLHAT).

Table 4.
Dynamics of markers of cardiovascular remodeling against the background of 6-month dual therapy in the study groups
Parameters
IVST, cm
PWT, cm
LVEDV/LVM, mL/mg
LVEDD, cm
LVESD, cm
EF, %
PЕ/PА
E/e’
LAV, mL
LAVI, mL/m2
LVM, g
LVMI, g/m2
CIMT (left), mm
CIMT (right), mm
MAU, mg/L
∆% LVMI
∆% MAU

General
group
1.17±0.14
1.08±0.17*
1.02±0.17
0.97±0.15*
0.51±0.09
0.55±0.13*
5.1±0.5
4.9±0.5*
3.3±0.4
3.2±0.4^
65.3±4.3
76.4±4.4*
0.90±0.30
1.10±0.30*
0.07±0.02
0.08±0.02
49.8±11.2
46.2±9.0°
25.3±5.6
23.8±4.3*
259.6±67.7
219.7±62.2*
133.1±32.8
113.5±29.7*
0.93±0.15
0.9±0.16°
0.93±0.21
0.89±0.16*
29.9±31.7
16.5±18.1*
-13.9±16.7
-12.9±94.1

Group 1
(Az+Ind)
1.15±0.14
1.07±0.16*
1.00±0.15
0.94±0.14°
0.51±0.07
0.57±0.14*
5.1±0.5
4.9±0.5*
3.3±0.4
3.2±0.4
65.1±4.4
76.6±4.2*
0.90±0.30
1.10±0.30*
0.08±0.02
0.08±0.03
50.7±11.6
45.1±9.0°
25.3±5.4
23.2±3.8°
248.8±67.8
213.8±62.6*
127.4±32.9
110.3±29.0*
0.90±0.10
0.86±0.11°
0.90±0.20
0.80±0.10°
30.5±27.8
17.5±18.4*
-13.3±15.6
-22.2±56.3
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Group 2
(Az+Nit)
1.19±0.14
1.09±0.18*
1.04±0.19
1.00±0.16*
0.50±0.11
0.54±0.12°
5.2±0.5
4.9±0.5*
3.3±0.3
3.3±0.4
65.4±4.2
76.2±4.5*
0.90±0.20
1.00±0.30*
0.07±0.02
0.08±0.02
48.9±10.9
47.6±9.1
25.3±6.0
24.7±4.8
270.2±66.7
225.3±61.9*
138.7±31.9
116.6±30.3*
1.00±0.20
0.90±0.20
1.00±0.20
0.90±0.20^
29.3±34.9
15.7±17.9*
-14.4±17.9
-5.0±116.9

Mann-Whitney U Test
U
Z
P-value
1081.5
1.313
0.189
1084
1.300
0.194
1064
1.432
0.152
1054
1.506
0.132
1079.5
-1.325
0.185
1093.5
-1.229
0.219
1056.5
1.486
0.137
1184
0.616
0.538
1130.5
0.983
0.326
1198.5
0.353
0.724
1212.5
0.421
0.674
1181.5
-0.131
0.895
1233
-0.282
0.778
1173
-0.689
0.491
841.5
-1.372
0.170
992.5
-1.005
0.315
533.5
-0.733
0.464
216
1.153
0.249
576
-0.222
0.824
230
0.850
0.395
1048.5
1.535
0.125
1124.5
0.858
0.391
996
1.892
0.059
1100
0.865
0.387
927.5
2.405
0.016
911.5
2.536
0.011
978
2.053
0.040
962.5
2.190
0.029
949.5
-1.112
0.266
1018.5
-0.589
0.556
1165
-0.410
0.682
1085.5
-0.080
0.936

The numerator represents the results before treatment and the denominator - after treatment. P-value - between Groups 1 and 2.
* - P<0.001; ° - P<0.02; ^ - P<0.05 before treatment and after 6-month therapy within the group.
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Table 5.
Dynamics of parameters of central hemodynamics and AS against the background of 6-month dual therapy in the study groups
Mann-Whitney U Test
General
Group 1
Group 2
group
(Az+Ind)
(Az+Nit)
U
Z
P-value
1058
1.321
0.187
156.9±22.8
154.4±21.1
159.5±24.3
SBPc, mmHg
126.4±15.8*
126.5±21.2*
126.3±8.0*
992.5
1.773
0.076
1170
-0.552
0.581
89.6±14.1
90.8±14.8
88.4±13.3
DBPc, mmHg
77.7±11.0*
77.9±14.2*
77.5±6.7*
1070.5
1.450
0.147
1011.5
1.787
0.074
67.4±17.0
64.1±15.5
70.7±18.0
PPc, mmHg
49.6±11.2*
50.3±13.6*
48.9±8.5*
1239.5
0.238
0.812
1171
0.704
0.482
15.0±8.7
13.9±8.3
16.1±9.0
АА, mmHg
11.1±7.9*
10.2±8.6°
12.0±7.0°
961.5
2.131
0.033
1192.5
0.557
0.577
30.4±11.3
29.5±11.6
31.4±10.9
АI, %
27.5±13.7
24.8±13.2^
30.1±13.8
922
2.256
0.024
1051.5
1.515
0.130
10.1±3.2
9.6±3.1
10.5±3.2
PWV, m/sec
7.4±2.0*
7.4±2.3*
7.4±1.7*
1208.5
0.449
0.654
The numerator represents the results before treatment and the denominator - after treatment. P-value - between Groups 1 and 2.
* - P<0.001; ° - P<0.02; ^ - P<0.05 - before treatment and after 6-month therapy within the group.
Parameters

Table 6.
Dynamics of biochemical parameters against the background of 6-month dual therapy in the study groups
Mann-Whitney U Test
U
Z
P-value
1261.5
-0.089
0.929
FBG, mmol/L
1124.5
0.862
0.388
1270
-0.031
0.976
Creatinine, µmol/L
1228.5
0.141
0.888
1257
0.119
0.905
GFR, mL/min/1.73 м2
1113.5
-0.935
0.350
1195
0.540
0.589
Uric acid, mg/dL
1091.5
0.931
0.352
1184.5
0.611
0.541
TC, mg/dL
1247.5
-0.010
0.992
1175.5
-0.673
0.501
ТG, mg/dL
1244
0.034
0.972
1033.5
1.638
0.101
LDL-C, mg/dL
1135
0.787
0.431
1220
0.370
0.711
HDL-C, mg/dL,
1157.5
-0.631
0.528
1033.5
-1.491
0.136
Atherogenic index
1108.5
-0.982
0.326
The numerator represents the results before treatment and the denominator - after treatment. P-value - between Groups 1 and 2.
* - P<0.001; ° - P<0.02; ^ - P<0.05 - before treatment and after 6-month therapy within the group.
Parameters

General
group
5.6±0.8
5.4±0.6°
83.7±20.4
78.5±16.5*
83.9±18.6
89.6±16.0*
6.2±1.8
5.4±1.4*
210.6±47.5
184.4±33.1*
173.5±96.7
147.8±51.8°
127.2±40.1
104.7±30.6*
48.1±12.5
49.0±10.8
3.5±1.0
3.1±0.9*

Group 1
(Az+Ind)
5.7±1.0
5.4±0.6°
83.0±18.8
77.9±14.6°
84.5±16.4
91.0±14.5*
6.1±1.6
5.3±1.5*
205.5±36.3
184.1±27.6*
175.4±88.2
146.5±52.3°
124.5±29.2
105.5±28.6*
46.8±13.4
48.1±10.7
3.7±0.9
3.1±0.9*

At the same time, not all AHM classes are able to
improve cognitive functions in AH patients. A unique feature
of CCBs is their ability to penetrate the blood-brain barrier
and reduce the metabolism of monoamine mediators, the
deficiency of which occurs in degenerative dementia. This
property underlies their preventive action against cognitive
impairment in AH patients. Among CCBs, nitrendipine has
a strong evidence base.(19) The effect of nitrendipine on the
prevention of cardiovascular complications in patients over
age 60 with ISAH, as well as changes in quality of life and
the incidence of post-stroke dementia, were assessed in the
randomized, double-blind, placebo-controlled, multicentre
Syst-Europe trial.(20) There was a reduction in cardiovascular
mortality by 27%, in myocardial infarction by 56%, in
stroke by 42%, and in the combined rate of all fatal and non-

Group 2
(Az+Nit)
5.6±0.6
5.5±0.6
84.3±21.9
79.1±18.2^
83.4±20.7
88.2±17.4^
6.3±1.9
5.5±1.3*
215.7±56.3
184.6±37.9*
171.6±105.2
149.0±51.7
129.7±48.7
103.9±32.7*
49.5±11.5
49.8±11.0
3.4±1.0
3.0±0.8^

fatal cardiovascular endpoints by 31%. At the same time,
nitrendipine had a pronounced cerebroprotective effect,
reducing the risk of developing dementia by 55%. In the SystChina study,(21) a nitrendipine-based regimen resulted in a
significant reduction in the risk of stroke by 38%, all-cause
mortality by 39%, cardiovascular mortality by 39%, death
rates from stroke by 58%, and all cardiovascular events by
37%. In addition, there was an improvement in glomerular
filtration by 13%, as well as in cerebral hemodynamics and
cognitive function by 8%, demonstrating nitrendipine-based
neuroprotective and nephroprotective effects.(22) Indapamide,
a long-studied diuretic that lowers blood pressure mainly due
to a specific vascular effect and has metabolic neutrality, also
has a fairly convincing evidence base (LIVE, PATS, VASK,
TOMHS, SHEP) for its effectiveness.
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Our clinical experience of the combined use of Az+Ind
and As+Nit showed high antihypertensive efficacy, especially
in relation to DBPP, regardless of the dual-therapy regimens.
In particular, average 24-h SBP and DBP, average daytime
SBP and DBP, average nighttime SBP and DBP, daytime and
nighttime variability in SBP and DBP, as well as daytime and
nighttime elevated SBP and DBP load indices significantly
decreased after 6 months of therapy in both groups
Improvement in the DBPP was accompanied by
significant organ protection, especially against the background
of Az+Ind; in particular, we found a more pronounced
improvement in LVDF. Combined therapy with Az+Ind and
Az+Nit was accompanied by a decrease in IMT. At the same
time, a positive trend in all indicators of central hemodynamics
and AS was found against the background of Az+Ind.
Thus, both dual-therapy regimens showed high
antihypertensive efficacy with an improvement in DBPP, and
a positive effect on the metabolic profile, nephroprotection,
and good tolerability. However, only the Az+Ind therapy led to
an improvement in LVDF and a decrease in all AS parameters
and the levels of FBG and TG.

Conclusions
1. The 6-month dual therapy with Az+Ind and Az+Nit
is characterized by high antihypertensive efficacy with a
significant positive effect on the DBPP parameters in AH
patients.
2. Achieving the target level of BP in AH patients provides
better organ-protective efficacy against the background of the
therapy with Az+Ind than with Az+Nit, which is expressed
in a more pronounced improvement in the LVDF (decreasing
LAV and LAVI), a decrease in the CCA-IMT on both sides,
and a significant improvement in the parameters of central
hemodynamics and AS.
3. Dual therapy with Az+Ind and Az+Nit in AH patients
is accompanied by a positive effect on the metabolic profile
and excellent nephroprotection, with an advantage in the
Az+Ind group. A significant decrease in the blood level of
LDL-C, TC, and uric acid is characteristic in both groups of
patients. A significant decrease in the levels of FBG and TG
occurs only in the Az+Ind therapy.
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Abstract
Background: Iron deficiency anemia (IDA) and beta-thalassemia trait (BTT) are the most common types of microcytic
hypochromic anemias. The aim of this study was to evaluate the reliability of different RBC indices for discrimination between
IDA and BTT in Sudanese patients.
Methods and Results: This cross-sectional laboratory-based study was conducted among 200 patients (100 patients suffering
from BTT and 100 from IDA) who attended the public health hospitals of Khartoum State (Sudan), from Jan 2021 to Feb 2022.
The diagnosis of BTT was based on CBC and hemoglobin electrophoresis, and was confirmed by PCR. The diagnosis of IDA was
based on complete blood count, reduced serum iron levels, and ferritin levels. Pregnant women, patients who had received a blood
transfusion within three months of the study, and patients with thalassemia coexisting with IDA or other hemoglobinopathies were
excluded from the study. A series of red blood cell indices were analyzed to differentiate IDA and BTT. The sensitivity, specificity,
positive predictive value, negative predictive value, and Youden index (J) were calculated for each index.
In BTT and IDA patients, mean values of Hb, hematocrit, and mean corpuscular volume were 10.9g/dL, 33.96%, 59.11fL,
and 8.5g/dL, 26%, 68fL, respectively. All RBC indices were decreased in BTT and IDA. Mean RBC count was increased in BTT
while showing normal values in IDA. In BTT patients, hemoglobin electrophoresis showed high HbA2 (6.4%) and HbF (1.95%)
but a decreased HbA (78.2%).
Conclusion: The best discrimination index according to J was Mentzer index (0.85), followed by Sidrah index (0.83),
Ehsani index (0.81), RBC count (0.80), RDWI (0.79), Green and King index (0.76), MDHL (o.76), Srivastava index (o.76), and
England and Fraser index (0.7). The lowest J was presented in Ricerca index (0.45), Shine and Lal index (0.01), and MCHD (0).
(International Journal of Biomedicine. 2022;12(3):375-379.).
Keywords: beta-thalassemia trait • iron deficiency anemia • red blood cell indices
For citation: Elshaikh RH, Amir R, Ahmeide A, Mohamedahmed KA, Alfeel AH, Higazi H, Hussein SEO, Babker AMA. Evaluation
of the Discrimination between Beta-Thalassemia Trait and Iron Deficiency Anemia Using Different Indexes. International Journal
of Biomedicine. 2022;12(3):375-379. doi:10.21103/Article12(3)_OA4

Abbreviations

BTT, beta-thalassemia trait; CBC, complete blood count; EI, Ehsani index; EFI, England and Fraser index; GKI, Green and King
index; Hb, hemoglobin; HbF, fetal hemoglobin; HbA, adult hemoglobin; HCT, hematocrit; IDA, iron deficiency anemia; RBC,
red blood cell; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; MCH, mean corpuscular
hemoglobin; MDHL, mean density of Hb per liter of blood; MCHD: mean cell Hb density;. MI, Mentzer index; NPV, negative
predictive value; PPV, positive predictive value; RDWI, RBC distribution width index; RI, Ricerca index; SiI, Sidrah index; SrI,
Srivastava index; SLI, Shine and Lal index; TIBC, total iron binding capacity; J, Youden index.
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Introduction
Iron deficiency anemia (IDA) and beta-thalassemia trait
(BTT) are the most common types of microcytic hypochromic
anemias. Microcytic anemia, characterized by smaller than
normal RBCs, is caused by iron deficiency, inflammatory
disease, and thalassemia.(1) The most common microcytic
anemia in Sudan is IDA, with a prevalence of 23.46% to 76%.
(2)
Most patients are diagnosed on routine blood examination.
(3)
IDA resulting from a lack of sufficient iron to synthesize
hemoglobin is the most common hematological disease
in infants and children. IDA is counted as the foremost
common cause of hypochromic microcytic anemia, and the
most common reason behind this sort of anemia is decreased
iron reserves in the body.(4) The World Health Organization
estimates that approximately half of the 1.62 billion cases
of anemia worldwide are due to iron deficiency.(5) The most
common causes of IDA are blood loss, reduced absorption of
iron, menstrual blood loss, malabsorption, and epistaxis.(6)
Thalassemia is a group of genetically determined
blood disorders characterized by microcytic, hypochromic
anemia resulting from a decreased synthesis of alpha or beta
chains of hemoglobin (Hb).(7) Gene frequencies for the α- and
β-thalassemia on a global basis range from 1% to more than
80% in areas where malaria is endemic.(8-9)
Beta-thalassemia results from point mutations in the betaglobin gene. Beta-thalassemia includes three main types based
on the zygosity of the beta-gene mutation: (a) major thalassemia
known as Cooley’s anemia or Mediterranean anemia, caused
by a homozygous mutation (beta-zero thalassemia) of the
beta-globin gene, resulting in the total absence of beta chains;
(b) thalassemia intermediate (the condition between major
and minor beta-thalassemia) and (c) thalassemia minor, also
called “beta-thalassemia carrier,” “beta-thalassemia trait” or
“heterozygous beta-thalassemia,” caused by a heterozygous
mutation (beta-plus thalassemia) in which beta chains are
underproduced.
Major beta-thalassemia occurs between six and
24 months. Affected infants fail to thrive and become
progressively more pale. They may experience recurrent
bouts of fever, irritability, feeding problems, diarrhea, growth
and bone abnormalities, and progressive enlargement of the
abdomen caused by splenomegaly.(8,9) Major beta-thalassemia
(Cooley’s anemia) is one of the common monogenic hereditary
hemoglobin disorders with a widespread geographical
distribution. It has been estimated that about 80–90 million
people (1.5% of the global population) are carriers of betathalassemia, with about 60,000 symptomatic individuals born
annually, the great majority in the developing world.(9,10)
Microcytic hypochromic anemia is diagnosed by CBC,
including RBC indices and peripheral smear findings, and with
other confirmatory tests, such as iron profiles, hemoglobin
electrophoresis, and molecular study to detect thalassemia.
(1,8)
Microcytosis and hypochromia are common presentations
of both IDA and BTT. Since the other cause of microcytic
anemia is iron deficiency, it is important to differentiate it from
BTT. These two conditions cannot be differentiated based on
peripheral blood picture because both of these conditions present

with decreased Hb, RBC indices, and normal-to-increased
RDWI.(1,8) BTT and IDA can be differentiated effectively by
involving a battery of tests, including serum ferritin, serum
iron, and HbA2 level estimation. BTT characteristically has
increased HbA2 (4-8%) with variably normal-to-low elevations
of HbF.(11)
A beta-thalassemia carrier is commonly not diagnosed
until adolescence or adult life. It may be detected using
hematological screening examinations and requires expensive
diagnosis, which is only available in certain hospitals.
Therefore, to avoid much more expensive, time-consuming,
and complicated procedures for diagnosic discrimination
between thalassemia and other types of microcytic
hypochromic anemia, developing easily examined parameters
is crucial as they help assess thalassemia carrier diagnosis and
avoid misdiagnosis between BTT and IDA.(7)
A definitive, differential diagnosis between BTT and
IDA is based on the result of HbA2 electrophoresis, iron
profiles, and molecular analysis.(12) To avoid much more
expensive, time-consuming, and complicated procedures for
discrimination between these disorders, different methods of
discrimination between BTT and IDA are employed.(13-20)
The aim of this study was to evaluate the reliability of
different RBC indices for discrimination between IDA and
BTT in Sudanese patients.

Materials and Methods
This cross-sectional laboratory-based study was
conducted among 200 patients (100 patients suffering from
BTT and 100 from IDA) who attended the public health
hospitals of Khartoum State (Sudan), from Jan 2021 to
Feb 2022. The diagnosis of BTT was based on CBC and
hemoglobin electrophoresis, and was confirmed by PCR. The
diagnosis of IDA was based on CBC, reduced serum iron
levels, and ferritin levels. Pregnant women, patients who had
received a blood transfusion within three months of the study,
and patients with thalassemia coexisting with IDA or other
hemoglobinopathies were excluded from the study. A series
of RBC indices were analyzed to differentiate IDA and BTT
(Table 1). The sensitivity, specificity, PPV, NPV, and Youden
index (J) were calculated for each index.(21)
Table 1.
RBC indices analyzed in the study.
Hematological index
Year
Mentzer index (MI) (14)
1973
Srivastava index (SrI) (16) 1973
England and Fraser (EFI) (13) 1973
Shine and Lal (SLI) (15)
1977
RDWI
1987
Ricerca index (RI) (18)
1987
Green and King (GKI) (20) 1989
MDHL
1999
MCHD
1999
Sirdah index (SiI) (19)
2008
Ehsani index (EI) (17)
2009

Formula
MCV/RBC count
MCH/RBC count
MCV − (5 × Hb) − RBC − 3.4
MCV × MCV × MCH/100
MCV × RDW/RBC
RDW/RBC
MCV × MCV × RDW/ (Hb × 100)
(MCH/MCV) × RBC count
MCH/MCV
MCV − RBC − (3×Hb)
MCV − (10×RBC)
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Table 2
Hematological findings of patients with BTT.
Statistics

Hb,
g/dL

HCT, RBC count,
%
×106/L

MCV,
fL

MCH,
pg/cell

MCHC,
g/dL

RDWI,
%

HbA2
,%

HbF,
%

HbA,
%

Mean

10.9

33.96

5.77

59.11

19.1

32.18

18.456

6.4

1.948

78.29

Minimum

6.8

23.4

4.1

44.2

13.3

27

12.5

3.6

0.4

70.1

Maximum

15

46

7.5

81.8

31.8

36.6

28.9

12

10.4

87.1

SD

1.82

4.964

0.81

6.52

2.931

1.751

2.8235

1.5

1.848

3.076

Table 3.
Hematological findings of patients with IDA.
Statistics

Hb,
g/dL

RBC count,
×106/L

HCT,
%

MCV,
fL

MCH,
pg/cell

MCHC,
g/dL

RDWI,
%

Serum iron,
µg/dL

Mean

8.5

3.9

26

68

22.2

33

17.7

32

Minimum

4.9

2

15

44

12.7

26

11.7

13

Maximum

12

5.3

37

79

28.4

39

38.1

42

SD

2.1

0.8

5.8

7.4

3.27

2.1

4.36

Results and Discussion
All CBC results represented microcytic hypochromic
anemia. In BTT and IDA patients, mean values of Hb, HCT,
and MCV were 10.9g/dL, 33.96%, 59.11fL, and 8.5g/dL, 26%,
68fL, respectively. All RBC indices were decreased in BTT
and IDA (Tables 2 and 3). Mean RBC count was increased in
BTT while showing normal values in IDA. In BTT patients,
hemoglobin electrophoresis showed high HbA2 (6.4%) and
HbF (1.95%) but a decreased HbA (78.2%).
Sensitivity, specificity, and J were calculated to evaluate
the reliability of 12 RBC indexes in differentiating between
BTT and IDA (Tables 4-7).
The results obtained showed that both IDA and BTT are
characterized by classical features of microcytic hypochromic
anemia according to CBC (decreased Hb, HCT, MCV, MCH,
and MCHC) and blood picture. Moreover, BTT shows a
significant increase in HbA2 and HbF.
The best discrimination index, according to Youden
index (J), was Mentzer index (MI),(14) followed by Sidrah index
(SiI),(19) Ehsani index (EI),(17) RBC count, RBC distribution
width index (RDWI), Green and King index (GKI),(20) mean
density of Hb per liter of blood (MDHL), Srivastava index
(SrI),(16) and EFI (England and Fraser index),(13) and the lowest
J was presented in Ricerca index (RI),(18) Shine and Lal index
(SLI),(15) and mean cell Hb density (MCHD). On the other hand,
the highest sensitivity values were obtained with MI, followed
by EI,(17) RBC count/SiI, and RDWI. The rest of the indexes
obtained less than 80%.
The high specificity index and a low sensitivity index for
BTT were obtained by EFI, followed by SiI and MDHL. The
most reliable index was MI, which obtained higher J, sensitivity,
and NPV and seemed to be an appropriate index for screening.
The second most reliable was SI, which obtained a higher J,
specificity, and positive predictive value. The third index was
EI, which obtained high J, sensitivity, and negative predictive

value. The fourth most reliable index was obtained by RBC
count and RDWI. In this study, SLI, RI, and MCHD indexes
were not valid since they have low values for discrimination.
MI was found to be more reliable in detecting true
positive cases of BTT and IDA (90% and 95%, respectively),
whereas it was more specific to picking the true negative
cases of BTT and IDA with a specificity of 95% and 90%,
respectively. J, which is the most reliable method to measure
the validity of hematological indices and formulas, showed a
higher value (0.85). This result correlates with a previous study
performed by Alam et al.,(22) which reported that MI has good
validity; the sensitivity and specificity were 93% and 84%,
respectively, with an AUC of 91.9%, indicating that MI was
valid for use as a screening tool. On the other hand, Ferrara
et al.(23) showed that the highest sensitivity was obtained with
RDWI (78.9%) , the highest specificity and J with EFI (99.1
and 64.2%, respectively), and the highest positive and negative
prognostic value (80.2%) with GKI. Shreya Bose(10) showed
that MI proved to be a reliable tool in differentiation, with
sensitivity and specificity (90% and 85%, respectively) for IDA
and (85% and 90%, respectively) for BTT, respectively; J was
significant, with a value of 75%. Ehsani et al. (17) showed that
the best discrimination index according to J was MI (90.1%),
followed by EI (85.5%); MI and EI were able to correctly
diagnose 94.7% and 92.9% of cases, respectively, which was in
agreement with our study.
On the other hand, our results disagree with the data
obtained by Batebi et al.(24) The authors showed that EFI, with
its higher sensitivity (87.2%), seems to be an appropriate
index for screening. SLI, with a coefficient of 0.738, has the
highest correlation with final definite diagnosis tests.
There are varying results obtained in different studies.
More extensive studies are needed to establish the optimal
discrimination index and confirm the results obtained in this
process and help select appropriate individuals for a more
detailed examination
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Table 4.
Sensitivity and specificity of indexes between BTT and IDA.
Index
MI
SLI
EFI
RDWI
GKI
EI
SrI
SiI
RI
MHDL
MCHD
RBC count

Cut off
<13
>13
<1530
>1530
<0
>0
<220
>220
<65
>65
<15
>15
<3.8
>3.8
<27
>27
<4.4
>4.4
>1.63
<1.63
>0.3045
<0.3045
>5
<5

BTT
(n)
90
10
98
2
70
30
83
17
79
21
88
12
79
21
85
15
93
7
78
22
88
12
85
15

IDA
(n)
5
95
99
1
0
100
4
96
3
97
7
93
3
97
2
98
48
52
2
98
88
12
5
95

Sensitivity Specificity
(%)
(%)
90
95
95
90
98
1
1
98
70
100
100
70
83
96
96
83
79
97
97
79
88
93
93
88
79
97
97
79
85
98
98
85
93
52
52
93
78
98
98
78
88
12
12
88
85
95
95
85

Sensitivity (Se) = [true positive/(true positive + false negative)]×100.
Specificity (Sp) = [true negative/(true negative + false positive)]×100.
Table 5.
Reliability of study indexes for diagnosis BTT and IDA.
Index
MI
SLI
EFI
RDWI
GKI
EI
SrI
SiI
RI
MDHL
MCHD
RBC count

Cut off
<13
>13
<1530
>1530
<0
>0
<220
>220
<65
>65
<15
>15
>3.8
<3.8
<27
>27
<4.4
>4.4
>1.63
<1.63
>3045
<3045
>5
<5

NPV,%
90.5
94.7
33.3
49.7
76.9
100
85
95.4
82.2
96.3
88.6
92.6
82.2
96.3
86.7
97.7
88.1
66
81.7
97.5
50
50
86.4
94.4

PPV,%
94.7
90.5
49.7
33.3
100
76.9
95.4
85
96.3
82.2
92.6
88.6
96.3
82.2
97.7
86.7
66
88.1
97.5
81.7
50
50
94.4
86.4

J
0.85
0.01
0.7
0.79
0.76
0.81
0.76
0.83
0.45
0.76
0
0.8

PPV = true positive / (true positive + false positive) ×100.
NPV = true negative/ (true negative + false negative) ×100.
The Youden index (J) was defined as (25):
J = sensitivity + specificity −1, where sensitivity and specificity are
expressed in proportion.
The maximum value of J is 1 (perfect test) and the minimum is 0 when
the test has no diagnostic value.

Table 6.
Descriptive statistics for studied indices in patients with BTT.
MI

SLI

EFI RDWI GKI

EI

SrI SiI

RI M-L M-D

Mean 10.5 692.4 -4.72 191.72 59.98 1.46 3.39 20.55 3.25 1.86 0.32
Min 6.59 265.7 -24.6 113.24 39.24 -24.6 2.03 6.3 2.32 1.25 0.27
Max 17.761813.3 17.7 352.58 129.56 33.4 6.36 37.3 5.78 2.48 0.495
SD 2.30 267.6 9.58 44.33 16.29 11.84 0.83 7.22 0.69 0.30 0.029

Min, minimum; Max, maximum; M-L, MDHL; M-D, MCHD
Table 7.
Descriptive statistics for study indices in patients with IDA.
MI

SLI

EFI RDWI GKI

EI

SrI

SiI

RI M-L M-D

Mean 18 1060.97 18.0 321.69 99.19 29.12 6.04 38.47 4.76 1.25 0.325
Min 11 244.76 2.08 199.95 59.71 3.2 2.79 25.33 3.05 0.72 0.261
Max 37 1530.06 42.5 818.09 231.59 53.8 13.25 56.1 11.82 1.69 0.386
SD 5.4 315.81 8.97 118.47 33.03 11.06 2.07 6.91 1.91 0.239 0.022

Min, minimum; Max, maximum; M-L, MDHL; M-D, MCHD

In conclusion, the best discrimination index according
to J was Mentzer index (0.85), followed by Sidrah index
(0.83), Ehsani index (0.81), RBC count (0.80), RDWI (0.79),
Green and King index (0.76), MDHL (o.76), Srivastava index
(o.76), and England and Fraser index (0.7). The lowest J was
presented in Ricerca index (0.45), Shine and Lal index (0.01),
and MCHD (0). These indices have many advantages: simple,
fast, and inexpensive.
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Abstract
Background: Estimation of the thyroid gland volume is generally considered important in several pathologic situations. The
main objective of this study was to evaluate the thyroid uptake (TU) of 99mTcO4- in Sudanese people, using gamma camera and
dose calibrator methods and comparing the results with international TU levels.
Methods and Results: The study was conducted in 2020 at the National Cancer Institute (Wad Madani state, University
of Gezira, Sudan). This study included 64 patients (58 females and 6 males) aged 13-81 years (37.25±14.58 years) with normal
TU. Most patients (43.8%) were in the age subgroup of 31-48 years, followed by 39.1% in the age subgroup of 13-30 years.Two
calibration methods were used to calculate full and empty syringes before and after radiopharmaceutical injection: a) using a dose
calibrator measuring in MBq; b) with gamma camera images of the full and empty syringes for 1 minute (counts). In the dose
calibrator, the activity and time of a 99mTc point source in a syringe were monitored, the point source was precisely aligned with
the center of the camera, and a static image was obtained with static parameters at a distance of 5cm and 7cm between source and
pinhole collimator (265×265 matrix).
The study showed that the TU values using the dose calibrator method were more consistent with radiation protection
principles of minimizing the exposure to radiation for staff. The method also had higher values than those measured with a gamma
camera due to the scatter radiation. The relationship between TU of 99mTcO4- with syringe measured by dose calibrator and gamma
camera at a distance of 5 cm and 7 cm, given a coefficient of determination (R2) of 0.9937 and 0.9591, respectively.
Conclusion: There was no big change in the TU between the two methods, especially at 5 cm object-to-pinhole distance, where
it gave the best result for optimum imaging in the 99mTcO4- TU test. (International Journal of Biomedicine. 2022;12(3):380-384.)
Keywords: Technetium-99m • thyroid uptake • dose calibrator • gamma camera
For citation:Yousif ZT, Mohamed IA, Fadlalla SA, Alghamdi SS, Bushara L, Mahmoud MZ, Yousef M, Osman H, Osman
HE. Evaluation of Thyroid Uptake of 99mTc Pertechnetate Using Gamma Camera and Dose Calibrator Methods in the Sudanese
Population. International Journal of Biomedicine. 2022;12(3):380-384. doi:10.21103/Article12(3)_OA5.
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TU, thyroid uptake; TS, thyroid scintigraphy; 99mTcO4-, Technetium-99m (99mTc) pertechnetate.
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Introduction
An accurate estimation of the thyroid gland volume is
considered important in several pathological situations, such
as iodine deficiency, goiter, thyroiditis, multinodular goiter,
and others.(1,2) The thyroid scintigraphy (TS) and thyroid
uptake (TU) examination are simple, non-invasive, and safe
methods of evaluating thyroid function and structure. More
than five decades ago, radiopharmaceuticals (i.e., 131I, 123I,
99m
Tc) were commonly used to measure TU by determining
the degree of trapping or organification within the thyroid
gland. Due to its long half-life and beta particle emission,
Iodine-131 (131I) is not recommended for TS and TU studies
because there is a high radiation impact on the gland (1-3 rad/
mCi administered). Because Iodine-123 (123I) is a complex
product in a cyclotron, it has limitations, such as high cost and
unavailability.(2-4)
Technetium-99m (99mTc) in the chemical form of
pertechnetate (99mTcO4-) is also used for TS and TU.
The similarity in volume and charge between iodide and
pertechnetate ions is the reason why 99mTcO4- is so effectively
used for studying thyroid function throughout the world.
Because of its short half-life (6 hours), short retention in the
gland, and lack of β-radiation, it provides low-dose radiation
to the thyroid gland (10,000 times less than 131I), as well as to
the body as a whole. Its gamma photon of 140keV is ideal for
imaging using scintillation cameras.(3-8)
A pinhole collimator or a parallel-hole collimator
is generally used in TS and TU studies. When used with
small organs such as the thyroid, brain, or heart, it is used
along with rotating gamma cameras that have large crystal
areas to enhance transmission and emission of computed
tomography. The best scintillation gamma cameras for thyroid
imaging are equipped with a pinhole collimator. There is a low
absolute 99mTcO4- uptake in the thyroid gland, ranging from
0.3% to 3.0%, depending on the method used. 99mTcO4- uptake
has shown higher inter- and intra-observer variability because
of semi-quantitative parameters used.(7,9-12)
The problem is that the method currently used for TU
(full and empty syringe images) exposes the staff to high
radiation doses, in addition to the possibility of contamination.
The dose calibrator method should be used instead. It was a
pioneer study in Sudan that addressed the above-mentioned
issue and could serve as a basis for future studies on this topic.
In the study, the gamma camera method was compared with
the dose calibrator method to determine which one gives
the most accurate TU results and to establish a protocol for
calculating TU accurately; additional information on radiation
hazards and a comparison with international TU levels were
also provided.

Materials and Methods
The study was conducted in 2020 at the National Cancer
Institute (Wad Madani state, University of Gezira, Sudan).
This study included 64 patients (58 females and 6 males)
aged 13-81 years with normal TU (Table 1). Inclusion criteria
were individuals without thyroid disease. Exclusion criteria

were patients with thyroid disorders and abnormal laboratory
tests, children, age over 81. Written informed consent was
obtained from all patients before inclusion in the study.
Table 1.
Gender differences of the study patients
Gender

Frequency

Percent

Valid
Percent

Cumulative
Percent

Male

6

9.4

9.4

9.4

Female

58

90.6

90.6

90.6

Total

64

100.0

100.0

Data were collected with a MEDICO Planar Gamma
Camera (1995). 99mTcO4- was given intravenously (1-3.5
mCi/40-130 MBq) using a low-energy pinhole collimator with
a 20% window (depending on body weight). The information
was collected by means of a questionnaire that included all of
the necessary information.
Technique used
The patient was advised to stop taking thyroid medication
and avoid eating any iodine-containing foods. If the patient was
a woman, she was examined to see if she was pregnant. If the
patient was breastfeeding, she was instructed to stop feeding
for some time until the radioactive substance had been expelled
from the body (with minimizing the injected dose). The
patient’s medical history was considered, as well as the clinical
state. The planar gamma camera’s extrinsic sensitivity was
calibrated first. In the dose calibrator, the activity and time of a
99m
Tc point source in a syringe were monitored, the point source
was precisely aligned with the center of the camera, and a static
image was obtained with static parameters at a distance of 5cm
and 7cm between source and pinhole collimator (265×265
matrix). Following that, the computer program calculated the
number of counts in one MBq. The findings were incorporated
into the dosage calibrator processing procedure.
The radioactive dose was precisely measured in the
dose calibrator before the injection. Different calculating
methods were used to reduce the dose in patients who were
underweight (these methods also can be used to maximize the
dose in cases of high-weight patients). The TU was measured
15-20 minutes following a thyroid scan with an intravenous
injection of 40-130MBq (1-3.5mCi) of 99mTcO4 (for maximum
concentration of pertechnetate). Two calibration methods
were used to calculate full and empty syringes before and
after radiopharmaceutical injection: a) using a dose calibrator
measuring in MBq; b) with gamma camera images of the full
and empty syringes for 1 minute (counts).
A planar gamma camera was equipped with a low-energy,
general-purpose, pinhole collimator. Images were obtained on
a 265×265 matrix. The patient was in a supine position with
a pillow under the shoulder, chin hyperextended, and camera
over the neck for good visualizations of the thyroid gland, then
a 150,000 count anterior image was obtained; this image was
used in TU calculation (marker with point source, 99mTc was
used in the suprasternal notch to determine the extension of
the gland).
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TU was calculated by two methods: 1) based on images
of the syringe counts before and after radiopharmaceutical
injection, and 2) based on a dose calibrator with the camera
sensitivity that was calibrated in advance. An automatic or
manual region of interest (ROI) was drawn around the borders
of the thyroid gland in both methods, and the background was
subtracted.
The procedure of the TU in one method was calculated
automatically by introducing the data of syringes before and
after injection using a dose calibrator(in MBq), and an image
of the full and empty syringe was made in the other method.
All counts were corrected for the acquisition time and decay
of technetium-99m. Then the computer program measured
the actual quantity injected into the patient by subtracting
the empty syringe from the full (MBq/counts). After that, the
TU was measured using a special nuclear medicine program
according to the formula: TU(%) = T-BG/F-E, where (F) is
a full syringe, (E) is an empty injector, (T) is anterior neck
region thyroid, and (BG) is background activity values.
Statistical analysis was performed using statistical
software package SPSS version 23.0 (Armonk, NY: IBM
Corp.). Baseline characteristics were summarized as
frequencies and percentages for categorical variables and as
mean±SD for continuous variables. Inter-group comparisons
were performed using Student’s t-test. Multiple comparisons
were performed with one-way ANOVA. Linear regression
analysis was used to predict the value of a variable based on
the value of another variable. A probability value of P<0.05
was considered statistically significant.

Results
Figure 1 shows the frequency distribution of age
subgroups: most patients (43.8%) were in the age subgroup
of 31-48 years, followed by 39.1% in the age subgroup of 1330 years (Fig.1). The sensitivity of the planar gamma camera
with the source at a distance of 5 cm was 160 Cps and at a
distance of 7 cm -109 Cps (Table 2).

0.30%, 3.38%, and 1.57±0.83%, respectively, and 0.40%, 3.72%,
and 1.78±0.90%, respectively. The maximum and minimum
patient doses were 130 Mbq and 40 Mbq, respectively, with a
mean dose of 83.25±18.70 Mbq. The maximum and minimum
for the empty syringe were 14 Mbq and 2 Mbq, respectively,
with a mean of 6.53±3.13 Mbq. The total mean of TU values
with both dose calibrator and gamma camera at 5 cm and 7 cm
distance was 1.67±0.86% and 1.57±0.83%, respectively, and
1.95±0.98 and 1.78±0.90, respectively.
Table 2.
Sensitivity of the planner gamma camera at a distance of 5 cm and 7 cm
Distance
5 cm
7 cm

Sensitivity
160 Cps
109 Cps

Table 3.
Descriptive statistics for TU of 99mTcO4Characteristics
Age, yrs
Dose Calibrator at
a distance of 5 cm, %
Dose Calibrator at
a distance of 7 cm, %
Gamma Camera at
a distance of 5 cm, %
Gamma Camera at
a distance of 7 cm, %
Full Syringe, Mbq
Empty Syringe, Mbq

n Minimum Maximum Mean
64
13.00
81.00
37.25

SD
14.58

64

0.32

3.44

1.67

0.86

64

0.42

4.00

1.95

0.98

64

0.30

3.38

1.57

0.83

64

0.40

3.72

1.78

0.90

64
64

40.00
2.00

130.00
14.00

83.25
6.53

18.70
3.13

The mean TU of 99mTcO4- in males and females with the
dose calibrator at a distance of 5 cm and 7 cm was 1.77±1.22%
and 1.66±0.83%, respectively, and 2.03±1.40% and 1.94±0.94%,
respectively. In males and females, TU with the gamma
camera at a distance of 5 cm and 7 cm was 1.61±1.16% and
1.57±0.81%, respectively, and 1.88±1.32% and 1.77±0.86%,
respectively. Thus, TU of 99mTcO4- was slightly higher in males
than in females, but with no significant differences (P>0.05)
(Table 4A). There was no significant difference between total
TU of 99mTcO4- with the dose calibrator and gamma camera
(Table 4B).
Table 4A.
TU (%) of 99mTcO4- in males and females with the dose calibrator
(DC) and gamma camera (GC) at a distance of 5 cm and 7 cm

Fig. 1. The frequency distribution of age groups.

Descriptive statistics for TU of 99mTcO4- are presented in
Table 3. The min, max, and mean±SD values for TU of 99mTcO4with the dose calibrator at a distance of 5 cm and 7 cm were
0.32%, 3.44%, and 1.67±0.86%, respectively, and 0.42%, 4.00%,
and 1.95±0.98%, respectively. The min, max, mean±SD for TU
values with the gamma camera at a distance of 5 cm and 7 cm were

Gender
Mean
Male
n
SD
Mean
Female
n
SD
P-value
Mean
Total
n
SD

DC (5 cm) DC (7 cm) GC (5 cm) GC (7 cm)
1.77
2.03
1.61
1.88
6
6
6
6
1.22
1.40
1.16
1.32
1.67
1.94
1.57
1.77
58
58
58
58
0.83
0.94
0.81
0.86
0.79
0.83
0.91
0.78
1.67
1.95
1.57
1.78
64
64
64
64
0.86
0.98
0.83
0.90
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Table 4 B.
Levene’s test for equality of variances (independent samples
t-test).

Table 6.
Coefficient of determination (R2) between the dose calibrator and
gamma camera at a distance of 5 cm and 7 cm

t-test for equality of means
Characteristic T

95% CI of
Sig.
Mean Std. Error difference
Df (2-tailed) difference difference
L
U

DC EVA 0.28 62
(5 cm)
EVNA 0.20 5.48

0.78

0.10

0.37

-0.64 0.85

0.84

0.10

0.51

-1.18 1.38

DC EVA 0.21 62
(7 cm) EVNA 0.15 5.47

0.83

0.08

0.42

-0.75 0.93

0.88

0.08

0.58

-1.37 1.55

0.11 62
GC EVA
(5 cm) EVNA 0.08 5.51

0.91

0.03

0.36

-0.68 0.76

0.93

0.03

0.48

-1.17 1.25

GC EVA 0.26 62
(7 cm) EVNA 0.18 5.45

0.79

0.10

0.39

-0.68 0.88

0.86

0.10

0.55

-1.28 1.48

Dose calibrator
and gamma camera at
a distance of 5cm

Dose calibrator
and gamma camera at
a distance of 7cm

0.9937

0.9591

R2

DC - dose calibrator; GC- gamma camera; EVA - equal variances
assumed; EVNA - equal variances not assumed; L-Lower; U-Upper

The total TU of 99mTcO4- in the age groups of 13-30
years, 31-48 years, 49-66 years, and 67-81 was 2.04±0.86%,
1.45±0.78%, 1.97±0.82%, and 1.40±1.76%, respectively
(Table 5).

Fig. 2. A linear regression analysis for TU of 99mTcO4- with the
dose calibrator and gamma camera at a distance of 5 cm.

Table 5.
TU of 99mTcO4-in the different age groups
DC
(5 cm)

DC
(7 cm)

GC
(5 cm)

Mean

1.98

2.26

1.88

2.04

n

25

25

25

25

2.04

SD

0.82

0.94

0.80

0.86

0.86

Mean

1.36

1.64

1.29

1.52

n

28

28

28

28

1.45

SD

0.72

0.86

0.73

0.82

0.78

Mean

1.94

2.19

1.75

2.00

n

8

8

8

8

1.97

SD

0.84

0.85

0.78

0.79

0.82

Mean

1.30

1.61

1.18

1.50

n

3

3

3

3

Age
group
13-30,
years

31-48,
years

49- 66,
years

67-81,
years
P-value

SD

GC
(7 cm) Total TU

1.40

1.65

2.04

1.48

1.88

1.76

0.0373

0.1017

0.0494

0.1613

0.0781

DC - dose calibrator; GC- gamma camera.

The relationship between TU of 99mTcO4- with syringe
measured by dose calibrator and gamma camera at a distance
of 5cm and 7cm, given a coefficient of determination (R2) of
0.9937 and 0.9591, respectively (Table 6, Fig.2). Figure 3
presents TU of 99mTc.

Fig.3. TU of 99mTc.

Discussion
This was a cross-sectional study carried out in Wad
Medani, Sudan, in 2020; it aimed to evaluate the TU using
gamma camera and dose calibrator methods. The study was
done on 64 (58 females and 6 males) patients with mean age
of 37.25±14.58 years. A high incidence of thyroid problems
among females is always expected due to hormone disturbances
unique to females, which agrees with the study by Elmadani et
al.(13) Our study showed that the increase in source-to-detector
distance decreases the sensitivity of the planar gamma camera,
and this result agreed with the study by Bugby et al.(4)
Our results showed that the TU values with syringes
measured by a dose calibrator were higher than those
measured with a gamma camera. Another study, by Zobly
et al.,(14) agrees with the current results. In our study, we
found no significant differences between TU with a dose
calibrator and gamma camera in males and females. Our
results revealed that the TU of 99mTcO4- showed a tendency
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to decrease in the first 1.7 decades and then a tendency to
increase in the second 1.7 decades.

Conclusion
The TU is usually affected by the sensitivity of the
gamma camera and dose calibrator. The maximum dose of
99m
TcO4- given to the patient was 130Mbq and the minimum
dose was 40Mbq, according to weight, with a mean of
83.25±18.70 Mbq. The TU values with syringes measured by
the dose calibrator method were higher than those measured
with a gamma camera, and hence more accurate due to
radiation scatter in the gamma camera; the method was also
consistent with radiation protection principles of minimizing
ataff exposure to radiation. The relationship between TU of
99m
TcO4- with syringe was measured by a dose calibrator and
by a gamma camera at a distance of 5 cm and 7 cm, given
a correlation coefficient of 0.9937 and 0.9591, respectively.
According to these coefficients, there was no big change in
the TU between the two methods, especially at 5 cm objectto-pinhole distance, where it gave the best result for optimum
imaging in the 99mTcO4- TU test.
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Abstract
Classification of thyroid nodules (TNs) based on TIRADS (Thyroid Imaging Reporting and Data System) category is
important for predicting malignancy, avoiding unnecessary biopsy and aiding in the management of patients. A prospective
nonintervention study was carried out in the period from February 2020 to February 2021 in King Fahad Specialist Hospital in
Dammam (Saudi Arabia). The study included 222 patients with suspected TNs (TIRADS 3-5). The thyroid ultrasound scanning
was performed with a high frequency linear array probe (9 MHz and 15 MHz). The thyroid gland and adjacent neck tissues
were scanned. The diagnostic performance of the TIRADS classifications was evaluated against final histology. Three highly
experienced sonographers independently rated the US features of each nodule. Each sonographer assigned points to each TN for the
five separate categories (composition, echogenicity, shape, margin, and echogenic foci), according to the TIRADS protocols produced
by ACR. Cohen’s kappa scale was used to measure the interobserver agreement in categorizing TNs, and then the performance
of ACR TIRADS categories for predicting malignancy was assessed using fine needle aspiration (FNA) as reference standard.
For estimation of the diagnostic performance of ACR TIRADS to predict malignancy, the category for each TN was assigned by the
principal investigator (Observer 1). This study included only TIRADS 3-5 (mildly to highly suspicious nodules: TR3-TR5), according
to ACR TIRADS classification. The agreement for all sonographic features of TN among three observers (principal Observer 1
and two sub-investigators [Observer 2 and Observer 3]) was perfect, being 0.91-1.00 (Cohen’s kappa). Out of 222 patients with
TNs, the percentage of malignancy in 68 TIRADS-5 nodules was 91.2%, while in 154 TIRADS 3-4 nodules the percentage of
malignancy was 29.9%. The study concluded that interobserver agreement in TIRADS classification and characterization of
suspicious thyroid nodule was perfect.(International Journal of Biomedicine. 2022;12(3):385-390.)
Keywords: ACR TIRADS • thyroid nodule • histopathology • interobserver agreement
For citation:Ahmed MOK, CE A, Gareeballah A, Arafat M, ALAli A, Khalil Abu Odeh KA, Abdallah E..Assessment of Thyroid
Nodules using TIRADS Classification: Interobserver Agreement and Correlation with Histopathology. International Journal of
Biomedicine. 2022;12(3):385-390. doi:10.21103/Article12(3)_OA6

Abbreviations
ACR, American College of Radiology; ATA, American Thyroid Association; ETE, extrathyroidal extension; EF, echogenic foci;
FNA, fine needle aspiration; FNAB, FNA biopsy; Ob, observer; TIRADS, Thyroid Imaging Reporting and Data System; BIRADS, Breast Imaging Reporting and Data System; TN, thyroid nodule.
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Introduction
Thyroid nodules (TNs) are a common clinical problem
with a prevalence of 19% to 68%,(1,2) and 7% to 15% of TNs
are malignant, accounting for 96% of all endocrine cancers
in 2014.(3,4) Currently, grayscale thyroid ultrasonography is
widely used in the screening and differential diagnosis of
TNs.
To standardize the reporting of results of thyroid
ultrasound and stratify the risk of malignancy,(5) Horvath et
al.(6) in 2009 developed the Thyroid Imaging Reporting and
Data System (TIRADS), taking the Breast Imaging Reporting
and Data System (BI-RADS)(7) as a model, and then TIRADS
was modified by the American College of Radiology (ACR).(8)
BI-RADS classification was defined as follows(9):
•BI-RADS 3 (probably benign): ≤ 2% malignancy risk
•BI-RADS 4A (low suspicion): >2% to ≤10% malignancy risk
•BI-RADS 4B (moderate suspicion):>10% to ≤50% malignancy risk
•BI-RADS 4C (high suspicion): >50% to <95% malignancy risk
•BI-RADS 5 (probably malignant): ≥ 95% malignancy risk
At the time of its release, there were already a variety
of other ultrasound-based TN classification systems in
existence.(8) One of the more popular classifications remains
the 2015 ATA guidelines.(10) A key difference between the
2017 ACR TIRADS criteria(8) and the 2015 ATA criteria (10)
is that the TIRADS criteria use morphologic features rather
than a pattern-based, whole-nodule approach. This strategy
is based on data showing that the 2015 ATA criteria can fail
to classify a small proportion of nodules that have a high
likelihood of being malignant.(11)
The initial purpose of TIRADS was to improve patient
management and avoid unnecessary FNAB in patients with
TNs; however, its clinical use is still limited, and its application
in clinical practice is being questioned.(12)
The TNs that require US-guided FNAB were classified by
ultrasound according to the internal component, echogenicity,
margins, presence of calcifications, and shape at the time of
FNAB. The internal component of the nodules was classified
as solid or mixed. Echogenicity was classified as hyperechoic,
isoechoic, hypoechoic, or marked hypoechoic. Margins
were classified as well-circumscribed, micro-lobulated, or
irregular. Calcifications, when present, were categorized as
microcalcifications or macrocalcifications and shape either
taller than wider or wider than taller.(13)
The validity and reliability of different TIRADS
classifications systems in the assessment of TNs are evaluated
in many studies; however, most of them are retrospective, and
lacked a rigorous reference standard.

Methodology
A prospective nonintervention study was carried out in
the period from February 2020 to February 2021 in King Fahad
Specialist Hospital in Dammam (Saudi Arabia). The study
included 222 patients with suspected TNs (TIRADS 3-5). The
diagnostic performance of the TIRADS classifications was

evaluated against final histology. Three highly experienced
sonographers independently rated the US features of each
nodule. Cohen’s kappa scale was used to measure the
interobserver agreement
In our study, GE LOGIQ E10, GE LOGIQ E9, and GE
LOGIQ S8 &TOSHIBA 1700 ultrasound machines with high
frequency probe were used for data collection.
The final diagnosis of TNs was based on FNA results as a
standard for assessing the diagnostic performance of TIRADS
for the classification of TNs and predicting malignancy.
This study was approved by the Ethics Committee of the
Research Centre (King Khalid Medical City-RC-KKMC) at
King Fahad Specialist Hospital in Dammam (Saudi Arabia). A
verbal consent from all patients was taken after describing the
purpose and nature of the study.

Technique
The thyroid ultrasound scanning was performed with a
high frequency linear array probe (9 MHz and 15 MHz). The
thyroid gland and adjacent neck tissues were scanned with
patients lying supine, neck extended, each lobe of the thyroid
gland scanned in transverse and longitudinal planes. Three
highly experienced sonographers independently rated the
following US features of each nodule: nodule position (left lobe,
right lobe, or isthmus); the maximum diameter; composition
(solid, cystic, mixed); echogenicity (hyperechoic, isoechoic,
hypoechoic—all with respect to the surrounding thyroid
parenchyma—or markedly hypoechoic, i.e., less echoic than
the adjacent strap muscle), shape (taller than wider or wider
than taller), margins (well-defined, ill-defined, microlobulated
or irregular, infiltrative, peripheral halo, lobulated or smooth),
presence or absence of other echogenic foci and suspicious
neck lymph nodes. Each sonographer assigned points to each
TN for the five separate categories (composition, echogenicity,
shape, margin, and echogenic foci), according to the TIRADS
protocols produced by ACR. For estimation of the diagnostic
performance of ACR TIRADS to predict malignancy, the
category for each TN was assigned by the principal investigator
(Ob1). This study included only TIRADS 3-5 (mildly to highly
suspicious nodules: TR3-TR5), according to ACR TIRADS
classification. Each TN was characterized by three sonographers
with high experience in performing ultrasound (Ob1 and two
sub-investigators [Ob2 and Ob3]).
Statistical analysis was performed using statistical
software package SPSS version 25.0 (Armonk, NY: IBM
Corp.).

Results
The study revealed that females were affected by TNs
more frequently than males (76.6% and 23.4%). Concerning
TN echogenicity, Ob1 stated that 55.4% of TNs were
hypoechoic, 37.4% - isoechoic, 5% - hyperechoic, and only
2.3% of TNs were markedly hypoechoic. Ob2/Ob3 stated
that 54.5%/55% of TNs were hypoechoic, 38.3%/37.8% isoechoic, 5%/5% - hyperechoic, and only 2.3%/2.3% of TNs
- markedly hypoechoic (Table 1).
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Table 1.
Characterization of TNs based on echogenicity, composition, shape,
margin, and echogenic foci by three investigators, according to the
TIRADS protocols produced by ACR and interobserver agreement
for each category using kappa scale
Categories of thyroid nodules
Echogenicity
Hypoechoic
Hyperechoic
Isoechoic
Markedly hypoechoic
Total

Observer 1

Observer 2

Observer 3

123 (55.4%) 121 (54.5%)

122 (55%)

11 (5%)

11 (5%)

11 (5%)

83 (37.4%)

85 (38.3%)

84 (37.8%)

5 (2.3%)

5 (2.3%)

5 (2.3%)

222

222

222

0.992
Ob1/Ob3

0.976
Ob2/Ob3

Observer 1

Observer 2

Observer 3

17 (7.7%)

17 (7.7%)

17 (7.7%)

Measure of agreement
0.967
(kappa)
Ob1/Ob2
Composition
Mixed
Solid

205 (92.3%) 205 (92.3%)

Total

222

205 (92.3%)

A strong agreement was found between the three
observers in TN echogenicity as kappa values for interobserver
variability were 0.967 for Ob1-Ob2, 0.992 for Ob1-Ob3, and
0.976 for Ob2-Ob3.
For nodule composition, the three observers had the
same results as all of them stated that about 92.3% of TNs
were solid and only 7.7% were mixed. The kappa value for the
measure of agreement was 1.00.
For the TN shape, the three observers had the same
results, as all of them stated that about 95% of TNs were wider
than taller and only 5% were taller than wider; the kappa value
for the measure of agreement was 1.00.
When evaluating the nodule margin, Ob1 stated that
94.1% were smooth, 5.4% - lobulated, and only 0.5% had
ETE. Ob2/Ob3 stated that 94.5%/94.1% of TNs were smooth,
5%/5.4% - lobulated, and only 0.5%/0.5% of TNs had ETE.
Thus, a strong increment of the agreement was found among
the three observers: the kappa values for interobserver
variability were 0.958 for Ob1-Ob2, 0.919 for Ob1-Ob3, and
0.958 for Ob2-Ob3.
For the presence of EF within the nodules, Ob1 stated
that EF was not found in 51.4% of cases, microcalcification 34.7%, macrocalcification - 9.5%, and peripheral calcification
- 4.5%. Ob2/Ob3 stated that EF was not found in 51.8%/51.8%
of cases, microcalcification - 33.8%/34.2%, macrocalcification
- 9.9%/9.5%, and peripheral calcification - 4.5%/4.5%. Thus,
a strong increment of the agreement was found between the
three observers: the kappa values for interobserver variability
were 0.985 for Ob1-Ob2, 0.933 for Ob1-Ob3, and 0.978 for
Ob2-Ob3.
The TIRADS category was specified for each nodule
by the sum of points for the five categories (Table 2). Ob1
determined that about 41% of TNs were moderately suspicious
(TIRADS-4), 30.6% were highly suspicious (TIRADS-5), and
28.4% were mildly suspicious nodules (TIRADS-3). Ob2/Ob3
concluded that about 43.2%/42.3% of TNs were TIRADS-4,
28.8%/29.7% were TIRADS-5, and 27.9%/27.9% were
TIRADS-3.

222

222

1.00
Ob1/Ob3

1.00
Ob2/Ob3

Observer 1

Observer 2

Observer 3

Taller than wider

11 (5%)

11 (5%)

11 (5%)

Wider than taller

211 (95%)

211 (95%)

211 (95%)

222

222

222

1.00
Ob1/Ob3

1.00
Ob2/Ob3

Observer 1

Observer 2

Observer 3

ETE

1 (0.5%)

1 (0.5%)

1 (0.5%)

Lobulated

12 (5.4%)

11 (5%)

12 (5.4%)

Table 2.

Smooth

209 (94.1)

210 (94.5%)

209 (94.1)

Frequency distribution of classification of TN based on TIRADS
by three observers

222

222

222

0.919
Ob1/Ob3

0.958
Ob2/Ob3

Measure of agreement
1.00
(kappa)
Ob1/Ob2
Shape

Total

Measure of agreement
1.00
(kappa)
Ob1/Ob2
Margin

Total

Measure of agreement
0.958
(kappa)
Ob1/Ob2
Echogenic foci

Observer 1

Observer 2

Observer 3

Macrocalcification

21 (9.5%)

22 (9.9%)

21 (9.5%)

Microcalcification

77 (34.7%)

75 (33.8%)

76 (34.2%)

None

114 (51.4%) 115 (51.8%)

115 (51.8%)

Peripheral calcification 10 (4.5%)
Total

222

Measure of agreement
0.985
(kappa)
Ob1/Ob2

10 (4.5%)

10 (4.5%)

222

222

0.993
Ob1/Ob3

0.978
Ob2/Ob3

TIRADs level
Mildly Suspicious Nodule

Observer 1 Observer 2 Observer 3
63 (28.4%) 62 (27.9%) 62 (27.9%)

Moderately Suspicious Nodule 91 (41%) 96 (43.2%) 94 (42.3%)
Highly Suspicious Nodule
Total

68 (30.6%) 64 (28.8) 66 (29.7%)
222

0.966
Measure of agreement (kappa) Ob1/Ob2

222

222

0.979
Ob1/Ob3

0.959
Ob2/Ob3

Thus, a strong agreement in ACR TIRADS categories
was found between the three observers as kappa values for
interobserver variability were 0.966 for Ob1-Ob2, 0.979 for
Ob1-Ob3, and 0.959 for Ob2-Ob3 (Table 2, Fig.1).
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Fig. 1. Frequency distribution of diagnosed TN based on
TIRADS by three observers.

Fig. 2. (A and B). TN: solid, hypoechoic, wider than taller,
smooth margin, no calcification, TIRADS-4, FNA – benign.

The performance of ACR TIRADS in classifying
TN and assessing the malignancy risk was determined by
Ob1, according to the FNA results. Out of 222 patients with
TNs, the percentage of malignancy in 68 TIRADS-5 (high
suspicion) nodules was 91.2%, while in 154 TIRADS 3-4 (low
to moderate suspicion) nodules, the percentage of malignancy
was 29.9% (Table 3).
Table 3.
The performance of ACR TIRADS in classifying TN and assessing
the malignancy risk by Ob1, according to the FNA results
FNA result

TIRADS
level

Total
Benign Malignant
Count
108
Mildly to
Moderately Within TIRADS level,% 70.1
Suspicious Within FNA results,%
94.7
Nodule
Total,%
48.6

46

154

29.9

100.0

42.6

69.4

20.7

69.4

6

62

68

8.8

91.2

100.0

5.3

57.4

30.6

Total,%

2.7

27.9

30.6

Count

114

108

222

Within TIRADS level,% 51.4

48.6

100.0

Within FNA results,%

100.0

100.0 100.0

Total,%

51.4

48.6

Count
High
Within TIRADS level,%
Suspicious
Within FNA results,%
Nodule

Total

Fig. 3. (A, B, C, D) Gray scale and Doppler. Solid,
hypoechoic, smooth margin, taller than wider, IJV invasion
with tumor thrombus, TIRADS-5, FNA – malignancy.

100.0

Figures 2-5 present the features of the diagnosed TNs
based on ACR TIRADS and FNA results.

Discussion
Our study clarified that about 48.6% of TNs were
malignant on histopathology results, and 51.4% were benign.
According to García-Moncó Fernández et al.,(14) 28.5% of TNs
were malignant and 71.5% were benign.

Fig. 4. (A, B, C). TN: solid, hypoechoic, wider than taller
with microcalcification, Doppler score- 4, TIRADS-5, FNAmalignancy.
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all TIRADS categories and even TIRAD 4 classified to a-b
and c.
In our study, out of 222 patients with TNs, in 68 TIRADS-5
nodules, the percentage of malignancy in FNA results was 91.2%,
while in 154 TIRADS 3-4 nodules the percentage of benign
lesions was 70.1%. These results are consistent with Horvath
et al.,(6) who found the following percentages of malignancy:
TIRADS 2 (0% malignancy), TIRADS 3 (<5% malignancy),
TIRADS 4 (5%–80% malignancy), and TIRADS 5 (>80%
malignancy). In contrast, in a study by Friedrich-Rust et al.,(12)
only 28%–42% of TIRADS-5 were diagnosed as malignant.
Our results on the TIRADS-5 category with 91.2% of
malignancy were also similar to A. Chandramohan et al.(15)
(91%) and Kwak et al.(13) (87.5%). The other two studies
compared histology and FNAB result and the TIRADS
category and found that in TIRADS ≥4 the percentage of
malignancy was 86% and 77%, respectively.(14,16)

Fig. 5. (A,C) TN: solid, hypoechoic, wider than taller,
microcalcification; B – an associated LN, TIRADS 5,
FNA – malignancy.

The TIRADS classification used in this study was
primarily defined and evaluated by E. Horvath et al.,(6) who
prospectively correlated the FNAB results of 500 nodules
with the defined US patterns and generated a TIRADS group
classification (TIRADS 1–6 for general thyroid pathology and
TIRADS 2–6 for nodules).
Our study included 222 patients with suspicious nodules,
TIRADS 3-5. In a study by E. Horvath,(6) TIRADS 2-5 were
based on different B-mode and Duplex US criteria. In this
study with 1097 nodules, 100% of patients with TNs scored as
TIRADS 2 had benign nodules, while 86.5% of nodules scored
TIRADS 5 were malignant. Sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy were
88, 49, 49, 88, and 94%, respectively.
In our study, with the use of five ACR TIRADS categories,
strong agreements between the three observers were found.
Our results differed from those of A. Chandramohan et al.,(15)
who also evaluated interobserver agreement for reproducibility
of ultrasound features of TNs. Thus, in a general agreement
between observers 1 and 2 who prospectively assessed the
thyroid nodules was better than between observers 3 and 1 and
observers 3 and 2. Agreement was good between observers
for assessment of calcification (k=0.577); fair for composition
(k=0.425), shape (k=0.436) and margins (k=0.412) of the
thyroid nodules. The agreement was poor for echogenicity
(k=0.299) of thyroid nodules. Overall agreement was good
between observers (k=0.569) for assigning the TIRADS
category to the thyroid nodules. However, inter-observer
agreement for each category of TIRADS was variable with
good agreement for combined TIRADS category 4c and 5
(k=0.685, P<0.001); poor for TIRADS category 4a (k=0.201,
P<0.001) and 4b (k=0.164, P<0.001) categories and fair for
the rest.
The differences in the agreements may be explained by
the fact that the study by A. Chandramohan et al.(15) included

Conclusion
We found that there was a perfect interobserver
agreement for assigning ultrasound features of thyroid nodules
and for determining TIRADS category for each thyroid nodule.
The percentages of malignancy were as follows: TIRADS-5
(91.2% malignancy) and TIRADS 3-4 (29.9% malignancy).
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Abstract
The objective of this study was to assess the placental location in women with a previous cesarean section (CS) using
ultrasonography and the impact of cesarean section (CS) on placenta location.
Methods and Results: This case-control study included 205 pregnant women with normal singleton pregnancies (83 women
with previous CS [case group] and 122 without previous CS [control group]). The study was conducted at three general hospitals
in Khartoum State from August to November 2019. The women were investigated using a Mindary ultrasound machine DP_2200
equipped with 3.5 MHz transducers. The anterior placenta location was more prevalent than others: 43.4% and 45.9% for cases and
control, respectively. The incidence of placenta previa (PP) and the low-lying placenta (LLP) was 1.2% and 3.6%, respectively,
in the case group, and 0.0 and 0.8%, respectively, in the control group. Women with a previous CS were at high risk of the LLP
and PP (OR=6.12).
Conclusion: Our study concluded that the most common sites of the placenta in women with a previous CS were anterior
and posterior locations. The study also concluded that women with a previous history of CS are at high risk for LLP and
PP.(International Journal of Biomedicine. 2022;12(3):391-395.)
Keywords: placenta • cesarean section • ultrasonography
For citation:Tawfig A, Gareeballah A, Adam M, Gameraddin M, Alsharif W, Mohammed NA, Wagealla A, Elzaki M. Placental
Location in Women Experienced Cesarean Section using Ultrasonography: A Case-Control Study on Sudanese Women.
International Journal of Biomedicine. 2022;12(3):391-395. doi:10.21103/Article12(3)_OA7

Abbreviations
CS, cesarean section; LLP, low-lying placenta; PP, placenta previa

Introduction
The placenta is a temporary organ of pregnancy that
permits the exchange of oxygenated, arterial maternal blood
(rich in oxygen and nutrients) for deoxygenated venous fetal
blood.(1) Careful examination of the placenta by sonography

contributes directly to enhancing patient care and improved
outcomes.(2) By 9 to 10 weeks, the diffuse granular echotexture
of the placenta is apparent via sonography. Echoes arising
from the villous tree, bathed in maternal blood, produce this
echotexture.(3) General evaluation of the placenta should be a
routine part of patient care every second and third trimester.
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Routine evaluation of the placenta with color Doppler is now
favored to find the placental cord insertion site rapidly and
to detect vascular abnormalities in the placenta and the retro
placental uterine wall.(4) The definitive placenta is established
and visualized only after 10–12 weeks; by 14-15 weeks, the
placenta is well established, and a prominent hypoechoic area
(retroplacental complex) is noted. It is composed of decidua,
myometrium, and uterine vessels. If the placenta covers the
internal cervical os entirely or partially, it is described as PP.
If the placenta edge is less than 2 cm from the internal os, the
placenta is defined as marginal; if the border is more than 2
cm, it is described as low-lying placenta (LLP).(5)
As cesarean section (CS) rates continue to increase
globally, placenta previa (PP), placenta accreta, and maternal
mortality rates continue to increase.(6) The prevalence of PP
increases following prior CS or other surgical intervention of
the uterus, with subsequent scar formation being a known risk
factor.(6,7) Swetha (8) stated that the PP prevalence in women
with a previous CS was 6% compared to the incidence of only
1.75% in the control group (P<0.05). Furthermore, LydonRochelle et al.(9) found the occurrence of PP at a second birth
to be 5.2 per 1000 (OR=1.4; 95% CI=1.1-1.6), compared to
women with previous vaginal deliveries, while Nielsen et
al.(10) found the incidence was 1.22%, compared to only 0.25%
in women with no previous cesarian scar, as stated.
As the incidence of abnormal placental location in
women with previous CS increases worldwide, this study
aimed to assess the placenta location using ultrasonography
in women who had a previous CS in Sudan. Secondly, there
is a lack of studies concerning the placenta’s sonographic
evaluation, so this study will satisfy the knowledge gap. It will
be beneficial for obstetricians and clinicians.

Materials and Methods
This cross-sectional, case-control study aimed to assess
the placenta location in Sudanese women with previous
CS using ultrasonography. The study was conducted at
the department of Omdurman obstetrics hospital, Bashair
educational hospital, and Elsoudi maternal hospital in
Khartoum State, Sudan. The study was conducted in the
period from August to November 2019.
The study comprised 205 pregnant women in the third
trimester of pregnancy with a gestational age of ≥28 weeks
(83 women with previous CS [case group] and 122 without
previous CS [control group]). They were chosen using a
convenient sampling method. The exclusion criteria were
women with multiple pregnancies, fetal anomalies, and any
other risk for PP, rather than the previous CS. The data were
obtained using a designed data collection sheet that included
the demographic variables, such as age, history of CS, number
of CS, and parity. The placenta’s sonographic assessment
data were dependent variables, such as placental site and
gestational age.
The women were investigated using a Mindary
ultrasound machine DP_2200 equipped with 3.5MHz
transducers. Fetal scanning was performed in the second
and third trimesters with a curvilinear low-frequency probe

placed over the suprapubic area. Fetal anatomy, movement,
positioning, and uterine cervix were sonographically scanned
in sagittal and longitudinal sections through the maternal
abdomen. The placentas are often identified by tracing the
endometrium until an isoechoic structure is seen. The placenta
location was assessed as normal (anterior (Figure 1A),
posterior, or fundal) when the placental edge was ≥5 cm from
the internal cervical os. Abnormal LLP was determined when
the placenta was ≤2.5 cm from the inner os and considered
PP if the placenta covered the interior os partially or entirely
(Figure 1B). The placental size and thickness were assessed.
The retroplacental complex was monitored and evaluated for
abnormal adherence or attachment to the myometrium and
uterine wall. Cord insertion site within the placenta, cord
abnormalities, and amniotic fluid were evaluated.

Fig. 1. Obstetrical ultrasound images:(A) Anterior placenta at
37 weeks for a 33-year-old primigravida women; (B) PP at 30
weeks for a 36-year-old primigravida women with two CSs.

Statistical analysis was performed using IBM SPSS
Statistics 23. The frequencies of categorical variables were
compared using Pearson’s chi-squared test or Fisher’s exact
test (2-tail), when appropriate. Binary logistic regression
analysis was used to find associated risk of CS with LLP/PP
expressed as an odd ratio (OR) with a 95% confidence interval
(95% CI). A probability value of P<0.05 was considered
statistically significant.
This study was approved by the ethics committee of the
National Ribat University. Verbal consent was obtained from
each patient.

Results
The mean maternal age was 30.57 years in the case
group; the frequency of CS ranged from 1 to 5, and the
gestational age - 28-41 weeks. The mean maternal age in the
control group was 27.93 years, and the gestational age - 28-41
weeks (Table 1).
There was no significant correlation (P=0.484) between
the frequency of CS and the location of the placenta (Figure 2).
The most common location of the placenta in women of the case
group was anterior, followed by posterior (43.4% and 38.6%,
respectively), then fundal (13.2%), low-lying (3.6%), and PP
(1.2%) (Table 2). LLP and PP were found in women with one or
two previous CSs (Figure 2). Concerning the placenta location
in both groups, there were no significant differences in placenta
location.
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Table 1.
Descriptive Statistics for age, gravida, para, and gestational age in
the case and control groups
Variable

Case group

Control group

Mean age (years)

30.57±5.87

27.93±5.86

Gravida

2-10

1-10

Para

0-9

0-8

Numbers of cesarean section

1-5

---

Gestational age (years)

28-41(34.32±3.29) 28-41(35.36±3.29)

Total

83

122

Table 2.
The placenta location in the study groups
Study group
Case group

Placenta site
Anterior Posterior Fundal LLP PP
36
43.4%

56
Control group 45.9%
Total

92

44
21
1
0
0.393
36.1% 17.2% 0. 8% 0% 122
32

4

1

Table 3.
Logistic regression adjusted the effect of previous CS for the LLP
and PP.
Variable

OR

95% CI

P-value

LLP and PP

6.12

0.627-55.824

0.088

LLP

4.53

0.464-44.394

0.183

Total P-value

32
11
3
1
38.6% 13.2% 3.6% 1.2% 83

76

The anterior placenta was more frequent, followed by
the posterior and the fundal. LLP and PP were more frequent
in the case group than in the control group (3.6% vs. 0.8% and
1.2% vs. 0.0%, respectively) (Table 2, Figure 3).
Logistic regression analysis revealed that the previous
history of CS was a significant risk factor for LLP and PP, as
LLP and PP were 6.12 times more likely to occur in the case
group than in the control group. The LLP rate was 4.53 times
more frequent in the case group than in the control group, while
PP alone was noted only in the case group (Table 3).

205

Fig. 2. Association between a number of CSs and
placenta location (P=0.484).

Fig. 3. Placenta location in women with previous
CS versus control group.

Discussion
Assessment of the placenta is essential for preventing
severe antepartum, intrapartum, and postpartum bleeding.
Sonography accurately detects PP, which is associated with
high risks for preterm birth, and maternal and fetal/neonatal
morbidity.
The current study was conducted to determine the
placental location by using ultrasonography in women who
experienced CS. Our results showed that the anterior location
of the placenta was the most common site in women with a
history of CS (43.4%), followed by posterior (38.6%) and fundal
locations (13.2%). This finding is consistent with Belachew
et al.,(11) who reported that most of the placenta location in
women with previous CS was anterior. In comparison, Naji O
et al.(12) found that the posterior placenta was more prevalent
than the anterior-located ones. Furthermore, in our study, the
percentage of the fundal placenta was 13.2%, which is more
prevalent than that reported by Naji O et al. (4.7%) (12) and
Belachew et al. (5.3%).(11)
The current study estimated the incidence of PP in women
with a previous CS section was 1.2%, which was approximately
consistent with Nielsen et al.(10) (1.22%) but less than in studies
by Belachew et al.(11) and Jauniaux & Jurkovic, (13) who reported
2% and 5%, respectively. The present study found that the
overall percentage of PP is 4.87 per 1000 pregnancies (1 case in
205 pregnancies); another study stated that the incidence of PP
was approximately 5 per 1000 pregnancies.(14)
Our study revealed no significant correlation between
placental location and the number of CS scars on the uterus.
Naji et al.(12) stated similar results and found that the number
of previous cesarean deliveries has no significant effect on
placental location.
The current study showed that LLP and PP are more
prevalent in pregnant women with previous CS than in the
controls. These changes in placenta location could be attributed
to the presence of CS scars in the uterus, which is linked to an
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increase in the number of posterior placentae and a decreased
number of implants in the uterine fundus.(12) Consistently,
Parvin et al.(15) stated that PP was significantly associated with
several CSs.
Our results manifested that LLP and PP were six times
more likely to occur in the pregnant women with a previous
CS history than in the controls (OR=6.12). The incidence
of PP was 1.2% in women with previous CSs, while no
PP was noted in the control group. In agreement with this
finding, a meta-analysis study reported that the overall OR
for PP after CS was 1.47.(16) Furthermore, these results were
consistent with To et al. and Leung et al.,(17) who found that
the PP incidence was significantly more prevalent in women
with a previous CS (1.31%) than in those with an unscarred
uterus. Getahun et al.(18) stated that the pregnancy after CS
increased the risk of PP by 0.63%, compared to vaginal
delivery (0.38%). Likewise, Gurol-Urganci et al.(19) stated an
increased risk of PP in pregnant women after CS delivery
at first birth. They reported that the adjusted effect of a
previous CS would result in one case of PP in the subsequent
pregnancy. In contrast, Prigani et al.(20) found no relation
between LLP or PP and a previous CS, but it increased the
odds of anterior placental implantation. Hendricks et al.(21)
found a strong, significant correlation between previous
CS and the risk of subsequent development of PP; the risk
increased with the number of previous CSs. Jauniaux et al.(22)
also showed that this risk elevates as the number of prior CSs
increases.
Finally, an increasing number of CSs leads to an
increased incidence of LLP and PP. Assessing LLP and its
prevalence is essential to predict adverse maternal and fetal
outcomes.

Limitation
The limitation of this study is that the number of women
with previous cesarean sections is less than expected, so
further research with a large sample size is needed to obtain
more precise results.

Conclusion
Our study concluded that the most common sites of
the placenta in women with a previous cesarean section were
anterior and posterior locations. The study also concluded that
women with a previous history of cesarean section are at high
risk for low-lying placenta and placenta previa.
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Abstract
Background: Hepatitis C virus (HCV) is a worldwide health challenge that imposes urgent interventions for prevention
and control. We aimed to assess the response rate for the direct-acting antiviral agents (DAAs) regimen in HCV-infected patients
attending the public health centers/hospitals in the Western region of Saudi Arabia.
Methods and Results: A retrospective study was followed, including data from the electronic medical records of HCV-infected
adult patients in the period 2018-2020. Patients underwent HCV health education and treatment with DAAs according to the regional
protocols. The type of treatment regimens provided to the included patients was recorded with the outcome (respondent vs. nonrespondent) after 12 weeks post completion of treatment (SVR12) based on negative results (or less than the minimum detection levels
using the specified assay) of HCV-RNA detected by polymerase chain reaction. The SVR12 was used for predicting SVR as it was
reported to be applicable as SVR24. All cases with discontinuations, treatment modifications, and/or deaths were excluded. Included
were a total of 505 adult patients recorded in 13 primary healthcare units and hepatitis treatment specialty clinics of hospitals in the
Eastern region of Saudi Arabia during the specified period of the study. The patients were aged 30–73 years (mean age of 48.1±9.1
years), of which 229(45.3%) were females and 276(54.7%) males. Most patients received sofosbuvir/daclatasvir (86.1%), followed
by glecaprevir/pibrentasvir (11.5%), and elbasvir/grazoprevir (2.4%). Overall, the SVR rate was 97.4% in the study population.
Sofosbuvir/daclatasvir had an SVR12 of approximately 98.4%, while the rate of glecaprevir/pibrentasvir was 93.1%.
Conclusion: The present findings show an overall HCV cure rate of 97.4% of patients with HCV in response to the elimination
program with DAAs in the Eastern region of Saudi Arabia, as indicated by high SVR12. This is an example of treating patients
with HCV in a structured, supportive setting to help in the HCV elimination program.(International Journal of Biomedicine.
2022;12(3):396-400.)
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Introduction
HCV contributes to a severe disorder, influencing liver
function, primarily as a chronic infection.(1) The global pattern
of HCV is increasing despite the improvement in transfusion
practices and general health measures directed to limit the
disease’s transmission.(2) In 2019, according to the WHO,
about 290,000 individuals died from HCV due to the disease’s

progress into cirrhosis and/or hepatocellular carcinoma.(3)
Reports in different studies on the prevalence of HCV in Saudi
Arabia are still inconsistent, with wide variations in their
target population.(4-7) Although old reports from a premarital
screening program and blood donor screening centers indicate
that HCV infection rates ranged from 0.33%–1.1%,(8-11) in
Saudi Arabia, data estimation from a systematic review done
by Abdo and Sanai indicates a rate of 1.0%–1.9%.(12)
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The goals for treating patients with chronic HCV are
(1) HCV eradication, (2) improvement of HCV-related health
outcomes/survival, and (3) decline in the transmission rate
of HCV to others.(13) Conventionally, HCV was treated with
pegylated IFN-α and ribavirin. This combination was effective
in improving the rate of SVR, defined as an undetectable
HCV-RNA level by polymerase chain reaction at 24 weeks
after the completion of treatment, particularly in difficult-totreat patients.(14) However, this combination therapy protocol
has several contraindications and adverse side effects and a
limitation to be applied in some HCV-induced liver diseases.(15)
The American Association for the Study of Liver Diseases
(AASLD) and Infectious Diseases Society of America (IDSA),
in partnership with the corresponding panels, have created and
released HCV treatment guidelines that prioritize patients’ treatment
regimens (https://www.hcvguidelies.org/). Similarly, local
guidelines were tailored to treat patients with HCV and improve
the multidisciplinary care required to treat these patients in Saudi
Arabia.(16) These guidelines are intended for use by physicians in
several contexts and offer the recommended approaches to the
treatment of HCV with the new direct antiviral agents (DAAs)
treatment. Approval of these new agents by the United States
FDA paved the road to HCV being a curable disease and to
achieving the primary goal of eliminating HCV in Saudi Arabia
by 2030, following the WHO for the elimination of HCV.(17) This
development has improved the trend of therapy and made treatment
regimens of shorter duration tolerable and more effective (18,19) so as
to be associated with an optimistic decline in prevalence rates.(20)
Although treatment with DAAs is expensive, this family
of antiviral agents has proved to be relatively safe and efficient
in HCV infection eradication, and it has an improved side effects
profile and a simpler regimen schedule.(21,22) Hence, this regimen
is expected to have an improved adherence rate. Accumulating
evidence has indicated that initiation of treatment regimens
and adherence to these protocols improve patient outcomes in
various health conditions.(23-26) Alotaibi et al.(19) acknowledged
in their study the Saudi Ministry of National Guard Health
Affairs approval for a policy to regulate/justify DAAs uses and
to prioritize patients in their eligibility and priority for treatment
along with recommendations for monitoring efficacy and
toxicity and to follow up the treatment response. It has been
shown that “non-adherence with recommended follow-up visits
is a major barrier for completing treatment of patients with
viral hepatitis and is consequently associated with unfavorable
outcomes of health resources.”(27) In this sense, evaluation of
treatment response evaluation will be even more critical when
drugs are approved and utilized in the real world.(28) To this end,
this study aims to determine the patients’ response to the new
DAAs treatment regimens in the local region with the potential
causes of loss of the response.

Materials and Methods
IRB approval was obtained from Northern Border
University (No. 2221-MED-2019-1-10-F), and the informed
consent was waived as the research design is a retrospective
study based on an evaluation of a public program that is
subjected to the approval of the local authorities. The authors,

contributing institutions, and the sponsor agreed to maintain
the confidentiality of the data. The manuscript was prepared by
the first author and with input from all the authors. After data
anonymization, we included patients treated with DAA-based
regimens for chronic HCV in the healthcare sector primary
healthcare systems and hospitals across the Eastern region
of Saudi Arabia within the period 2018-2020. The available
patients’ demographic data were identified using an electronic
database of a central medical portal system.
Patients were included independent of their ethnicity
(Saudi and non-Saudi). Demographic variables were
documented at the time of initiating therapy. The cliniclaboratory data were not available for the present study because
the data were not eligible for the authors. The type of treatment
regimens provided to the included patients was recorded with
the outcome (respondent vs. non-respondent) after 12 weeks
post completion of treatment (SVR12) based on negative results
(or less than the minimum detection levels using the specified
assay) of HCV-RNA detected by polymerase chain reaction.
The SVR12 was used for predicting SVR as it was reported
to be applicable as SVR24.(29) All cases with discontinuations,
treatment modifications, and/or deaths were excluded.
Statistical analysis was performed using statistical
software package SPSS version 18.0 (Chicago: SPSS Inc.).
Baseline characteristics were summarized as frequencies and
percentages for categorical variables and as mean±SD for
continuous variables. Inter-group comparisons were performed
using Student’s t-test. Group comparisons with respect to
categorical variables are performed using chi-square tests or,
alternatively, Fisher’s exact test when expected cell counts
were less than 5. A probability value of P<0.05 was considered
statistically significant.

Results
Included were a total of 505 adult patients recorded in 13
primary healthcare units and hepatitis treatment specialty clinics of
hospitals in the Eastern region of Saudi Arabia during the specified
period of the study. The patients were aged 30–73 years (mean
age of 48.1±9.1 years), of which 229(45.3%) were females and
276(54.7%) males. Most patients received sofosbuvir/daclatasvir
(86.1%), followed by glecaprevir/pibrentasvir (11.5%), and
elbasvir/grazoprevir (2.4%) (Table 1).
Table 1.
Baseline characteristics of patients with HCV treated with DAAs
NonTotal Responders responders
Variable
P
(n=505) (n=492)
(n=13)
Age (years) Mean ± SD
48.1± 9.1
Male
276(54.7)
Sex
Female
229(45.3)
Nationality Saudi
456(90.3)
Non-Saudi
49(9.7)
Sofosbuvir +
435(86.1)
daclatasvir
Type of
DAA-based Glecaprevir/
58(11.5)
regimens pibrentasvir
Zepatier; Elbasvir/ 12(2.4)
Grazoprevir

47.8± 9.1
265(53.9)
227(46.1)
448(91.1)
44(8.9)

53.6±10.7 0.024
11 (84.6)
0.028
2 (15.4)
8 (61.5)
0.000
5 (38.5)

428(87.0) 7 (46.2)
54(11.0)

4 (38.5) 0.000

10(2.0)

2 (15.3)
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The mean age of the non-responder’s group was
significantly higher than the responder group (53.6±10.7 and
47.8±9.1, respectively). Males were more frequent in the nonresponder cohort than females, and Saudi patients with chronic
HCV who did not show a favorable SVR12 rate represented
61.5% of the non-responder’s cohort.
Overall, the SVR rate was 97.4% in the study population.
Sofosbuvir/daclatasvir had an SVR12 of approximately
98.4%, while the rate of glecaprevir/pibrentasvir was 93.1%.

Discussion
In the last decade, the HCV standard of care treatment
included the pegylated IFN/ribavirin per day for 24-48 weeks.
(30)
Many patients could not tolerate such a type of regimen
and/or had a high rate of adverse effects, in particular in
difficult-to-treat populations.(31) The launching of IFN-free
anti-HCV therapy has yielded a better therapeutic response
with fewer side effects and was significantly favorable to such
patients.(32) In the current work, we revised the data from 13
primary health care centers specialty clinics of the hospitals in
the Eastern province of Saudi Arabia to unravel the response
rate of 505 patients with chronic HCV on comprehensive
DAAs treatment regimens. In general, anti-HCV therapy in
Saudi Arabia follows the recommendations of the AASLD
and the European Association for the Study of Liver (EASL)
guidelines, as mentioned earlier. The detailed report of the
HCV elimination plan consensus recommendations for
Saudi Arabia, 2018, is accessible at https://easl-ilf.org/wpcontent/uploads/2018/12/saudi.pdf. Additionally, the assistant
undersecretary of the MOH for preventive health, Dr. Abdullah
bin Mufreh Asiri, explained the objectives of the “Rest
assured,” saying: “Our efforts are continuing in the MOH to
improve the level of medical care in the Kingdom for patients
with viral hepatitis C within the framework of an ambitious
project aimed at eliminating the disease in the Kingdom.
Before 2030, God willing, and at this stage, the Ministry is
focusing on discovering undiagnosed cases in the community,
after which they will be referred to treatment with high-quality,
high-efficacy drugs. In the year 2020, the Ministry of Health
worked to increase the number of hospitals and health centers
approved for treating the HCV in the Kingdom, which will
enable us to reach the treatment of between 8 to 10 thousand
patients with hepatitis C, annually.”
The mean patient age in the present study was 48.1
years, and 54.7% were males. These age and sex distributions
of patients with HCV are similar, more or less, to the findings
of previous studies in the same region.(33-35) The HCV disease
was more prevalent exclusively among Saudi residents as all
expatriates (non-Saudi) living in Saudi Arabia are tested for
HCV before being granted a visa and employment.(33) The
overall SVR12 rate was 97.4% in this cohort. The patients
on the DAAs therapy regimen were slightly younger on
average, with male predominance. Thirteen patients in the
studied cohort showed virological non-response to treatment.
This estimate supports the conclusion that DAAs therapy is
effective, well-tolerated, and associated with a significantly
high treatment response rate and good patient adherence,(28)

and in line with previously reported global and local cure rates.
(35-37)
Interestingly, our findings are comparable with a local
study done by Hashimi et al.,(35) who explored the efficacy of
DAAs in the treatment of chronic HCV from real-world data
from the private healthcare sector of Saudi Arabia and found a
97% (255/262) response rate in their cohort.
Typically, four classes of DAAs have been approved for
chronic HCV treatment.(38) These agents act on three targets:
non-structural (NS3/4A) protease inhibitors (telaprevir,
boceprevir, simeprevir, paritaprevir, grazoprevir), NS5A
replication complex inhibitors (daclatasvir, ledipasvir,
ombitasvir, elbasvir), and nucleos(t)ide (sofosbuvir) and nonnucleoside (dasabuvir) NS5B RNA dependent polymerase
inhibitors.(38,39) The most commonly prescribed regimen
in the present study was sofosbuvir (a pan-genotypic
nucleotide analog inhibitor of HCV NS5B viral polymerase)
and daclatasvir (a pan-genotypic NS5A inhibitor). This
combination is effective in treating several HCV genotypes,
achieving about 98% (164/167) for G1 and 92% (24/26) SVR
rate for genotype 2 in a phase II trial. Also, its effectiveness
has been reported in the treatment of HCV genotype 3 with
a reported 89% SVR rate in phase II(16/18),(40) and phase III
(135/152)(41) trials. We found that this combination achieved
nearly an SVR12 rate of 98.4%, similar to other recent reports.
(35,42)
The second frequent combination in the current study
was glecaprevir/pibrentasvir, which was the first approved
pan-genotypic NS3/4A protease inhibitor-NS5A inhibitor
combination that offers a potent treatment option for the vast
majority of patients with chronic HCV, including an 8-week
option for treatment-naïve individuals.(43) This combination has
achieved SVR rates ranging from 98% to 100%, with very few,
if any, on-treatment virologic breakthroughs or post-treatment
relapses in several trials.(44-47) The last combination applied
in this study is the elbasvir/grazoprevir, which is an NS5A
replication complex inhibitor (elbasvir), and a later-generation
HCV NS3/4A protease inhibitor (grazoprevir) (https://www.
hepatitisc.uw.edu/). In an analysis of data from six clinical
trials, its SVR12 rate ranged from 89% to 100%, as concluded
by Jacobson et al.(48) The detailed pharmacodynamics/kinetics
and different response rates of the applied DAAs combinations
were detailed in an interesting review by Barstow et al.(49)
It is worth noting that our study is limited by the type of
study design, as retrospective studies cannot refer to the actual
clinical impacts and drawbacks of different applied DAAs
regimens. Also, the detailed clinic-laboratory data of the
included patients were not eligible for the authors at the time
the study was executed. In this sense, including the related
data for patients’ clinic-laboratory stratification and exploring
the predictors and factors for regimen failure (non-response)
is mandatory and warrants planning in the running projects.

Conclusion
A retrospective study was followed, including data from
the electronic medical records of HCV-infected adult patients
in the period 2018-2020. Patients underwent HCV health
education and treatment with DAAs according to the regional
protocols. The primary measured outcome is the overall cure
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rate, defined as the number of patients with SVR12 following
completion of DAAs-based treatment, divided by the total
number of patients enrolled in the study. The present findings
show an overall HCV cure rate of 97.4% of patients with
HCV in response to the elimination program with DAAs
in the Eastern region of Saudi Arabia, as indicated by high
SVR12. This is an example of treating patients with HCV in a
structured, supportive setting to help in the HCV elimination
program.
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Abstract
Background: The school system is forced to change with the development of scientific and technological progress, and
advances in the information society and education. However, not all changes in the school system have produced positive results.
Innovations in education have actually led to a decrease in the level of health and physical development of children. The problem
of health and physical development of children is currently relevant, especially in the transition from mass unified education
to differentiated education. The purpose of our research was to study the indicators of physical development of primary school
students enrolled in schools of different types.
Methods and Results: The younger students enrolled in the first and third grades of traditional primary school and innovative
school were under supervision. Children were formed into age groups according to their full calendar age. The study involved
primary school students (n=499) aged between 7 and 9 after studying the risk factors in ontogenesis. One hundred fifty-two
children were trained in a traditional school: 78 children aged 7-8 years and 74 children aged 8-9 years. Three hundred fortyseven children were trained in the innovative school: 116 children aged 7-8 years and 231 children aged 8-9 years. The physical
development of the school children was determined by weight, height, and chest circumference. Performance was evaluated
through percentile-type tables.
The research allowed us to conclude that the increased workload in the innovative school leads to a decrease in the growth of
body length and weight and a lag in the growth rate of anthropometric indicators, compared with children enrolled in the programs
of traditional schools. Innovations in education require further study of health and the health of children, development of hygienic
standards, methodological approaches to pediatric care, and physical education of preschool children.(International Journal of
Biomedicine. 2022;12(3):401-403.)
Keywords: children • physical development • education system
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Introduction
Students are in the education system from 3 to 24 years,
and all this time, they are under pressure, which some authors
compare with adverse environmental factors.(1)
It is known that the risk factors in the period spent in
school are continuous, systematic, and long. Many authors
have noted that the influence of the school environment, which
*Corresponding author: Prof. Elena A. Tkachuk, PhD,
ScD. Scientific Centre for Family Health and Human Reproduction
Problems, Irkutsk, the Russian Federation. E-mail: zdorowie38@
gmail.com

affects the child daily throughout the period of training,(2) is
usually accompanied by violations of mental, somatic, and
physical health.(3)
Problem Statement
Currently, the problem of health has become the most
urgent. At the stage of the transition from unified mass
education to differentiated education, the implemented
educational programs are diverse and often do not correspond
to the physiological, physical, and mental capabilities of
children. Physical development is of particular importance
for children of primary school age, as it is the most sensitive
factor at this age.(4)
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The reform of the school system increases the impact
of stressful factors on children, and the introduction of new
technologies and forms of education, including the innovative
type, lead to deterioration of the functional state of the body,
reduce children’s performance, and violate physiological
needs for sleep and rest.(5)
Comparing these indicators in traditional and innovative
schools will reveal trends in changing conditions in the
education system. Some authors note that with the innovative
education system, the teaching load on children in schools
increases by 1.5-2 times in one school week.(6)
Among high school students of lyceums who are enrolled
in innovative programs, disharmonious development is more
often revealed, a tendency to slow down the growth rate,
and body weight deficit is 2 times greater than in traditional
schools.(7)
Researchers of hygiene of children and adolescents
note that today the physical development of children’s and
adolescents’ body circumference tends to decrease, as do
functional indicators and the rate of acceleration. In addition,
there is a lack of weight and length of the body, and a backlog
of biological development.(8)
Innovative training load significantly wearies students,
thereby reducing the absorption of the material being studied
and sometimes disrupting adaptation. Increasing the tension
in the schoolwork causes the growth of fatigue in students.
This problem is significant in institutions with such new
kinds of curricula, such as the gymnasiums and the lyceums,
which primarily use innovative educational programs.(9) We
studied the impact of educational innovation on the physical
development of children of primary school age in this research.
The purpose of our research was to study the indicators
of physical development of primary school students enrolled
in schools of different types.

Materials and Methods
The younger students enrolled in the first and third
grades of traditional primary school and innovative school
were under supervision.
The groups were formed by a continuous method;
children with high social stigma, pronounced risk factors in
ontogenesis, and burdened with biological and social history
were excluded from the study groups. Evaluation of the
ontogenesis of children was conducted during the collection
of anamnesis of the child’s life, determining ancestry of at
least 3 generations, and information about the history of the
development. Genealogical factors were analyzed using a
genealogical index, defined as the total number of diseases in
blood relatives proband divided by the total number of blood
relatives. The genealogical history levels were accounted as
low, moderate, high, and severe.(10)
The burden of biological history was defined by risk
factors in the antenatal, intrapartum, early neonatal, neonatal
and postnatal periods. The level of the social stigma was used
to judge the problem of the intrauterine period.(10)
We took into account the completeness of the family,
the education and profession of parents, the age of parents, the

financial security of the family, the psychological microclimate
in the family, the presence or absence in the family of bad
habits and antisocial forms of behavior, housing and living
conditions, sanitary and hygienic conditions of education of
the child, regime and educational factors in the analysis of
social history.(10)
Children were formed into age groups according to their
full calendar age. The study involved primary school students
(n=499) aged between 7 and 9 after studying the risk factors in
ontogenesis. One hundred fifty-two children were trained in a
traditional school: 78 children aged 7-8 years and 74 children
aged 8-9 years. Three hundred forty-seven children were
trained in the innovative school: 116 children aged 7-8 years
and 231 children aged 8-9 years. The research presents the
results of simultaneous studies; in this regard, the age groups
were not identical.
The physical development of the school children was
determined by weight, height, and chest circumference.
Performance was evaluated through percentile-type tables.(6)
The study was conducted in accordance with ethical
principles of the WMA Declaration of Helsinki (1964, ed.
2013). Written informed consent was obtained from the
participant’s parent/guardian.
Statistical analysis was performed using the Statistica 10
software package (Stat-Soft Inc., USA). Analysis of the
distribution of values obtained was performed using the
Kolmogorov-Smirnov test. The mean (M) and standard error
of the mean (SEM) were deduced. For data with normal
distribution, inter-group comparisons were performed using
Student’s t-test. Differences of continuous variables departing
from the normal distribution were tested by the MannWhitney U-test. A probability value of P<0.05 was considered
statistically significant.

Results
The children living in the family were assessed by
parents who found sanitary and hygienic living conditions
satisfactory in 95.07% of families for children of traditional
schools and 94.31% of innovative schools.(11)
The research showed that the children in the first year
of study at the innovative school differed from the children
of traditional schools in physical development at admission.
Thus, body weight in children of the innovative school were
higher than in the traditional school, and these values had
statistically significant differences (P<0.05) (Fig.1).

Fig.1. Body weight (kg), *P<0.05.
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Growth rates at the same age in the innovative school
were also statistically higher than in children of the traditional
school (P<0.05) (Fig.2). According to our assumption, this
testified to a more favorable social situation for families who
want a child to be taught in an innovative type of school. After
the first year of the study, the body weight and growth rates
were equal in both types of schools in children 8-9 years old,
which may indicate the adverse impact of innovative forms of
education on the physical development of children.

Fig. 2. Body height (cm), *P<0.05.

In the study of the indicators of chest circumference,
these trends were maintained, but statistically significant
differences were not observed (P>0.05) (Fig.3). The research
allowed us to conclude that the increased workload in the
innovative school leads to a decrease in the growth of body
length and weight and a lag in the growth rate of anthropometric
indicators, compared with children enrolled in the programs of
traditional schools.

Fig. 3. Chest circumference (cm).

Physical development is a very sensitive indicator,
especially for children of preschool age and primary school
children. Therefore, any adverse impact on children during
this period necessarily affects their physical development.(12-14)
In conclusion, the findings suggest that school
innovations have an adverse impact on the physical
development of children due to their stressful effects.
Innovations in education require further study of health and
the health of children, development of hygienic standards,
methodological approaches to pediatric care, and physical
education of preschool children.
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Abstract
The article presents a morphological evaluation of the effectiveness of the use of silver sulfathiazole (SST) in the local
treatment of trophic ulcers in patients with diabetic foot syndrome (DFS). It has been shown that the use of SST in local therapy
in DFS patients can improve the course of the wound process and stimulate regeneration processes. The quantitative discrepancies
that were found in the expression levels of CD68+ macrophages, depending on the nature of the local therapy in DFS patients, are
a diagnostic criterion for the clinical efficacy of using SST in the complex treatment of this category of patients.(International
Journal of Biomedicine. 2022;12(3):404-408.).
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Introduction
According to the International Diabetes Federation,
diabetes mellitus and its consequences are the most important
global cause of morbidity and mortality in the population.(1)
One of the serious and most common complications of this
disease is (diabetic foot syndrome) DFS, which is diagnosed in
almost 25% of patients in this category. DFS leads to disability

*Corresponding author: Serhiy H. Hryvenko, MD, PhD, ScD.
Medical Academy named after S.I. Georgievsky of Vernadsky CFU,
Simferopol, Crimea. E-mail: hryva@mail.ru

for patients, a decrease in their quality of life, prolonged
hospitalization, significant financial costs, amputations of the
lower extremities, and high mortality.(2-4) One of the important
goals of the study of DFS was to establish the features of the
development and course of the wound process.(5) However,
the process of wound healing in DFS is extremely complex
and not fully understood. Macrophages play an important role
in the wound process. These are one of the key participants
in cellular repair, since they are involved in wound cleansing
and the production of a large number of cytokines and growth
factors, and they also affect the content of the extracellular
matrix and its remodeling.(6,7) It has been shown that a change
in the macrophage response is an important pathogenetic
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factor in the development of dysregenerative conditions in
ischemic(8) and venous trophic ulcers.(9,10) Understanding the
repair mechanisms will help in finding ways to treat patients
with DFS and will significantly improve the prognosis in
this group of patients.(11) In this regard, the search for new,
more effective methods having a multifactorial effect on
the local treatment of purulent wounds remains relevant.
One of these areas is the use of silver sulfathiazole SST. Its
positive influence on the course of the wound process has
been recognized by many authors.(12-15) However, its effect on
morphological changes in tissues has not been studied enough
and needs further research.
The purpose of the study was to evaluate the
morphological characteristics of the intensity of reparative
processes in trophic ulcers of the lower extremities in patients
with DFS, in the local treatment with SST.

Materials and Methods
The object of this study was biopsy specimens of
the marginal zone of wounds of 124 patients with various
forms of DFS who were treated (2019-2021) in the surgical
department at the Simferopol Clinical Emergency Hospital
No. 6. Depending on the local treatment of DFS, patients
were divided by simple randomization into two groups,
similar in age, in the severity of diabetes, in manifestations
of trophic lesions of the lower extremities, and in the nature
of comorbidities. Group 1 included 62 patients who received
conventional complex of conservative and surgical therapeutic
measures. Group 2 included 62 people in whom the complex
of therapeutic measures was supplemented by the use of SST
for local treatment. During the operation, wound tissues were
excised from the superficial and deep layers of the ulcer for
morphological examination.
Selected tissues were fixed in 10% neutral formalin for
10 days. Then the preparation was dehydrated and embedded
into a mixture of paraffin and beeswax at a temperature not
exceeding 56°C. Tissue sections with a thickness of 4±1µm
were made on a microtome and placed on glass slides. The
resulting sections were stained with H&E.(16) Biopsies were
examined at the time of admission, and on Days 7 and 14 after
the start of treatment. As a control, healthy skin of deceased
patients without vascular pathology and ulcerative defects of
the lower extremities (n=5) was examined.
IHC analysis of tissue samples was performed
according to a standardized method.(17) Tissue blocks were
sectioned approximately 3-5µm in thickness and mounted on
an adhesive glass slide (Menzel Gläser, Polysine, Germany).
For IHC, the EnVision FLEX+, Mouse, High pH (Code No.
K8012, Dako Denmark), a very-high-sensitivity visualization
system, was used together with Autostainer Link instruments.
The intensity of staining and distribution of CD68+ cells, their
quantity, quality, localization, and nature of interaction with
other structural elements were assessed.
In total, immunohistochemical analysis was performed
in 12 cases in both clinical groups: 6 patients in Group 1 and
6 patients in Group 2. To conduct a morphometric study, the
software program DP SOFT was used.
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The statistical analysis was performed using the
statistical software Microsoft Excel 2010. The mean (M)
and standard error of the mean (SEM) were calculated. The
Mann-Whitney U Test was used to compare the differences
between the two independent groups (for nonparametric data).
The Wilcoxon criterion was used to compare the differences
between the paired samples. A probability value of P≤0.05
was considered statistically significant.
The study protocol was reviewed and approved by the
Ethics Committee of the Medical Academy named after S.I.
Georgievsky of Vernadsky CFU. Written informed consent
was obtained from all patients before inclusion in the study.

Results and Discussion
Upon admission, both groups were diagnosed with
an exudation phase with a large number of neutrophils and
macrophages in the inflammatory infiltrate, and severe
hemodynamic disorders. Destructive phenomena were due to
impaired microcirculation and vascular permeability, leading
to the development of severe edema and secondary alteration
by neutrophils (Figure 1).

Fig.1. The edge of the trophic ulcer at the
start of the study (at admission). H&E
Staining. 20× magnification

IHC allowed isolation of the different types of
macrophages by shape, size, and CD68+ expression intensity.
Small macrophages had an elongated shape, in the cytoplasm
of which brown granules were visualized. Such cells were
characterized as low functional macrophages (LFMs) with
weak CD68 expression (Figure 2).

Fig.2. Expression of CD68 in the area
of the epidermal-dermal border at the
TU edges at the start of the study (at
admission). IHC. 40× magnification

Another generation of macrophages was much larger,
had a round or oval shape, and was characterized by the
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presence of processes. Dust-like granularity in these cells was
pronounced, spreading diffusely in their cytoplasm. These
cells were characterized as functionally active macrophages
(FAMs) with a high CD68 expression. Additionally, we
determined the coefficient of macrophage activity (CMA),
according to the formula: CMA=FAMs/LFMs.
The nature and number of CD68+ macrophages (by
IHC) in DFS patients are shown in Table 1. At admission, in
all patients with DFS, the total pool of CD68+ cells exceeded
the control values by 8.23 times (83.49±6.09 vs. 10.14±0.79,
P<0.01). At the same time, LFMs prevailed, the number
of which exceeded the control indicators by 14.02 times
(70.66±5.37 vs. 5.04±0.39, P<0.01). The amount of FAMs
also exceeded the control values by 2.51 times (12.83±0.96
vs. 5.10±0.41, P<0.01). CMA was 0.18±0.01 and 5.61 times
lower than the normal values (1.01±0.08), P<0.01.
Table 1.
The nature and number of CD68+macrophages (by IHC) in DFS
patients at admission.
CD68+ cells

DFS patients

P-value

Control

Total pool

83.49±6.09

<0.01

10.14±0.79

FAMs

12.83±0.96

<0.01

5.10±0.41

LFMs

70.66±5.37

<0.01

5.04±0.39

CMA

0.18±0.01

<0.01

1.01±0.08

On Day 7, edema, cellular infiltration, and microcirculatory disorders had decreased in Group 1. Foci of
destruction and lysis of the newly formed epithelium
appeared, which were not observed in the usual wound
process. The formation of granulation tissue was due to
unformed connective tissue without the formation of classical
granulations. Fibroblasts with basophilic cytoplasm and
hypertrophied nuclei appeared in the granulation tissue, and
new capillaries had formed. In Group 2, the inflammatory
response also decreased, and lymphocytes and macrophages
predominated in the infiltrate. Single, giant multinucleated
cells appeared. Tissue detritus was resorbed. Young collagen
fibers were formed. The tissue edema decreased, and the
extracellular matrix began to form, which indicated the
transition from the inflammation phase to the proliferation
phase.
On Day 7 (Table 2), in the skin of the marginal zone
of chronic wounds in patients of Group 1, the total number
of CD68+ macrophages had changed slightly (80.12±6.09),
but the number of FAMs had increased in their composition
(21.22±1.66), although the amount of LFMs remained
predominant (58.90±4.18), especially in foci of granulation
tissue. At the same time, CMA had increased up to 0.36±0.028.
In Group 2, compared to the initial data and Group 1, the total
amount of CD68+ macrophages was reduced (52.07±4.01
vs. 80.12±6.09 (Group 1), P<0.01), and LFMs remained
predominant (34.14±2.63); CMA had increased up to 0.53±0.04
and was greater than in Group 1(0.36±0.028), P<0.01

Table 2.
The nature and number of CD68+macrophages (by IHC) in DFS
patients on Day 7 after the start of treatment.
CD68+ cells

Group 1

P1-2

Group 2

Control

Total pool

80.12±6.09* <0.01 52.07±4.01* 10.14±0.79

FAMs

21.22±1.66* <0.05 17. 93±1.43* 5.10±0.41

LFMs

58.90±4.18* <0.01 34.14±2.63* 5.04±0.39

CMA

0.36±0.028* <0.01 0.53±0.04* 1.01±0.08

* – P<0.01 between Control and Groups 1 and 2

On Day 14, in Group 1, the amount of amorphous
substance had decreased, and the number of cellular elements,
mainly fibroblasts, had increased. Collagen fibers formed a
finely looped network of fibrous tissue, displacing cellular
elements. Inflammatory infiltration and uneven tissue edema
persisted (Figure 3). Focal accumulations of polynuclear
cells and small abscesses were detected. In Group 2, formed
granulation tissue was visualized, and pronounced signs of
epithelialization had appeared. The intercellular matrix was
replaced by fibrous connective tissue. Some of the capillaries
were obliterated, and the perivascular stroma was thickened.
Stasis, agglutination of erythrocytes, and microthrombosis
were found occasionally, indicating a significant improvement
in hemodynamics. As a result, edema in the dermis and
hypodermis was mild. Cellular infiltration was uneven due to
a decrease in the number of polynuclear cells and an increase
in the population of histiocytes and lymphocytes. Areas of
maturing vascularized connective tissue appeared. All of
this indicated the transition of the process to the phase of
epithelialization (Figure 4).

Fig. 3. Group 1. Regeneration
of the epidermis in the area of
the former TU on Day 14 of
local treatment. Fibrosis of the
dermis. Scattered diffuse and
perivascular lymphohistiocytic
infiltration of the dermis. H&E
Staining. 10× magnification.

Fig. 4. Group 2. Regeneration
of the epidermis in the area of
the former TU on Day 14 of
local treatment. Perivascular
lymphohistiocytic
infiltrate
and hemosiderin clumps. H&E
Staining. 20× magnification.

On Day 14 (Table 3) in Group 1, the total pool of
CD68+macrophages in the dermal infiltrate, as well as in
the foci of granulation tissue, had continued to decrease up
to 63.04±4.54, while the number of FAMs and LFMs was
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22.98±1.70 and 40.06±1.32, respectively. Moreover, they
were localized in association with lymphoid cells (Figure
5). CMA had increased significantly, compared to Day 7
(0.57±0.05 vs. 0.36±0.028, P<0.05). In all studied biopsy
specimens in Group 2, the total pool of CD68+ macrophages
in the dermal infiltrate, as well as in the foci of granulation
tissue, had continued to decrease (50.04±3.85), while the
number of FAMs and LFMs was 19.96±1.66 and 30.08±2.41,
respectively. CAM in Group 2 had not significantly increased,
compared to Day 7 (0.66±0.05 vs. 0.53±0.04, P>0.05).
Table 3.
The nature and number of CD68+ macrophages (by IHC) in DFS
patients on Day 14 after the start of treatment.
CD68+ cells

Group 1

P1-2

Group 2

Control

Total pool

63.04±4.54* <0.01 50.04±3.85* 10.14±0.79

FAMs

22.98±1.70* >0.05 19.96±1.66* 5.10±0.41

LFMs

40.06±1.32* <0.01 30.08±2.41* 5.04±0.39

CMA

0.57±0.05*

<0.05

0.66±0.05*

1.01±0.08

* – P<0.01 between Control and Groups 1 and 2
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reparative relationships. The use of silver sulfathiazole
in the complex local therapy for diabetic foot syndrome
revealed a lower range of expression intensity of CD68+
macrophages (by IHC) in the dermal infiltrate and foci of
granulation tissue, which fully correlates with the data on the
clinical effectiveness of silver sulfathiazole.(9-12) In addition,
a stable increase in CAM in the dermal infiltrate and foci of
granulation tissue with its gradual approach to the level of
1.0 indicated a favorable course of repair processes.

Conclusion
The use of silver sulfathiazole can improve the course
of the wound process and stimulate regeneration processes,
which can reduce the duration of treatment. The revealed
features of the expression of CD68+ macrophages, depending
on the nature of the local therapy used, are a morphological
criterion for the clinical effectiveness of the use of silver
sulfathiazole in the complex treatment of patients with diabetic
foot syndrome.
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Fig. 5. Group 1. Expression of CD68
in the focus of granulation tissue on
Day 14 of local treatment. IHC. 40×
magnification.

Thus, according to IHC, it was found that diabetic
foot syndrome is characterized by widespread macrophage
infiltration, which, with local therapy, reduces the expression
of CD68, but this process is slow and is characterized by
a prolonged course. The results of our study indicate that
the use of silver sulfathiazole reduces the manifestations of
inflammatory changes, improves the microhemodynamics
in wounds, and accelerates the organization of the
extracellular matrix, optimizing the regenerative process
and the formation of granulation tissue. Based on the
literature and our own data, we can conclude that a whole
complex of processes plays a key role in the pathogenesis
of DFS formation, which, in combination with infiltration
of CD68+ macrophages, leads to secondary alteration and
disrupts vascularization and tissue innervation. The result
of this is chronic inflammation, ineffective and excessive
proliferation of fibroblasts with a violation of resorption-
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Abstract
Background: In addition to human cells, healthy gums contain a variety of bacteria, fungi, and protozoa that may contribute
to unhealthy sites. The effect of pathogens lysis or other immune cell lysis needs to be clarified in order to expand the current
pathophysiological pattern of periodontitis. The purpose of this study was to survey the prevalence of E. gingivalis among patients
with periodontitis and healthy individuals in order to support public health action. In addition, we investigated the relationship
between the incidence rate and some parameters, such as patient age and gender.
Methods and Results: This study enrolled 51 subjects divided into two groups: The case group involved 31 patients (15
females and 16 males) with periodontal disease; the control group included 20 people (10 females and 10 males) with healthy oral
cavities. Biofilm and saliva samples were collected and examined for the presence of E. gingivalis. A total of 22(71.0%) patients
of various ages with periodontal disease were infected with E. gingivalis. Male patients were more likely to have the amoeba than
female patients. E. gingivalis was also found in the control group, albeit at a lower frequency (P=0.005).
Conclusion: Infections with E. gingivalis should be considered as a potential pathological factor associated with the
development of periodontal diseases. More research should be conducted to determine whether E. gingivalis is the primary cause
of tissue destruction and disease progression, or if it is acting synergistically with the current pathogenic bacteria that should be
investigated further.(International Journal of Biomedicine. 2022;12(3):409-411.).
Keywords: Entamoeba gingivalis • periodontal disease • oral cavity
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Introduction
In addition to human cells, healthy gums contain a
variety of bacteria, fungi, and protozoa that may contribute
to unhealthy sites.(1) The oral cavity is home to the amoeba E.
gingivalis, an uncommon parasite that colonizes the mouth.
E. gingivalis is a protozoan that is eukaryotic, motile, and
unicellular. It can only be found in vegetative or trophozoite
form.(2) There is no mention of resistance or cysts.(3)
E. gingivalis morphologically resembles E. histolytica,
and diagnosing such a protozoan necessitates expertise.(4)
This amoeba appears microscopically as a cell (10–35 μm)
with granular endoplasm clearly distinguishing itself from the
ectoplasm and active pseudopodia.(3)
Multiple foreign substances are seen in digestive
vacuoles, including bacteria, cellular debris, and even the
structure of changed nuclei of polynuclear cells and some red

blood cells.(5) The anaerobic environment of deep periodontal
pockets, which favors parasite development, shows that
interactions between microbiota constituents may be critical
for their function in the pathophysiology of the disease.(4)
According to a review of the literature, scientists have
differing opinions about the pathogenicity of E. gingivalis;
some believe it is a pathogenic protozoan that could play a role
in the progression of periodontitis,(3,4,6) while others believe it
is commensal due to its presence in the oral cavity of healthy
individuals.(1,5) However, it is known that in immunocompromized
individuals, E. gingivalis collaborates with some symbiotic
bacteria to promote the progression of periodontitis.(2,3,7) It is well
recognized that people with low socioeconomic status and poor
oral hygiene are the most vulnerable.
This commensal was found in HIV/1 patients with
periodontal disease.(8) This correlation may be due to the
consequences of chronic diseases and their impact on the
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variation of microbial communities in the oral cavity. E.
gingivalis was the only microbe found in the oral cavity of
people with severe periodontitis, implying that it is involved in
disease progression and causes inflammation and destruction
of surrounding tissues, as previously proposed by other
researchers.(3,4,6) The pathogenic activity of E. gingivalis has
been established once the amoeba attaches to the surfaces of live
epithelial cell models and induces cell killing and degeneration
via trogocytosis.(4)
This study was conducted to survey the prevalence of
E. gingivalis among patients with periodontitis and healthy
individuals in order to support public health action. In addition,
we investigated the relationship between the incidence rate
and some parameters, such as patient age and gender.

Materials and Methods
Patients
Some demographic information was recorded, such as
the age, gender, occupation, and residence of patients who
attended private clinics in Najaf (Iraq). These parameters were
collected prior to the collection of samples. Furthermore, the
patients were questioned regarding the presence of systemic
illness, and ingesting antibiotics or any medicine.
The case group involved 31 patients (15 females and
16 males) with periodontal disease. The following symptoms
were found in these patients: swelling of the frontal mandibular
deepening pocket, plaque and calculus, inflammation, and
green or yellow gingiva. The control group included 20 people
with healthy oral cavities. The age of participants in both groups
ranged from 10 to 70 years.
Sample Collection and Microscopic Examination
Biofilm and saliva samples were collected and examined
for the presence of E. gingivalis. From every patient, 3 spots
were selected from which to collect the samples (interdental
spaces, molar pockets, and palatogingival groove grooves). The
cumulative materials were removed with sterilized periodontal
curettes. Samples of saliva were collected using sterilized
containers. Wet-mount smears of both samples were performed
by placing one drop of physiological saline solution on the
slide, mixed with samples and stained with Giemsa stain. The
examinations were done in triplicate using 40X magnification
to identify the amoeba with its unorganized shape, distinctive
vacuoles, and pseudopodia.
Statistical analysis was performed using the statistical
software STATISTICA(v10.0, StatSoft, USA). Group comparisons
with respect to categorical variables are performed using Fisher’s
exact test. A value of P<0.05 was considered significant.
The study was conducted in accordance with ethical
principles of the WMA Declaration of Helsinki (1964, ed.
2013) and approved by the Kufa University Ethics Committee.
Written informed consent was obtained from each research
participant (or the participant’s parent/guardian).

Results
In the case group, 22(71.0%) patients with periodontal
disease were infected with E. gingivalis (Table 1). In the

control group of subjects who attended the clinics for
monitoring general oral cavity health, only 4(20%) infected
cases were observed.
Table 1.
Cases of E. gingivalis in the study groups.
E. gingivalis

Case group
(n=31)

%

Positive
Negative

22
9

71.0
20.03

Control group %
(n=20)
4
16

20.0
80.0

Fisher’s
Exact Test
( 2-Tail)
P=0.0005

Examination of the freshly prepared slides revealed that
from the total confirmed infected cases, 15 were detected in
the biofilm and one in saliva for patients with periodontitis. In
patients with gingivitis, 4 cases were detected in biofilms and
2 in saliva. In the control group, only 3 cases of E. gingivalis
were found in biofilm samples and one in saliva (Table 2).
Table 2.
Incidence of E. gingivalis in dental biofilm and saliva samples
depending on the periodontal status in the study groups.
E. gingivalis
Case group
Periodontitis
Gingivitis
Overall
Control group
Total

Biofilm
n (%)

Saliva
n (%)

Fisher’s
Exact Test
(2-Tail)

15 (68.18)
4 (18.18)
19 (86.36)
3 (13.64)
22 (100)

1 (25.0)
2 (50.0)
3 (75.0)
1 (25.0)
4 (100)

P=0.000
P=0.605

In terms of the relationship between patient age and the
presence of E. gingivalis, individuals aged 31 to 40 years had
the highest incidence rate, while those aged 41-60 years had
the lowest incidence rate (Table 3).
Table 3.
Infection with E. gingivalis in biofilm and saliva samples based on
patient age.
Age groups
10-20
21-30
31-40
41-50
51-60
60 and above
Total

Cases
3
5
10
2
1
1
22

%
13.64
22.73
45.45
9.09
4.54
4.54
100

In the case group, 59.09% of male patients were infected
with E. gingivalis compared to 40.91% cases among women.
In the control group, 75% of men were infected compared to
25% of females (Table 4).
Table 4.
The sex-related prevalence of E. gingivalis infection in biofilm and
saliva samples in the study groups.
Gender
Male
Female
Total

Case E. gingivalis % Control E. gingivalis %
group
group
presence
presence
16
13
59.09
10
3
75.00
15
9
40.91
10
1
25.00
31
22
100
20
4
100
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Discussion
For over a century, numerous authors have commented
on the presence of E. gingivalis in periodontal lesions of
gingival infections in humans.(4) Without being unanimous on its
pathogenic or commensal abilities, the majority of authors have
noted its consistent presence in periodontitis.(2,3,5) Cell adhesion,
neutrophil inactivation and phagocytosis, mass reproduction,
and motility are all activities that give the amoeba essentially
invasive pathogenic characteristics.(4,5) Keeping this in mind,
researchers discovered that patients with periodontal disease
were more susceptible to E. gingivalis infection. According to
a study conducted by Gharavi et al.,(9) the incidence rate of this
parasite was 41.7%. However, according to a study conducted
by Sharifi et al.,(2) the incidence rate of E. gingivalis was 11.7%,
and their findings were lower than the current outcomes.
Furthermore, we found E. gingivalis in 20% of individuals
with healthy oral cavities, indicating commensal habitation.
These differences can be explained by some parameters that
may influence the variability of results, such as the diversity of
samples examined (number of subjects, age, sex, etc.), as well
as by the difficulty in detecting and identifying the amoeba in
an accurate manner using direct examination on a fresh sample,
examination after culture, or examination by PCR probe.(2)
The presence of E. gingivalis in dental biofilms of patients
with periodontal disease and in the control group subjects
validates previous hypotheses of studies that this protozoan
may contribute to the progression of periodontal disease.(2,4)
This parasite may contribute to periodontitis development by
assisting the bacteria that cause damage (3,10) or by invading
ruptured oral mucosa and ingesting fragments of live cells, as
would be required to justify its periodontal pathogenicity.(4)
In terms of gender, E. gingivalis was found in more males
(59.09%) than females (40.91%). These findings contradict
another study, which found a high percentage of infectionrelated deaths among females.(11) However, according to our
study, gender appears to influence the frequency of this amoeba.
Regarding the relationship between patient age and the presence
of E. gingivalis, the parasite was most common in ages from
31 to 40 years. Similarly, some authors propose a statistically
significant link between E. gingivalis incidence and patient age
(maximum infestation between 31-40 years.(11)
Furthermore, periodontal tissue damage, poor oral health,
tooth loss, Candida spp. infection, decay-missing-filled teeth,
dental caries, cigarette smoking, drugs, frequency of brushing,
and food allergies are all suggested to play a role in the
prevalence of E. gingivalis infections.(12-14)

Conclusion
A total of 22(71.0%) patients of various ages with
periodontal disease were infected with E. gingivalis. Male patients
were more likely to have the amoeba than female patients. E.
gingivalis was also found in the control group, albeit at a lower
frequency (P=0.0005). Our study concludes that infections with
E. gingivalis should be considered as a potential pathological
factor associated with the development of periodontal diseases.
More research should be conducted to determine whether E.
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gingivalis is the primary cause of tissue destruction and disease
progression, or if it is acting synergistically with the current
pathogenic bacteria that should be investigated further.
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Abstract
The aim of the study was to establish the qualitative and quantitative composition of microbial flora of dental cavities (DCs)
after traditional and alternative preparation, including different methods of isolating the working field.
Material and Methods: Our study included 60 patients (mean age of 25.0±3.1 years) with DC Class 1 (Black’s classification)
without concomitant somatic pathology. To accomplish the study’s aim, 60 teeth were prepared. The main group (MG) consisted of
45 teeth prepared under absolute isolation with a rubber dam (RD). In the MG, 15 teeth were treated traditionally with a diamond
bur with red and yellow markings (MG-1), 15 teeth were treated by ultrasound with a diamond tip (MG-2), and 15 teeth underwent
hydrokinetic preparation (MG-3) with the Aquacut device (Velopex). In the comparison group (CG), which included 15 teeth, DCs
were treated traditionally with a dental bur without the RD. The MG and CG were comparable in terms of the initial state of dental
and microbiological status. The study of the qualitative and quantitative composition of the DC microflora showed that all DCs
contained pathogenic β-hemolytic streptococcus in the CG. At the same time, the maximum number of cases (80%) was moderately
contaminated. MG-1 and MG-2, as in the CG, were characterized by the predominance of β-hemolytic streptococcus at the bottom
of the treated cavity. At the same time, the incidence of moderate contamination decreased by 4 times and single contamination
increased in the cultures to 80%, compared to the CG (P=0.001). In MG-3, β-hemolytic streptococcus also dominated in the bottom
of DCs after RD setting. The number of colonies was single (66.7% of cases) and moderate (33.3% of cases), indicating a significant
increase in single and a decrease in moderate infestation, compared to the CG (P<0.01). Analysis of the quantitative characteristics
of the microbial composition of the cavity floor after preparation of fissure caries showed the highest bacterial contamination in
CG: β-hemolytic streptococcus predominated, averaging 251.20±2.5 CFU/tampon. Lactobacillus and Neisseria spp. were detected
much less frequently (3.16±1.6 CFU/tampon and 1.99±1.3 CFU/tampon, respectively). There was a 10-fold decrease in the number
of β-hemolytic hemolytic streptococcus cultures in MG-1 (25.12±2.0 CFU/tampon), MG-2 (25.12±2.0 CFU/tampon) and MG-3
(19.95±2.0 CFU/tampon), compared to the CG (P=0.000). The opportunistic microorganisms in the treatment of hard tissues by
different methods (burr, ultrasound, hydrokinetic) under absolute isolation conditions were identified in almost equal numbers, with
the Lactobacillus contamination being significantly lower in MG-1, MG-2, and MG-3 than in the CG (P<0.01).
Conclusion: After the preparation of DCs, a single presence of opportunistic microorganisms, moderate or single
contamination with pathogenic bacteria, and absence of anaerobic bacteria were noted. Absolute isolation with RD provides a
reduction of microbial infection regardless of the preparation method, and the maximum positive effect is DC preparation with
dental burr and ultrasound. (International Journal of Biomedicine. 2022;12(3):412-416.)
Keywords: bacterial flora • tooth preparation • dental bur • ultrasound • hydrokinetic method • rubber dam
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Introduction
The prevalence of dental caries is very high worldwide,
reaching 99%.(1) Treating caries consists of removing damaged
tissues and replacing them with fillings. The caries treatment is
the most time-consuming stage and depends on the localization
of the dental cavity (DC), the extent of the lesion, the tooth
group membership, the oral hygiene, the properties of the filling
material, and the patient’s aesthetic requirements.(2-4) Improving
the efficiency of preparation is an important issue in modern
dentistry.(5)
Currently, rotary instruments (burrs, cutters) have not
undergone fundamental changes. However, the principle of gentle
preparation of hard tissues is increasingly being promoted.(6-8) In
recent decades, the ultrasonic method, with the use of special
nozzles with diamond crumbs of various shapes and sizes, is
widely used for tooth preparation, which allows us to reduce the
working pressure of the tip and heating of the tooth.(9) It has been
demonstrated that the DC treatment by ultrasound removes only
softened demineralized enamel and dentin and does not affect
the healthy tissues of the tooth.(7) Another alternative method of
preparation is hydrokinetic, which is based on the mechanical
effects of the flow of aluminum oxide crystals, accelerated by
compressed air.(10) Including water in the process minimizes dust
formation and increases cutting efficiency. The tissue cutting
becomes cleaner and softer than with other preparation methods.
Minimally invasive treatment with hydrokinetic preparation
does not require local anesthesia, does not cause overheating,
and maximally preserves healthy tooth tissue.(11) An important
advantage of the method is that a lubricated layer does not form
after treatment: under the influence of an abrasive jet, a rough
surface free from technical and organic contaminants with
maximum contact area is formed.(10,11)
The numerous adverse effects of conventional
preparation, in addition to mechanical and thermal trauma,
also include microbial invasion.(12,13) The presence of infected
dentin and oral contamination make the burr the main carrier of
cross-infection.(6) The disadvantages of traditional preparation
have led to the search for new types of dental hard tissue
treatment that minimize the violation of the microstructure
and mineral exchange, as well as microbial contamination.
The aim of the study was to establish the qualitative
and quantitative composition of microbial flora of DCs after
traditional and alternative preparation, including different
methods of isolating the working field.

Material and Methods
Our study included 60 patients (28 men with an average
age of 25.43.39±3.21 years and 32 women with an average age
of 24.53±3.04 years) with DC Class 1 (Black’s classification)
without concomitant somatic pathology. To accomplish the
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study’s aim, 60 teeth were prepared. The main group (MG)
consisted of 45 teeth prepared under absolute isolation with a
rubber dam (RD). The RD was made of latex or nitrile (for latexallergic patients) flexible cloths (5×5 cm or 6×6 cm). In the MG,
15 teeth were treated traditionally with a diamond bur with red
and yellow markings (MG-1), 15 teeth were treated by ultrasound
with a diamond tip (MG-2), and 15 teeth underwent hydrokinetic
preparation (MG-3) with the Aquacut device (Velopex). In the
comparison group (CG), which included 15 teeth, DCs were
treated traditionally with a dental bur without the RD.
All patients of the MG and CG were examined using
standard diagnostic methods to assess the dental status: the level
of oral hygiene by OHI-S index (Greene-Vermillion, 1964),
the condition of teeth by the intensity of caries using CFR [the
sum of carious, filled, and removed teeth], the condition of
periodontal tissues taking into account clinical signs, and an
index assessment of the severity of the inflammatory reaction
using the PMA index in modifications of C. Parma (1960).
To assess the local microbiological status, all patients
underwent a preliminary microbiological examination
(β-hemolytic streptococcus, Lactobacillus, Neisseria spp.,
anaerobes) of the oral cavity. In the morning, on an empty
stomach, a smear was taken with a sterile cotton swab from
the mucous membrane of the cheeks and palate, followed
by sowing on standard nutrient media and identification of
the studied microorganisms. Anaerobic culture dishes were
incubated in GenBox containers under anaerobic conditions
for 24-72 hours at 37°C. Bacteriological examination for
the isolation of aerobic and anaerobic microorganisms was
carried out with mandatory quantification of the results, which
is necessary for the isolation of opportunistic bacteria. After
counting the number of isolated colonies on dense nutrient
media, the isolated cultures were identified. A complex of
morphological, cultural, and biochemical characteristics was
used to identify the type of isolated bacteria. Biochemical
identification of pure cultures was performed using a
bacteriological analyzer. The population density of different
groups of microorganisms was expressed in CFU.
The MG and CG were comparable in terms of the initial
state of dental and microbiological status. In the oral cavity in
patients of both groups, no visible pathology of the mucous
membrane or periodontal disease was noted. The PMA index
was equal to 0 in all the studied groups, which indicated the
absence of inflammatory changes in the soft tissues of the oral
cavity. The CFR ranged from 5 to 10. The state of oral hygiene
in patients of both groups was characterized as good (the
OHI-S index of up to 0.6). All patients in the study groups were
characterized by the microbiologically confirmed presence of
β-hemolytic streptococcus in the oral cavity (Table 1).
Statistical analysis was performed using STATISTICA
10.0 (Stat-Soft Inc, USA). For descriptive analysis, results
are presented as mean±standard error of the mean (SEM). A
non-parametric Mann-Whitney U-test was used to compare
the differences between the two independent groups. The
frequencies of categorical variables were compared using
Pearson’s chi-squared test or Fisher’s exact test (2-tail), when
appropriate. A probability value of P<0.05 was considered
statistically significant.
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Table 1.

significant decrease in its number, compared to the preparations
without latex RD isolation. Thus, the incidence of moderate
contamination decreased by 4 times and single contamination
increased in the cultures to 80%, compared to the CG (P=0.001).
Single opportunistically pathogenic Lactobacillus and Neisseria
spp. were observed in 20% and 6.7% of cases, respectively,
which was similar to the contamination of DCs treated without
absolute isolation. Anaerobes from the bottom of DCs were not
detected, as in the previous group.
In MG-2, the quantitative and qualitative composition
of the cavity floor microflora was identical to that in MG1: a lower moderate and increased single β-hemolytic
streptococcus contamination, single colonies of Lactobacillus
and Neisseria spp. (in 20% and 6.7% of cases, respectively),
and no anaerobic bacteria.
In MG-3, β-hemolytic streptococcus also dominated in
the bottom of DCs after RD setting. The number of colonies
was single (66.7% of cases) and moderate (33.3% of cases),
indicating a significant increase in single and a decrease in
moderate infestation, compared to the CG (P<0.01). There were
no significant differences, compared to MG-2 and MG-1. There
was a slight trend toward a 13.3% decrease in Lactobacillus
singularly isolated, compared with all previous groups. Neisseria
spp. were isolated in 6.7% of cases, which corresponded to a
similar figure in other methods of carious cavity preparation.
Anaerobic bacteria, as in the previous groups, were not detected.
Table 3 shows the quantitative characteristics of the
microbial composition of the cavity floor after preparation
of fissure caries by different methods. The highest bacterial
contamination was detected when working with a dental burr drill
without RD isolation. b-hemolytic streptococcus predominated,
averaging 251.20±2.5CFU/tampon. Lactobacillus and Neisseria
spp. were detected much less frequently (3.16±1.6 CFU/tampon
and 1.99±1.3 CFU/tampon, respectively).
Absolute isolation of the working field with RD during
preparation allowed us to reduce significantly the bacterial
contamination of DCs. There was a 10-fold decrease in the
number of pathogenic b-hemolytic streptococcus cultures
in MG-1 (25.12±2.0 CFU/tampon), MG-2 (25.12±2.0 CFU/
tampon) and MG-3 (19.95±2.0 CFU/tampon), compared to
the CG (P=0.000).

Clinical characteristic of the groups.
CG
(n=15)

Parameter
Average age, years

MG-1
(n=15)

MG-2
(n=15)

MG-3
(n=15)

25.40±3.36 23.67±2.58 25.93±3.24 24.80±3.12

Gender, male/female

7/8

7/8

7/8

7/8

The presence of concomitant diseases,
yes/no

no

no

no

no

The initial state of
the oral cavity:
presence of
β-hemolytic
streptococcus,yes/no

yes

yes

yes

yes

Dental status:
CFR,
OHI-S
PMA index, %

7.19±1.55 6.82±1.52 7.82±1.61 7.46±1.59
0.54±0.16 0.52±0.15 0.57±0.17 0.58±0.17
0
0
0
0

The study was conducted in accordance with ethical
principles of the WMA Declaration of Helsinki (1964, ed.
2013) and approved by the Ethics Committee at the Scientific
Centre for Family Health and Human Reproduction Problems
(Irkutsk, Russia). Written informed consent was obtained
from all participants.

Results and Discussion
The study of the qualitative and quantitative composition
of the DC microflora showed that all DCs contained
pathogenic β-hemolytic streptococcus in the CG. At the same
time, the maximum number of cases (80%) was moderately
contaminated (up to 103CFU) (Table 2). Lactobacillus was
detected much less frequently, in single (20%) and moderate
(6.7%) numbers. Single Neisseria spp. were rare (6.7% of
cases). Anaerobic bacteria were not identified in the samples
submitted.
Preparation in MG-1, as in the CG, was characterized by the
predominance of β-hemolytic streptococcus at the bottom of the
treated cavity (Table 2). At the same time, there was a statistically
Table 2.

The prevalence of bacterial flora in DCs after preparation by traditional and alternative methods.
Bacterial flora
Parameter

Lactobacillus

Neisseria spp.

Anaerobes

Degree of
contamination
(CFU/tampon)

Single

Moderate

Single

Moderate

Absence

Single

Absence

Absence

CG (n=15)

3(20%)

12(80%)

3(20%)

1(6.7%)

11(73.3%)

1(6.7%)

14(93.3%)

100%

MG-1 (n=15)

12(80%)*

3(20%)*

3(20%)

-

12(80%)

1(6.7%)

14(93.3%)

100%

MG-2 (n=15)

12(80%)*

3(20%)*

3(20%)

-

12(80%)

1(6.7%)

14(93.3%)

100%

1(6.7%)

-

14(93.3%)

1(6.7%)

14(93.3%)

100%

Cavity
preparation
*

β-hemolytic
streptococcus

MG-3 (n=15)

10(66.7%)* 5(33.3%)*

- statistically significant differences with CG
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Table 3.
Microbial composition and degree of cavity floor saturation after
preparation of fissure caries by different methods (in CFU /
tampon).
Bacterial flora

Parameter

Cavity
preparation

β-hemolytic
Degree of cavity floor streptococcus Lactobacillus Neisseria spp.
saturation (CFU/tampon)

*

CG (n=15)

251.20±2.5

3.16±1.6

MG-1 (n=15)

25.12±2.0*

1.58±0.08*

1.26±0.06

MG-2 (n=15)

25.12±2.0

*

1.58±0.08

1.26±0.06

MG-3 (n=15)

19.95±2.0*

1.26±0.06*

1.26±0.06

*

1.99±1.3

- statistically significant differences with CG.

The opportunistic microorganisms in the treatment
of hard tissues by different methods (burr, ultrasound,
hydrokinetic) under absolute isolation conditions were
identified in almost equal numbers, with the Lactobacillus
contamination being significantly lower in MG-1, MG-2 and
MG-3 than in the CG (P<0.01). No significant changes for
Neisseria spp. were found between all groups.
Thus, after preparation of DCs without RD, the single
presence of opportunistic microorganisms, moderate or single
presence of pathogenic microflora, and absence of anaerobic
bacteria were noted. To a greater extent, microbial contamination
was influenced by the method of isolating the working field.
Minimal infection was observed in absolute isolation with
RD. During hydrokinetic preparation, only a tendency to a
decrease in the number of pathogenic β-hemolytic streptococci
was noted, compared with teeth treated with dental burr and
ultrasonic diamond tips under identical isolation conditions.
The presence of pathogenic β-hemolytic streptococcus in the
prepared DCs may be due to the etiology of the disease.(13,14) The
predominance of moderate contamination at work without RD
indicates the entry of microorganisms from infected oral fluid
and with oral respiration. The absolute predominance of aerobic
coccus flora in fissural caries is confirmed by the works of other
authors.(11,14,15) The combined detection of opportunistic and
pathogenic microorganisms confirms their ability to combine
into microbial associations that contribute to virulence.(11)
Thus, an oral cavity is a place where there are all the
conditions for optimal life activity of resident bacterial microflora,
and in DCs, there are all the conditions for the favorable
existence and activity of not only aerobic but also anaerobic
microflora.(16) Microbial contamination of the oral cavity with
caries significantly increases in all parts of the mouth, including
DCs.(12-14,17) However, it should be noted that not all authors are of
the opinion that certain representatives of the resident microflora
are particularly cariogenic and give paramount importance to the
nature and characteristics of the relationship between the resident
microflora and the organism.(18,19)

Conclusion
After the preparation of DCs, a single presence
of opportunistic microorganisms, moderate or single
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contamination with pathogenic bacteria, and absence of
anaerobic bacteria were noted. Absolute isolation with RD
provides a reduction of microbial infection regardless of the
preparation method, and the maximum positive effect is DC
preparation with dental burr and ultrasound.
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Abstract
Background: Residual ridge resorption is a chronic, progressive, irreversible process, and poses a clinical challenge to
finding the appropriate methods and treatments for edentulous patients. The aim of this study was to assess patients with an
edentulous mandible with regards to the height and width dimensions in molar, premolar, and symphyseal regions using Cone
Beam Computed Tomography (CBCT).
Methods and Results: A CBCT was performed on 60 patients, edentulous for more than 5 years. The height of residual bone
was measured on 7 sites of the mandible, whereas the width of residual bone was measured on 5 sites. The highest mean value of
residual bone height (BH) was measured in the symphyseal region, while the lowest value was measured in the right side molar
region. The highest mean value of residual bone width (BW) was measured in the symphyseal region, while the lowest value was
measured in the right side premolar region. Male patients had significantly higher residual bone in the mandible. The residual BW
was insignificantly higher in males than in females, excluding the symphyseal region.
Conclusion: Analysis of the characteristics of BH and BW by CBCT enables a dentist to achieve a higher degree of
accuracy during the implant placement and to select the appropriate implant design.(International Journal of Biomedicine.
2022;12(3):417-422.).
Keywords: residual ridge • mandible • edentulous • CBCT
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Abbreviations
AC, alveolar crest; BH, bone height; BW, bone width; CBCT, Cone Beam Computed Tomography; FMR, the first molar region;
MFR, mental foramen region; MC, mandibular canal.

Introduction
The presence of teeth stimulates and maintains the
form and density of bone through the periodontal ligaments,
prompting the bone to remodel and rebuild continually. The
loss of teeth leads to alveolar bone resorption and a decrease
in the gum tissue, and can cause psychosocial, functional,

and phonetic problems.(1) Consequently, this often leads
to a situation in which there is no longer sufficient support
for performing the proper function of complete dentures,
particularly on the mandible.(2)
Residual ridge resorption is a chronic, progressive,
irreversible process, particularly for individuals with an
edentulous mandible, and varies from one individual to
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another at different phases of life and even in different parts
of the jaw of the same person.(3,4) It is a continuous process
after tooth extraction, and it is more noticeable in the first few
months after extraction than later.(4-6)
Alveolar ridge resorption is one of the major factors that
is involved in the rehabilitation of complete denture wearers,
particularly in the mandible, by causing serious problems for
both the patient and the dentist. Therefore, considering its
complex nature, bone resorption poses a clinical challenge to
finding methods and treatments for preventing and managing
alveolar ridge resorption in edentulous patients. The success
of treatment may be dependent on the size of remaining
edentulous tissues with regard to the denture-bearing surface
area, as well as BH and BW for dental implant placement.(7) The
common complaints of patients with conventional dentures are
pain and minimal masticatory efficiency.(8) Recently, implantsupported dentures have allowed many patients to improve
quality of life, compared to complete dentures, including the
ability to chew and speak, and greater satisfaction with their
appearance.(9,10)
Resorption of the alveolar ridge has been estimated with
various radiographic techniques, such as lateral cephalometric
radiographs, panoramic radiographs, and CBCT.(9-16) Panoramic
radiography is a common imaging technique in routine
examinations in dentistry. Its primary disadvantage is image
distortion, especially in the anterior region.(11) On the other hand,
CBCT has the advantages of precise three-dimensional imagery,
low radiation exposure, ease of use, and short scan time.(12)
Residual ridge resorption was measured by different methods,
of which the most commonly measured landmarks used were
MF (inferior and upper border), molar region, premolar region,
and mandibular symphysis since the residual ridge resorption is
usually more rapid in the premolar and molar regions than in the
anterior region of the mandible.(13,17,18)
The aim of this study was to analyze the height and
width dimensional characteristics of the mandible using
CBCT in fully edentulous patients who were edentulous for
more than 5 years.

The following BH measurements were obtained:
-FMR right side (BH-A): a distance from the inferior
border of the mandible to alveolar crest, 16 mm distal from
mental foramen (Figure 1; Figure 2A).
-FMR left side (BH-A1): a distance from the inferior
border of the mandible to alveolar crest, 16 mm distal from
mental foramen (Figure 1; Figure 2A).
-FMR right side (BH-D): a distance from the upper
border of mandibular canal to alveolar crest, 16 mm distal
from mental foramen (Figure 1; Figure 2D).
-FMR left side (BH-D1): a distance from the upper
border of mandibular canal to alveolar crest, 16 mm distal
from mental foramen (Figure 1; Figure 2D).
-MFR right side (BH-B): a distance from the inferior
border of the mandible to alveolar crest, 2 mm mesial from
mental foramen (Figure 1; Figure 2B).
-MFR left side (BH-B1): a distance from the inferior
border of the mandible to alveolar crest, 2 mm mesial from
mental foramen (Figure 1; Figure 2B).
-Region of symphysis menti (BH-C): distance from
lower border of the mandible to alveolar crest (Figure 1;
Figure 2C).

Material and Methods

The following BW measurements were obtained:
-FMR right side (BW-A): a distance between lingual
and buccal sites of residual bone in level with the upper border
of mental foramen, 16mm distal from mental foramen (Figure
2A).
-FMR left side (BW-A1): a distance between lingual
and buccal sites of residual bone in level with the upper border
of MC, 16 mm distal from mental foramen (Figure 2A).
-MFR right side (BW-B): a distance between lingual
and buccal sites of residual bone in level with the upper border
of mental foramen, 2 mm mesial from mental foramen (Figure
2B).
-MFR left side (BW-B1): a distance between lingual and
buccal sites of residual bone in level with the upper border of
mental foramen, 2 mm mesial from mental foramen (Figure
2B).
-Region of symphysis menti (BW-C): a distance between
lingual and buccal sites of residual bone, 10 mm above the
lower border of the mandible (Figure 2C).

This study was conducted at Alma Mater Europaea
Campus College “Rezonanca” (Pristina, Kosovo) with
prior approval from the Ethical Committee (AD-3063/21,
18.06.2021) of this institution and enrolled 60 edentulous
patients. Inclusion criteria were edentulous mandible for
at least 5 years, and no health problems in terms of any
disease that could affect bone metabolism, radiation, and
immunosuppressive therapy. All patients were informed about
the entire procedure, including the exposures to CBCT, and
signed an agreement for inclusion as participants of the study.
All CBCTs were performed by the same operator using the
same imaging device, Orthophos SL 3D Fov11x10 CB/CT,
Sirona Sidex 4 Galileos Implant Planning, Sicat Applications.
The images were saved in DICOM format for further
processing. BH measurements on the mandible were evaluated
in 7 sites for each patient, whereas BW measurements on the
mandible were assessed in 5 sites.

Fig.1. Panoramic view of height measurements. Landmark
A- molar region right side; landmark D - molar region
right side (distance from upper border of MC to AC);
landmark B - premolar region; landmark C- symphyseal
region; landmark B1- premolar region left side; landmark
A1- molar region left side; landmark D1- molar region left
side (distance from upper border of MC to AC).
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Table 1.

Descriptive statistics for residual BH (mm) for each measured site.

BH-A BH-B BH-C BH-D BH-A1 BH-B1 BH-D1

Mean
(SEM)

20.99 23.5 24.43 9.18 20.93 23.98
(0.60) (0.65) (0.66) (0.52) (0.65) (0.65)

95% CI
Lower
Bound
Upper
Bound

Fig.2. Cross-sectional view of height and width
measurements. A - molar region; B - premolar region;
C - symphyseal region; D - molar region (distance
from upper border of MC to AC).

Statistical analysis was performed using Microsoft
Excel (MS Office 2010 Microsoft Corp., Redmond, WA,
USA) and the Statistical Package for Social Science (SPSS)
version 21.0 for Windows (SPSS Inc, Chicago, IL, USA). The
mean, standard deviation (SD), standard error of the mean
(SEM), median, interquartile range (IQR), and confidence
interval (CI) were calculated. Means of 2 continuous variables
were compared by independent samples Student’s t-test.
A probability value of P<0.05 was considered statistically
significant.

Measured Site

Descriptive
statistics

19.79 22.19 23.11 8.14

9.46
(0.51)

19.63 22.68

8.44

22.18 24.81 25.75 10.22 22.23 25.28

10.48

5% Trimmed 20.92 23.6 24.63 9.06
Mean

21.08 24.08

9.36

Median

19.81 23.18 24.35 8.87

21.54 23.91

9.31

Variance

21.54 25.74 26.2 16.16 25.23 25.32

15.57

SD

4.64

5.07

5.12

4.02

5.023

5.03

3.95

Minimum

12

9

10

3

6

10

3

Maximum

30

32

34

20

31

36

19

Range

18

23

24

17

25

26

16

IQR

9

8

8

6

6

8

4

Skewness
(SE)

0.25 -0.14 -0.39 0.36 -0.51 -0.26
(0.31) (0.31) (0.31) (0.31) (0.31) (0.31)

0.36
(0.31)

Kurtosis
(SE)

-1.07 -0.19 0.24 -0.47 0.29 0.02
(0.61) (0.61) (0.61) (0.61) (0.61) (0.61)

-0.25
(0.61)

Table 2.
Descriptive statistics for residual BW (mm) for each measured site
Measured Site   

Results

Descriptive
statistics

BW-A

BW-B

BW-C

BW-A1

BW-B1

Table 1 presents the mean BH on 7 sites in both male and
female patient groups. The highest mean value of residual BH
was at the measurements in landmarks C, B1, and B (24.43±5.12
mm, 23.98±5.03 mm, and 23.5±5.07 mm, respectively), while
the lowest values were

at the measurements in landmarks D and
D1 (9.18±4.02 mm and 9.46±3.95 mm, respectively).
The highest mean value of residual BW was at the
measurements in landmarks C, A1, and B1 (12.24±2.27 mm,
10.75±2.33 mm, and 10.55±8.03 mm, respectively), while the
lowest value was at the measurements in landmarks A and B
(10.26±2.08 mm and 9.74±2.24 mm, respectively) (Table 2).
In all measured sites, the mean value of residual BH was
significantly higher in males than in females (P<0.0001), with
the largest difference in measurement at the B site (Diff. of
Mean = - 6.521), and the smallest difference at the D site (Diff.
of Mean = -4.369) (Figure 3).
In all measured sites, the average value of residual BW
was insignificantly higher in males than in females, except
for the measurement at the C site, where the difference was
significant. The largest difference was in the measured B1
site (Diff. of Mean = -2.95), with the smallest difference
measured in the A site (Diff. of Mean = -0.294) (Figure 4).

Mean
(SEM)

10.26
(0.27)

9.74
(0.29)

12.24
(0.29)

10.75
(0.30)

10.55
(1.04)

9.73
10.8

9.16
10.32

11.66
12.83

10.15
11.36

8.48
12.63

5% Trimmed
Mean

10.26

9.65

12.3

10.77

9.6

Median

10.34

9.56

12.83

11.23

9.77

Variance

4.306

5.039

5.128

5.412

64.484

SD

2.075

2.245

2.265

2.326

8.03

Minimum

6

6

6

6

4

Maximum

15

18

16

16

70

Range

9

12

10

10

66

IQR

3

3

3

4

3

Skewness
(SE)

-0.004
(0.31)

0.78
(0.31)

-0.46
(0.31)

-0.11
(0.31)

7.07
(0.31)

Kurtosis
(SE)

-0.30
(0.61)

2.03
(0.61)

-0.25
(0.61)

-0.70
(0.61)

52.99
(0.61)

95% CI
Lower Bound
Upper Bound
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Fig.3. Gender-based comparison of the residual
BH of each measured site.

Fig. 4. Gender-based comparison of the residual
BW of each measured site.

Discussion
In this study, patients were evaluated using the CBCT
imaging technique, considered more accurate than panoramic
radiographs. Other authors also used this technique.(12,19,20)
The 7 landmarks (A, B, C, D, A1, B1, D1) selected for
the present study appear to be a more useful reference and
sufficiently entail justification of their use as a reference point
in clinical studies.(12,13,15,17-19) Furthermore, Wical and Swope(13)
rationalized that the bone below the foramen constitutes a
predictable proportion of the total BH in most normal patients
and is not significantly affected by resorption until extreme
atrophy occurs.
Considering that the residual ridge resorption is more rapid
in the premolar and molar regions than the anterior region of the
mandible, it is important to analyze the BH and BW in these
regions.(17) Moreover, the height and width of the residual alveolar

bone in these regions are important during implant placement,
taking into account the location of the mandibular canal and
mental foramen, particularly in a severely resorbed mandible.
Short and narrow dental implants could be an alternative for
the atrophied mandible.(21) The unfavorable combination of
lower height and width of residual alveolar bone during implant
placement should be analyzed diligently, particularly in the
posterior regions. Numerous surgical techniques have been
developed to enable the placement of dental implants that vary
in their degree of complexity.(21) Likewise, the measurements of
BH and BW in posterior mandibular regions are an important
factor for the planning of complete dentures since, in cases of
gross resorption, it can lead to compression and damage of the
inferior alveolar nerve, and therefore, patients will complain of
pain and discomfort.
In the present study, the average residual BH was
24.43±5.12 mm in the symphysis menti (landmark C) and
23.99±5.03 mm, 23.5±5.07 mm in the premolar region
(landmarks B, B1), which is considered sufficient for implant
placement. In the posterior region (landmarks D, D1), however,
the average residual BH was 9.18±4.02 mm, and 9.46±3.95
mm, which limits the implant placement with adequate length.
Similar results were reported by another study.(22)
Furthermore, our study found that the residual ridge was
wider in frontal points of measurement of the mandible and
decreased gradually towards the lateral regions. According to
Mense et al.,(12) the mean symphysis width was 13.30±2.19
mm for both genders, which is similar to the findings of the
present study.
The height measurement values at measured sites
were significantly greater in the edentulous men than in the
edentulous women (P<0.05). These results are supported by
other studies, which reported that the women had a significantly
greater amount of mandibular residual ridge resorption than
the men.(12,22,23) This difference could be explained by the
deficiency of estrogens in postmenopausal women, which may
accelerate the resorption of the residual ridge.(24-26)
A study conducted by Pramstaller et al.(27) found that
the mean values of BH and BW did not differ significantly
between male and female patients, which is compatible
with the present study in terms of BW results but not BH.
The different results may be due to different locations of the
height and width measurements of the bone. Also, this study
is related to patients with a fully edentulous mandible, unlike
the previously mentioned study, which is related to patients
with one fully edentulous and one fully dentate mandibular
posterior region. In addition, in a study by Bressan et al.,(28)
gender showed a significant difference in BH, with males
having, on average, a 2.8 mm greater height than females,
however not in BW, which is supported by this study.
Nevertheless, it is difficult to compare the results of this study
with those of prior studies since previous studies had different
landmarks of measurements.

Conclusion
Within the limits of this study, the mean BH in
posterior regions would dictate that implant placement can
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be challenging. Using shorter implants may be considered
optional. In premolar and symphyseal regions, BH and BW
are sufficient for implant placement. Therefore, in cases
where there is insufficient bone in the distal regions of the
mandible, a good solution would be the placement of a
2- or 4-implant overdenture, which would be sufficient to
adequately address a patient’s functional needs.

Ethics Approval and Consent to Participate
The study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethical
Committee of Alma Mater Europaea Campus College
Rezonanca, Pristina, Kosovo (AD-3063/21,18.06.2021).
Written informed consent was obtained from all subjects
involved in the study.

Competing Interests
The authors declare that they have no competing
interests.

References
1. Limpuangthip N, Somkotra T, Arksornnuki M. Impacts
of Denture Retention and Stability on Oral Health-Related
Quality of Life, General Health, and Happiness in Elderly
Thais. Curr Gerontol Geriatr Res. 2019 Jul;2019(1):1-8. doi:
10.1155/2019/3830267.
2. Singh OP, Kaur R, Nanda SM, Sethi E. Residual
ridge resorption: A major oral disease entity in relation to
bone density. Indian J Oral Sci. 2016 Jan;7(1):3-6. doi:
10.4103/0976-6944.176383.
3. Atwood DA. Reduction of residual ridges: a major oral
disease entity. J Prosthet Dent. 1971 Sep;26(3):266-79. doi:
10.1016/0022-3913(71)90069-2.
4. Tallgren A. The continuing reduction of the residual
alveolar ridges in complete denture wearers: a mixedlongitudinal study covering 25 years. J Prosthet Dent. 1972
Feb;27(2):120-32. doi: 10.1016/0022-3913(72)90188-6.
5. Kovacić I, Celebić A, Zlatarić DK, Petricević N, Buković
D, Bitanga P, Mikelić B, Tadin A, Mehulić K, Ognjenović
M. Decreasing of residual alveolar ridge height in complete
denture wearers. A five year follow up study. Coll Antropol.
2010 Sep;34(3):1051-6.
6. Xie Q, Wolf J, Ainamo A. Quantitative assessment
of vertical heights of maxillary and mandibular bones in
panoramic radiographs of elderly dentate and edentulous
subjects. Acta Odontol Scand. 1997 Jun;55(3):155-61. doi:
10.3109/00016359709115409.
7. AlSheikh HA, AlZain S, Warsy A, AlMukaynizi F,
AlThomali A. Mandibular residual ridge height in relation to
age, gender and duration of edentulism in a Saudi population:
A clinical and radiographic study. Saudi Dent J. 2019
Apr;31(2):258-264. doi: 10.1016/j.sdentj.2018.12.006.
8. Helal E, El-Zawahry M, Gouda A, Elkhadem AH,
Ibrahim SI. Bone Height Changes of the Mandibular
Edentulous Ridge in Screw Retained Versus Telescopic
Restorations for Completely Edentulous Patients. Open
Access Maced J Med Sci. 2017 Mar 15;5(1):72-78. doi:

421

10.3889/oamjms.2017.004.
9. Maló P, Rangert B, Nobre M. “All-on-Four” immediatefunction concept with Brånemark System implants for
completely edentulous mandibles: a retrospective clinical
study. Clin Implant Dent Relat Res. 2003;5 Suppl 1:2-9. doi:
10.1111/j.1708-8208.2003.tb00010.x.
10. Sargozaie N, Moeintaghavi A, Shojaie H. Comparing the
Quality of Life of Patients Requesting Dental Implants Before
and After Implant. Open Dent J. 2017 Aug 31;11:485-491.
doi: 10.2174/1874210601711010485.
11. Kayal RA. Distortion of digital panoramic radiographs
used for implant site assessment. J Orthod Sci. 2016 OctDec;5(4):117-120. doi: 10.4103/2278-0203.192113.
12. Mense C, Saliba-Serre B, Ferrandez AM, Hüe O, Ruquet
M, Lalys L. Cone beam computed tomography analysis
of the edentulous mandibular symphysis. J Dent Sci. 2021
Jan;16(1):115-122. doi: 10.1016/j.jds.2020.06.025.
13. Wical KE, Swoope CC. Studies of residual ridge
resorption. I. Use of panoramic radiographs for evaluation and
classification of mandibular resorption. J Prosthet Dent. 1974
Jul;32(1):7-12. doi: 10.1016/0022-3913(74)90093-6.
14. Kovačić I, Knezović Zlatarić D, Celebić A. Residual
ridge atrophy in complete denture wearers and relationship
with densitometric values of a cervical spine: a hierarchical
regression analysis. Gerodontology. 2012 Jun;29(2):e935-47.
doi: 10.1111/j.1741-2358.2011.00589.x.
15. Sağlam AA. Sağlam AA. The vertical heights of maxillary
and mandibular bones in panoramic radiographs of dentate and
edentulous subjects. Quintessence Int. 2002 Jun;33(6):433-8.
PMID: 12073724.
16. Al-Jabrah O, Al-Shumailan Y. Association of complete
denture wearing with the rate of reduction of mandibular
residual ridge using digital panoramic radiography. Intern
J Dent Res. 2013 Nov;2(1):20-25. doi: 10.14419/ijdr.
v2i1.1669.
17. Babu BD, Jain V, Pruthi G, Mangtani N, Pillai RS.
Effect of denture soft liner on mandibular ridge resorption in
complete denture wearers after 6 and 12 months of denture
insertion: A prospective randomized clinical study. J Indian
Prosthodont Soc. 2017 Jul-Sep;17(3):233-238. doi: 10.4103/
jips.jips_113_17.
18. Al-Noori K, Said GA. The Effect of soft lining materials
on mandibular residual ridge resorption for edentulous
patient. Al Rafidain Dent J. 2013;13(1):66–71. doi: 10.33899/
rden.2012.84681.
19. Ozan O, Orhan K, Aksoy S, Icen M, Bilecenoglu B, Sakul
BU. The effect of removable partial dentures on alveolar bone
resorption: a retrospective study with cone-beam computed
tomography. J Prosthodont. 2013 Jan;22(1):42-8. doi:
10.1111/j.1532-849X.2012.00877.x.
20. Kuralt M, Selmani Bukleta M, Kuhar M, Fidler A.
Bone and soft tissue changes associated with a removable
partial denture. A novel method with a fusion of CBCT and
optical 3D images. Comput Biol Med. 2019 May;108:78-84.
doi:10.1016/j.compbiomed.2019.03.024.

*Corresponding author: Rajmonda Halili. Alma Mater
Europaea, Campus College Rezonanca, Pristina, Republic of
Kosovo. E-mail: halilirajmonda25@gmail.com

422

S. H. Alidema et al. / International Journal of Biomedicine 12(3) (2022) 417-422

21. Antiua E, Escuer V, Alkhraisat MH. Short Narrow Dental
Implants versus Long Narrow Dental Implants in Fixed
Prostheses: A Prospective Clinical Study. Dent J (Basel). 2022
Mar 4;10(3):39. doi: 10.3390/dj10030039.
22. Liang XH, Kim YM, Cho IH. Residual bone height
measured by panoramic radiography in older edentulous
Korean patients. J Adv Prosthodont. 2014 Feb;6(1):53-9. doi:
10.4047/jap.2014.6.1.53.
23. Ural Ç, Bereket C, Sener I, Aktan AM, Akpinar YZ. Bone
height measurement of maxillary and mandibular bones in
panoramic radiographs of edentulous patients. J Journal of
Clinical and Experimental Dentistry. 2011 Feb;3(1):5-9. doi:
10.4317/jced.3.e5.
24. Andrés-Veiga M, Barona-Dorado C, Martínez-González
MJ, López-Quiles-Martínez J, Martínez-González JM.
Influence of the patients’ sex, type of dental prosthesis
and antagonist on residual bone resorption at the level of
the premaxilla. Med Oral Patol Oral Cir Bucal. 2012 Jan
1;17(1):e178-82. doi: 10.4317/medoral.17079.
25. Huumonen S, Haikola B, Oikarinen K, Söderholm AL,

Remes-Lyly T, Sipilä K. Residual ridge resorption, lower
denture stability and subjective complaints among edentulous
individuals. J Oral Rehabil. 2012 May;39(5):384-90. doi:
10.1111/j.1365-2842.2011.02284.x.
26. Puspitadewi SR, Wulandari P, Masulili SLC, Auerkari EI,
Iskandar HB, Yavuz I et al. The relation of follicle stimulating
hormone and estrogen to mandibular alveolar bone resorption
in postmenopausal women. Journal of International Dental
and Medical Research. 2017;10(3):938-944.
27. Pramstraller M, Schincaglia GP, Vecchiatini R, Farina
R, Trombelli L. Alveolar ridge dimensions in mandibular
posterior regions: a retrospective comparative study of dentate
and edentulous sites using computerized tomography data.
Surg Radiol Anat. 2018 Dec;40(12):1419-1428. doi: 10.1007/
s00276-018-2095-0.
28. Bressan E, Ferrarese N, Pramstraller M, Lops D, Farina
R, Tomasi C. Ridge Dimensions of the Edentulous Mandible
in Posterior Sextants: An Observational Study on Cone Beam
Computed Tomography Radiographs. Implant Dent. 2017
Feb;26(1):66-72. doi: 10.1097/ID.0000000000000489.

International Journal of Biomedicine 12(3) (2022) 423-427
http://dx.doi.org/10.21103/Article12(3)_OA14

ORIGINAL ARTICLE

INTERNATIONAL
JOURNAL
OF BIOMEDICINE

Dentistry

Analysis of Occlusal Force Distributions at the Position of Maximum
Intercuspation in Patients with Fixed Restorations
Rajmonda Halili1, Jadranka Bundevska2, Venera Bimbashi 1,3, Sotir Maja2,
Goce Dimoski2, Sebahate Hamiti Alidema1*
Department of Prosthodontics Alma Mater Europaea, Campus College Rezonanca,
Prishtina, Republic of Kosovo
2
Department of Prosthodontics, Faculty of Dentistry, “Ss. Cyril and Methodius” University,
Skopje, Republic of North Macedonia
3
Department of Prosthodontics, Faculty of Dentistry, “Hasan Prishtina” University,
Prishtina, Republic of Kosovo
1

Abstract
The aim of the study was to determine maximum bite force (MBF) and the percentage of bite force distribution at the
position of maximum intercuspation for patients with fixed restorations.
Methods and Results: This study enrolled 60 subjects [33(55%) female and 27(45%) male] divided into two groups: The
control group (CG) included 30 patients with intact teeth; the experimental group (EG) included 30 patients with fixed restorations.
In EG, occlusion was analyzed before and after fixed restoration insertion (FRI). We used the T-Scan III Computerized Occlusal
Analysis System 7.0 (Tekscan Inc., South Boston, MA, USA) for analysis. The present study showed a significant difference in
MBF between CG and EG before and after FRI (P<0.05). In the present study, there were no statistically significant differences
in force distribution in the right and left half of the string between groups (P>0.05).
Conclusion: Occlusal analysis with T-Scan III is the only method that enables us to estimate the force differences between
the natural teeth and fixed restorations in occlusion.(International Journal of Biomedicine. 2022;12(3):423-427.).
Keywords: maximum bite force • occlusal force • fixed restoration • T-Scan III
For citation: Halili R, Bundevska J, Bimbashi V, Maja S, Dimoski G, Alidema SH. Analysis of Occlusal Force Distributions at the
Position of Maximum Intercuspation in Patients with Fixed Restorations. International Journal of Biomedicine. 2022;12(3):423-427.
doi:10.21103/Article12(3)_OA14

Abbreviations
FR, fixed restoration; FRI, FR insertion; bFRI, before FRI; aFRI, after FRI; OF, occlusal force; MBF, maximum bite force.

Introduction
The static relations in occlusion, as centric occlusion,
must be balanced with the simultaneous contacts of all the
teeth on both sides of the arch at their first contact. The
cuspal inclines should be developed so that the teeth can glide
from more centric occlusion to eccentric positions without
interference and without the introduction of rotating or tipping
forces.(1) In conservative restorative dentistry, the presence of
a harmonious and smooth occlusion is considered essential to

the physiological function of the stomatognathic system and
is deemed essential to protect against excessive loading and
fracture of inserted restorations.(2) Occlusal disturbances cause
pain symptoms in patients who have a headache and show
occlusal trauma.(3) Since most common methods of diagnosing
occlusion are based on the patient’s subjective sensations, those
sensations cannot be the main reference point for occlusion
correction, as all the components of the balance of occlusion
need to be studied.(4) T-Scan, one of the modern technologies
for evaluating occlusion, is used for digital occlusal analysis.
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This device delivers more objective and clearer results, which
are based on accuracy and reproducibility, and the exact
definition of supra-contacts, both at intact teeth and after fixed
reconstruction replacement, in order to reduce the possibility of
errors.(4,5) The T-Scan III is a digital modality that uses an array
of pressure sensors to establish contact time sequence, relative
occlusal force (OF), and relative distribution of pressure.(6)
The aim of the study was to determine maximum bite
force (MBF) and the percentage of bite force distribution at
the position of maximum intercuspation for patients with
fixed restoration (FRs). The T-Scan is much more informative
than an examination with an articulator paper due to the
simultaneous examination of the entire arch with proper
visualization of the problem.

Materials and Methods
This study was conducted at Alma Mater Europaea
Campus College “Rezonanca” (Pristina, Kosovo) with
prior approval from the Ethical Committee (AD-3406/22,
14.06.2022) of this institution and enrolled 60 subjects
[33(55%) female and 27(45%) male] divided into two groups:
The control group (CG) included 30 patients with intact teeth;
the experimental group (EG) included 30 patients with FRs. In
EG, occlusion was analyzed before and after fixed restoration
insertion (FRI). Inclusion criteria were patients with partial
edentulism (Kennedy class III) in one of their jaws without
treatment, no signs or symptoms of temporomandibular
joint disorders, and no systemic disease that might affect the
neuromuscular system (such as Parkinson’s disease or Bell’s
palsy). FRs were made by Zirconia-based Ceramics.
We used the T-Scan III Computerized Occlusal Analysis
System 7.0 (Tekscan Inc., South Boston, MA, USA) for
analysis. The recording handle with the sensor and arch
support was placed between the maxillary central incisors
of the patients. The recording was initiated by pressing the
button on the recording handle. The patients were asked to
close the mouth until reaching the complete intercuspation
without making any excursive movement. After the handle
button was pressed, the arch model was automatically created
on the screen. The Intercuspal Position-Centric Relation (IPCO) option in the software menu was used for registration.

The parameters recorded for these measurements were MBF
and percentage of bite force distribution for the left and right
halves of the string.
Statistical analysis was performed using IBM SPSS
Statistics for Windows, Version 21.0 (SPSS Inc, Armonk,
NY: IBM Corp). The mean, standard deviation (SD), standard
error of the mean (SEM), and confidence interval (CI) were
calculated. Means of 2 continuous variables were compared
by independent samples t-test (Student’s t-test). A probability
value of P<0.05 was considered statistically significant.

Results
Table 1 presents descriptive statistics for CG and EG
(bFRI). In CG, the mean±SD for MBF during occlusion was
96.450±3.442N. In EG, the mean±SD for MBF (bFRI) was
91.597±9.137N. Mean±SD for occlusal force (OF) on the left
side (L) was 48.700±7.298% for CG and 44.683±27.523%
for EG (bFRI). Mean±SD for OF on the right side (R) was
51.366±7.216% in CG and 55.273±27.459% in EG (bFRI).
Table 1.
Descriptive statistics for CG and EG (bFRI).
Variable

Mean

n

SD

SEM

MMF_CG, N

96.450

30

3.4418

0.6284

MMF_EG (bFRI), N

91.597

30

9.1374

1.6682

OF_L_CG, %

48.700

30

7.2976

1.3323

OF_L_EG (bFRI), %

44.683

30

27.5230

5.0250

OF_R_CG,%

51.367

30

7.2155

1.3174

OF_R_EG (bFRI), %

55.273

30

27.4588

5.0133

Table 2 presents the comparison of MBF and percentage
of bite force distribution for left and right halves of the string
between CG and EG (bFRI). A paired sample t-test was
used to compare the significance between two groups. The
difference in the MBF means between CG and EG (bFRI) was
statistically significant ‒ 4.85N (P=0.011). The difference in

Table 2.
Comparison of MBF and percentage of bite force distribution for left and right halves of the string between CG and EG (bFRI).
Paired Samples T-Test
Paired differences
Mean

SD

SEM

95%CI of the
differences
Lower
Upper

T

df

Sig.
(2-tailed)

Pair

MMF_CG, N
MMF_EG (bFRI), N

4.8533

9.7389

1.7781

1.2168

8.4899

2.730

29

0.011

Pair

OF_L_CG,%
OF_L_EG (bFRI), %

4.0167

25.6755

4.6877

-5.5707

13.6040

0.857

29

0.399

Pair

OF_R_CG,%
OF_R_EG (bFRI), %

-3.9067

25.7334

4.6983

-13.5157

5.7024

-0.832

29

0.412
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the OF means on the left side between CG and EG (bFRI)
was 4.02% without statistical significance (P=0.399). The
difference in the OF means on the right side between CG
and EG (bFRI) was -3.91% without statistical significance
(P=0.412).
Table 3 presents descriptive statistics for CG and EG
(aFRI). In CG, the mean±SD for MBF during occlusion
was 96.450±3.442N. In EG, the mean±SD for MBF (aFRI)
was 93.870±5.402N. Mean±SD for OF on the left side was
48.700±7.298% for CG and 62.960±73.934% for EG (aFRI).
Mean±SD for OF on the right side was 51.367±7.216% in CG
and 50.593±12.319% in EG (aFRI).
Table 3.

Mean

n

SD

SEM

MMF_CG, N

96.450

30

3.4418

0.6284

MMF_EG (aFRI), N

93.870

30

5.4016

0.9862

OF_L_CG, %

48.700

30

7.2976

1.3323

OF_L_EG (aFRI),%

62.960

30

73.9336

13.4984

OF_R_CG, %

51.367

30

7.2155

1.3174

OF_R_EG (aFRI),%

50.593

30

12.3191

2.2492

Descriptive statistics for EG (bFRI and aFRI).
Variable

Mean

n

SD

SEM

MMF_EG (bFRI), N

91.597

30

9.1374

1.6682

MMF_EG (aFRI), N

93.870

30

5.4016

0.9862

OF_L_EG (bFRI),%

44.683

30

27.5230

5.0250

OF_L_EG (aFRI),%

62.960

30

73.9336

13.4984

OF_R_EG (bFRI),%

55.273

30

27.4588

5.0133

OF_R_EG (aFRI),%

50.593

30

12.3191

2.2492

Table 6 presents the comparison of MBF and percentage
of bite force distribution for left and right halves of the string
in EG between bFRI and aFRI. The difference in the MBF
means between bFRI and aFRI was -2.27% without statistical
significance (P=0.230). The difference in the OF means on
the left side between bFRI and aFRI was -18.27% without
statistical significance (P=0.232). The difference in the OF
means on the right side between bFRI and aFRI was 4.68%
without statistical significance (P=0.344).

Descriptive statistics for CG and EG (aFRI).
Variable

Table 5.

Discussion

Table 4 presents the comparison of MBF and percentage
of bite force distribution for left and right halves of the string
between CG and EG (aFRI). The difference in the MBF
means between CG and EC (aFRI) was statistically significant
‒ 2.58N (P=0.035). The difference in the OF means on the
left side between CG and EG (aFRI) was -14.26% without
statistical significance (P=0.291). The difference in the OF
means on the right side between CG and EG (aFRI) was
0.77% without statistical significance (P=0.737).
Table 5 presents descriptive statistics for EG (bFRI
and aFRI). The mean±SD MBF for bFRI and atRI was
91.597±9.137N and 93.870±5.402N. Mean±SD for OF on the
left side was 44.683±27.523 for bFRI and 62.960±73.934% for
aFRI. Mean±SD for OF on the right side was 55.273±27.459%
for bFRI and 50.593±12.319% for aFRI.

In the present study, the T-Scan III occlusal system was
used to analyze OF at the maximal occlusal intercuspation of
the teeth before and after FRI. When analyzing the data, we
focused on the MBF used to achieve occlusal contacts and the
balance of occlusion (the percentage ratio of occlusal contacts
on the left to right at the final moment of jaw-closing).(4,5)
Dental status is an important factor for the MBF value. The
number of teeth and contact appears to be an important
parameter affecting MBF.(7) Miyaura K. et al.(8) concluded that
the individuals with natural dentition had shown the highest
MBF; the biting forces were 80%, 35%, and 11% for fixed
partial dentures, removable partial dentures, and complete
denture groups, respectively, when expressed as a percentage
of the natural dentition group.(8) The present study showed a
significant difference in MBF between CG and EG before and
after FRI (P<0.05). At the same time, there was no statistically
significant difference between bFRI and aFRI in EG (P>0.05).

Table 4.
Comparison of MBF and percentage of bite force distribution for left and right halves of the string between CG and EG (aFRI).
Paired Samples T-Test
Paired differences
Mean

SD

SEM

95% CI of the
difference
Lower
Upper

T

df

Sig.
(2-tailed)

Pair

MMF_CG, N
MMF_EG (aFRI), N

2.5800

6.3770

1.1643

0.1988

4.9612

2.216

29

0.035

Pair

OF_L_CG,%
OF_L_EG (aFRI),%

-14.2600

72.5762

13.2505

-41.3604

12.8404

-1.076

29

0.291

Pair

OF_R_CG,%
OF_R_EG (aFRI),%

0.7733

12.4833

2.2791

-3.8880

5.4347

0.339

29

0.737
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Table 6.
Comparison of MBF and percentage of bite force distribution for left and right halves of the string in EG between bFRI and aFRI.
Paired Samples T-Test
Paired differences
Variable

Mean

SD

SEM

95% CI of the
differences
Lower
Upper

T

df

Sig.
(2-tailed)

Pair

MMF_EG (bFRI), N
MMF_EG (aFRI), N

-2.2733

10.1653

1.8559

-6.0691

1.5224

-1.225

29

0.230

Pair

OF_L_EG (bFRI), %
OF_L_EG (aFRI), %

-18.2767

82.0345

14.9774

-48.9089

12.3555

-1.220

29

0.232

Pair

OF_R_EG (bFRI), %
OF_R_EG (aFRI), %

4.6800

26.6626

4.8679

-5.2760

14.6360

0.961

29

0.344

Our results are consistent with data obtained in a study by
Blamphin et al.,(9) who concluded that MBF in subjects with
fixed partial dentures was significantly lower than in a group
of young male subjects with natural dentition. The number,
location, and size of occlusal contacts, as well as the forces
applied, are important for the good functioning of the TMJ
system.(10) Information from the T-Scan system helps locate
and identify traumatic occlusal contacts and can be used to
compare OF symmetry before and after treatment.(11)
In a study by Chaithanya et al.,(12) one week into post
prosthetic phase evaluation of OF distribution 70% of
patients had an imbalance in force distribution between the
right and left sides of the arch. Use of the T-Scan showed
occlusal disharmonies in spite of corrections performed
during cementation of prosthesis guided by articulating paper,
till the patient and operator were satisfied. Furthermore, in
patients with increased force on the segment with a fixed
partial denture, the reason for disharmonies can be attributed
to premature contact. Our study supports the conclusions of
these studies. In the present study, there were no statistically
significant differences in force distribution in the right and left
half of the string between groups (P>0.05). Our results are
also consistent with the study data of Trpevska et al.(13) that
in subjects with neutral occlusion, there was a tendency for
bilateral equality of the tooth contacts about the sagittal axis
with a high degree of force equality per half arch.
The T-Scan is considered a valuable method for clinical
evaluation and understanding of occlusal difficulties.(14) After
cementation, if any uneven force distribution was noticed with
T-Scan III, it was corrected to achieve equilibrium of forces.
The T-Scan can determine the high points, premature contacts,
regions of excessive loads, and the concentration of the uneven
force. Considering that masticatory efficiency is a combination
of bite force and occlusal contact area, studies suggest that the
higher the bite force and the larger the occlusal areas, the more
efficient the mastication.(14-16) Moreover, considering that the
largest interocclusal contacts are in the maximum intercuspation
occlusion situation, this position is used to compare force
symmetry before and after treatment.(17,18) The symmetry of
the OF distribution and the MBF analysis are still important to
verify patients’ perception of the clinical data presented in order
to achieve maximum adaptation with fixed construction.

In conclusion, patients with intact teeth have ideal
physiological, balanced occlusion. After FRI, disproportionate
OF with unbalanced occlusion is determined. In long arch
ceramic restorations, OF must be redistributed. Occlusal
analysis with T-Scan III is the only method that enables us to
estimate the force differences between the natural teeth and
fixed restorations in occlusion.
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Abstract
The aim of this study was to determine the average amount of silicon ions on the surface of titanium implants after air
abrasion with powders based on glycine and erythritol, and to measure the content of silicon ions in separated water-insoluble
fractions of these powders.
Methods and Results: The study investigated 2 air-abrasive powders, one based on glycine (Air-Flow Perio, EMS,
Switzerland) and another on erythritol (Air-FlowPlus, EMS, Switzerland). These abrasives were tested for solubility in water and
the content of Si+ in insoluble fractions of these powders. Also, the weight percent (wt %) of Si+ was measured on the surface
of failed titanium implants after air abrasion with Air-Flow Perio (Group 1) and Air-FlowPlus (Group 2). Scanning electron
microscopy and determining the elemental composition of obtained samples were carried out on an SEM-EVO MA 10 (Carl Zeiss)
and energy dispersive X-ray spectrometer with EDS Aztec Energy Advanced X-Act (Oxford Instruments). It was found that airabrasive mixtures based on glycine and erythritol are not completely soluble in water due to the presumed presence of silica in
them. It was also found that air-abrasive cleaning of contaminated dental implants with an erythritol-based mixture contributed to
a significant increase (P=0.000) in the Si+ content on their surfaces in comparison to implants treated with glycine-based powder.
(International Journal of Biomedicine. 2022;12(3):428-432.).
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Introduction
Regeneration of bone around dental implants, which
are involved in peri-implant inflammatory disease, is one of
the main priority tasks of modern dental implantology.(1-6)
Among the many factors that can promote the occurrence and
progression of pathomorphological changes around the dental
implant, the surface purity of the endosseous fixture is of
clinical importance.(7-10)
Currently, there are many ways to decontaminate the
surface of dental implants located in an area of infectious
inflammation. Among them, the method of air abrasion has
*Corresponding author: Prof. Timur V. Melkumyan, PhD,
ScD. Tashkent State Dental Institute. Tashkent, Uzbekistan. E-mail: t.
dadamov@gmail.com

recently gained a particular interest.(11-14) The positive aspects
of this method are that it effectively removes plaque and
disrupts microbial biofilm from the surface of the titanium
implant with no clinically relevant collateral damage to its
microstructure. For this purpose, fine water-soluble powders
with low abrasive ability are used.(15-18)
The low abrasive potential of aqueous powder mixtures
is primarily due to the small particle size and their low
hardness, which in turn mainly depends on the content of
silica in them, acting as a framework or shell. Taking into
account the insolubility of silica in water, the shape of abrasive
particles used, and the advanced surface topography of dental
implants, the chemistry of the topography may be changed,
affecting its biocompatibility.(19,20)
Glycine-based powders are one of the most popular and
well-studied abrasives for air debridement of contaminated
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dental implant surfaces. There is a large amount of accumulated
data that indicates their high efficiency in the treatment of periimplant mucositis and dental peri-implantitis.(21-23) However,
taking into account the importance of pathogenic microflora
in the progression of inflammation around dental implants
and the need for its effective elimination, a powder based on
erythritol has become available for practical use. This agent
exhibits antimicrobial activity and has a low abrasive potential,
so it can be used for cleaning the tooth and dental implant
surfaces located below the gum level.(24,25) Although powders
based on glycine and erythritol belong to the water-soluble
group, there are no data in available literature indicating their
ability to form a homogeneous mixture. Also, there are no
data confirming the presence or absence of silicon ions on the
surface of dental implants after their air abrasion with powders
based on glycine and erythritol.
Thus, the aim of this study was to determine the average
amount of silicon ions on the surface of titanium implants after
air abrasion with powders based on glycine and erythritol,
and to measure the content of silicon ions in separated waterinsoluble fractions of these powders.

Materials and Methods
The study investigated 2 air-abrasive powders, one based
on glycine (Air-Flow Perio, EMS, Switzerland) and another
on erythritol (Air-FlowPlus, EMS, Switzerland) (Fig.1). These
abrasives were tested for solubility in water and the content of
Si+ in insoluble fractions of these powders. Also, the weight
percent (wt %) of Si+ was measured on the surface of failed
titanium implants after air abrasion with Air-Flow Perio and
Air-FlowPlus. Water-insoluble fractions from both powders
were separated after preparing mixtures by dissolving 1g of
abrasive material in 5 ml of distilled water and keeping them in
a thermostat at a temperature of 37°C for 24 hours. Afterward,
foamy fractions on the top of heterogeneous solutions (Fig.2)
were collected and dried in a thermostat at 37°C for 24 hours.
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implantitis. The similarity of dental implants and no history
of peri-implantitis treatment associated with modification of
titanium surface were the main criteria for inclusion in the
study. Selected endosseous fixtures were randomly allocated
into 2 groups, depending on the abrasive used for surface
processing: Group 1 (n=4) consisted of samples that were
treated with a glycine-based powder; Group 2 included samples
(n=4) that were treated with powder based on erythritol.
Surface treatment of each implant was carried out by the
same operator using a similar technique, which meant an air
abrasion of the sample for 30 seconds followed by rinsing of
debrided areas with water spray for another 30 seconds.
Scanning electron microscopy and determining the
elemental composition of obtained samples were carried out
on an SEM-EVO MA 10 (Carl Zeiss) and energy dispersive
X-ray spectrometer with EDS Aztec Energy Advanced X-Act
(Oxford Instruments).
Microscopic and elemental analysis of each implant was
performed at 3 randomly selected areas, which were localized
between the threads of a titanium screw.
Images and element composition of undissolved powder
fractions were taken from 10 different sites of each sample.
Statistical analysis was performed using StatSoft
Statistica v6.0. For descriptive analysis, results are presented
as mean±standard deviation (SD). The Mann-Whitney U
Test was used to compare the differences between the two
independent groups. A probability value of P<0.05 was
considered statistically significant.

Results
Data received demonstrated that the water-insoluble
powder fractions of Air-Flow Perio and Air-Flow Plus differed
from each other in the content of Si+ by 1.2 times (P=0.004)
(Table 1). Its larger amount in the separated fraction of AirFlow Perio could be explained by the size and shape of
abrasive particles that did not dissolve in water and, unlike
Air-Flow Plus, were larger and of a prismatic solid geometry
(Fig.3a,b).

Fig.1. Abrasive powders for
supra- and subgingival aircleaning of the tooth and
dental implant surfaces.
Fig.3a. Microimage of
undissolved particles of
Air-Flow Perio powder
(500х)
Fig.2. Aqueous solutions of
“Air-Flow Perio” (left) and
“Air-Flow Plus” (right) with
no dissolving fractions of a
foamy consistency on top.

There were also 8 out of 23 dental implants under
the study, which had to be explanted due to advanced peri-

Fig.3b. Microimage of
undissolved particles of
Air-Flow Perio powder
(1500х)
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Table 1.
The content of Si+ in the separated powder fractions and on the
surface of dental implants after air-abrasion (wt %)
Abrasive
powder
Air-Flow Perio

Si+ in separated
powder fraction
4.4±1.97

Si+ on dental
implant surface
0.01±0.01

Р

0.004

0.000

Air-Flow Plus

11.72±1.64

0.09±0.01

It was also found that air-abrasive cleaning of
contaminated dental implants with an erythritol-based mixture
contributed to a significant increase in the Si+ content on their
surfaces in comparison to implants treated with glycine-based
powder (P=0.000) (Table 1).

Fig.5b. Micrograph of titanium implant surface after
air-abrasion with Air-Flow Plus powder (1500x)

Discussion

Fig.4a. Microimage of
undissolved particles of
Air-Flow Plus powder
(500x)

Fig.4b. Microimage of
undissolved particles of
Air-Flow Plus powder
(1500х)

However, the elemental analysis of the implant surfaces
after air-abrasive treatment with powders based on glycine
and erythritol showed an increased content of Si+ after the
application of Air-Flow Plus. This result was associated
mainly with the smaller-sized particles and their complex
porous media geometry (Fig.4a,b). At the same time, the
microroughness profile images of titanium implant surfaces
after air-abrasive treatment with powders based on glycine
and erythritol had no visible differences (Fig.5a,b).

Fig.5a. Micrograph of titanium implant surface after
air-abrasion with Air-Flow Perio powder (1500x)

Water-soluble powders based on glycine and erythritol
have shown themselves well in treating periodontal diseases,
and in maintenance therapy and hygiene procedures.(26-28) One
of the most important properties of these powders is their
unique abrasiveness, which allows them to effectively clean the
tooth surface while causing minimal irritation to the adjacent
gingiva without leading to significant loss of cementum and
root dentin. This beneficial balance was achieved due to the
special hardness of powder microparticles, which in the case
of Air-Flow Plus and Air-Flow Perio ranges from 1.0 to 2.0 on
the Mohs scale.(29)
The reduction of inflammatory and destructive
processes around endosseous fixtures is also associated with
a certain level of trauma to the adjacent gums. Therefore,
the air-abrasive debridement of a titanium implant surface
using powders based on glycine and erythritol would have
a favorable prognosis for short-term rehabilitation of soft
tissues.(30,31)
Also, it must be taken into account that the root dentin
and several grades of titanium from which dental implants are
made are different from each other in terms of hardness. For
comparison, the hardness of tooth dentin on the Mohs scale
is within 3.0, and for titanium grade 4 it varies around 6.0.
The presence of such a difference may lead to a conclusion
that the use of air-abrasive mixtures based on glycine and
erythritol, with respect to the effectiveness of plaque removal
and microbial biofilm disruption from exposed titanium
implant surfaces, will be successful and will not change the
microroughness of the fixture.(18,22-24)
However, it should be noted that the biocompatibility
of titanium implants depends not only on their advanced
microroughness. The chemical purity of the endosseous part
can be changed as a result of particle blasting during air
abrasion.(9,19,20)
The study of microimages of undissolved fractions of
powders based on glycine and erythritol has shown that due to
their shape and size, Air-Flow Plus particles, when compared
with Air-Flow Perio, were more prone to getting stuck in an
advanced surface of titanium implants. This assumption was
confirmed by the determination of an increased Si+ content on
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the surface of titanium implants treated with Air-Flow Plus.
Also, it was noted that the surface microroughness of the
implant samples in both groups had no visible differences.
A similar conclusion was drawn by another group
of scientists who studied the microroughness of titanium
implants after air-abrasive debridement with powders based
on bicarbonate, glycine, and erythritol. As a result, significant
differences were found between the bicarbonate-glycine and
bicarbonate-erythritol groups, but there were no statistically
significant differences between the groups in which glycine
and erythritol were used.(18)
Thus, it was found that air-abrasive mixtures based on
glycine and erythritol are not completely soluble in water due
to the presumed presence of silica in them. It was also found
that air-abrasive cleaning of contaminated dental implants
with an erythritol-based mixture contributed to a significant
increase in the Si+ content on their surfaces in comparison to
implants treated with glycine-based powder.
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Abstract
Background: This study aimed to evaluate the tooth size discrepancy in patients with different types of malocclusions and
compare it with that in patients with normal occlusion, using the three-dimensional (3D) measurement program Maestro Studio.
Methods and Results: Patients of both sexes who were aged between 13 and 16 years and who had never received orthodontic
treatment were randomly selected. The participants’ mean age was 14.3±1.1 years; 62.0% of patients were girls. Fifty patients
were divided into three groups. Group 1 included 16 patients with malocclusion Class I (controls), Group 2 included 19 patients
with malocclusion Class II division 1 (II/1), and Group 3 included 15 patients with malocclusion Class II division 2 (II/2). The
tooth measurements were made according to the Bolton analysis. Anterior ratio (AR) and overall ratio (OR) were calculated. There
was no signiﬁcant difference in the AR between the groups. However, we found a significant difference in the OR between the
groups (P=0.0129). Patients with Class II/2 malocclusion had a signiﬁcantly lower OR than patients with Class II/1 malocclusion
(P=0.0155). However, there was no signiﬁcant difference in the OR between Class 1 and Class II/1 or Class II/2 malocclusions.
Conclusion: Individuals with different malocclusions show different tooth sizes.(International Journal of Biomedicine.
2022;12(3):433-437.).
Keywords: tooth size • anterior ratio • overall ratio • digital analysis
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Introduction
Orthodontic diagnosis greatly depends on arch dimensions.
Throughout development, genetic and environmental factors
affect the form of the dental arch, which varies from person
to person.(1) Orthodontic alignment of the teeth into normal
occlusion may be impossible if a patient’s arches have a
considerable discrepancy in the tooth size.(2) When the maxillary
and mandibular teeth are out of proportion, this is referred to
as a tooth size discrepancy.(3) A previous study suggested that
tooth size is the seventh key (fulfillment of Bolton’s tooth size

*Corresponding author: Sanije Gashi. Faculty of Medicine,
Hasan Prishtina University, Prishtina, Kosovo. E-mail: sanije.
gashi@uni-pr.edu

ratio) in achieving a normal occlusion.(4) The Bolton analysis,
also known as the Bolton ratio, is used to calculate the size
of teeth and the difference in size between the maxillary
and mandibular teeth. This method assists in identifying the
appropriate interarchal relationship, and it is useful in aiding
the diagnosis and treatment planning.(5) The six front teeth are
associated with anterior tooth size discrepancies, whereas all
teeth, except for the second and third permanent molars, are
associated with overall tooth size discrepancies.(6) Several
reports have shown that tooth size varies among multiple
nations, races, and sexes.(7-10) Tooth size discrepancies
are more common in subjects with malocclusions.(11) The
digitalization of orthodontic records is a current trend among
many orthodontists to improve diagnosis and treatment
planning (12,13) and can be considered the new gold standard in
orthodontic practice.(14)
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Several potential advantages of using digital models
include their accuracy and speed in collecting data for
diagnosis, the ability to transfer information, the accessibility
in orthodontic analysis, and the use of a single digital model to
simulate several treatment modalities and generate the virtual
configuration.(15,16)
This study aimed to evaluate the tooth size discrepancy
in patients with malocclusion Class II and compare it with that
in patients with normal occlusion, using the three-dimensional
(3D) measurement program Maestro Studio.

Materials and Methods
This study was conducted in the Orthodontics
Department at of the University Dentistry Clinical Center
of Kosovo with prior approval from the Ethical Committee
(Protocol # 4068, 07.17.2020) of this institution. Patients
of both sexes who were aged between 13 and 16 years and
who had never received orthodontic treatment were randomly
selected. The participants’ mean age was 14.3±1.1 years; 62.0%
of patients were girls. Fifty patients were divided into three
groups. Group 1 included 16 patients with malocclusion Class
I (controls), Group 2 included 19 patients with malocclusion
Class II division 1 (II/1), and Group 3 included 15 patients
with malocclusion Class II division 2 (II/2).
The inclusion criteria were as follows: age 13–16
years, permanent dentition, presence of all teeth from the first
molar on one side to the first molar on the other side, small
restorations that could not change the mesiodistal diameter
of the tooth, and no tooth extractions. The exclusion criteria
were as follows: dental casts obtained from patients who
had previously been treated orthodontically, patients who
previously had surgery, dental changes in the size and number
of teeth, and asymmetry of the arches.
This study comprised three phases. In Phase 1, after
proceeding with alginate impressions, the patients were
transferred to the dental laboratory for their teeth to be put
into plaster to create plaster models. In Phase 2, all dental
models for both jaws (maxillae and mandibula) were scanned
using a 3D scanner (Deluxe model; Open Technology, Italy);
Precision: 5 microns estimated according to ISO 12836
Certification. The project was automatically saved, and its
design and scanning were completed at the same time (Fig.1).

Five axes and two color cameras were used in the scanning
system, which has a 5-micron resolution. The dental arch was
able to be scanned at a 1:1 ratio in approximately 20 seconds.
In Phase 3, the software program Maestro 3D Dental
Studio was used for measuring the digital models. Through
different movements of the digital models, this digitalized 3D
software measured the dimensions of the dental arches and
teeth. To evaluate the accuracy of the calculation, the digital
measurements were performed by one orthodontist specialist
who was trained precisely in the field of digitalization for
measurements of the marked points. The measurements were
made according to the Bolton analysis, using the mesiodistal
width between the right first molar and the left first molar.(3)
The software automatically generated the mesiodistal
size of each tooth in the digital models (Fig.2). The results for
the sum of the 6 anterior teeth and the total of 12 teeth were
calculated using the Bolton analysis formula for the size of the
sixth tooth and the twelfth tooth as follows:
Anterior ratio (AR) = (Mesiodistal width of 6 anterior mandibular
teeth / Mesiodistal width of 6 anterior maxillary teeth) × 100
Overall ratio (OR) = (Mesiodistal width of 12 mandibular
teeth / Mesiodistal width of 12 maxillary teeth) × 100

Fig. 2. Maestro 3D Dental Studio software (digital model).

Statistical analysis was performed using IBM SPSS Statistics
for Windows, Version 22.0. (SPSS Inc, Armonk, NY: IBM
Corp). Baseline characteristics were summarized as frequencies
and percentages for categorical variables and as mean±SD for
continuous variables. Multiple comparisons were performed with
one-way ANOVA and Tukey’s HSD Post-hoc Test. A probability
value of P<0.05 was considered statistically significant.

Results

Fig. 1. 3D scanner (Deluxe model)

Table 1 presents the general characteristics of the
patients. Evaluation of the mesiodistal dimensions of
permanent teeth in the different malocclusion groups is shown
in Table 2. When the mesiodistal dimensions of the upper
teeth were evaluated between the different malocclusion
groups, a significant difference was found in U14 (P=0.0147),
U13 (P=0.0295), U12 (P=0.0324), U23 (P=0.017), U24
(P=0.0262), and U25 (P=0.0135). The highest values were
observed in Group 3. Only L41 (P=0.0447) showed a
significant difference in the mesiodistal dimensions of the
lower teeth between the various malocclusion groups, with
higher values in Group 3.
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Table 1.
General characteristics of the patients.
Group 1
(Class I)
Sex, n (%)
F
M
Age, years
Mean±SD
Range

Group 2
Group 3
(Class II/1) (Class II/2)

Total

10 (62.5)

12 (63.2)

9 (60.0)

31 (62.0)

6 (37.5)

7 (36.8)

6 (40.0)

19 (38.0)

14.1 ± 1.2

14.5 ± 1.1

14.3 ± 1.2

14.3 ± 1.1

13–16

13–16

13–16

13–16

Table 2.
Evaluation of the mesiodistal dimensions of permanent teeth in the
different malocclusion groups
Jaw Tooth

Group 1

Group 2

Group 3

There was no signiﬁcant difference in the AR between
the groups. However, we found a significant difference
in the OR between the groups (P=0.0129). Group 3 had a
signiﬁcantly lower OR than Group 2 (P=0.0155). However,
there was no signiﬁcant difference in the OR between Group 1
with Group 2 or Group 3 (Table 3).
Table 3.
Evaluation of the Bolton ratio in the different malocclusion groups.
Group 1
(Class I)

Group 2
(Class II/1)

Group 3
(Class II/2)

AR

76.6 ± 2.5

77.8 ± 3.9

75.2 ±3.3

P=0.0879

OR

89.4 ± 1.6

91.4 ± 3.2

88.8 ± 2.6

P=0.0129
P1-2=0.0704
P1-3=0.7975
P2-3=0.0155

Statistics

Statistics

Maxilla

U 16 9.96 ± 0.38 9.80 ± 0.53 9.87 ± 0.64 P=0.6703
U 15 6.32 ± 0.41 6.15 ± 0.49 6.53 ± 0.43 P=0.0586
P=0.0147
=0.2692
1-2
U 14 6.60 ± 0.36 6.28 ± 0.47 6.91 ± 0.89 P
P1-3=0.3321
P2-3=0.0108
P=0.0295
=0.7815
1-2
U 13 7.02 ± 0.55 6.90 ± 0.47 7.39 ± 0.57 P
P1-3=0.1354
P2-3=0.0261
P=0.0324
=0.1945
1-2
U 12 6.24 ± 0.56 5.88 ± 0.60 6.43 ± 0.65 P
P1-3=0.6576
P2-3=0.0296
U 11 7.84 ± 0.52 7.88 ± 0.49 8.02 ± 0.59 P=0.6150
U 21 7.70 ± 0.51 7.82 ± 0.52 7.99 ± 0.50 P=0.2940
U 22 5.89 ± 0.49 5.86 ± 0.60 6.27 ± 0.56 P=0.0783
P=0.017
=0.2335
1-2
U 23 7.08 ± 0.47 6.80 ± 0.48 7.31 ± 0.55 P
P1-3=0.4118
P2-3=0.0131
P=0.0262
=0.0678
1-2
U 24 6.72 ± 0.64 6.34 ± 0.43 6.76 ± 0.36 P
P1-3=0.9720
P2-3=0.0434
P=0.0135
=0.1478
1-2
U 25 6.43 ± 0.64 6.10 ± 0.44 6.63 ± 0.43 P
P1-3=0.5240
P2-3=0.0115
U 26 10.0 ± 0.43 9.87 ± 0.55 9.91 ± 0.46 P=0.7300
L 46 10.19 ± 0.53 10.13 ± 0.39 10.10 ± 0.63 P=0.8838
L 45 6.63 ± 0.37 6.56 ± 0.52 6.71 ± 0.59 P=0.6886
L 44 6.35 ± 0.61 6.35 ± 0.47 6.72 ± 0.47 P=0.0797

Mandible

L 43 6.02 ± 0.56 6.01 ± 0.50 6.10 ± 0.37 P=0.8494
L 42 5.28 ± 0.21 5.21 ± 0.33 5.32 ± 0.40 P=0.6011
P=0.0447
=0.2586
1-2
L 41 4.65 ± 0.25 4.95 ± 0.78 5.16 ± 0.43 P
P1-3=0.0363
P2-3=0.5216
L 31 4.66 ± 0.30 4.89 ± 0.69 5.03 ± 0.40 P=0.1329
L 32 5.11 ± 0.49 5.19 ± 0.36 5.37 ± 0.52 P=0.2755
L 33 5.97 ± 0.39 6.09 ± 0.43 6.16 ± 0.54 P=0.5016
L 34 6.23 ± 0.55 6.31 ± 0.39 6.59 ± 0.41 P=0.0774
L 35 6.30 ± 0.69 6.64 ± 0.50 6.50 ± 0.76 P=0.3105
L 36 9.97 ± 0.55 10.18 ± 0.50 10.12 ± 0.68 P=0.5525

Discussion
The goal of the present study was to evaluate digital
models of Class I and II malocclusion for tooth sizes using
the Bolton analysis. We applied a 3D measurement program
to evaluate these models.
This study showed that the highest values in tooth size
were in Class II/2 malocclusion for U14,U13,U12, U23, U24,
and U25 in the upper jaw. However, in the lower jaw, only
L41 showed the highest values in Class II/2 malocclusion.
Many orthodontists recommend that, before initiating
orthodontic treatment, the size of the teeth should be assessed
as one of the main diagnostic findings. This recommendation
has been made because the relevance of a discrepancy in the
size of the teeth has been highlighted in most of the scientific
literature.(17) Patients with Class II/1 malocclusions have
higher anterior and overall ratios than those with Class I or
Class II/2 malocclusions. Compared to several other methods,
Bolton’s analysis is the most common calculation for defining
interarch tooth size discrepancies. Previous studies have
shown the ideal anterior and overall ratios, with mean values
of 77.2±1.65% and 91.3±1.91%, respectively, for the proper
harmony of maxillary and mandibular teeth.(18,19)
The mean AR in Class II/1 was slightly higher in our
study than that mentioned above, and the mean AR in Class
II/2 was lower than that mentioned above. The mean OR in
Class II/1 was slightly higher in our study than that mentioned
above, and the mean OR in Class II/2 was lower than that
mentioned above.
The difference in the size of the upper and lower teeth can
vary in different populations.(20) In a study conducted in India,
Patil et al. showed no significant difference in the AR or OR
between groups with malocclusion of Classes I, II/1, and II/2.(21)
Additionally, Uysal and Sari did not find a significant variation
in the mean overall or anterior tooth size ratio in patients with
Class 1 malocclusion in the Turkish population.(22) In the Irish
population, a study showed no significant difference in tooth
size ratios across malocclusion groups.(23) These differences
between studies might be attributed to varying sample sizes,
ethnic variations, and levels of operator accuracy.
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The current study investigated the discrepancy in tooth
size in our community between the sexes. In this study, there
was no association between sexual dimorphism of anterior
and total tooth size discrepancies in Classes II/1 and II/2
malocclusion. This finding is consistent with the majority of
the world’s populations, such as the USA, Turkey, Japan, and
Libya.(24-26) Therefore, the size of the teeth is not affected by
sex. The diameters of the mesiodistal teeth typically decrease
with age.(27) Massaro et al. reported that there were no changes
in the mesiodistal tooth size between the ages of 13 and 17
years.(28) Digital evaluation of the tooth size and morphological
traits is currently possible because of recent advancements
in 3D imaging.(12,29) Notably, this is the first study conducted
in Kosovo to evaluate the discrepancy in tooth size between
Classes II/1 and II/2 and compare this discrepancy with Class I
malocclusions using digital measurements performed with 3D
scanned models. Limitations of our study include the limited
number of patients and the limited number of study centers.
Therefore, our findings may not be representative of the total
Kosovo population.
In conclusion, individuals with different malocclusions
show different tooth sizes. This study showed that the control
group (Class I) had lower AR and OR values than those
obtained by Bolton’s analysis. We also found that the mean
AR and OR in Class II were different in our study than those
found by Bolton’s analysis. Our findings suggest that treatment
planning that takes into consideration the choice of which teeth
to extract and the tooth size discrepancy should be performed.
A larger study at the national level is required to verify the
applicability of these results to the Kosovo population.
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Abstract
Gestational diabetes mellitus (GDM), which is considered the most prevalent endocrine condition in pregnancy, has been
linked to insulin resistance. Several traditional risk factors for GDM have been confirmed, including lifestyle and environmental
factors, while recent studies have focused on the genetic factor, such as mitochondrial DNA (mtDNA) mutation and its association
with GDM. Previous research has found a relationship between mutations in the tRNALys and tRNALeu(UUR) genes and diverse types
of diabetes. However, the analysis of mutations in the mitochondrial tRNALeu(UUR) gene and its relationship with GDM patients
in Pakistani women is not well investigated. The goal of this study was to investigate whether there is a relationship between the
A3243G tRNALeu(UUR) gene mutation and GDM in Pakistani women. We selected 20 GDM pregnant women for this investigation, and
DNA was extracted from their saliva. The mitochondrial tRNALeu(UUR) gene was amplified using PCR with specified primers, and 10
samples from different families were sequenced. The present study did not find the A3243G tRNALeu(UUR) mutation in Pakistani GDM
women. Further studies are needed for confirmation.(International Journal of Biomedicine. 2022;12(3):438-443.).
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Introduction
Diabetes is a long-term condition marked by inadequate
glucose, protein, and fat metabolism. From 135 million in 1995
and 171 million in 2000, the number of diabetics is expected to
increase to 300 million in 2025 and 366 million in 2030.(1) By
2025, diabetes will be the most common disease in India, China,
and the United States. In emerging economies, the number of

diabetics is predicted to grow by 170 percent, from 84 million in
1995 to 228 million in 2025.(2) Taiwan, Hong Kong, Singapore,
and Mauritius are the countries with the greatest prevalence of
newly diagnosed diabetes patients.(3)
In pregnant women, GDM manifests in the second
and third trimesters and is associated with adverse perinatal
outcomes and a high risk of future maternal T2D.(4) GDM
affects about 7% of all pregnancies, resulting in over 200,000
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new cases each year around the world.(5) This common and
serious pregnancy condition has risks for both the mother and
the fetus.
GDM is linked to a variety of adverse maternal outcomes,
including gestational hypertension, cesarean section, weight
gain, and preeclampsia.(6,7) Furthermore, women who develop
GDM have a seven-fold increased risk of developing T2D
later in life.(8) Moreover, their children are more likely to
experience fetal and neonatal problems, such as macrosomia,
preterm labor, respiratory distress, delivery trauma, neonatal
hypoglycemia, and even perinatal mortality.(9,10)
Worse, the global burden of this disease is expanding at
an alarming rate.(11) The negative consequences of gestational
diabetes have prompted researchers to dig deeper into the
disease’s pathogenicity mechanism and functional genes
to improve early detection and management. Mutations in
mtDNA have recently been linked to a variety of disorders,
including diabetes mellitus. Because mitochondria are inherited
maternally, the role of mtDNA in disease pathogenesis may
play a role in the increased maternal transmission of diabetes
in some cases.
Van den Ouwelandet et al.(12) identified a large pedigree in
which T2D, in combination with a sensorineural hearing loss,
was maternally inherited and associated with the heteroplasmic
m.3243A→G mutation in the tRNALeu(UUR) gene, accounting
for over 1% of diabetic patients in some populations.(13-15) T2D
has now been associated with several additional mutations in
the tRNALeu(UUR) gene and other mtDNA regions, and there
is a mounting body of evidence that mitochondrial genome
abnormalities are linked to this condition.(16) Furthermore, the
most common transition in the tRNALeu(UUR) gene is A3243G,
indicating an alteration in Leu-tRNA codon recognition,
mitochondrial structure, and amino-acylation.(17) About 80% of
patients with mitochondrial encephalomyopathy, lactic acidosis,
and stroke-like episodes (MELAS) carry this mutation, which
causes a variety of symptoms such as cardiomyopathy, deafness,
exercise intolerance, and diabetes.(18) A study published 2
decades ago described a maternally inherited, adult-onset
condition (maternally inherited myopathy and cardiomyopathy,
MIMyCa).(19) Clinically, it is characterized by a heterogeneous
combination of skeletal and cardiac muscle failure, as well
as a heteroplasmic point mutation in the tRNALeu(UUR) gene.
The A3243G tRNALeu(UUR) mutation is an underlying cause of
maternally inherited diabetes and deafness (MIDD) syndrome
and MELAS syndrome. The major objective of the present
work was to investigate mutations in the tRNALeu(UUR) gene in
Pakistani GDM women and compare the amplified sequences
to the mitochondrial reference sequence.

or third trimester of pregnancy and be of Pakistani nationality
to be included.
Collection of saliva sample
Before sample collection, the teeth of each patient
were brushed, and a 5% sugar solution was given to them.
Then a total of 4 ml saliva samples were obtained in 5 ml
sterile cups from the 20 GDM patients. The samples were
transported to the Molecular Genetics Laboratory at Hazara
University(Mansehra), where the samples were stored at -20
ºC for further analysis.
Molecular analysis
The whole DNA of buccal cavity epithelial cells was
extracted, according to Aidar & Line.(20) For checking the
quality of extracted DNA, agarose gel (0.5g of agarose
dissolved in 29.4ml DDH2O with 600ul of 50X TAE mixture)
with 25ul ethidium bromide was used; then, 5µl of extracted
DNA was dissolved with 2µl of loading dye, and the gel was
run for 30 minutes at 60V before being photographed under
ultraviolet light using the gel documentation system. After
that, the DNA was kept at -20°C until it was time to process it.
PCR was used to amplify the desired gene. Initial
denaturation was at 95ºC for 5 minutes, followed by
denaturation at 95ºC for 5 minutes, annealing at 50ºC for 45
seconds, extension at 72ºC for 5 minutes, and final extension at
72ºC for 5 minutes; these were the thermal cycling conditions
followed for 40 cycles. The final PCR findings were analyzed
on a 1% agarose gel. The mixture was then treated with 12ml
of ethidium bromide. For cooling, the melted mixture was
kept at 25ºC. The agarose mixture previously had been put
on the gel plate and allowed to solidify. We combined 15ml
of PCR product with 2ml of DNA loading blue dye and put it
into the agarose gel wells. A 65V was supplied for 25 minutes
in an electrophoresis approach until DNA fragments move
from left to right. The bands that had been magnified were
photographed and inspected under ultraviolet light. To purify
the PCR amplification product from an agarose gel, a TIAN
gel Midi purification Kit (Cat # DP20902) was used. PCR
band including the tRNALeu(UUR) gene was cut with a sterilized
surgical blade and kept in labeled Eppendorf tubes until
further processing.

Results
Even though all of the samples were processed for DNA
extraction, only 10 of them produced results (Figure 1).

Materials and Methods
The study was approved by the Ethics Committee of
the Hazara University (Mansehra, KPK, Pakistan). Written
informed consent was obtained from all participants.
We found 20 pregnant ladies from the Ayub Medical
Complex’s Department of Obstetrics and Gynecology in
Abbottabad who were interested in participating in our study.
The individuals had to be diagnosed with GDM in the second
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Fig. 1. Total genomic DNA extracted from samples.
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tRNALeu(UUR) gene amplification
The common primer pair (5’-CAAATTCCTCCC
TGTACGAAAGG-3’;5’-AATGAGGAGTAGGAGGTT
GGCC-3’) was used to amplify the mitochondrial
tRNALeu(UUR) gene.
Figure 2 shows the amplification of a 279-base-pair
fragment.

Fig. 2. PCR amplification of tRNALeu(UUR) gene.
Amplification of a 279 bp fragment. M, molecular size
ladder, 1000 bp DNA ladder.

Sequencing analysis
Ten eluted DNA samples were sent to Macrogen
Inc., Korea, for sequencing. The resultant sequencing data
was compared to the whole mitochondrial sequence rCRS
Accession number NC-012920.1. The alignment was checked
to see if there was a mutation in the tRNALeu(UUR) gene.
Patients
The Ayub Medical Complex’s Department of Obstetrics
verified all volunteers. Patients ranged in age from 30 to 39
years (mean age of 34.9 years) and in weight from 50 to 61kg
(mean weight of 55.1 kg), according to records. The patients’
histories showed that they had experienced GDM. There were
no mutations discovered in any patient’s tRNALeu(UUR) gene.
Although there was a two-nucleotide mismatch in the
alignment when we studied the chromatogram of this
sequencing result, we found that it was a technical error rather
than an exact miss-match (Figure 3).

Fig. 3. Chromatogram of the AQ-2 sample as a sequencing
result provided by Macrogen Inc. (South Korea).

The alignment of the patient’ AQ-seq data is shown in
Figure 4.

Fig. 4. The alignment of the patient’ AQ-seq data. The
Cambridge reference accession number was used to
compare the sequence. The highlighted region indicates
the tRNALeu(UUR) gene.

Discussion
GDM is characterized as glucose intolerance that
develops in pregnant women and disappears after birth.
Shortly after delivery, glucose homeostasis returns to prepregnancy levels. However, afflicted women continue to have
a higher chance of acquiring T2D in the future.(21) During
pregnancy, as gestational age progresses (between 20 and 24
weeks of gestation), the size of the placenta increases. There
is a rise in the levels of pregnancy-associated hormones, like
estrogen, progesterone, cortisol, and placental lactogen, in
the maternal circulation that is accompanied by increasing
insulin resistance.(22) The fetus’ fat and protein supplies are
increased as a result of the combination of hyperinsulinemia
and hyperglycemia, resulting in macrosomia.(23)
GDM causes mitochondrial dysfunction in the
fetoplacental unit.(24) Mitochondrial diabetes can be a
substantial contributor to T2D in some circumstances, while
little is known about it.(25) As a result of this research, the idea
of a genetic cure for diabetes has gained traction. In contrast,
lyonization, imprinting, and the prenatal environment could
play a role in maternal diabetes.(21) Nevertheless, mitochondrial
dysfunction is a key pathogenic process in metabolic diseases
like diabetes.
In most animals, including humans, although the spermderived paternal mitochondria enter the oocyte cytoplasm after
fertilization, their mtDNA is never transmitted to the offspring.
This pattern of mtDNA inheritance is well known as “maternal
inheritance.”(26,27) The current investigation, which focused on
mtDNA alterations in GDM women in Pakistan, did not find
the A3243G tRNALeu(UUR) mutation in these patients.
According to genetic studies, T2DM is a multigenic
condition in which common mutations interact with
environmental variables to trigger the disease.(28) Point mutations
and deletions in mtDNA have been associated with both GDM
and T2DM, and have an impact on transcription and translation.
(29)
Large-scale epidemiological research utilizing unbiased
propensity gene polymorphisms could show the in vivo link
between candidate genes and complicated disorders.(30) One of
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the most well-known environmental influences is obesity, which
affects the occurrence of any disease in people, especially in
women. In terms of age, the link between GDM and obesity has
been widely demonstrated.(30) Alexandar et al.(31) conducted a
meta-analysis of mitochondrial mutations in T2DM and GDM
patients and found an association of mtDNA mutations T16189C,
A12026G, A8296G, and A3243G with T2D. Although mtDNA
mutations G15928A, T3394C, T3398C, A8344G, and G3316A
showed association with GDM, the authors concluded that these
mutations need to be verified in diverse populations. Results of a
number of studies suggest that mtDNA mutations may contribute
to the development of GDM in some patients.(32,33)
The A3243G tRNALeu(UUR) mutation is one of the most
common causes of mtDNA-related disorders.(34) In a study
performed by Gal et et al.,(35) the frequency of the A3243G
mtDNA mutation was investigated in patients with maternal
sensorineural hearing loss, stroke-like episodes, ataxia, and
myopathy with undetermined etiology. The authors screened
631 Hungarian patients between 1999 and 2008 for this
mutation. The A3243G substitution was present in 6 patients
in heteroplasmic form. The segregation analysis detected
8 further cases. The frequency of the A3243G tRNALeu(UUR)
mutation was 2.22% in the investigated patients. Dougherty
et al.(36) reported a clinically heterogeneous, multigenerational
pedigree with the syndrome of MELAS associated with the
A3243G tRNALeu(UUR) mutation and found that this mutation
is not always associated with the classic MELAS phenotype
and that other symptoms (notably cardiac and gastrointestinal
abnormalities) should raise the suspicion of a mitochondrial
disorder. Schleiffer et al.(37) reported an affected German
MIDD pedigree with maternal lineage over 3 generations
with a positive test for the A3243G tRNALeu(UUR) mutation. The
27-year-old index patient was also diagnosed with chronic
pancreatitis with pancreatic calcifications and pancreatic duct
dilation on abdominal ultrasound and magnetic resonance
cholangio-pancreaticography, although the patient was
completely asymptomatic. Debray et al.(38) reported on a
patient with Kearns-Sayre syndrome and recurrent episodes of
acute pancreatitis associated with mitochondrial dysfunction.
Toyono et al.(39) reported the first case of chronic pancreatitis
associated with mitochondrial encephalopathy with the
A8344G mtDNA mutation. At the same time, in a study by
Verny et al.,(21) none of the 36 unrelated patients with recurrent
pancreatitis were carrying the A3243G tRNALeu(UUR) mutation.
Our study has several limitations, such as only saliva
samples were collected from patients with GDM, the sample
size was small, and samples were collected from one region.
Furthermore, in addition to the A3243G tRNALeu(UUR) mutation,
other mitochondrial DNA mutations should be examined in
GDM patients. The above limitations should be addressed in
future studies.
In conclusion, GDM patients frequently have mutations
in their mtDNA. While the bulk of mtDNA mutations are
one-of-a-kind and found only in a small number of people,
some are more common than others. The key problem
for researchers and physicians is to detect and simulate
heteroplasmic mtDNA alterations in vitro, which can be
difficult to do. So far, mitochondrial diabetes has been
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associated with mtDNA regions involved in mitochondrial
translational machinery, chromosome replication, and specific
mitochondrial genes encoding important proteins, including
NADH-ubiquinone oxidoreductase components. These
changes appear to affect the number of copies of mtDNA as
well as overall mitochondrial function, according to research
conducted in cybrid, cellular, and animal models; they also
impair energy production and increase ROS production. These
mechanisms are particularly likely to be harmful to certain cell
types, such as pancreatic β-cells. By analyzing the genomes of
family members, it is now possible to predict the likelihood
of disease development in offspring, allowing treatment and
disease prevention to begin as soon as possible, thanks to rapid
advances in sequencing technologies and a growing body of
a thorough understanding of population-specific and unique
mtDNA mutations. However, the present study did not find
the A3243G tRNALeu(UUR) mutation in Pakistani GDM women.
Further studies are needed for confirmation.
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Abstract
Arterial hypertension remains a major modifiable risk factor for cardiovascular disease. Previous studies have noted a maternal
effect on blood pressure (BP). Mutations in mitochondrial DNA (mtDNA) have become an additional target of investigations
on the missing BP heritability. The major objective of the present work was to investigate mutations in the tRNALeu(UUR) gene
in 20 Pakistani patients with essential hypertension (EH) and compare the amplified sequences to the mitochondrial reference
sequence. DNA was extracted from their saliva, and the mitochondrial tRNALeu(UUR) gene was amplified using PCR with specified
primers. The present study did not find mutations in the tRNALeu(UUR) gene in Pakistani EH patients. Further studies are needed for
confirmation.(International Journal of Biomedicine. 2022;12(3):444-449.).
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Introduction
Hypertension is an established risk factor for coronary
heart disease, stroke, heart failure, renal dysfunction,
and mortality. Worldwide, nearly 1.4 billion adults have
hypertension.(1) Primary or essential hypertension (EH),
hypertension due to undetermined causes, accounts for >90% of
cases of hypertension. EH is a multifactorial disease involving
interactions among genetic, environmental, and demographic
*Correspondence:
Li Zhiqiang, Lizhiqiang6767@163.com
An Lizhe, yxlzq@xbmu.edu.cn

factors.(2) It is well established that blood pressure (BP) is a
heritable trait with genetic factors contributing about 30%-50%
of its variance.(3,4) Improved techniques of genetic analysis,
particularly genome-wide linkage analysis, have enabled the
search for genes that contribute to the development of EH
in the population.(5,6) However, most of the reported genetic
variants were identified in studies of the nuclear genome;(6,7)
only limited insights have been gained from investigations of
the mitochondrial DNA (mtDNA). However, there is evidence
to suggest that mitochondria and mtDNA may be important
in hypertension. Mitochondria can regulate various aspects of
vascular function, thereby being critical for the pathogenesis
of hypertension.(8-10) Increasing evidence suggests that
hypertensive myocardial injury is closely related to abnormal
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mitochondrial function, energy metabolism, and homeostasis
in cardiomyocytes.(11,12)
Reactive oxidative species (ROS) produced by
mitochondria, as an important intracellular and intercellular
regulatory factor, plays a key role in the pathogenesis of EH.(1315)
ROS can lead to the proliferation and migration of vascular
smooth muscle cells and to damage of vascular endothelial
cells, leading to vasodilatory dysfunction.(16) ROS is a major
factor contributing to oxidative stress in the body. Several
animal studies have shown that high BP can be alleviated by
inhibiting the generation of mitochondrial ROS, providing
clear evidence of the association between hypertension and
oxidative stress.(17)
With respect to the mtDNA, a hallmark of its
involvement is maternal inheritance. Multiple studies have
identified strong maternal inheritance of BP,(18-20) suggesting
that the mutation(s) in mtDNA is involved in the pathogenesis
of hypertension.(10,21-24)
Mitochondrial tRNAs are the hot spots for mutations
associated with hypertension.(25-30) Several hypertension-related
tRNA mutations have been reported, including tRNALeu(UUR)
m.3243A>G and m.3253T>C; tRNAGly m.10003T>C;
tRNAGlu m.14692A>G; and tRNAThr m.15909A>G. These
mutations have structural and functional consequences,
including the processing of RNA precursors, nucleotide
modification, and aminoacylation.(31-34)
However, the molecular pathogenesis of hypertension
in the Pakistani population remains poorly understood.
The major objective of the present work was to investigate
mutations in the tRNALeu(UUR) gene in Pakistani EH patients
and compare the amplified sequences to the mitochondrial
reference sequence.

Materials and Methods
The study was approved by the Ethics Committee of
the Hazara University (Mansehra, Khyber Pakhtunkhwa,
Pakistan). Written informed consent was obtained from all
participants.
The study included 20 male patients older than age 18
with EH who were enrolled in the cardiac ward at the Swat
Medical Complex Hospital. Hypertension was defined as SBP
≥140 mmHg or DBP ≥90 mmHg, according to the Seventh
Report of the Joint National Committee. All patients underwent
the following examinations: assessment of traditional risk
factors, physical examination, clinical and biochemical
laboratory methods, 12-lead ECG, echocardiography, and 24hour ambulatory blood pressure monitoring. Left ventricular
hypertrophy (LVH) defined as LVMI of >115g/m2 was
detected in all patients.
Exclusion criteria were symptomatic hypertension,
valvular heart disease, coronary artery disease, cardiac
arrhythmia, diabetes, viral infections, chronic inflammatory
and autoimmune diseases, and other co-morbidities

patient received a brief instruction to spit the fluid into the
sterile cups after rubbing it on their tongue for three to four
minutes. The samples were transported to the Molecular
Genetics Laboratory at Hazara University (Mansehra), where
the samples were stored at -20 ºC for further analysis.
Molecular analysis
The whole DNA of buccal cavity epithelial cells
was extracted, according to Aidar & Line 16. For checking
the quality of extracted DNA, agarose gel (0.5g of agarose
dissolved in 29.4ml double distal water with 600ul of 50X
TAE mixture) with 25ul ethidium bromide was used; then,
5µl of extracted DNA was dissolved with 2µl of loading
dye, and the gel was run for 30 minutes at 60V before
being photographed under ultraviolet light using the gel
documentation system. After that, the DNA was kept at -20°C
until it was time to process it.
PCR was used to amplify the desired gene. Initial
denaturation was at 95ºC for 5 minutes, followed by
denaturation at 95ºC for 5 minutes, annealing at 50ºC for 45
seconds, extension at 72ºC for 5 minutes, and final extension at
72ºC for 5 minutes; these were the thermal cycling conditions
followed for 40 cycles. The final PCR findings were analyzed
on a 1% agarose gel. The mixture was then treated with 12ml
of ethidium bromide. For cooling, the melted mixture was
kept at 25ºC. The agarose mixture previously had been put
on the gel plate and allowed to solidify. We combined 15ml
of PCR product with 2ml of DNA loading blue dye and put
it into the agarose gel wells. A 60 Volute was supplied for 30
minutes in an electrophoresis approach until DNA fragments
move from left to right. The bands that had been magnified
were photographed and inspected under ultraviolet light. To
purify the PCR amplification product from an agarose gel, a
TIAN gel Midi purification Kit (Cat # DP20902) was used.
PCR band including the tRNALeu(UUR) gene was cut with a
sterilized surgical blade and kept in labeled Eppendorf tubes
until further processing.

Results
Each saliva sample was used to isolate genomic DNA,
and we obtained reliable results from all the samples (Figure 1).

Collection of saliva sample
Before sample collection, the teeth of each patient were
brushed, and a 5% sugar solution was given to them. Each
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Fig. 1. Total genomic DNA extracted from samples.
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Amplification of the tRNALeu(UUR) gene
PCR was done using the common primer pair (Forward
5’-CAAATTCCTCCCTGTACGAAAGG-3’;Reverse
5’-AATGAGGAGTAGGAGGTTGGCC-3’) specific for
a region containing tRNALeu(UUR) gene. Figure 2 shows the
amplification of a 279-base-pair fragment.

Fig. 2. PCR results of samples (R-1 to R-13). Amplification
of a 279 bp fragment. M, molecular size ladder, 1000 bp
DNA ladder

Sequencing analysis
Ten eluted DNA samples were sent to Macrogen Inc.,
Korea, for sequencing. The sequence was aligned with
revised Cambridge Reference Sequence (rCRS) accession #
NC-012920.1. The alignment was analyzed for mutations in
tRNALeu(UUR) gene.
Sequencing results
No mutations were discovered in any patient’s
tRNALeu(UUR) gene. Although there was a two-nucleotide
mismatch in the alignment when we studied the chromatogram
of this sequencing result, we found that it was a technical error
rather than an exact miss-match (Figure 3).

Fig. 3. Chromatogram of the R-1 sample as a sequencing
result provided by Macrogen Inc. (South Korea).

The alignment of the patient’s AQ-seq data is shown in
Figure 4. Herein, we only show one sample of results because
there were no mutations discovered in any EH patient’s
tRNALeu(UUR) gene.

Discussion
EH is a multifactorial disease arising from the combined
action of many genetic, environmental, demographic, vascular,
and neuroendocrine factors.(35-37) EH is likely to be a polygenic
disorder that results from the inheritance of a number of

Fig. 4. The alignment of the R-1 AQ-seq data. The
Cambridge reference accession number was used to
compare the sequence. The highlighted region indicates
the tRNALeu(UUR) gene.

susceptibility genes. Candidate genes for hypertension include
genes involved in regulating the RAAS (AGT, ACE), genes
involved in sodium transport, signal transduction pathway,
endothelium functioning.
The inheritance of hypertension has been debated for
many years. Cross-sectional analysis has shown a familial
aggregation of BP despite environmental factors.(38,39) The
rate of genetic variance associated with EH has been estimated
to range from 30% to 50%, and both maternal and paternal
patterns of inheritance have been reported.(40-43) Correlations
between BP in mothers and their offspring, as well as
maternally inherited hypertension, have been reported in
several studies.(42,44) Austin et al.(45) described a five-generation
family with the A8344G mutation in the tRNALys gene and
19 affected members with a variant neurologic syndrome
of ataxia, myopathy, hearing loss, and neuropathy. Along
with axial lipomas and diabetes mellitus, hypertension was
a frequent somatic feature, suggesting that mitochondrial
mutations may contribute to hypertension in these patients.
The mitochondrial genomes of 58 black Americans with
hypertension who have progressed to end-stage renal disease
(H-ESRD) and 58 normotensive individuals were analyzed in
a study by Watson et al.(46)An A10398G DdeI mutation in the
ND3 gene was significantly increased in the H-ESRD cohort,
as was an HaeIII T6620C/G6260A double mutation in the
CO1 gene.
Previous studies identified mtDNA mutations that
are associated with maternally inherited hypertension,
including tRNAIle m.4263A>G, m.4291T>C, m.4295A>G,
tRNAMet m.4435A>G, tRNAAla m.5655A>G, and tRNAMet/
tRNAGln m.4401A>G.(21,32-34,47-49) Majamaa-Voltti et al.(50)
found that LVH was the most common cardiac abnormality in
pedigrees with the 3243A>G mtDNA mutation.
Investigations of mitochondrial genome polymorphism
are a fast-growing area of research. Each year, new links
between mtDNA mutations and particular human diseases
are discovered. It is not surprising that many of the reported
mtDNA variants that affect mitochondrial function are
associated with cardiovascular diseases because cells of
the cardiovascular system are known for their high energy
consumption and are significantly dependent on proper
mitochondrial activity. Some of these correlations were
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discovered to be potent enough to allow for the diagnostic
use of mtDNA mutations. Future research will be necessary
to turn the knowledge we have collected about mtDNA
mutations linked to hypertension into brand-new treatments
for hypertension and related conditions. Selective targeting
of mitochondrial oxidative stress is one potential avenue
for such treatments, and it also appears promising to rectify
mitochondrial dynamics.

Conclusion
Recent studies have identified the mitochondria as the
target and origin of major pathogenic pathways that lead
to the progression of hypertension. Screening for mtDNA
mutations in EH patients may provide further insight into the
understanding of the pathophysiology of maternally inherited
hypertension. However, the present study did not find
mutations in the tRNALeu(UUR) gene in Pakistani EH patients.
Further studies are needed for confirmation.

Acknowledgments
We thank the individuals and their families for their
participation in this study.

Data availability statement
The sequences have been uploaded to the National
Center for Biotechnology Information using accession
numbers: NC-012920.1.

Sources of Funding
The study was supported by the National Natural
Science Foundation of China and the project approval number
is 31760159.

Competing Interests
The authors declare that they have no competing
interests.

References
1. Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney
PM, Reynolds K, Chen J, He J. Global Disparities of
Hypertension Prevalence and Control: A Systematic
Analysis of Population-Based Studies From 90 Countries.
Circulation. 2016 Aug 9;134(6):441-50. doi: 10.1161/
CIRCULATIONAHA.115.018912. PMID: 27502908; PMCID:
PMC4979614.
2. Kunes J, Zicha J. Developmental windows and
environment as important factors in the expression of genetic
information: a cardiovascular physiologist’s view. Clin Sci
(Lond). 2006 Nov;111(5):295-305. doi: 10.1042/CS20050271.
PMID: 17034366.
3. Wang X, Ding X, Su S, Harshfield G, Treiber F, Snieder
H. Genetic influence on blood pressure measured in the office,

447

under laboratory stress and during real life. Hypertens Res.
2011 Feb;34(2):239-44. doi: 10.1038/hr.2010.218. Epub 2010
Nov 11. PMID: 21068740; PMCID: PMC3713474.
4. Wang X, Ding X, Su S, Yan W, Harshfield G, Treiber
F, Snieder H. Genetic influences on daytime and night-time
blood pressure: similarities and differences. J Hypertens. 2009
Dec;27(12):2358-64. doi: 10.1097/HJH.0b013e328330e84d.
PMID: 19657283; PMCID: PMC3713486.
5. Fan JB, Chen X, Halushka MK, Berno A, Huang X,
Ryder T, Lipshutz RJ, Lockhart DJ, Chakravarti A. Parallel
genotyping of human SNPs using generic high-density
oligonucleotide tag arrays. Genome Res. 2000 Jun;10(6):85360. doi: 10.1101/gr.10.6.853. PMID: 10854416; PMCID:
PMC310915.
6. Oliphant A, Barker DL, Stuelpnagel JR, Chee MS.
BeadArray technology: enabling an accurate, cost-effective
approach to high-throughput genotyping. Biotechniques. 2002
Jun;Suppl:56-8, 60-1. PMID: 12083399.
7. Padmanabhan S, Melander O, Johnson T, Di Blasio
AM, Lee WK, Gentilini D, et al.; Global BPgen Consortium,
Munroe P, Caulfield MJ, Zanchetti A, Dominiczak AF.
Genome-wide association study of blood pressure extremes
identifies variant near UMOD associated with hypertension.
PLoS Genet. 2010 Oct
8. Dromparis P, Michelakis ED. Mitochondria in vascular
health and disease. Annu Rev Physiol. 2013;75:95-126. doi:
10.1146/annurev-physiol-030212-183804. Epub 2012 Nov
16. PMID: 23157555.
9. Eirin A, Lerman A, Lerman LO. Mitochondria:
a pathogenic paradigm in hypertensive renal disease.
Hypertension. 2015 Feb;65(2):264-70. doi: 10.1161/
HYPERTENSIONAHA.114.04598. Epub 2014 Nov 17.
PMID: 25403611; PMCID: PMC4289015.
10. Marian AJ. Mitochondrial genetics and human systemic
hypertension. Circ Res. 2011 Apr 1;108(7):784-6. doi:
10.1161/CIRCRESAHA.111.242768. PMID: 21454791.
11. Eirin A, Lerman A, Lerman LO. Mitochondrial injury
and dysfunction in hypertension-induced cardiac damage. Eur
Heart J. 2014 Dec 7;35(46):3258-66. doi: 10.1093/eurheartj/
ehu436. Epub 2014 Nov 10. PMID: 25385092; PMCID:
PMC4258226.
12. Gong S, Peng Y, Jiang P, Wang M, Fan M, Wang X, Zhou
H, Li H, Yan Q, Huang T, Guan MX. A deafness-associated
tRNAHis mutation alters the mitochondrial function, ROS
production and membrane potential. Nucleic Acids Res. 2014
Jul;42(12):8039-48. doi: 10.1093/nar/gku466. Epub 2014 Jun
11. PMID: 24920829; PMCID: PMC4081083.
13. Wallace DC. Mitochondrial diseases in man and mouse.
Science. 1999 Mar 5;283(5407):1482-8. doi: 10.1126/
science.283.5407.1482. PMID: 10066162.
14. Hirano M, Davidson M, DiMauro S. Mitochondria and
the heart. Curr Opin Cardiol. 2001 May;16(3):201-10. doi:
10.1097/00001573-200105000-00008. PMID: 11357017.
15. Lassègue B, Griendling KK. Reactive oxygen species in
hypertension; An update. Am J Hypertens. 2004 Sep;17(9):85260. doi: 10.1016/j.amjhyper.2004.02.004. PMID: 15363831.
16. Taniyama Y, Griendling KK. Reactive oxygen species
in the vasculature: molecular and cellular mechanisms.
Hypertension. 2003 Dec;42(6):1075-81. doi: 10.1161/01.
HYP.0000100443.09293.4F. Epub 2003 Oct 27. PMID:
14581295.

448

I. Khan et al. / International Journal of Biomedicine 12(3) (2022) 444-449

17. Liang M. Hypertension as a mitochondrial and metabolic
disease. Kidney Int. 2011 Jul;80(1):15-6. doi: 10.1038/
ki.2011.84. PMID: 21673736.
18. Hutchinson J, Crawford MH. Genetic determinants of
blood pressure level among the Black Caribs of St. Vincent.
Hum Biol. 1981 Sep;53(3):453-66. PMID: 7309028.
19. DeStefano AL, Gavras H, Heard-Costa N, Bursztyn
M, Manolis A, Farrer LA, Baldwin CT, Gavras I, Schwartz
F. Maternal component in the familial aggregation of
hypertension. Clin Genet. 2001 Jul;60(1):13-21. doi:
10.1034/j.1399-0004.2001.600103.x. PMID: 11531965.
20. Yang Q, Kim SK, Sun F, Cui J, Larson MG, Vasan RS, Levy
D, Schwartz F. Maternal influence on blood pressure suggests
involvement of mitochondrial DNA in the pathogenesis of
hypertension: the Framingham Heart Study. J Hypertens. 2007
Oct;25(10):2067-73. doi: 10.1097/HJH.0b013e328285a36e.
PMID: 17885549.
21. Wilson FH, Hariri A, Farhi A, Zhao H, Petersen KF, Toka
HR, Nelson-Williams C, Raja KM, Kashgarian M, Shulman
GI, Scheinman SJ, Lifton RP. A cluster of metabolic defects
caused by mutation in a mitochondrial tRNA. Science. 2004
Nov 12;306(5699):1190-4. doi: 10.1126/science.1102521.
Epub 2004 Oct 21. PMID: 15498972; PMCID: PMC3033655.
22. Watson B Jr, Khan MA, Desmond RA, Bergman S.
Mitochondrial DNA mutations in black Americans with
hypertension-associated end-stage renal disease. Am J Kidney
Dis. 2001 Sep;38(3):529-36. doi: 10.1053/ajkd.2001.26848.
PMID: 11532685.
23. Zinner SH, Levy PS, Kass EH. Familial aggregation
of blood pressure in childhood. N Engl J Med. 1971 Feb
25;284(8):401-4. doi: 10.1056/NEJM197102252840801.
PMID: 5540477.
24. Havlik RJ, Feinleib M. Epidemiology and genetics of
hypertension. Hypertension. 1982 Sep-Oct;4(5 Pt 2):III121-7.
doi: 10.1161/01.hyp.4.5_pt_2.iii121. PMID: 7049926.
25. Ruiz-Pesini E, Lott MT, Procaccio V, Poole JC, Brandon
MC, Mishmar D, Yi C, Kreuziger J, Baldi P, Wallace DC.
An enhanced MITOMAP with a global mtDNA mutational
phylogeny. Nucleic Acids Res. 2007 Jan;35(Database
issue):D823-8. doi: 10.1093/nar/gkl927. Epub 2006 Dec 18.
PMID: 17178747; PMCID: PMC1781213.
26. Abbott JA, Francklyn CS, Robey-Bond SM. Transfer
RNA and human disease. Front Genet. 2014 Jun 3;5:158.
doi: 10.3389/fgene.2014.00158. PMID: 24917879; PMCID:
PMC4042891.
27. Liu C, Yang Q, Hwang SJ, Sun F, Johnson AD, Shirihai
OS, Vasan RS, Levy D, Schwartz F. Association of genetic
variation in the mitochondrial genome with blood pressure
and metabolic traits. Hypertension. 2012 Oct;60(4):949-56.
doi: 10.1161/HYPERTENSIONAHA.112.196519. Epub 2012
Sep 4. PMID: 22949535; PMCID: PMC3753106.
28. Liu Y, Li Y, Wang X, Ma Q, Zhu C, Li Z, Yin T, Yang J,
Chen Y, Guan M. Mitochondrial tRNA mutations in Chinese
hypertensive individuals. Mitochondrion. 2016 May;28:1-7.
doi: 10.1016/j.mito.2016.02.007. Epub 2016 Feb 26. PMID:
26923935.
29. Jia Z, Wang X, Qin Y, Xue L, Jiang P, Meng Y, Shi S, Wang
Y, Qin Mo J, Guan MX. Coronary heart disease is associated
with a mutation in mitochondrial tRNA. Hum Mol Genet.
2013 Oct 15;22(20):4064-73. doi: 10.1093/hmg/ddt256. Epub
2013 Jun 4. PMID: 23736300; PMCID: PMC3781636.

30. Xue L, Wang M, Li H, Wang H, Jiang F, Hou L, Geng
J, Lin Z, Peng Y, Zhou H, Yu H, Jiang P, Mo JQ, Guan MX.
Mitochondrial tRNA mutations in 2070 Chinese Han subjects
with hypertension. Mitochondrion. 2016 Sep;30:208-21.
doi: 10.1016/j.mito.2016.08.008. Epub 2016 Aug 17. PMID:
27544295.
31. Zhou M, Wang M, Xue L, Lin Z, He Q, Shi W, Chen Y,
Jin X, Li H, Jiang P, Guan MX. A hypertension-associated
mitochondrial DNA mutation alters the tertiary interaction
and function of tRNALeu(UUR). J Biol Chem. 2017 Aug
25;292(34):13934-13946. doi: 10.1074/jbc.M117.787028.
Epub 2017 Jul 5. PMID: 28679533; PMCID: PMC5572913.
32. Li R, Liu Y, Li Z, Yang L, Wang S, Guan MX. Failures
in mitochondrial tRNAMet and tRNAGln metabolism
caused by the novel 4401A>G mutation are involved
in essential hypertension in a Han Chinese Family.
Hypertension. 2009 Aug;54(2):329-37. doi: 10.1161/
HYPERTENSIONAHA.109.129270. Epub 2009 Jun 22.
PMID: 19546379; PMCID: PMC2907155.
33. Wang S, Li R, Fettermann A, Li Z, Qian Y, Liu Y,
Wang X, Zhou A, Mo JQ, Yang L, Jiang P, Taschner A,
Rossmanith W, Guan MX. Maternally inherited essential
hypertension is associated with the novel 4263A>G mutation
in the mitochondrial tRNAIle gene in a large Han Chinese
family. Circ Res. 2011 Apr 1;108(7):862-70. doi: 10.1161/
CIRCRESAHA.110.231811. PMID: 21454794.
34. Jiang P, Wang M, Xue L, Xiao Y, Yu J, Wang H, Yao J, Liu
H, Peng Y, Liu H, Li H, Chen Y, Guan MX. A HypertensionAssociated tRNAAla Mutation Alters tRNA Metabolism
and Mitochondrial Function. Mol Cell Biol. 2016 Jun
29;36(14):1920-30. doi: 10.1128/MCB.00199-16. PMID:
27161322; PMCID: PMC4936059.
35. Gong M, Hubner N. Molecular genetics of human
hypertension. Clin Sci (Lond). 2006 Mar;110(3):315-26. doi:
10.1042/CS20050208. PMID: 16464173.
36. Abais-Battad JM, Dasinger JH, Fehrenbach DJ,
Mattson DL. Novel adaptive and innate immunity targets in
hypertension. Pharmacol Res. 2017 Jun;120:109-115. doi:
10.1016/j.phrs.2017.03.015. Epub 2017 Mar 20. PMID:
28336371; PMCID: PMC5497567.
37. Zhang RM, McNerney KP, Riek AE, Bernal-Mizrachi
C. Immunity and Hypertension. Acta Physiol (Oxf). 2021
Jan;231(1):e13487. doi: 10.1111/apha.13487. Epub 2020 Jun
25. PMID: 32359222; PMCID: PMC7606441.
38. Pérusse L, Rice T, Bouchard C, Vogler GP, Rao DC.
Cardiovascular risk factors in a French-Canadian population:
resolution of genetic and familial environmental effects on
blood pressure by using extensive information on environmental
correlates. Am J Hum Genet. 1989 Aug;45(2):240-51. PMID:
2757030; PMCID: PMC1683357.
39. Fuentes RM, Notkola IL, Shemeikka S, Tuomilehto
J, Nissinen A. Familial aggregation of blood pressure: a
population-based family study in eastern Finland. J Hum
Hypertens. 2000 Jul;14(7):441-5. doi: 10.1038/sj.jhh.1001049.
PMID: 10918549.
40. Longini IM Jr, Higgins MW, Hinton PC, Moll PP, Keller
JB. Environmental and genetic sources of familial aggregation
of blood pressure in Tecumseh, Michigan. Am J Epidemiol.
1984 Jul;120(1):131-44. doi: 10.1093/oxfordjournals.aje.
a113862. PMID: 6741914.
41. Hunt SC, Hasstedt SJ, Kuida H, Stults BM, Hopkins PN,

I. Khan et al. / International Journal of Biomedicine 12(3) (2022) 444-449

Williams RR. Genetic heritability and common environmental
components of resting and stressed blood pressures, lipids, and
body mass index in Utah pedigrees and twins. Am J Epidemiol.
1989 Mar;129(3):625-38. doi: 10.1093/oxfordjournals.aje.
a115175. PMID: 2916556.
42. DeStefano AL, Gavras H, Heard-Costa N, Bursztyn
M, Manolis A, Farrer LA, Baldwin CT, Gavras I, Schwartz
F. Maternal component in the familial aggregation of
hypertension. Clin Genet. 2001 Jul;60(1):13-21. doi:
10.1034/j.1399-0004.2001.600103.x. PMID: 11531965.
43. Uehara Y, Shin WS, Watanabe T, Osanai T, Miyazaki M,
Kanase H, Taguchi R, Sugano K, Toyo-Oka T. A hypertensive
father, but not hypertensive mother, determines blood
pressure in normotensive male offspring through body mass
index. J Hum Hypertens. 1998 Jul;12(7):441-5. doi: 10.1038/
sj.jhh.1000646. PMID: 9702929.
44. Bengtsson B, Thulin T, Scherstén B. Familial resemblance
in casual blood pressure--a maternal effect? Clin Sci (Lond).
1979 Dec;57 Suppl 5:279s-281s. doi: 10.1042/cs057279s.
PMID: 540443.
45. Austin SA, Vriesendorp FJ, Thandroyen FT, Hecht JT,
Jones OT, Johns DR. Expanding the phenotype of the 8344
transfer RNAlysine mitochondrial DNA mutation. Neurology.
1998 Nov;51(5):1447-50. doi: 10.1212/wnl.51.5.1447. PMID:
9818878.
46. Watson B Jr, Khan MA, Desmond RA, Bergman S.

449

Mitochondrial DNA mutations in black Americans with
hypertension-associated end-stage renal disease. Am J Kidney
Dis. 2001 Sep;38(3):529-36. doi: 10.1053/ajkd.2001.26848.
PMID: 11532685.
47. Li Z, Liu Y, Yang L, Wang S, Guan MX. Maternally
inherited hypertension is associated with the mitochondrial
tRNA(Ile) A4295G mutation in a Chinese family. Biochem
Biophys Res Commun. 2008 Mar 21;367(4):906-11. doi:
10.1016/j.bbrc.2007.12.150. Epub 2008 Jan 3. PMID:
18177739.
48. Liu Y, Li R, Li Z, Wang XJ, Yang L, Wang S, Guan
MX. Mitochondrial transfer RNAMet 4435A>G mutation
is associated with maternally inherited hypertension in a
Chinese pedigree. Hypertension. 2009 Jun;53(6):1083-90.
doi: 10.1161/HYPERTENSIONAHA.109.128702. Epub 2009
Apr 27. PMID: 19398658; PMCID: PMC2907152.
49. Liu Y, Chen Y. Mitochondrial tRNA Mutations Associated
With Essential Hypertension: From Molecular Genetics to
Function. Front Cell Dev Biol. 2021 Jan 22;8:634137. doi:
10.3389/fcell.2020.634137. PMID: 33585472; PMCID:
PMC7874112.
50. Majamaa-Voltti K, Peuhkurinen K, Kortelainen ML,
Hassinen IE, Majamaa K. Cardiac abnormalities in patients
with mitochondrial DNA mutation 3243A>G. BMC
Cardiovasc Disord. 2002 Aug 1;2:12. doi: 10.1186/14712261-2-12. PMID: 12150714; PMCID: PMC119851.

International Journal of Biomedicine 12(3) (2022) 450-453
http://dx.doi.org/10.21103/Article12(3)_OA19

ORIGINAL ARTICLE

INTERNATIONAL
JOURNAL
OF BIOMEDICINE

Biotechnology

Encapsulation of Probiotic Lactic Acid Bacteria in Pectic Gel Particles
Elena A. Mikhailova1*, Anatoly A. Shubakov2
1

Institute of Physiology of Komi Science Centre of the Ural Branch of the RAS, FRC Komi SC UB RAS
2
Institute of Biology of Komi Science Centre of the Ural Branch of the RAS, FRC Komi SC UB RAS
Syktyvkar, Komi Republic, the Russian Federation

Abstract
The purpose of this work was to research the encapsulation of lactic acid bacteria (LAB) of the probiotic “Evitalia” in pectic
gel particles (PGPs) formed on the basis of apple pectin and citrus pectin.
Methods and Results: Commercial apple pectin (AP) AU701 (Herbstreith & Fox KG, Germany) and citrus pectin (CP)
CU701 (Herbstreith & Fox KG, Germany) were used. Gel particles were prepared from 3% aqueous solutions of pectins in the
presence of 0.34M CaCl2 by ionotropic gelation. The diameter and density of PGPs were determined using an optical microscope
(ALTAMI, Russia). For encapsulation in PGPs, a complex of “Evitalia” dry probiotic microorganisms was used, which consists
of freeze-dried strains of Lactococcus lactis, Streptococcus thermophilus, Lactobacillus acidophilus, Lactobacillus helveticus,
and Propionibacterium freudenreichii ssp. shermanii. To accumulate cells of probiotic LAB, we used a modified MRS medium.
An extrusion method was used to encapsulate probiotic cells in PGPs. In the study of probiotic-encapsulated PGPs, they were
preliminarily destroyed by ultrasound in an HD2070 ultrasonic homogenizer (Sonopuls, Germany). The encapsulation efficiency
of the formulation for the probiotic bacteria was determined according to the formula: Encapsulation efficiency (%) = Bacteria in
the capsules (CFU/ml) / Bacteria in initial cell suspension (CFU/ml) × 100.
“Evitalia” probiotic cells (PC) were grown on three different nutrient media: MRS medium, milk medium, and glucosepeptone medium. The largest number of LAB cells was formed when growing on MRS medium after 3 days of cultivation.
In experiments on encapsulating bacterial cells, we used 3-day-old cultures of “Evitalia.” The morphological and structuralmechanical characteristics of PGPs and particles loaded with the “Evitalia” LAB cells were studied. The degree of encapsulation
of the probiotic LAB in PGPs was studied. More effectively, the LAB cells are encapsulated in PGPs formed from CP. The degree
of loading of wet pectic particles from CP was 17.5%, and less for dry pectic particles based on CP (1.96%). Similar indicators for
PGPs formed on the basis of AP were 5.6% and 0.33%, respectively.
Conclusion: PGPs formed on the basis of AP and CP can serve as a matrix for encapsulating probiotic LAB. (International
Journal of Biomedicine. 2022;12(3):450-453.).
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Introduction
The human gastrointestinal tract contains hundreds to
thousands of different bacterial species that form a complex
ecosystem of microorganisms that co-exist with the human
host.(1,2)

Currently, more than 70 oral probiotics are produced
worldwide.(3) A probiotic “Evitalia” produced in Russia (NPF
PROBIOTIKA) is a complex of freeze-dried microorganisms
that have retained the ability to multiply in the digestive tract
of special strains of lactic acid microorganisms and producers
of vitamins (B1, B2, B6, B12, A, E, C), folic acid, trace elements
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of iron, calcium, and magnesium. The main feature of this
association of microorganisms is their ability to ferment
carbohydrates without forming gas, but with the formation of
acids that acidify the contents of the intestine, inhibiting the
growth of putrefactive and conditionally pathogenic microbes.
Lactic acid bacteria (LAB) reduce the load on the liver by
reducing the formation of amines, enterotoxins and other
substances of microbial origin, which has a beneficial effect
on increasing overall human resistance.
Over the past decades, there has been a tendency
to produce functional food products containing probiotic
bacteria. Probiotic bacteria are used in the production of
functional foods and pharmaceuticals.(4,5)
Probiotics are defined as live microorganisms that, when
administered in adequate amounts, provide health benefits to
the host, including inhibiting pathogen growth, maintaining
healthy intestinal microflora, and stimulating the immune
system.(6,7)
For probiotics to have a positive effect on health, viable
cells must have at least 7 log CFU after passing through the
gastrointestinal tract before entering the colon. However,
probiotics are vulnerable to stress and harsh conditions in
the gastrointestinal tract (extreme pH values, bile acids, etc.).
The strategy to protect probiotics during transit through the
gastrointestinal tract is to encapsulate them.(8)
It should be noted that any probiotic delivery system
should be designed so that probiotics are released in the colon
and can have a beneficial effect. Moreover, probiotics must be
able to adhere to the colon mucosa and colonize it; otherwise,
they will quickly pass through the human body. The viability of
probiotics can be improved by embedding them in microgels
or other types of microcapsules.(9)
Encapsulation techniques for protecting probiotic
bacterial cells have led to a significant increase in the
viability of these microorganisms in food, as well as in the
gastrointestinal tract.(10) Most encapsulation technologies rely
on the immobilization of probiotic bacteria in a polymer matrix
that retains its structure in the stomach until it is degraded and
dissolved in the intestine.(11)
The purpose of this work was to research the
encapsulation of the “Evitalia” LAB in pectic gel particles
(PGPs) formed on the basis of apple pectin and citrus pectin.

Materials and Methods
Commercial apple pectin (AP) AU701 (Herbstreith &
Fox KG, Germany) and citrus pectin (CP) CU701 (Herbstreith
& Fox KG, Germany) were used. For encapsulation in PGPs,
a complex of “Evitalia” dry probiotic microorganisms was
used, which consists of freeze-dried strains of Lactococcus
lactis, Streptococcus thermophilus, Lactobacillus acidophilus,
Lactobacillus helveticus, and Propionibacterium freudenreichii
ssp. shermanii. One bottle of “Evitalia” contains more than 4
billion live microorganisms.
“Evitalia” probiotic cells (PC) were grown on three
different nutrient media: De Man’s, Rogoza’s and Sharp’s
(MRS) medium,(12) milk medium, and glucose-peptone
medium.(13) We used a modified MRS medium of the following
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composition (g/l): yeast extract – 4.0; casein hydrolysate –
10.0; glucose – 20.0; di-substituted ammonium citrate – 2.0;
sodium acetate – 5.0; tween 80 – 1.0; K2HPO4 – 2.0; MgSO4
x 7H2O – 0.2; MnSO4 x 4H2O – 0.05. In the medium, meat
broth (100 ml/l) was used instead of meat extract (10.0 g/l).
Meat broth was prepared as follows: to 500g of low-fat
minced meat, 1.0L of water was added, incubated for 2 hours
at a temperature of 37-39°C, filtered through a sieve, then the
filtrate was boiled for 30 minutes, filtered through cheesecloth
and the volume was adjusted to 1.0L. pH was adjusted to
6.8-7.0 and autoclaved for 15 minutes at a temperature of
121°C. The milk medium had the following composition (g/l):
skimmed powdered milk – 100.0; sodium citric acid – 1.5;
glucose – 10.0. Glucose-peptone medium had the following
composition (g/l): peptone – 5.0; glucose – 10.0; NaCl – 5.0.
To obtain dense media, 30 g/l of agar was added to the liquid
media.
The CFU number in suspensions of PC was determined
using the standard method of 10-fold dilutions and subsequent
inoculation on agarized media: MRS, milk medium, glucosepeptone medium.
In the study of probiotic-encapsulated PGPs, they
were preliminarily destroyed by ultrasound in an HD2070
ultrasonic homogenizer (Sonopuls, Germany). For these
purposes, the probe of an ultrasonic homogenizer was placed
in a 10mL test sample, which was irradiated for 15 min. The
duration of exposure to ultrasound and its power were selected
empirically, achieving the destruction of gel particles and
maintaining cell viability.
Gel particles were prepared from 3% aqueous solutions
of pectins in the presence of 0.34M CaCl2 by ionotropic
gelation.(14-17) The pectin samples were dissolved in distilled
water and slowly stirred on a magnetic stirrer MM-5 at room
temperature until completely dissolved. Spherical PGPs were
prepared as described in our previous articles.(15-17)
An extrusion method was used to encapsulate PC in
PGPs. In the initial suspensions of PC (6.92×108 CFU/ml for
AP-based gel particles and 9.71×108 CFU/ml for CP-based gel
particles), 60 mg of the corresponding pectin was added in a
volume of 2 ml, respectively, and dissolved by slow stirring
on a MM-5 magnetic stirrer (Russia) at room temperature until
completely dissolved. The resulting mixture of probiotic and
pectin was extruded using a syringe in the form of individual
droplets through a needle with a hole diameter of 0.7 mm at
a distance of 4-5 cm into a slowly stirred calcium chloride
solution and further stirred for 20 minutes at room temperature.
Then the formed gel particles loaded with PC were washed
three times in distilled water with stirring for 5 minutes and
dried for 10-14 hours at 37°C.
The diameter and density of PGPs were determined
using an optical microscope (ALTAMI, Russia) with a camera
and an image analysis program (ImageJ 1.46r program,
National Institutes of Health, USA). For calibration, a linear
scale was used; one pixel corresponded to 0.024 mm.
The encapsulation efficiency of the formulation for the
probiotic bacteria was determined according to the formula:
Encapsulation efficiency (%) = Bacteria in the capsules (CFU/
ml) / Bacteria in initial cell suspension (CFU/ml) × 100.(18)
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The statistical analysis was performed using the
statistical software BioStat (version 4.03) and Microsoft
Office Excel 2007.

Results and Discussion
In recent years, research has been carried out to test the
possibility of using pectin hydrogels as carriers for a probiotic
delivery system to the colon.(8,19)
At the first stage of our work, we studied the growth of
probiotic LAB on various nutrient media. Table 1 shows the
number of CFU during the growth of the “Evitalia” LAB on
three different nutrient media: MRS medium, milk medium,
and glucose-peptone medium.
Table 1.
The number of CFU during the growth of the “Evitalia” LAB on
three different nutrient media.
Nutrient medium

CFU/ml

MRS

2.9±0.2 × 105

Milk medium

8.8±0.3 × 105

Glucose-peptone medium

1.7±0.2 × 105

Approximately the same number of probiotic bacterial
cells accumulate on all three nutrient media. However, to
obtain suspensions of “Evitalia” cells, we chose the MRS
medium, since when cultivating the probiotic on it, the most
homogeneous culture broths are obtained.
The dynamics of the PC accumulation during its growth
in a liquid MRS medium was studied. Figure 1 shows the
growth of the “Evitalia” LAB on MRS medium during 5 days
of incubation.

Fig.1. Growth of the “Evitalia” LAB on MRS medium.

The largest number of LAB cells was formed when
growing on MRS medium after 3 days of cultivation. In
experiments on encapsulating bacterial cells, we used 3-dayold cultures of “Evitalia.”
Morphological and structural-mechanical characteristics
of PGPs were studied. Table 2 shows the morphological and
structural-mechanical characteristics of PGPs and particles
loaded with the “Evitalia” LAB cells.
The diameter of the probiotic-loaded wet gel particles
formed on the basis of CP (3.83 mm) was larger than the

diameter of the AP gel particles (3.18 mm) loaded with LAB
cells. For dry gel particles loaded with LAB cells, the particle
diameter was larger for particles formed on the basis of AP
(1.16 mm) than on the basis of CP (1.09 mm). The highest
density (0.76 mg/mm3) was found in probiotic-loaded dry gel
particles formed from CP.
Table 2.
Morphological and structural-mechanical characteristics of PGPs
and particles loaded with the “Evitalia” LAB cells.
Wet particles

Gel particles

Diameter,
mm

АР

Density,
mg/mm3

Dry particles
Diameter,
mm

Density,
mg/mm3

4.28±0.25 0.45±0.05 1.23±0.05 0.37±0.07

АР – «Evitalia» 3.18±0.15 0.59±0.10 1.16±0.14 0.60±0.05
СР

4.03±0.20 0.42±0.08 1.19±0.05 0.46±0.08

СР – «Evitalia»

3.83±0.10 0.58±0.09 1.09±0.06 0.76±0.09

The degree of encapsulation of the probiotic LAB in
PGPs was studied. Table 3 shows the degree of loading of
PGPs with “Evitalia.” More effectively, the LAB cells are
encapsulated in PGPs formed from CP. The degree of loading
of wet pectic particles from CP was 17.5%, and less for dry
pectic particles based on CP (1.96%). Similar indicators
for PGPs formed on the basis of AP were 5.6% and 0.33%,
respectively.
Table 3.
The degree of loading of PGPs formed from 3% AP AU701 and
from 3% CP CU701, “Evitalia” probiotic cells.
Gel particles

The original cell Gel particles with PGP loading rate
suspension, encapsulated PC, with “Evitalia,”
CFU/ml
CFU/ml
%

AP wet

6.92 × 108

3.9 × 107

5.60

AP dry

6.92 × 108

2.3 × 106

0.33

СP wet

9.71 × 108

1.7 × 108

17.5

СP dry

9.71 × x 108

1.9 × 107

1.96

Thus, our research shows that pectic gel particles formed
on the basis of apple pectin and citrus pectin can serve as a
matrix for encapsulating probiotic lactic acid bacteria.
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Abstract
Skin and soft tissue infections caused by methicillin-resistant S. aureus (MRSA) are among the most common bacterial
infections. Linezolid is a cortisone drug for the treatment of infections caused by MRSA. However, developing resistance to
linezolid creates a hurdle in the treatment of these infections. The present study aimed to determine the activity of linezolid alone
and in combination with zinc oxide nanoparticles (ZnO-NPs) for the purpose of reducing resistance and enhancing its efficacy.
For this study, MRSA isolates were taken and confirmed by using the antibiotic susceptibility testing method. The minimum
inhibitory concentration (MIC) of both antibiotics and nanoparticles against MRSA clinical isolates was done by using the broth
microdilution method. A checkerboard assay has used the determination of the combined activity of linezolid and ZnO-NPs. ZnONPs displayed a spherical shape with smooth surface morphology and had a mean size of 10 nm to 20 nm, with a zeta potential of
3.57 mV. The activity of ZnO-NPs against MRSA clinical isolates was 200 µg/ml. Almost 81% of isolates were found sensitive
to linezolid with MIC lower than 4 µg/ml, and 19% were resistant, having MIC greater than 4 µg/ml. The combination of an
antibiotic and nanoparticles reduced the activity of each of them twofold. The current study revealed that both linezolid and ZnONPs have antimicrobial activity against MRSA when used alone. The combination of both medications reduces each other’s MIC
twofold and has an antagonistic impact. Further research is needed to determine the mechanism through which these medications
inhibit each other’s activity.(International Journal of Biomedicine. 2022;12(3):454-458.).
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Introduction
Staphylococcus aureus can cause severe life-threatening
infections that affect millions of people every year.(1) Among the
infections, skin and soft tissue infections (SSTIs) are commonly
caused by community-associated MRSA (CA-MRSA), less
commonly by healthcare-associated MRSA (HA-MRSA), and
rarely by methicillin-sensitive S. aureus (MSSA).(2) MRSA
is currently the most commonly known antibiotic-resistant
pathogen around the globe, including East Asia, North Africa,
the Middle East, Europe, and the Americas.(3)
Linezolid belongs to the oxazolidinone class of
antibiotics approved by the FDA in 2000.(4) Linezolid is
used to treat infections, including SSTIs, pneumonia, and
osteomyelitis, caused by MRSA.(5) The drug binds to the
larger 50S subunit of the bacterial ribosome and inhibits its
attachment with the 30S subunit. This results from preventing
the initiation complex and inhibiting the translation of mRNA.
(6)
According to global studies reports and data from the USA,
1% of Staphylococcus aureus and 2% of coagulase-negative S.
aureus produce resistance to linezolid.(7) Until now multifocal
outbreaks of linezolid-resistant S. aureus (LRSA) have been
reported, determining that linezolid resistance may occur both
by the vertical and horizontal transmission of genes.(8)
With the limited options available for therapeutic
remedies due to the increase in resistance, the focus has now
been directed toward alternative treatment options against such
antibiotic-resistant pathogens.(9) At present, inorganic metal
oxides, like calcium oxide (CaO), magnesium oxide (MgO),
titanium oxide (TiO2), and zinc oxide (ZnO), have gathered
attention due to their potential as antimicrobial, anticancer,
and antiprotozoal agents, owing to their stability and safety.(10)
ZnO has been referred to as “generally recognized
as safe” by the FDA in the US.(11) The ZnO-NPs shape, size,
surface state, crystal structure, and dispensability contribute
to their medicinal applications.(12) The mechanism of ZnO-NP
antimicrobial activity involves the generation of hydrogen
peroxide and the release of Zn2+ ions.(13) Hydrogen peroxide
generated on the surface of ZnO can penetrate the bacterial
cells and effectively inhibit cell growth.(14) A previous study
revealed that antibiotics when used with nanoparticles will
further increase the antimicrobial activity of the antibiotics
manyfold.(15) However, few studies have addressed the use of
a combination of metal nanoparticles and, especially, ZnO with
antibiotics against bacteria.(16) Currently, extensive studies are
becoming available on using silver nanoparticles combined
with different antibiotics against both gram-positive and gramnegative bacteria.(17,18)
Thus, the present study was designed to evaluate the
anti-staphylococcal activity of nanoparticles alone and in
combination with antibiotics toward the development of a new
biocidal combination against pathogens.

Materials and Methods
Study design and sample collection
The study was carried out in the Department of
Microbiology at the Institute of Basic Medical Sciences,
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Khyber Medical University Peshawar, Pakistan. A total of
100 clinical isolates of MRSA were collected from August
to October 2021 from Combined Military Hospital, Hayat
Abad Medical Complex, and North West General Hospital.
Culturing and biochemical testing
The clinical isolates were inoculated on nutrient agar,
mannitol salt agar, and blood agar, and the isolates were
identified by colony morphology, gram staining, coagulase, and
DNase test. MRSA was confirmed by the agar diffusion method
(Kirby-Bauer) using a 30 µg cefoxitin disc recommended by
Clinical Laboratory Standard Institute (CLSI).
Zinc oxide nanoparticle synthesis
ZnO-NPs were synthesized by the wet chemical method;
zinc acetate dehydrates (C4H6O4Zn. H2O2) and sodium
hydroxide (NaOH) (Sigma-Aldrich, St Louis, MO, USA)
were used. In this experiment, a large beaker of water was
heated to 65°C; meanwhile, we dissolved 0.10g Zn in 25 mL
isopropanol by heating in a fume hood for about 15 minutes.
To chill 125 ml isopropanol the flask was placed in an ice bath.
After complete dissolution of zinc acetate, 125 ml isopropanol
was added to it. Chilled 15 ml of 0.050 M NaOH was added
to the solution slowly. The flask with the mixed solution was
placed in the 65°C water bath for 5-10 minutes.
Characterization of ZnO-NPs
To confirm NP synthesis and to study size and surface
morphology, samples were taken for microscopy in screwcap tubes containing PBS buffer and were transported to
the department of physics at Peshawar university. The
accelerating voltage used was 20 kV with a magnification
of ×20,000 to ×45,000. The surface charge of the zinc oxide
nanoparticle was determined by using the Malvern zeta sizer
machine. ZnO-NPs were dissolved in deionized water, and the
zeta potential charge was analyzed by PSS Nicomp380 ZLS
particles sizer.
Determination of the activity of linezolid and nanoparticles
MRSA isolates were sub-cultured on blood agar,
and after overnight incubation at 37°C, three to five
morphologically similar colonies were emulsified in sterile
isotonic saline. The suspension was adjusted to 0.5 McFarland
standards (106 CFU/ml). To determine the activity of linezolid
and ZnO-NPs, BMDM was used. Linezolid powder (SigmaAldrich Co) was purchased and a stock solution was made.
Different concentrations of linezolid (0.6125-128 µg/ml) and
ZnO-NPs (40-1000 µg/ml) were incorporated into a 96-well
micro titer plate containing MHB media and inoculum. The
plates were then placed in a shaking incubator for 24h at 37°C
and 200 rpm.
Checkboard assay
To detect the activity of linezolid alone and in
combination with ZnO-NPs, a broth microdilution checkboard
assay was used. The first antibiotic of the combination was
serially diluted along the ordinate, while the second drug was
diluted along the abscissa.
MTT assay
The MIC of the clinical isolates was read by using an MTT
assay. The MTT reagent at a concentration of 10 µl was added
to each well after 24 hours of incubation at 37°C. The plate was
wrapped in aluminum foil after adding MTT dye as this dye is
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light sensitive, and the plate was further incubated for 4 hours at
35°C. After 4 hours of incubation, the plate was centrifuged at
3000 rpm for 3 minutes. The supernatant was removed from all
wells and was diluted with 100 µl of DMSO for the purpose of
stopping further enzymatic reactions. The plate was incubated
again for 1 hour in a shaking incubator at 37°C. The absorbance
was checked at an optical density of 570 nm by a microplate
reader. As a positive control, media containing bacteria was
added to wells without any drug. Negative control had only
media and drugs but no bacteria were added. The result of MIC
was interpreted according to the breakpoints given by CLSI
2017, where MIC≤4 mg/mL was taken as susceptible. An S.
aureus ATCC 29213 reference strain was used as a control.
Results were interpreted by using SPSS, and the quantities’
variables, like MIC50 and MIC90, were calculated.

To analyze the zeta potential of ZnO-NPs, zeta sizers
were used. Zeta potential plays important role in nanoparticle
stability and coupling of the nanoparticle to biological
surfaces. The zeta potential value of ZnO-NPs is 1.04 mV
within an average size of 10 nm to 20 nm (Fig.3).

Fig. 3. Zeta potential value of ZnO-NPs (1.04 mV)

Results
Out of 100 clinical isolates, only 90 were found to be
coagulase positive while 10 were found to be coagulasenegative S. aureus. All 90 clinical isolates were methicillinresistant by using the cefoxitin 30 ug disc recommended by
CLSI (Fig.1).

Fig. 1. S. aureus resistance to cefoxitin.

The efficacy of linezolid against MRSA was checked by
BMDM, wherein out of a total of 90 isolates, 16.6% of MRSA
isolates had MIC up to 0.5 µg/ml, 21% up to 1 µg/ml, 26.6%
had 2 µg/ml, 14.4% had 4 µg/ml, 13.3% had 8 µg/ml, and
7.78% had MIC 16 µg/ml. According to the CLSI guidelines,
the breakpoint of linezolid is 4 µg/ml. In this study, 81% of
MRSA isolates were sensitive to linezolid and 19% of isolates
were found linezolid resistant. ZnO-NPs were prepared by a
wet chemical method. The size and morphology of ZnO-NPs
were evaluated by scanning electron microscope (SEM). The
nanoparticle displays a spherical shape with size ranging from
10 nm to 20 nm in diameter (Fig.2).

Fig. 2. SEM image of ZnO-NPs with size of 10 nm to 20 nm.

The activity of nanoparticles was performed on 90
MRSA clinical isolates (Fig.4). Results showed the minimum
concentration of nanoparticles that inhibit the growth of MRSA
was 200 µg/ml. To evaluate the effect of both antibiotics and
nanoparticles, the FIC index was calculated.

Fig. 4. Broth microdilution checkerboard assay: wells
with color show growth while colorless show no growth.

FIC = MIC of DrugAin combintion + MIC of Drug B in combination
MIC of Drug A alone
MIC of Drug B alone
FIC = 32 + 600
16
200
∑FIC = 5
The FIC index showed a strong antagonistic effect when
nanoparticles and antibiotics were used in combination.

Discussion
MRSA is an important human pathogen responsible for
causing both hospital- and community-associated infections.(19)
SSTIs caused by MRSA have a high frequency and can affect
deep tissues, resulting in morbidity and mortality.(20) S. aureus
is considered one of the major “ESKAPE pathogens” as it can
acquire immediate resistance to new therapies.(21,22) In the current
study, 81% of MRSA isolates were found to be sensitive to
linezolid and 19% of isolates were found to be linezolid
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resistant. A similar study that was conducted at Fukuoka
University Chikushi Hospital, Japan, from the year 2008 to
2012 found all MRSA isolates were sensitive to linezolid.
According to that study, MRSA isolates with an MIC of 1µg/
ml decreased from 76.3% in 2008 to 35.4% in 2012. Those
with a MIC>1 increased from 23.7% to 64.6% over time.
(23)
Another researcher used BMDM for 100 MRSA and 50
MSSA isolates and reported that all MRSAs were susceptible
to linezolid.(24) Furthermore, another study conducted in the
Peshawar region by Ahmad et al.(25) in 2014 reported 17%
resistance to linezolid by using the same BMDM. The activity
of nanoparticles was performed on 90 MRSA clinical isolates.
Results showed the minimum concentration of nanoparticles
that inhibit the growth of MRSA was 200 µg/ml.(26) Jesline et
al.(27) used the disc diffusion method and reported the activity
of ZnO-NPs against MRSA isolates at a concentration of
200µg/ml and high activity of 500 µg/ml. Moreover, Aleaghil
et al.(28) reported a minimum inhibitory concentration of ZnONPs at 625 µg/ml and the highest activity at 1250 µg/ml. The
difference in the result is due to the size of the nanoparticles,
which influences their activity, even when used in low
concentrations.(29)
The combined activity of both compounds was analyzed
by using their fractional inhibitory concentration (FIC). Both
antibiotics and ZnO-NPs were physically mixed at various
concentrations. The FIC value indicates a strong antagonist
effect when both compounds are used in combination.
Jelinkova et al.(30) used the disc diffusion method for ZnO-NPs
along with different antibiotics and reported no improvement
in the activity of penicillin and cloxacillin when used with
ZnO-NPs against E. coli. Moreover, Mohler et al.(31) used a
physical combination of ZnO-NPs and antibiotics using the
same BMDM and reported a fourfold increase in the MICs
of antibiotics. The difference in the result is that they used
different antibiotics but not linezolid. Smekalova et al.(32)
used BMDM to detect antimicrobial activity of antibiotics
and silver nanoparticles alone and in combination against
antibiotic-resistant pathogens, and reported the highest activity
of gentamicin and penicillin G when used in combination
with nanoparticles against Actinobacillus pleuropneumoniae
and Pasteurella multocida. No one has used linezolid in
combination with ZnO-NPs. In conclusion, using nanoparticles
and linezolid in combination was found to have no improved
antibacterial activity.
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Abstract
Background: Detecting COVID-19 pneumonia and differentiating it from community acquired pneumonia (CAP) has been
a challenging task for healthcare providers since the pandemic began. We therefore aim to develop and evaluate a simple, noninvasive tool to accurately detect COVID-19 by using digital chest X-ray (CXR).
Methods and Results: We performed a retrospective, multi-center study in which deep learning frameworks were used to
develop the system architecture of the diagnostic tool. The tool was trained and validated by using data from the GitHub database
and two hospitals in Bangladesh. Python programming was used to calculate all statistical estimates. Our study revealed that
the artificial intelligence (AI)-based diagnostic tool was able to detect COVID-19 accurately by examining chest X-ray (CXR).
During the testing phase, the tool could interpret CXR with precision of 0.98, recall/sensitivity of 0.97 and F1 score of 0.97 for
COVID-19. The evaluation results showed high sensitivity (90%) and specificity (92%) in detecting COVID-19. The AUC values
for COVID-19 and pneumonia were 0.91 and 0.87, respectively.
Conclusion: The developed AI-based diagnostic tool can offer the healthcare providers an effective means of detecting
and differentiating COVID-19 from other types of pneumonia, thus contributing to reducing the long-term impact of this deadly
disease.(International Journal of Biomedicine. 2022;12(3):459-465.)

Key Points
• The major strength of this study is that it has led to the development of a technology-based tool that can precisely detect
COVID-19 at an early stage and immediately isolate infected patients from the healthy population.
• This next generation test can be accessed by healthcare providers remotely and therefore provide an added convenience.
• The main limitation is with this tool COVID-19 pneumonia may be confused with other types of pneumonia if the quality of
the chest image is too low. Moreover, it focuses only on detecting whether or not the disease is COVID-19, but not its severity.
Keywords: COVID-19 • chest X-Ray • artificial intelligence • Bangladesh
For citation: Zafar Ullah AN, Rahman MdH, Allayear SM, Khan MLA, Faysal SMd, Chowdhury ABMA, Uddin MdN, Khan
HTA. Helping Healthcare Providers to Differentiate COVID-19 Pneumonia by Analyzing Digital Chest X-Rays: Role of Artificial
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AI, artificial intelligence; AUC, area under the curve; CAP,
community acquired pneumonia; CT, computed tomography;
CNN, convolutional neural network; CXR, chest X-ray;
CL, convolutional layer; DCNN, deep convolutional neural
networks; PAV, postero-anterior view; ROC curve, receiver
operating characteristic curve; ReLU, rectified linear unit;
VGG, Visual Geometry Group.

Introduction
The novel coronavirus, known as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), is
responsible for COVID-19, which primarily causes respiratory
illnesses of varying severity, ranging from the common cold
to fatal pneumonia.(1-3) The virus is highly transmissible and
has ravaged the world since it was first identified in late 2019.
So far, it has affected millions of people, causing a global
pandemic and incapacitating healthcare systems.(2-5) Although
the SARS-CoV-2 potentially affects multiple organs of the
human body, it mainly infiltrates the lower respiratory system,
triggering inflammatory changes in the lung tissue. Most of
these infected patients commonly present with mild fever and
dry cough; however, about one-fifth of all infected patients
progress to severe pneumonia or even death.(1,4-6)
Detecting COVID-19 throughout the pandemic has been
a challenging and daunting task because of the shortage of
diagnostic tools in many countries. The detection was mostly
dependent on a molecular technique called Polymerase Chain
Reaction (PCR), which has been the most preferred testing
procedure since the beginning of this pandemic. However, as
the transmission of COVID-19 escalated, the health systems
of most countries struggled to provide the testing services
to their entire population due to diverse technical, financial,
and logistical barriers.(6-8) Moreover, due to the similarities
between clinical presentations of COVID-19 and other types
of pneumonia, establishing a correct diagnosis poses greater
challenges to healthcare providers. Accordingly, major
medical societies in multiple countries have recommended
using chest radiography to diagnose COVID-19 pneumonia
and also to differentiate it from other community acquired
pneumonia (CAP).(6) In some cases, a CT scan has also been
successfully used to detect COVID-19, even in patients with a
negative PCR test or without symptoms.
In almost all healthcare practices, clinicians use chest
X-ray (CXR) images to diagnose pneumonia and other lung
diseases. Nowadays, digital imaging machines–both static and
mobile–are available in all hospitals and diagnostic centers;
thus, digital X-rays are widely used for diagnostic purposes.
However, the main challenge with the interpretation of CXR
is that it requires a radiologist or a specialist doctor to do the
analysis, and thereby can be time-consuming and logistically
inconvenient.(6,7) Moreover, it can become burdensome to the
already stretched health system as more and more people are
getting sick due to new COVID-19 variants.
The use of artificial intelligence (AI) in the medical
field is not new. In particular, the deep learning method

is being widely used in many healthcare settings due to its
unique advantages in precisely detecting some complex health
conditions, such as tuberculosis and lung cancer.(6-9) Therefore,
we hypothesized that an AI-based tool could be developed
and trained to detect COVID-19 pneumonia accurately and to
differentiate it from other types of CAP by using CXRs. In
this paper, we present the system architecture of an innovative
AI-based tool and the results of its validation and performance
in differentiating the COVID-19 pneumonia from other types
of pneumonia.

Materials and Methods
Development and Validation Data Sets
We trained our tool to distinguish CXRs of COVID-19
cases from other CAP. We also instructed the tool to isolate
the chest radiology with no apparent abnormalities. A total
of 299 digital CXR images were utilized for training this AIbased tool. Of them, 89 CXR were COVID-19 positive cases,
100 were diagnosed as pneumonia cases, and 110 CXRs of
“normal” patients, i.e., CXR with no chest or lung diseases
(Figure 1). The validation was carried out to evaluate the
predicting power of the tool by using a sample of 24 CXRs of
confirmed COVID-19 patients, 234 images of CAP, and 390
images of “normal” patients.
Strict selection criteria were applied to select the desired
quality of CXRs. Only digital, postero-anterior view (PAV) of
the images were used. For developing the tool, we used CXRs
of confirmed COVID-19 cases and CAP; and CXRs of nonpneumonia or ‘normal’ cases. The CXRs of CAP and “normal”
cases were selected randomly, fulfilling the inclusion criteria.
Only confirmed SARS-CoV-2 cases were considered, which
were anonymous but had a complete record, ranging from
the identification (ID) number, clinical history, and the final
outcomes of treatment. Chest images from any unauthorized
sources or of low resolution were discarded.
We used CXRs from two hospitals (Rangpur Medical
College Hospital, Rangpur; Cardio Care Hospital, Dhaka)
in Bangladesh and the COVID-19 CXR images from the
GitHub database.(10) Special attention was given to selecting
CXR images of those patients who had a complete trail of
demographic and diagnostic history in the dataset. Although
we used CXR images of hospital patients, we had no direct
contact with patients. All data were stored in a secure,
encrypted database with strict security and privacy protocols
in place.

Fig. 1. Data used to train the model.
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Although we used the chest images from a known
dataset, we did not directly involve patients or any other human
participants. The study protocol was reviewed and approved
by the university ethics committee, and written permission
was obtained from participating hospitals. Moreover, the data
used were encrypted and anonymous.
Statistical analysis
In order to measure sensitivity and specificity, the AIbased tool was validated by randomly uploading data from the
above-mentioned three data types. Rigorous statistical analysis
was performed, and the outputs of each round of validations
were observed and recorded. These outputs were then
compared with the WHO dataset for accuracy and precision.
The performance of the tool was analyzed and verified on the
basis of standard measures, such as sensitivity, specificity, ROC
curve and AUC. Python programming was used to calculate
all statistical estimates. Furthermore, we drew an ROC curve,
which is the plot of sensitivity versus 1-Specificity. The AUC
was also used for an effective measure of accuracy.

Different activation functions are:
a. ReLU: Rectified linear unit activation function
(ReLU) is a piecewise linear function that will output the input
if it is positive; otherwise, it will output zero.

Results

Pooling layer
A pooling layer is a new layer added after the CL,
specifically, after a nonlinearity (e.g., ReLU) has been applied
to the feature map output by a CL. The drawback of the feature
map output of a CL is that it records the precise position of
features in the input. This means that cropping, rotation, or
any other minor changes to the input image will result in a
completely different feature map. To counter this problem,
we applied down sampling of CLs. Down sampling was
achieved by applying a pooling layer after the nonlinearity
layer. Pooling helped to make the representation become
approximately invariant to small translations of the input.
Invariance to translation means that if we translate the input
by a small amount, the values of most of the pooled outputs do
not change (Figure 2).

In the following section, we describe the system
architecture of the AI-based tool and the results of the
comparative performances of three deep learning image
classifiers,(11-13) which we experimented with in this study.
Model architectures
For developing the system architecture, we examined
different deep learning models that were derived from the field
of artificial intelligence. These models are basically different
architectures of CNN that has been a dominant method in
computer vision tasks since the astonishing results were shared
on the object recognition competition known as the ImageNet
Large Scale Visual Recognition Competition (ILSVRC) in
2012. CNN uses multiple perceptrons that analyze image inputs
and are able to segregate the images from one another. Another
advantage of using CNN is that it leverages the use of local
spatial coherence in the input images, which allows them to
have fewer weights as some parameters are shared. This process
is found to be efficient in terms of memory and complexity.(14)
The basic building blocks of CNN are as follows:
Convolution layer
In the convolutional layer (CL), a matrix named kernel
is passed over the input matrix to create a feature map for the
next layer. We performed a mathematical operation called
convolution by sliding the kernel matrix over the input
matrix. At every location, element-wise matrix multiplication
was performed and the result summed onto the feature map.
Convolution is a specialized kind of linear operation that can
be applied over more than one axis. If we have a 2-Dimensional
image input, I, and a 2-Dimensional kernel filter, K, the
convoluted image is calculated as follows:
(, )=∑∑ ( , ) ( − , − )

Non-linear activation functions
The activation function is a node that comes after CL,
and the activation function is the nonlinear transformation that
we do over the input signal.

f(x)=max(0,x)
b. Leaky ReLU is a variant of ReLU. Instead of being
0 when z<0, a leaky ReLU allows a small, non-zero, constant
gradient α (Normally, α=0.01)


c. Sigmoid takes a real value as input and outputs
another value between 0 and 1. It is easy to work with and has
all the nice properties of activation functions: it is non-linear,
continuously differentiable, and it is used in the output layer
when the classifier is binary.


Fig. 2. Types of pooling

Fully connected layer
At the end of a CNN, the output of the last pooling layer
acts as input to the fully connected layer. There can be one or
more of these layers. Fully connected means that every node
in the first layer is connected to every node in the second
layer.
Development of system architecture
In this study, we applied three different architectures
of CNN: i) Visual Geometry Group Network 16 (VGG16),
ii) Residual Networks 50 (ResNet50), and iii) Depthwise
CNN, to assess their comparative performances in detecting
COVID-19 (Figure 3). The results of each of these tests were
recorded.
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Firstly, we studied the performance of VGG16 in
distinguishing COVID-19 and other types of pneumonia.
VGG16 is a CNN architecture. It was initially developed by
the Oxford Robotics Institute’s Karen Simonian and Andrew
Zisserman and was first submitted to the ImageNet Large Scale
Visual Recognition Challenge 2014(ILSVRC2014), where it
performed very well and achieved 92.7% top-5 accuracy.(15)
The first and second CLs consist of 64 feature kernel filters,
and the size of the filter is 3×3. As the input image (RGB image
with depth 3) passes into the first and second CL, dimensions
change to 224×224×64. Then the resulting output is passed
to the max-pooling layer with a stride of 2. The third and
fourth CLs are of 124 feature kernel filters, and the size of the
filter is 3×3. These two layers are followed by a max-pooling
layer with stride 2, and the resulting output will be reduced to
56×56×128. The fifth, sixth and seventh layers are CLs with
a kernel size of 3×3. All three use 256 feature maps. These
layers are followed by a max-pooling layer with stride 2. The
eighth to thirteenth layers are two sets of CLs with kernel size
3×3. All these sets of CLs have 512 kernel filters. These layers
are followed by a max-pooling layer with a stride of 1. Layers
fourteen and fifteen are fully connected hidden layers of 4096
units, followed by a softmax output layer (sixteenth layer) of
1000 units.
Secondly, we deployed ResNet-50, which is also a
CNN(14) that is 50 layers deep:
•At first, there is a convolution with a kernel size of 7
* 7 and 64 different kernels, all with a stride of size 2, giving
us one layer.
•Next, we got max pooling with also a stride size of 2.
•In the next convolution, there was a 1 * 1.64 kernel, after
that a 3 * 3.64 kernel, and at last 1 * 1.256 kernels; these three
layers were repeated in total 3 times so, giving us 9 layers in
this step.
•Next, we saw the kernel of 1 * 1.128, after that a kernel
of 3 * 3.128, and at last a kernel of 1 * 1.512; this step was
repeated 4 times so, giving us 12 layers in this step.
•After that, there was a kernel of 1 * 1.256 and two more
kernels with 3 * 3.256 and 1 * 1.1024, and this is repeated 6
times, giving us a total of 18 layers.
•And then again a 1 * 1.512 kernel with two more of 3 *
3.512 and 1 * 1.2048, and this was repeated 3 times, giving us
a total of 9 layers.
•After that, we did an average pool and ended it with a
fully connected layer containing 1000 nodes and, in the end, a
softmax function, so this gives us one layer.
•So, totaling this it gave us a 1 + 9 + 12 + 18 + 9 + 1 =
50 layers DCNN.
This network allowed us to load a pre-trained version of
the network trained on more than a million images from the
ImageNet database. As a result, the network has learned great
feature representations for a wide range of images.
Thirdly, we examined the performance of Depthwise
CNN, which is another deep learning AI function that mimics
the functioning of the human brain in processing data and
creating models for use in decision-making. The Depthwise
convolution model is a 2D convolution that helps to reduce
overfitting when the number of parameters is high. It deals

not just with spatial dimension but with depth dimension as
well as the number of channels. What we did here is apply a
2D depth filter at each depth level of the input tensor in our
dataset so that we had 3*4095*4095 (input channels, maxwidth, max-height). The filter we used to extract the feature
was 3*3*3. So the Depthwise convolution breaks the image
and filter into three different channels and then convolves the
corresponding channel and then stacks them back. After that,
we used a 1*1 filter to cover the dimension. Here the amount
of parameters is reduced by the number of input channels. The
feature from the Depthwise spatial convolutional model is
sent to fully connected layers, where the output layer consists
of three nodes (COVID-19, CAP, and Normal) (Figure 3).

Fig. 3. System architecture.

Finalization of system architecture
The comparative analysis showed that among the three
deep learning image classifiers used in this study (Figure
4), VGG16 produced the best results. We observed that the
VGG16 was able to read COVID-19 images more accurately
than ResNet50 and Depthwise CNN, with a precision of 0.98,
recall/sensitivity of 0.97, and F1 score of 0.97 (Table 1). Once
the tool was fully trained, the model was recalibrated and refined
based on the outputs of the testing process. The whole process
was random and was meticulously monitored and recorded.
After several repetitions, the model was finally ready for
validation (Figure 4).
Table 1.
Comparison of used deep learning models
Type of Data

Sensitivity, %

Specificity, %

AUC

VGG 16

97

99

98

ResNet50

95

98

97

Depthwise CNN

96

97

97
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Figure 5 reveals that ROC and AUC as alternative diagnostic
tasks performed well in this case.

Fig. 4. Power of VGG16 in detecting COVID-19
images accurately.

Performance evaluation of the tool
The age group of the study population and patients from
data sources was between 20 and 90 years.
The tool was found to be very quick in processing any
given CXR image. On average, it took 5.7 seconds to complete
while we ran the tests through our server. We also observed
that the model was able to accurately detect COVID-19 as the
tool/model detected 96% of cases as true positive. On the other
hand, it exhibited a high power of rejecting non-COVID-19
cases, as specificity is approximately 98%. In addition, the
results showed low false positives and false negatives, which
gave us confidence about the accuracy of the model. Similarly,
the model could also identify pneumonia and normal images
fairly accurately (Table 2). It is important to note that the
proposed model has achieved a low rate of false negatives,
as a high rate of false-negative diagnoses may have moral,
ethical, financial, and social implications.

Fig. 5. ROC and AUC curves for the diagnostic tests.
(Note: Class 0 is covid-19, class 1 is Normal and class 2
is Pneumonia)

While evaluating the model, we observed that there
is a strong relationship between pneumonia and COVID-19
(Figure 6). This may partly be explained by the fact that
COVID-19 causes serious pneumonia.

Table 2.
Validation results of the Tool
Type of Data

Fig. 6. Relationship between Covid-19 and Pneumonia.

Sensitivity, % Specificity, %

AUC

COVID-19 (n=24)

90

92

91

Normal (n=234)

8

8

84

Pneumonia (n=390)

86

88

87

We evaluated our AI-based tool for detecting COVID-19
by using CXRs from confirmed Bangladeshi COVID-19
cases. The evaluation results showed high sensitivity (90%)
and specificity (92%) in detecting COVID-19. The AUC
values for COVID-19 and pneumonia were 0.91 and 0.87,
respectively (Table 2).
Both ROC and AUC curves played a central role in
evaluating the diagnostic ability of tests to show the true state
of the disease condition, finding the optimal cut-off values
(close to sensitivity of 100%), and AUC was close to 1.

Operationalizing the tool
We developed a website to operationalize the AI-based
tool (www.helpus.ai). The website can be accessed and used
by health facilities or medical professionals both domestically
and internationally, provided they have computer access. New
users will need to register and have their account verified
before they will be granted a login ID to access the website.
A webmaster will monitor and manage the system in order
to protect it from unscrupulous use. A short online training
program is included to enable new users to use the detection
tool. The system is user-friendly and consists of a minimum
interface. Authorized users can upload a digital CXR image to
be tested on the website. The program will detect if a valid CXR
image (PAV) has been uploaded; otherwise, it will reject it. If a
valid image has been submitted, the results of the test will be
displayed instantly. Our system is tuned to display “positive”

464

AN Zafar Ullah et al. / International Journal of Biomedicine 12(3) (2022) 459-465

or “negative” results along with a percentile probability of
that image, whether it is COVID-19, pneumonia, or normal.
The entire process can take from a few seconds to a couple
of minutes, depending on the computer and connection speed
of the user. The data provided by the users can be stored in
our cloud-based server while maintaining security and privacy
protocols. The data can be retrieved by users and are accessible
by the research team for future analysis.

Discussion
The pace of transmission of different variants of
COVID-19 is so exponential that many health systems are
facing an uphill battle to cope with the testing of COVID-19 and
detection of COVID-19-induced pneumonia.(1,6) Traditionally,
CXR is part of the routine check-up for patients with respiratory
symptoms, and digital imaging is widely accessible, even
in resource-poor healthcare settings. Therefore, integrating
the proposed AI-based tool will help healthcare providers to
analyze a combination of chest radiography in their existing
general practice. Our results provide evidence that this AIbased tool has the potential to improve the quality and accuracy
of the radiologic interpretation of COVID-19 pneumonia.
We also believe that it can be acceptable to both healthcare
workers and patients and can become relatively inexpensive,
compared to other diagnostic methods. Intensive efforts have
been made in recent years to generate evidence suggesting that
the examination of radiologic images is an effective method
for diagnosing COVID-19. Others have demonstrated that
AI technology is able to read CXR and CT scans to detect
different lung diseases, especially pneumonia, lung cancers, and
tuberculosis. However, the main challenges are either getting a
radiologist to interpret the chest radiographs or even the inability
to differentiate COVID-19 pneumonia from other CAP if the
radiologist is not trained in reading the COVID-19 radiographs.
In our study, we demonstrated that a fully developed AI-based
tool could read any chest radiographs with high precision. We
have also operationalized the tool via user-friendly software,
which instantly displays the correct result once the CXR is
scanned. The software can be operated by any service provider
having basic IT knowledge. During the evaluation, our AI-based
tool showed excellent performance with high sensitivity (90%)
and specificity (92%) in detecting COVID-19 pneumonia.
The AUC values for COVID-19 and pneumonia were 0.91
and 0.87, respectively. Our result corroborates the outcomes
of other similar efforts where machine learning models were
trained to diagnose COVID-19. However, most of those studies
were limited in their scope and dataset. Only a couple of studies
had relatively larger datasets with varying degrees of precision.
Some studies also trained the machine learning tools to detect
COVID-19 by analyzing CT scans.
In Bangladesh, digital imaging is available almost
everywhere, both in rural and urban clinics. Due to technological
advancements, good-quality digital imaging machines are also
in good supply. There are even mobile imaging units in the
most remote areas of the country, which allows the clinicians
to get the chest imaging done as and when they need it. In
our study, we systematically validated the tool by using real-

life data from two hospitals in Bangladesh. We also included
a good number of CXRs of random patients with no known
chest symptoms to train and test our tool to differentiate the
non-pneumonia or “normal” cases from the pneumonia ones.
During the testing and validation, our AI-based tool
performed very well in identifying COVID-19 by analyzing
the 2D chest radiology PAV. We further evaluated the AI tool
by using CXRs of COVID-19 patients from two Bangladeshi
hospitals. We demonstrated that our tool had high sensitivity
and specificity, which conforms to previous studies.(6-9,16-18)
However, the uniqueness of our model is that it is simple and
is able to differentiate three scenarios – COVID-19 pneumonia,
CAP, and those with no obvious abnormalities – by analyzing
readily available digital CXR instead of CT scans which, in
turn, could easily be integrated into the regular medical practice.
Although our AI-based tool was able to detect
COVID-19 accurately, this research has some limitations.
As COVID-19 is caused by a type of coronavirus, it may
produce changes in the chest imaging similar to CAP. This
tool may sometimes give incorrect results only if the image
quality is too poor. However, during our validation process,
it consistently produced highly accurate results for randomly
selected CXR images. Another limitation is that due to the
limited availability of data, we were unable to evaluate the
tool with real-time Bangladeshi data extensively. Lastly, the
tool focuses only on detecting the existence of COVID-19, not
the severity of the disease.

Conclusion
In this study, we developed a simple, non-invasive,
AI-based tool to diagnose COVID-19 pneumonia by using
traditional CXR, which can assist the government and the
private healthcare workers who are attempting to triage both
symptomatic and asymptomatic COVID-19 patients. We
demonstrated that our AI-based tool is effective in detecting
COVID-19 and can differentiate COVID-19 from other CAP
by analyzing CXRs. Therefore, it gives a glimpse of hope to
the policy-makers and service providers who are striving for
an alternative diagnostic tool to screen, detect and triage the
mass population for COVID-19. However, further validation
of this tool may be needed with larger datasets before
operationalizing it nationwide.
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Abstract
The aim of the study was a comparative analysis of the blood value of the leukocyte shift index (LSI) in acute suppurative
otitis media (ASOM) and chronic suppurative otitis media (CSOM), depending on the age of children.
Methods and Results: This study included 100 children (62 boys and 38 girls) aged 1-16 years who were diagnosed
with ASOM and CSOM. The mean age of all patients was 7.59±0.50 years. Group 1 included 50 patients (30 boys and 20 girls)
with ASOM. Group 2 included 50 patients (20 boys and 30 girls) with CSOM. As a marker for determining the activity of the
inflammatory process, we chose LSI, calculated taking into account the parameters of the general blood test. LSI levels in the
patients of Group 1 and Group 2 were 2.08±0.23 and 1.51±0.16, respectively (P=0.0446). The results obtained indicate that in
children with mean age of 3.44±0.31 years, the LSI level of 2.08±0.23 can suggest the formation of ASOM. In children with mean
age of 11.56±0.46 years, the LSI level of 1.51±0.16 can suggest the formation of CSOM.
Conclusion: The proposed method for predicting CSOM in children has enough grounds for clinical application in practical
health care.(International Journal of Biomedicine. 2022;12(3):466-469.)
Keywords: chronic suppurative otitis media • leukocyte shift index • children
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Introduction
Chronic suppurative otitis media (CSOM), a complication
of acute suppurative otitis media, develops in the absence of
timely diagnosis and proper treatment and is one of the most
common and dangerous diseases in pediatric practice. The
number of patients reaches 14.4% of schoolchildren.(1) Clinical
signs of the development of CSOM at preschool age include
a history of acute otitis media up to 1 year of age, repeated
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recurrences of otorrhea, previous adenotomy, and intractable
suppuration from the ME. The development of otitis media
with cholesteatoma in young children tends to have a more
unfavorable course of the disease than in older children.(2,3) For
children older than 7 years, a fairly long history of ear disease
is typical.(4) Due to the characteristics of a growing child’s
body, the course of ME cholesteatoma in children also has
a number of features, the main one being aggressiveness.(5,6)
Evidence of the aggressiveness of cholesteatoma in children
is intensive growth and a high recurrence rate after surgery,
compared with adult patients, as well as intracranial and
purulent-septic complications.(7-9) Predicting the development
of CSOM and otogenic intracranial complications remains an
urgent problem at the present stage in pediatric practice.(10,11)
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The aim of the study was a comparative analysis of the
blood value of the LSI in ASOM and CSOM, depending on
the age of children.

Materials and Methods
This non-randomized prospective study included 100
patients (62 boys and 38 girls) aged 1-16 years who were
diagnosed with ASOM and CSOM to determine the blood
value of LSI. The mean age of all patients was 7.59±0.50
years. All patients were treated in the department of pediatric
otolaryngology at the Regional Clinical Hospital No.2 of
Tyumen in the period from 2016 to 2020. Group 1 included 50
patients (30 boys and 20 girls) with ASOM. Group 2 included
50 patients (20 boys and 30 girls) with CSOM.
As a marker for determining the activity of the inflammatory
process, we chose LSI, calculated taking into account the
parameters of the general blood test. LSI = (eosinophils +
basophils + myelocytes + metamyelocytes + stabs + segmented
neutrophils) / (monocytes + lymphocytes).(12) The LSI value of
1.96±0.56 is considered normal.(13) All children were admitted
on an emergency basis with complaints of earache, difficult
nasal breathing, headaches, unilateral or bilateral hearing loss, er
discharge, hyperthermia, anxiety, and sleep disturbance.
All children were examined by an otorhinolaryngologist,
pediatrician, and ophthalmologist, as well as by a neurologist,
anesthesiologist, and neurosurgeon, according to the
indications. Upon admission, patients underwent clinical and
laboratory diagnostics, radiography, CT, and MRI, as well as
CT or MRI with contrast according to the indications. Surgical
treatment included myringotomy, antromastoidotomy, and
radical surgery according to the indications. All received a
course of antibiotic therapy, heparin therapy, and local therapy.
Statistical analysis was performed using the statistical
software STATISTICA (v10.0, StatSoft, USA). The normality
of distribution of continuous variables was tested by onesample Kolmogorov-Smirnov test. Continuous variables were
presented as mean±SEM. Means of 2 continuous normally
distributed variables were compared by independent samples
Student’s t test. Mann-Whitney U test was used to compare
means of 2 groups of variables not normally distributed. A
value of P<0.05 was considered significant.
The study was conducted in accordance with ethical
principles of the WMA Declaration of Helsinki (1964, ed.
2013) and approved by the Tyumen State Medical University
Ethics Committee. Written informed consent was obtained
from the parent/guardian of each patient.

Results
LSI levels in the patients of Group 1 and Group 2 were
2.08±0.23 and 1.51±0.16, respectively (P=0.0446). The results
obtained indicate that in children aged between 1 and 16 years,
the LSI levels of 2.08±0.23 can suggest the formation of
ASOM, requiring surgical exudate evacuation (paracentesis)
with the administration of systemic antibiotic therapy. The LSI
levels of 1.51±0.16 can suggest the formation of CSOM, which
requires correction by surgical and conservative methods of

treatment. This index can be used to stratify patients at high
risk of persistent hearing loss and intracranial complications.
Analysis of the LSI value within the studied groups,
depending on age, did not show significant differences
(Table 1) due to the small number of observations with minor
fluctuations in this indicator: from 1.04 to 2.98 in Group 1 and
from 0.75 to 1.74 in Group 2. A comparative analysis of the
study groups by age categories showed significant differences
(Table 1): from 0.86 to 13.04 years in Group I and from 5.0
to 14.46 years in Group 2. Table 2 presents the descriptive
statistics according to age in the study groups. The average
age of the patients in Group 1 and Group 2 was 3.44±0.31
years and 11.56±0.46 years, respectively. It should be noted
that the number of children aged 0-5 years was 43(86%) in
Group 1 and only 1(2%) in Group 2 (P=0.0000). We found
statistically significant differences for average age between
Groups 1 and 2 in children aged 0-5 years (2.79 and 5.0,
P=0.0000). Thus, young children (from 0 to 5 years) are
much more likely to suffer from ASOM than the older age
group (from 6 to 16 years). In addition, children aged between
6-16 years accounted for 7(14%) in Group 1 and 49(98%)
in Group 2 (P=0.000), with an average age of 7.43±0.45
years and 11.67±1.05 years, respectively (P=0.0005). Thus,
the risk of developing a chronic purulent process in the ME
increases sharply with the process of growing up in a child
with an otogenic history, along with the growing threat of the
spread of a purulent-septic focus and the development of lifethreatening, intracranial otogenic complications.
Table 1.
LSI values in Croups 1 and 2 according to the age subgroups
LSI

Mean age
Age
subgroups
Group 1 Group 2
(yrs)
(n=50)
(n=50)

Group 1
(n=50)

Group 2
(n=50)

P-value

0-1

0.83±0.09
(n=9)

0

1.20±0.43
(n=9)

0

0

2-5

3.29±0.17
(n=34)

5.0±0
(n=1)

2.19±0.28
(n=34)

0.75±0
(n=1)

0.000

6-12

6.50±0.37 9.27±0.46 2.98±0.82 1.34±0.18
(n=6)
n=26
n=6
n=26

13-16

13.04±0 14.46±0.20
n=1
n=23

1.04±0
n=1

0.060

1,74±0.30
n=23

0.030

Table 2.
Descriptive statistics of the age in the study groups
Group

M Me Mo SD Cv,% SEM
3.44 3

4 2.22 64.46 0.31

Group 1 (age groups of 0-5 yrs, n=43) 2.79 3

4 1.33 47.83 0.20

Group 1 (total, n=50)

Group 1 (age groups of 6-16 yrs, n=7) 7.43
Group 2 (total, n=50)
Group 2 (age groups of 0-5 yrs, n=1)

0.45

11.56 12 15 3.24 28.07 0.46
5.0 5

Group 2 (age groups of 6-16 yrs, n=49) 11.67

0

-

-

1.05

M, mean; Me, median; Mo, mode, SD, standard deviation; Cv,
coefficient of variation; SEM, standard error of the mean.
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Currently, the use of LSI for predicting otitis media
in children has enough grounds for clinical use in practical
healthcare, and widespread implementation in the algorithms
of preventive examinations. The results obtained indicate that
in children with mean age of 3.44±0.31 years, the LSI level
of 2.08±0.23 can suggest the formation of ASOM. In children
with mean age of 11.56±0.46 years, the LSI level of 1.51±0.16
can suggest the formation of CSOM.
At the same time, it is important to recognize the
possibility of early diagnosis of the purulent process in the ME,
both at the outpatient stage of diagnosis and upon admission to
the ENT department of a children’s hospital, which will allow
adequate timely surgical treatment with the appointment of
systemic antibiotic therapy and prevent the development of
purulent-septic and intracranial complications.
To demonstrate the possibility of using LSI, we present
two clinical cases.

Case Presentation 1
A 3.5-year-old boy was admitted on 07.18.2020 to
the Department of Pediatric Otolaryngology for emergency
indications. Complaints: pain in the left ear, fever up to
38.0°C, marked anxiety.
Anamnesis morbid
According to the mother’s words, the child fell ill on
07.11.2020, when a pain in the left ear and fever up to 38.0°
appeared. Outpatient treatment (amoxicillin, otipax) was
prescribed by an ENT doctor. During treatment, the child’s
condition worsened.
Anamnesis vitae
Child from second full-term pregnancy, second
childbirth, delivery at term. Body weight at birth – 4100 g. Past
diseases: acute respiratory infections, chickenpox, bronchitis,
tonsillitis, pneumonia. History of allergies is not burdened.
Clinical Findings, Diagnostic Assessment, and Treatment
General condition of moderate severity. Consciousness
is clear. Body temperature - 38.0°C. The skin cover is clean,
physiological color. The respiratory rate – 21 breaths per
minute. The heart rate is 84 bpm. The abdomen is soft; the
liver and spleen are not palpable. Urination is not disturbed.
The stool is normal.
Local status
Nasal breathing is free.
Ears: Tympanic membrane of AD is grey, the cone of
light is preserved; Tympanic membrane of AS is hyperemic,
infiltrated, the cone of light is not preserved.
Diagnosis: Acute suppurative left-sided non-perforated
otitis media
Standard laboratory diagnostic methods are performed.
General blood test (07.18.2020): Segmented Neutrophils - 67%,
Stabs - 5%, Basophils - 1%, Lymphocytes - 20%, Monocytes 6%, Eosinophils -2%, Platelets 206×109/l, Hemoglobin - 137 g/l
Erythrocytes - 5.13×1012/l, Leukocytes - 9.71×109/l. LSI=2.8.
Treatment: Paracentesis of the left tympanic membrane
(of 07.18.2019) followed by conservative therapy.
Local status at discharge (07.26.2020).
Otoscopy: AS - the ear canal is free, the tympanic

membrane is gray, the identification marks are distinguishable;
AD - the ear canal is free, the tympanic membrane is gray, the
identification marks are distinguishable.
This clinical case shows that the LSI value of 2.8 in
a 3.5-year-old boy is associated with the development of
ASOM, requiring a surgical intervention followed by systemic
antibiotic therapy.

Case Presentation 2
An 11-year-old girl was admitted on 10.14.2020 to
the department of pediatric otolaryngology for emergency
indications. Complaints: purulent discharge from the right ear,
hearing loss on the right.
Anamnesis morbid
According to the parents’ words, the child was sick
for 10 days. when when the above-mentioned complaints
appeared.
Anamnesis vitae
The patient grew and developed according to her
age. History of allergies is not burdened. Past diseases:
acute respiratory infections, chickenpox, acute right-sided
suppurative otitis media (4 times from age 2), chronic rightsided suppurative otitis media in 2016. The child is under
dispensary registration with an ENT doctor. Paracentesis of
the rite eardrum in 2016. Contact with a novel coronavirus
infection within the last 14 days is denied.
Clinical Findings, Diagnostic Assessment, and Treatment
General condition of moderate severity. Consciousness
is clear.
Local status
Nose: nasal septum in the median position. Nasal
breathing is moderately difficult. There is scanty mucoid
discharge in the nasal cavity.
Oropharynx: mucous membranes are moist and pink;
the pharynx is symmetrical.
Ears: The area of the mastoid process without features.
AD: serous-purulent discharge in the ear canal; the tympanic
membrane is edematous, grayish-cloudy, and perforated in the
epitympanum. Tympanic membrane of AD is grey; the cone
of light is preserved.
Diagnosis: Chronic epitympanic-antral suppurative
otitis media.
Standard laboratory diagnostic methods are performed.
SARS-CoV-2 IgM antibodies were not detected (10.14.2020).
General blood test (10.14.2020): Segmented Neutrophils 48%, Stabs - 2%, Basophils - 0.4%, Lymphocytes - 33%, Monocytes
- 7%; Eosinophils - 9%, Platelets - 335×109/l, Hemoglobin - 145
g/l, Erythrocytes - 4.98×1012/l, Leukocytes - 7.96×109/l. LSI=1.48.
Treatment: Local and systemic antibiotic therapy for 5
days.
Local status at discharge (07.26.2020).
Rhinoscopy: the nasal passages are free, the mucosa is
pink, clean.
Otoscopy: AS - the ear canal is free, the tympanic
membrane is gray, the identification marks are distinguishable;
the perforation in the epitympanum is dry, there is no discharge
in the mastoid and tympanic cavity. AD - the ear canal is free,
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the tympanic membrane is gray, the identification marks are
distinguishable.
Pharyngoscopy: The pharynx is symmetrical; the
mucosa is pink.
The patient was discharged with improvement.
This clinical case shows that the LSI value of 1.48 in a
11-year-old girl with a history of ASOMs is associated with
the development of CSOM.
Thus, the method for predicting CSOM in children has
enough grounds for clinical application in practical health
care and widespread implementation in the algorithms of
preventive examinations.

Conclusion
The listed diagnostic criteria typical for CSOM in
children (history data, indicators of peripheral blood indices)
can be calculated on an outpatient basis in pediatric practice,
which is important for timely diagnosis, early treatment of the
disease, and prevention of intracranial otogenic complications.
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Abstract
The aim of this study was to conduct a clinical and statistical analysis of ophthalmological manifestations in patients with
Ankylosing Spondylitis (AS) using biologic disease-modifying antirheumatic drugs (bDMARDs) as a basic therapy.
The study included 58 patients (19[32.7%] women and 39[67.3%] men) with AS receiving bDMARDs. The median age
of patients was 41.81(25;60) years. The average age of the disease onset was 25.23(9;47) years. The patients were divided into
two groups: Group 1 included 24 patients with ophthalmic manifestations; Group 2 included 34 patients without ophthalmic
manifestations. All patients in Group 1 took TNF-α inhibitors, (infliximab, adalimumab, golimumab, etarnacept, and cetrolizumabpegol). In Group 2, TNF-α inhibitors (infliximab, adalimumab, golimumab, etarnacept) were received by 32(92.4%) patients
and interleukin-17 inhibitor (secukinumab) by 2(5.8%) patients. Group 1 was characterized by a greater age and average
duration of the disease, as well as the presence of metabolic instability (blood glucose and creatinine levels in the borderline
range). The effectiveness of bDMARD in AS is characterized by the normalization and stabilization of clinical and biochemical
parameters, including blood cholesterol and creatinine levels, which prevents the occurrence of vascular lesions, including uveitis.
(International Journal of Biomedicine. 2022;12(3):470-473.).
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Introduction
Ankylosing spondylitis (AS) is a chronic, immunemediated, inflammatory disease of the axial spine, which can
manifest with various clinical signs and symptoms.(1) AS is
characterized by damage to the spine, sacroiliac joints, peripheral
joints and extra-articular manifestations such as inflammatory
bowel disease, acute anterior uveitis and psoriasis.(2,3) AS is the
most common form of the seronegative spondyloarthropathies
*Corresponding author: Prof. Maria N. Ponomareva,
PhD, ScD. Tyumen State Medical University. Tyumen, the Russian
Federation. E-mail: e-mail: mariyponomareva@yandex.ru

with a prevalence of 0.03–1.8%, which varies depending on the
frequency of HLA-B27 in the population.(4) Uveitis affects up to
50% of patients with AS, while it occurs in approximately 2%-5%
of patients with inflammatory bowel disease and approximately
7% of patients with psoriatic arthritis.(4) The clinical presentation
of the typical AS patient is that of a young male who gradually
develops low back pain and morning stiffness. The disease
begins earlier in patients with HLA-B27. It usually occurs in
the second decade of life and rarely occurs after age 45. Men
are more susceptible to the disease and are more likely to
develop anterior uveitis.(4) Uveitis is most often characterized
by recurrent, asymmetric, and bilateral iridocyclitis that affects
only one eye per episode of exacerbation and is unrelated to
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the severity and course of joint damage.(4) This may be the first
manifestation of AS, preceding other joint symptoms. AS is
diagnosed in approximately 24.3% of patients with idiopathic
acute anterior uveitis.(5) As a result, such patients first turn to an
ophthalmologist, so early diagnosis, additional examination by
a rheumatologist and treatment of the disease play an important
role, which can lead to a more favorable prognosis. Non-steroidal
anti-inflammatory drugs (NSAIDs) are used as the first line
of treatment for patients with AS.(6,7) However, NSAIDs are
ineffective in some patients with AS. According to the modern
clinical guidelines, biologic disease-modifying antirheumatic
drugs (bDMARDs) can be prescribed to patients with AS for any
duration of the disease and functional status.(7,8) In the absence of
contraindications, all patients with AS with recurrent or chronic
uveitis, regardless of the activity of the disease, are recommended
to be prescribed TNF-α inhibitors.(7,8) The determining factors
in the choice of therapy are its effectiveness and safety for a
particular patient.(6,8)
In this study, we investigated the ophthalmic
manifestations of AS, since timely and correctly prescribed
treatment directly affects the prognosis for visual functions
and the prevention of long-term complications in this group
of patients. The aim of our study was to conduct a clinical
and statistical analysis of ophthalmological manifestations in
patients with AS using bDMARDs as a basic therapy.

Materials and Methods
A non-randomized prospective study was conducted
on the basis of the rheumatology department of the Regional
Clinical Hospital No. 1. The study included 58 patients
(19[32.7%] women and 39[67.3%] men) with AS receiving
bDMARDs. The median age of patients was 41.81(25;60)
years. The average age of the disease onset was 25.23(9;47)
years. The debut of the disease was inflammatory back pain
(51.7%), peripheral arthritis (41.4%), and anterior uveitis
(6.9%). Extra-articular manifestations in the general group
were represented by ophthalmic manifestations (41.4%),
inflammatory bowel diseases (8.6%) and psoriasis (6.9%). The
patients were divided into two groups: Group 1 included 24
patients with ophthalmic manifestations; Group 2 included 34
patients without ophthalmic manifestations. Ophthalmological
examination included visometry, tonometry using non-contact
pneumotonometer (Reichert Technologies), perimetry using
PNR-2-01, biomicroscopy of the anterior segment of the eye
and vitreous body on an SL-140 slit lamp (Carl Zeiss Meditec
AG, Germany), and fundus ophthalmoscopy using a noncontact Ocular MaxField High Mag 78D Lens.
Statistical analysis was performed using STATISTICA 7
(Stat-Soft Inc., USA). Baseline characteristics were summarized
as frequencies and percentages for categorical variables and as
mean±SEM for continuous variables. Inter-group comparisons
were performed using Student’s t-test. The frequencies of
categorical variables were compared using Fisher’s exact test
(2-tailed), Differences were considered statistically significant
at P<0.05.
The study was conducted in accordance with ethical
principles of the WMA Declaration of Helsinki (1964, ed.

2013) and approved by the Tyumen State Medical University
Ethics Committee. Written informed consent was obtained
from each patient.

Results
Comparative analysis in the study groups (Table 1)
showed the presence of significant differences depending on
the age of patients and the average duration of the disease,
which were higher in Group 1. At the same time, we did not
reveal significant differences in gender and age of onset of
the disease, which could be due to an insufficient number of
observations. The level of total cholesterol and cretianine in
the blood was significantly higher in Group 1 than in Group
2; the groups did not differ in terms of blood glucose levels.
Hypercholesterolemia is the most important factor in the
formation of endothelial dysfunction, leading to vascular
damage, including the eyeball (uveitis). Thus, Group 1 was
characterized by a greater age and average duration of the
disease, as well as the presence of metabolic instability (blood
glucose and creatinine levels in the borderline range).
Table 1.
Clinical and laboratory parameters in the study groups
Group 1
(n=24)

Group 2
(n=34)

P-value

9/15

10/24

0.5179

Age, yrs

45.87±1.92

38.94±1.79

0.0108

Average duration of
the disease, yrs

19.83±2.01

14.35±1.52

0.0340

Age of onset of
the disease, yrs

25.58±1.68

24.88±1.66

0.7680

Cholesterol, mmol/L

5.40±0.24

4.80±0.15

0.0385

Parameter
Gender (F/M)

Glucose, mmol/l

4.98±0.22

5.25±0.22

0.3893

Creatinine, µmol/l

91.90±6.21

78.07±2.69

0.0458

The structure of comorbidities in the study groups
is presented in Table 2. No comorbidities were detected in
10(41.6%) patients in Group 1 and 18(52.9%) patients in
Group 2, a result that was associated with a greater age in
Group 1. The most common pathology in both groups was
diseases of the cardiovascular system: 20.8% in Group 1 and
20.6% in Group 2. There was a tendency for the development of
ophthalmological manifestations in patients with pathologies
of the cardiovascular system, kidneys, gastrointestinalintestinal tract, and anemia. It should be noted that diabetes
mellitus and gout, which were detected only in Group 2 (in
5.8% of cases), were not accompanied by changes in blood
parameters due to therapy to compensate for characteristic
disorders. At the same time, metabolic disorders found in
patients of Group 1 were associated with uveitis.
An analysis of bDMARDs used for the treatment
(Table 3) showed that all patients in Group 1 took TNF-α
inhibitors, (infliximab, adalimumab, golimumab, etarnacept,
and cetrolizumab-pegol). In Group 2, TNF-α inhibitors
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(infliximab, adalimumab, golimumab, etarnacept) were
received by 32(92.4%) patients and interleukin-17 inhibitor
(secukinumab) by 2(5.8%) patients. It is important to note
that the patients who participated in the study were regularly
observed by a rheumatologist and took basic therapy for
the underlying disease, in connection with which there was
a remission of the inflammatory process in the choroid, and
only in one patient (1.7%) at the time of the examination did
we find the exacerbation of chronic iridocyclitis in both eyes.
Table 2.
The structure of comorbidities in the study groups
Group 1
(n=24)

Comorbidities

Group 2
(n=34) P-value

1
5 (20.8%) 7 (20.6%)
3 (12.5%) 7 (20.6%) 0.499
2 (8.3%)
0
0.167

Cardiovascular diseases:
- arterial hypertension
- aortic valve disease

Kidney diseases:
2 (8.4%)
- chronic kidney disease
0
- chronic tubulointerstitial nephritis 2 (8.4%)
- urolithiasis disease
0

2 (5.8%)
1 (2.9%)
0
1 (2.9%)

1
1
0.167
1

Gastrointestinal diseases:
- ulcerative colitis
-gastroduodenitis
- Crohn’s disease

2 (5.8%)

1

1 (2.9%)
0
1 (2.9%)

1
0,414
1

2 (8.4%)
1 (4.2%)
1 (4.2%)
0

Metabolic disorders:
- diabetes
- gout

0
0
0

4 (11.6%) 0.134
2 (5.8%) 0.506
2 (5.8%) 0.506

Psoriasis

1 (4.2%)

2 (5.8%)

1

Mild anemia

2 (8.4%)

0

0.167

No comorbidities
(according to the medical record)

10 (41.6%) 18 (52.9%) 0.435

Table 3.
The bDMARDs used for the AS treatment in the study groups
bDMARD

Group 1
(n=24)

Group 2
(n=34)

P-value

Infliximab

5 (20,8%)

11 (32,4%)

0.385

Adalimumab

7 (29,2%)

10 (29,4%)

1

Golimumab

7 (29,2%)

5 (14,7%)

0.205

Etarnacept

3 (12,5%)

6 (17,7%)

0.722

Cetrolizumab-pegol

2 (8,3%)

0

0.167

0

2 (5,8%)

0.506

Secukinumab

Case Presentation 1
A 49-year-old man with a debut of the disease at the
age of 25. First symptoms of the disease: pain and stiffness
in the spine. The patient sought medical help, but the
diagnosis remained unknown for a long time. In 2015, after
another examination based on complaints, anamnesis, and
physiological examination, revealed HLA-B27, signs of
sacroiliitis according to MRI data, the patient was diagnosed
with “AS, advanced stage (2-sided sacroiliitis, Stage 3,
according to Dale), moderate activity, HLA-B27 associated,

FC-1.” Basic therapy included NSAID (Voltaren) and
methotrexate 10 mg per week. The patient took the medicines
regularly, but did not feel any obvious improvement. In 2016,
for the first time, iridocyclitis in the right eye was diagnosed.
Biochemical blood test (01/13/2016): glucose - 4.77
mmol/l, total cholesterol - 5.9 mmol/l, creatinine – 108
µmol/l. Since 2017, the patient, under the supervision of a
rheumatologist, has taken NSAID (nimesulide). During the
period from 2016 to 2017, there were three exacerbations
of chronic iridocyclitis in the right eye. Taking into account
recurrent iridocyclitis of the right eye, moderate activity
(BASDAI 2.8), working age, indications for the initiation
of bDMARDs with TNF-alpha inhibitor golimumab (50mg
subcutaneously once a month) were determined. However,
there were episodes of recurrent iridocyclitis in January
2018, October 2018, and November 2019. The patient
is currently taking bDMARD. Biochemical blood test
(01/16/2021): glucose - 5.15 mmol/l, total cholesterol - 4.88
mmol/l, creatinine - 85.9 µmol/l. The data obtained show the
stabilization of the blood cholesterol and creatinine levels.
Since November 2019, no exacerbations of iridocyclitis have
been determined.

Case Presentation 2
A 49-year-old man with a debut of the disease at the age
of 35. First symptoms of the disease: pain in the spine and
peripheral joints. The patient was long observed and treated for
osteochondrosis, reactive arthritis. AS was diagnosed the first
time in 2007. As a basic therapy, the patient took sulfasalazine
for several years. In January 2016, he was hospitalized in the
rheumatology department with a diagnosis of “AS, advanced
stage, HLA-B27-associated, peripheral arthritis, high degree
of activity (BASDAI 5.4), FC-2.” Therapy: NSAIDs, vascular
therapy, ½ pulse glucocorticoid therapy; a short-term positive
effect was noted. Since March 2016, methotrexate has
been prescribed at a dose of 10mg, after which the patient
noted short-term dyspepsia. There was no clear positive
dynamics from inpatient and outpatient treatment. Taking
into account the diagnosis of AS, high inflammatory activity,
ineffectiveness of the therapy, including methotrexate, and the
short-term and incomplete effect of a program of treatment
with corticosteroids, the patient was prescribed a course
of infliximab therapy from July 2016 (300 mg once every
8 weeks), against which positive clinical and laboratory
dynamics were noted. Biochemical blood test (06/06/2016):
glucose - 4.94 mmol/l, total cholesterol - 4.44 mmol/l,
creatinine – 70 µmol/l; 03/02/2021: glucose - 5.18 mmol/l,
total cholesterol - 4.21 mmol/l, creatinine – 79 µmol/l. In the
period from June 2016 to February 2021, no ophthalmological
manifestations were detected.
Thus, the analysis of clinical and laboratory parameters
revealed characteristic features that can be considered as
biological markers of ophthalmic manifestations in AS (age,
duration of the disease, and blood cholesterol and creatinine).
The effectiveness of bDMARD in AS is characterized by the
normalization and stabilization of clinical and biochemical
parameters, including blood cholesterol and creatinine levels,
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which prevents the occurrence of vascular lesions, including
uveitis.
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Abstract		
Facioscapulohumeral muscular dystrophy (FSHD) is a rare genetic muscle disease that predominantly affects the facial,
scapular, and humeral musculature. Scapular winging is the most common initial finding in patients with FSHD. FSHD can
substantially impact a patient’s daily life, ranging from discomfort during work to athletic disadvantages. Another aspect of
FSHD that is essential for obtaining successful patient outcomes is timely diagnosis, which can be challenging, possibly due to
the heterogeneity of presenting features as well as the rarity of the condition. Some of the methods for increasing the ability to
diagnose FSHD should include increased education regarding the disease, as well as other muscular dystrophies, specifically
in underserved communities that may have less access to healthcare. Although there is currently no effective pharmacologic
intervention for FSHD, recommendations of the American Academy of Neurology and the Practice Issues Review Panel of the
American Association of Neuromuscular & Electrodiagnostic Medicine (2015) provide helpful guidance..(International Journal
of Biomedicine. 2022;12(3):474-475.).
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F

acioscapulohumeral muscular dystrophy (FSHD)
is a rare genetic muscle disease that predominantly
affects the facial, scapular, and humeral musculature.(1,2) FSHD
is the third most common type of muscular dystrophy. The
estimated prevalence of FSHD is between 4 and 10 per 100,000
population.(3) It is an autosomal dominant disorder; however, up
to 30% of cases are sporadic, arising from de novo mutations.
(1)
Patients with FSHD are generally young, and more than
50% of individuals with FSHD show symptoms by age 20.(3)
The development of the disease is characterized by progressive
muscle weakness involving the face, scapular stabilizers, upper
arm, and lower leg. Although there is currently no effective
pharmacologic intervention for FSHD, recommendations of
the American Academy of Neurology and the Practice Issues
Review Panel of the American Association of Neuromuscular
& Electrodiagnostic Medicine provide helpful guidance.(1)
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Scapular Winging and Muscular Weakness
Scapular winging is the most common initial finding
in patients with FSHD. Preferential weakness of the lower
trapezius muscle results in the characteristic upward movement
of the scapula during flexion or abduction of the arms.(4)
Through our anonymous surveying of patients with
FSHD, we found that all but one of them (23 patients) had
scapular winging. These patients also reported difficulty
engaging in exercise, i.e., throwing balls or swinging a bat,
as well as pain, both expected symptoms of scapular winging.
Scapular winging also causes difficulty in professional
aspects of a patient’s life. This progressive condition results
in significant difficulties in maintaining occupations such
as carpentry, driving, manual labor, or jobs that require
extended periods of sitting at a desk.(4) The significant pain
and progressive shoulder weakness are major contributing
factors to difficulty maintaining a professional occupation.
Rotator cuff and scapular muscular degeneration can cause
immense difficulty maintaining speed and agility with
common tasks (typing, sitting with arms extended over
a keyboard, or handwriting).(2) It is important to propose
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vocational rehabilitation to patients affected by FSHD as the
condition progresses. Some potential options for vocational
rehabilitation should include job retraining, repurposing,
redefining occupational expectations, and routine occupational
therapy assessments. This would make a meaningful transition
to gainful employment.
Delays to Diagnosis of FSHD
Another aspect of FSHD that is essential for obtaining
successful patient outcomes is timely diagnosis, which can be
challenging, possibly due to the heterogeneity of presenting
features as well as the rarity of the condition. FSHD is caused by
the deletion of a subset of the D4Z4 macrosatellite repeat units
on chromosome 4.(5) At least 11 D4Z4 repeats, yielding a DNA
fragment of >38kb, are found in healthy individuals during
standard genetic testing. FSHD individuals, in contrast, possess
1–10 repeats, yielding DNA fragments of 10–38 kb in size.(6)
Measurement of the size of the residual D4Z4 sequence on 4q35
forms the basis for genetic testing in FSHD.(1) A much smaller
number of cases, designated FSHD type 2 (FSHD2), have been
ascribed to mutations in the SMCHD1 gene on chromosome
18. It is appropriate to offer genetic counseling (including
discussion of potential risks to offspring and reproductive
options) to young adults who are affected or at risk.
Prolonged delays to diagnosis are common. Children
with very early-onset FSHD type 1 (FSHD1) may require
nutritional and/or respiratory support, surgery, and orthopedic
procedures. Timely care with use of assistive devices may
improve mobility and prevent falls.(7)
We found a strong positive correlation between age of
diagnosis and severity of FSHD (r=0.85, P<0.01). Many of
the patients surveyed in the clinic reported difficulty keeping
up with their peers athletically as children. Educating teachers
and coaches about muscular dystrophy, its symptoms and how
to recognize it, could become a tool to recognize students who
may be showing symptoms of FSHD. Some of the methods
for increasing the ability to diagnose FSHD should include
increased education regarding the disease, as well as other
muscular dystrophies, specifically in underserved communities
that may have less access to healthcare.

Conclusion
FSHD can substantially impact a patient’s daily life,
ranging from discomfort during work to athletic disadvantages.
A focus of medical professionals pursuing a reduced impact
of FSHD on patients must be advocating for and increasing
access to treatment in underserved communities. Those in
underserved communities may be at most risk of delayed
diagnosis, as well as those working in blue-collar jobs that
require strenuous manual labor and are most impacted by
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muscular degeneration and scapular winging. Overall, through
increased vocational assistance, retraining, and redirecting, as
well as a focus on earlier diagnosis of FSHD, patient outcomes
may be improved.
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Abstract
The unification of cultural codes forms the basic set of code symbols (image+sense), which are the basis for recognition,
orientation, social cooperation, and response to external appeals. The result of unification is a stable system of deterministic goalsetting and behavioral equivalents. Cultural codes, as a derivative of upbringing, education, and cultural landscape, are the result
of spatiotemporal transformation (from fields of reception to displacement from consciousness and compression) of organized
information constructs - “dominants” encoded in the form of electro/magnetic patterns. “Dominant” in this message is a generalized
definition of organized, hierarchical constructs (packages) of information carriers, forced out of the conscious levels of the psyche
and continuing to circulate in closed, reverberant neural circuits. The “dominants” forced out of consciousness circulate through
recurrent neural circuits, the activity of which is reduced to several stable states, performing the functions of information retention.
The electrical and magnetic parameters of the repressed “dominants” are the basic potential of frequency resonance upon presentation
of a perceptual/cognitive construct that is close in frequency parameters - a “code key” at the entrance to the psyche system. The basic
principle of information exchange is the formation of the initial resonance potential: the arsenal of “dominants,” the concentration of
information in frequency electro-magnetic patterns. The interaction of the “information universe” with the arsenal of “dominants”
is a resonant process of frequency coincidence of the patterns of the “code key” and the “dominant” displaced from consciousness,
which results in actualization, the appearance of an object of resonance in the field of voluntary attention, in consciousness. The
updated “dominant,” as a “resonant operator,” determines the dynamics of the system as a whole for the period of relevance. The
phase transition in the socio/cultural environment is the result of changes in the hidden meanings of social frames. The dynamics of
the perception of the transformation of frames under changing (appearing new) hidden meanings [“habituation”>”acceptability”>”a
cceptability”] determines the growth of the frustration potential associated with acquired needs. The transformation of basic cultural
codes rebuilds the mechanism of reproduction of the ethnocultural matrix and congruent social structures.(International Journal of
Biomedicine. 2022;12(3):476-479.)
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Basic Part
The unification of cultural codes (standardization of
upbringing, education, evaluation criteria, and the formation
of stable stereotypes) creates basic character sets as the
*Corresponding author: Alexander G. Kruglov, PhD, ScD.
Central Research Institute of Radiation Diagnostics. Moscow, the
Russian Federation. E-mail: krag48@mail.ru

basis of orientation, social cooperation, and the addressee
for external appeals (including suggestive ones). The
constructive result of unification represents an arsenal of
code symbols (image+sense)(1) that have a minimal (close to
the Miller number)(2) audio/visual set of characters (“code
key”) associated with shape, color, and audio equivalents that
are the basic forms of perception (for example, shape-cross,
color-banner, sound-drum). Unification creates a coordinate
system of deterministic vector goal-setting and behavioral
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equivalents. We consider the “cultural code” as a fixed set of
images associated with the complexes of stereotypes integrated
with the “unconscious meaning of a thing/phenomenon in the
context of ethnic culture.”(3) The totality of images formed
by upbringing, education, social interaction, and ethnic and
cultural landscape is the main source of the motivational
arsenal.
The structure of the cultural landscape is formed by
creative individuals who create images isomorphic to personal
(frustrated) ideas, an individual picture of the world throughout
the entire spectrum of creative activity. Their representations
are determined by psychological, educational, and cultural
features of perception and interpretation. The creative images
are not isomorphic to reality but are homomorphic artifacts.
The distribution of the image (information) sequences created
by “masters of art” occurs in social strata that initially have a
similar set of educational and cultural codes. Artistic production
programs the modality and sequence of associations, emotions,
and images of the recipient in all spheres of art. The transfer of
information from the donor to the recipient (author>consumer)
determines the standards of goal-setting and behavioral
responses. In other words, a creative individual creates, based
on the initial cultural level and experience, a creative product
that has a programming effect on the cognitive and behavioral
functions of the reference social group, forming stereotypes of
thinking and imitative forms of behavior.
The quality and level of basic awareness and cultural
level (ethics/aesthetics) of the recipient are the filters of
the information received and the subsequent associative
constructions, including the perceived levels of the psyche.
Education and life experience change the basic information
level of an individual, determining the dynamics of the
associative potential. Using simplification as a way to reveal
principles of the internal structure of the phenomenon,
we consider the generated cultural codes as the result of
a cascade transformation of “dominants” (fields of recept
ion>analyzers>consciousness>repression>compression),
formatting a complete image, and as “information” encoded
in electro/magnetic frequency patterns. Being neither matter
nor energy, information needs a carrier.(4) “Dominant” in this
message is a generalized definition of organized, hierarchical
constructs (packages) of information carriers, forced out of
the conscious levels of the psyche and continuing to circulate
in closed, reverberant neural circuits.(5) In other words, we
believe that the information carriers, unactualized and forced
out of consciousness (from the field of voluntary attention),
circulate through recurrent neural networks with symmetrical
connections, the activity of which comes down, over time, to
several stable states.(6) These networks perform the functions
of information retention with error correction and reproduction
of the retained states.(7)
Fixed frequency electrical and magnetic characteristics
of “dominant” are the basic resonance potential upon
presentation of a perceptual/cognitive construct close in
frequency characteristics at the entrance to the system
(psyche). We emphasize that the propagation vectors of an
electrical impulse are determined by the electrical conductivity
of biological tissues. At the same time, a magnetic impulse
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has no restrictions, which suggests the possibility of remote
contactless transmission of information by a magnetic
carrier. We believe that the frequency resonance presented
at the entrance to the system “code key” and the repressed
“Dominant” is a mechanism for updating “dominant,”
recognition, updating past experience, one of the key ways to
implement social behavior.
All types of perceptual information have the same
physical nature, transforming in the receptor field into
electrical (frequency) and magnetic patterns with transfer to
the projection fields of analyzers. Frequency characteristics
of oscillations are a way of encoding information in
functional biological systems.(8,9) All types of electro/magnetic
transfer have metabolic support, electrical, magnetic, and
hemodynamic(10) equivalents that have a physical nature and
the probability of registration. The dynamics of information
that has undergone STT (conversion of the energy of a physical
carrier at the entrance to the system, transfer to analyzers,
divergence-convergence,
actualization,
displacement,
and subsequent compression [reduction of redundancy of
information, in which the completeness of the information
is preserved](11) forms packages of electro/magnetic patterns
circulating in closed neural constellations. The sources of
input information for STT are repetitive perceptual/cognitive
information cycles across the entire spectrum of life: education,
upbringing, labor, arts, etc.
Quanta of “dominants,” which have passed the SST
cycles, make up the content of the entire spectrum of perceptual/
cognitive information volume (memory, experience), and
create the potential for conscious/extra-conscious modeling,
forecasting, and response in all directions of the activity. We
believe that all perceptual/cognitive information converted into
quantized electro/magnetic flows is unified and transformed
into a series of homogeneous sequences due to changes in
space-time relationships and the compression of information.
The dissemination (diffusion, interference) of cultural
information in society is realized by “communicators” (teachers,
politicians, media, etc.), replicating adapted images of symbols
that are adequate to perception in different strata of society. All
types of education and upbringing are based on the introduction
into the psyche of sustainable ethical and behavioral standards
that create a basic set of cultural code elements. The continuing
education details and formats the “base,” and creates stable
(perceived as logical) systems from primary and additional
code elements. The carriers of sets of stable cultural codes
are basic for the main strata of society, which have structural
mental filters between formations: the first basic stratum - a
fixed educational/cultural set, rigid thinking, fixing the range
of needs, and developmental slowdown; second basic stratum
- further education, expanding the range of cultural elements,
flexible thinking with development potential, and growth of
frustration potential based on acquired needs.
We consider society as a self-regulating system, the
elements of which are all observable personal/interpersonal
phenomena, the interaction among which is the content of
the “social” phenomenon. This approach makes it possible to
quantitatively and qualitatively measure both the structural
components (phenomena) and the system (society) as a
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whole. A phase transition in the socio/cultural environment
is a spontaneous transformation of information, the carriers
of which are “passionate” individuals at the initial stages,
into the substance of society when a quantitative threshold
level is exceeded. This transition leads to the dominance of
new attitudes, determining the dynamics of the algorithms of
individual and social behavior. At present, the information (IU)
has again become the dominant feature of the “social.” (12,13) IU
is a new substratum of society, in which instead of hierarchical
“structures,” “networks” are formed, (14) forming horizontal
network social communities that do not have a hierarchy or
a clear structure and strive for extensive unlimited growth.
Information (signal/sum of signals) from the “intermediary” of
relations (“individual/society”) was transformed into the “form
and content” of social reality, determining the probabilistic
behavior of the system based on the transformation of the
structure and potential properties. Information exchange in
biosystems is a wave process that provides the possibility
of self-organization.(15) We consider the formation of the
resonance potential as the starting stage of information
exchange: creating “dominant,” the concentration of
information in one frequency electrical and magnetic
range. The actual “dominant” (stable frequency pattern),
which is dominant “here and now,” acquires the properties
and qualities of a “resonant operator,”(16) determining the
dynamics of the development of the system as a whole for the
time of relevance. “Dominant” is a material object formed on
the basis of the information, defining goals and behavioral
equivalents, having physical characteristics.
We believe that the mechanism of the IU influence on
the HS psyche is a resonant process of coincidence of the
electro/magnetic frequencies of the incoming information
with the frequency parameters of “dominants” displaced
from the consciousness. The results are the actualization and
appearance of an object of resonance in the field of voluntary
attention (in mind).
Resonance is a sharp increase in the amplitude of forced
oscillations when the external influence frequencies approach
the subject’s resonant frequencies. An oscillatory system
is exceptionally responsive at frequencies of increasing
force approaching the natural frequencies of the system.
Resonant interaction leads to the selection and amplification
of parameters corresponding to wave frequencies and
wavelengths, which are close to resonantly interacting objects.
We believe that the phase synchronization of oscillations
of distant groups of neurons, which ensures the transmission
of information,(17) is realized through frequency resonance
of electro/magnetic genesis. The frequency patterns of
“dominants,” which have inclusions from different receptive
fields and have undergone divergence/convergence with
transformation to the minimum informational level (package,
quantum), and forced into “extra-conscious” levels of the
psyche, reverberate, circulating in the form of an electro/
magnetic “package” on the ways of closed neural circuits. We
believe that the interaction of reverberant structures may include
the interference of patterns (having fragments from different
reception fields in the structure) with a partial coincidence
of neural “pathways.” The effect of this interference, with

the actualization of “dominant,” can be the phenomena of
synesthesia, eideticism, and some types of hallucinations.
Unified patterns create “dominants” with standard behavioral
equivalents and the potential for distribution, “infection” (e.g.,
fashion) in social groups upon presentation of the “code key.”
The mechanism of frequency resonant actualization of the
repressed “dominants” is believed to be universal and relevant
for all forms of mental activity, including the default system
of the brain. Arbitrary attention (consciousness) forms a state
of pre-perception, in which an object is fixed that must be
preserved.(18)
The reticular formation of the thalamus forms a
“spotlight of consciousness” that determines the choice of the
“module of consciousness” as an object of voluntary attention,
which is replaced by the next object when the “spotlight of
consciousness” is moved.(19,20) Without considering the
processing mechanisms and stages of information transfer
from sensory to long-term memory,(21) we emphasize that the
main volume is visual information (22) compared to the sensory
modalities of other fields of reception.
Social interactions (where information is an intermediary),
the basis for the existence of the system as a whole, is the
oscillatory circuit of society, initiating adaptive oscillations of
all elements of its structure. Normally, the instability range, i.e.,
oscillatory processes of individuals/communities, is limited
by ethics and normative codes that make up social “frames”
(confidence interval boundaries). We believe that preceding the
phase transition, the transformation of “frames,” the content of
which is a hidden meaning, forms subthreshold (unconscious)
qualitative changes in evaluation criteria, transforming ethical
and behavioral algorithms. The transformation of frames
outside the conscious levels of the psyche predetermines the
spontaneity of the phase transition. In other words, the phase
sequence of perception of the transformation of frames under
changing (appearing new) hidden meanings [“habituation” –
phase 1; “permissibility” – phase 2; “acceptability” – phase 3]
creates the conditions for the start of the phase transition.
The probabilistic forecast of the phase transition can
be based on the fixation/integration of subthreshold values
of reference points of the society (syndrome of small signs).
Resonance leads to above-threshold changes in the amplitude
and synchrony of the adaptive fluctuations of the individual/
society, destroying the restrictive mechanisms, forming new
contours of the “frame,” creating the alternative (online/
offline) social structures and spaces.
The “social” at the personal level incorporates the
“individual” through the IU, returning HS to mythological
thinking. In other words, the diffusion and interference of the
information between the strata of society change the boundaries
and parameters of social “frames” up to the imbalance and
destruction of the system as a whole, the creation of new forms
of ethics and society. The transformation of the social action
and interaction, goal-setting and motivation, displacing and
replacing the structural formations of basic cultural codes (for
example, replacing “conceptual” thinking with “clip”12,13,23),
changes the semantic structures of “frames”, rebuilds the
mechanism for reproducing the ethnocultural matrix and, as a
result, congruent social structures.(13)
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Conclusion
The electro/magnetic characteristics (codes) of the
“dominants” repressed from consciousness are the potential
of frequency resonance upon presentation of a perceptual/
cognitive construct (“code key”) close in frequency parameters
at the entrance to the psyche system. The basic principle of
information exchange in the system of the human psyche is
the creation of a “dominant” - the concentration of information
in the pattern of the electro/magnetic range. The result of the
frequency coincidence of the “code key” at the entrance to
the psyche and the “dominant” displaced from consciousness
is actualization, the appearance in the mind of the object of
resonance – it is this “dominant,” with the functions of the
“resonant operator,” which determines the dynamics of the
entire system for the time of actualization. The dynamics of the
hidden meanings of social frames can initiate a phase transition
in the socio/cultural environment. The transformation of basic
cultural codes rebuilds the mechanism of reproduction of the
ethnocultural matrix and congruent social structures.
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