’0 Scientific

7/
ISSN: 2158-284X  Volume 14, Number 1, January 2023 ‘Q“ Pobiianing

%%

International Journal of

Clinical
Medicine

lhttps://ww scirp.org/journal/ijcm

“ | H”S“S‘“ ‘HHWWTX
9“772158“284007” 01 —




Journal Editorial Board

ISSN: 2158-284X (Print) ISSN: 2158-2882 (Online)

https://www.scirp.org/journal/ijcm

Editor-in-Chief

Prof. Yong Sang Song

Managing Executive Editor

Prof. Junming Liao

Editorial Board

Dr. Marc Afilalo

Prof. Sergio D. Bergese
Prof. Siamak Bidel

Prof. Trond Buanes

Prof. Long-Sheng Chang
Prof. Alex F. Chen

Dr. David Cheng

Prof. Yunfeng Cui

Prof. Noriyasu Fukushima
Prof. Matteo Gelardi

Prof. Jeffrey L. Geller

Prof. Kuruvilla George
Prof. Karen Goodman

Dr. Ramakrishnan Gopalakrishnan
Prof. Gerard A. Hutchinson
Prof. Bharat K. Kantharia
Prof. Shinya Kimura

Dr. Valery Leytin

Dr. Shaogang Ma

Dr. Lawrence A. Mark

Dr. Edward P. Monico

Dr. Asanghanwa Alahkala Milca Nkiebifu
Dr. Pratheeshkumar Poyil
Prof. Rajamanickam Rajkumar
Dr. M. Waheed Roomi

Prof. Krzysztof Roszkowski
Dr. Ibrahim Sahin

Prof. Zheng Su

Dr. Jue Wang

Dr. Weili Wang

Dr. Li Xu

Seoul National University, South Korea

Tulane University, USA

McGill University, Canada

The Ohio State University Medical Center, USA
University of Helsinki, Finland

University of Oslo, Norway

The Ohio State University, USA

University of Pittsburgh School of Medicine, USA
University Hospital Case Medical Center, USA
Tianjin Medical University, China

International University of Health and Welfare, Japan
University of Foggia (FG), Italy

University of Massachusetts Medical School, USA
Peter James Centre, Australia

Montclair State University, USA

University of Southern California, USA

University of the West Indies, Trinidad-and-Tobago
The University of Texas Health Science Center, USA
Saga University, Japan

University of Toronto, Canada

Huai’an Hospital Affiliated to Xuzhou Medical College, China
Indiana University, USA

Yale University, USA

University of Bamenda, Cameroon

University of Kentucky, USA

Meenakshi Medical College, India

Dr. Rath Research Institute, USA

The F. Lukaszczyk Oncology Center, Poland
Erzincan Binali Yildirim University, Turkey
Genentech Inc., USA

University of Nebraska, USA

Case Western Reserve University, USA
Northwestern University, USA



4

International Journal of Clinical Medicine, 2023, 14, 1-57

”.’ Scientific https://www.scirp.org/journal/ijcm

%ods, Research 1SSN Online: 2158-2882

@ ISSN Print: 2158-284X
Table of Contents

Volume 14 Number 1 January 2023

Actual Practical Attitude and Knowledge of Dental Implants among Senior Dental
Students and General Dentists Graduated from Some Saudi and Non-Saudi Dental Schools

M. M. A. A. Al-Abdaly, S. Y. Alamri, G. M. M. Al-Abdaly, A. A. Abdullah........cccccooevincces 1

Current Problems of the Diagnostics and Treatment of Sepsis and Burn Injuries:
The Modified Pathogenetic Concept

0. Kovalenko, L. Ostapiuk, A. VOIOShINOVSKIL. . ..cccevurururirrerereieeieirenininirieieeeserercseieeeseseseseseeteseseseseseseeesesesesessssesesesenes 20

Postmenopausal Osteoporosis and Osteopenia Management with a Combination of
Once-Monthly Oral Ibandronate and Cholecalciferol—A Systematic Review

M. Geller, M. Suchmacher, M. Cohen, S. G. E. Mezitis, F. Wajnsztajn-Theil, K. G. Cunha, R. Nigri......c.cceceeurucneee. 34


https://www.scirp.org/journal/ijcm
https://www.scirp.org/

International Journal of Clinical Medicine (IJCM)

Journal Information

SUBSCRIPTIONS

The International Journal of Clinical Medicine (Online at Scientific Research Publishing, https://www.scirp.org/) is published
monthly by Scientific Research Publishing, Inc., USA.

Subscription rates:
Print: $79 per issue.

To subscribe, please contact Journals Subscriptions Department, E-mail: sub@scirp.org

SERVICES

Advertisements
Advertisement Sales Department, E-mail: service@scirp.org

Reprints (minimum quantity 100 copies)
Reprints Co-ordinator, Scientific Research Publishing, Inc., USA.
E-mail: sub@scirp.org

COPYRIGHT

Copyright and reuse rights for the front matter of the journal:
Copyright © 2023 by Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).

http://creativecommons.org/licenses/by/4.0/

Copyright for individual papers of the journal:
Copyright © 2023 by author(s) and Scientific Research Publishing Inc.

Reuse rights for individual papers:
Note: At SCIRP authors can choose between CC BY and CC BY-NC. Please consult each paper for its reuse rights.

Disclaimer of liability

Statements and opinions expressed in the articles and communications are those of the individual contributors and not the
statements and opinion of Scientific Research Publishing, Inc. We assume no responsibility or liability for any damage or injury to
persons or property arising out of the use of any materials, instructions, methods or ideas contained herein. We expressly disclaim
any implied warranties of merchantability or fitness for a particular purpose. If expert assistance is required, the services of a

competent professional person should be sought.

PRODUCTION INFORMATION

For manuscripts that have been accepted for publication, please contact:

E-mail: ijcm@scirp.org


https://www.scirp.org/
mailto:sub@scirp.org
mailto:service@scirp.org
mailto:sub@scirp.org
http://creativecommons.org/licenses/by/4.0/
mailto:ijcm@scirp.org

Q’ ‘ Scientific
Research
’¢ 4 Publishing

International Journal of Clinical Medicine, 2023, 14, 1-19
https://www.scirp.org/journal/ijcm

ISSN Online: 2158-2882

ISSN Print: 2158-284X

Actual Practical Attitude and Knowledge of
Dental Implants among Senior Dental Students
and General Dentists Graduated from Some
Saudi and Non-Saudi Dental Schools

Mohammed M. A. Abdullah Al-Abdaly?*, Sami Yahya Alamriz,
Ghadeer Mohammed Mohammed Al-Abdaly3, Ayed Abdulrahman Abdullah?

"Periodontics and Community Dental Sciences, College of Dentistry, King Khalid University, Abha, Saudi Arabia
College of Dentistry, King Khalid University, Abha, Saudi Arabia
*Faculty of Dentistry, Sana’a University, Sana’a, Republic of Yemen

Email: *malabdaly20@gmail.com

How to cite this paper: Al-Abdaly, M.M.
A.A., Alamri, S.Y., Al-Abdaly, G.M.M. and
Abdullah, A.A. (2023) Actual Practical Atti-
tude and Knowledge of Dental Implants
among Senior Dental Students and General
Dentists Graduated from Some Saudi and
Non-Saudi Dental Schools. International
Journal of Clinical Medicine, 14, 1-19.
https://doi.org/10.4236/ijcm.2023.141001

Received: December 17, 2022
Accepted: January 10, 2023
Published: January 13, 2023

Copyright © 2023 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

(OMOR ore s

Abstract

Objective: To assess the actual practical attitude and knowledge of dental
implants among senior dental students and general dentists graduated from
some Saudi and Non-Saudi dental schools. Methods: A total of 300 senior
dental students and general dentists participated in the study. Hard copies of
the self-designed, multiple-choice questionnaires were distributed to all par-
ticipants. The questionnaire consisted of 31 questions in five parts. Data were
collected and analyzed using Chi-square test and t-test, where p < 0.05 was
calculated to be statistically significant and p < 0.001 to be statistically highly
significant. Results: There is a statistically significant relationship between
the participants’ answers, and their dental schools. Participants’ general know-
ledge, training, and teaching of dental implants, as well as information about
restorations retained for the dental implants, were higher among participants
from Saudi dental schools than participants from non-Saudi dental schools,
while the information about dental implants was higher among participants
from non-Saudi dental schools than participants from Saudi dental schools.
Conclusion: We conclude that the actual practical attitude and knowledge of
dental implants among participants in the current study was insufficient.
Therefore, dental implant education in the undergraduate curricula of dental
schools surveyed should be updated to include teaching, laboratory training,
and preclinical and clinical training.
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Knowledge, Dental Implants, Dental Schools, Non-Saudi,
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Practical Attitude, Saudi

1. Introduction

Until the last decade, dental implant treatment was restricted to specialists. But
recently, there has been an increase in interest in dental implants among senior
dental students and general dentists to educate themselves, train and develop
their skills in this type of dental treatment [1]. Furthermore, the high success
rate of dental implant treatment and increased acceptance of patients under-
going dental implant treatment means that general dentists must know the
maintenance of dental implants and the principles of dental implants technique
[2].

As we know, dental implants are artificial roots used as a therapeutic method
to replace missing teeth due to periodontal diseases, trauma, infections, deve-
lopmental abnormalities, and tumors and used as support for prosthetics. In ad-
dition, this method is an acceptable and reliable treatment procedure for restor-
ing esthetics and function in patients with partial or complete edentulous [3] [4]
[5] [6]. Therefore, dental implants have helped preserve adjacent teeth and al-
veolar bone, increase patients acceptance and satisfaction and have developed as
a rapid treatment option for oral rehabilitation, as well as being non-destructive
for more than ten years [7] [8] [9] [10]. Several factors may influence the clinical
success of a dental implant, such as the patient’s general health, oral hygiene,
smoking, occlusal loads, and the type of restorations retained on the implant
[11] [12] [13].

The implant retention system can be either screw or cement-retained restora-
tions, chosen according to the advantages and disadvantages of each system [14].
There are advantages to screw-retained restorations such as rare biological com-
plications, ease of installation, ability to be used in poor position of implants,
and in cases of minimal arch spacing (less than 4 mm) due to direct screw-on
fixation [15] [16]. There are drawbacks to screw-in restorations, such as high
cost, high skills requirements, and unwanted esthetic due to the screw access
channel which can cause the ceramic to weaken [17] [18] [19] [20]. On the other
hand, there are advantages to cement-retained restorations such as excellent es-
thetics, flexibility in positioning, and good occlusal contacts [17] [21] [22] [23].
But incomplete cement removal is the main drawback and causes biological
complications such as periodontal tissue inflammation and bone loss [24] [25].

In the kingdom of Saudi Arabia, there are no quantitative or qualitative stu-
dies that provide a clear picture of the teaching and training dental implants in
Saudi universities except two studies in 2009 G as well as 2018 G that showed
that the teaching dental implants varied greatly among dental schools [24] [26].
Furthermore, there has been a decrease in the percentage of dental schools in the
USA that included dental implantology in their curriculum, but there has been

an increase in dental schools offering dental implantology courses as part of
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their curriculum from 33% in 1974 to 86% in 2005, compared to 10% of the Eu-
ropean dental schools that introduced dental implantology courses in their cur-
riculum before 1990 and then rising to 80% in 2001 [27] [28]. The current study
aims to evaluate the actual practical situation and knowledge of dental implants
among senior dental students and general dentists who graduated from some
Saudi and Non-Saudi dental schools concerning graduation schools. Thus, the
primary objective of this study was to assess the effect of the participants’ gradu-
ation schools on the actual practical attitude and knowledge of dental implants
among senior dental students and general dentists.

2. Material and Methods
2.1. Population and Study Design

This cross-sectional study included 300 participants (150 participants from some
Saudi dental schools and 150 participants from some non-Saudi dental schools,
50% male and 50% female) as follows: Eighty-eight senior dental students (5th
and 6th years and interns), and 212 dentists (102 dentists who graduated less
than five years ago, in addition to 110 dentists who graduated more than five
years ago). This study was conducted from November 2021 AD to March 2022
AD. The participants were selected from the students and graduates of some
Saudi dental schools in the kingdom of Saudi Arabia and some non-Saudi dental
schools in the Republic of Yemen. Demographic details of the participants (age,
gender, dental school levels of undergraduate education, and duration of gradu-

ation) were recorded.

2.2. Ethical Aspects

Informed consent was obtained from the participants, and the study proposal
was registered and designed in accordance with the instructions of the Institu-
tional Review Board (IRB), college of dentistry, King Khalid University (IRB/
REG/2022-2023/52). Participants’ cooperation was voluntary, and anonymity and
data were secured. Study objectives were explained to all study participants.

2.3. Inclusion and Exclusion Criteria

Inclusion criteria were as follows: Senior dental students (5" and 6 years), den-
tal interns, and general dentists who signed the consent form. Exclusion criteria
were as follows: junior dental students (before the Fifth year) and participants

who refused to sign of the consent form.

2.4. The Sample Size

The minimum sample size should be 295 participants to obtain statistically sig-

nificant results with an accuracy level of 5% and a confidence level of 90%.

2.5. Questionnaire Design

An English-language questionnaire was designed to collect data in the current
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study. The questionnaire content was obtained from previous studies’ question-
naires with some modifications for internal reader reliability and then checked
and tested by Cronbach’s alpha test. A hard copy of the questionnaire was dis-
tributed to each participant. Answers to the survey questions took approximately
six minutes. The questionnaire included 31 questions in five parts to assess the
actual practical situations and knowledge of dental implants among senior den-
tal students and general dentists who graduated from some Saudi and non-Saudi
dental schools. The first part consisted of seven demographic questions related
to age, gender, university level, date of graduation, years of experience, place of
work, and place of university study.

The second part included six multiple-choice questions related to general
Knowledge in the subjects of dental implants as a branch of dentistry, the dis-
tance between dental implants, the distance between the dental implant and
natural teeth, the distance between the dental implant and the maxillary sinus,
indications and contraindications for dental implants, and the experience in dental
implants. The third part included seven questions about dental implant training
and education if there were limitations in funds or supplies for the study of den-
tal implants.

These limitations included the difficulties of teaching dental implants during
the undergraduate level, workshops, seminars, and clinical training in addition
to enquiring about the role of dental implant companies in dental implant training
during the undergraduate level, and we asked them if they wanted to be dental
implants specialists.

The fourth part asked four questions about participants’ information regard-
ing dental implants topics related to the source of this information and whether
this information is sufficient and the most important factor for the success of
dental implants, in addition to one question about the parts of dental implant.

The final part (seven questions) assessed the participants’ Knowledge regard-
ing the topic of dental implant retained-restorations, their types and which im-
plant restoration are better aesthetically, fracture resistance, retention, control of
periodontal complications, ease of fabrication as well as which of these factors
more important in selecting retained restorations. Three hundred hard copies of
the questionnaires along with cover letters containing instructions and objec-

tives of the study were distributed to the participants in this study.

2.6. Statistical Analysis

The statistical analysis of the collected data was performed using Chi-square test
and t-test. A t-test of the mean and standard deviation was used to compare an
analysis of participants’ ages according to their graduation schools with p < 0.05
statistically significant and p < 0.001 highly statistically significant. A Chi-square
test was used to compare the percentages distribution of participants according
to their graduating schools, and the answers collected for each question among

participants.
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3. Results

Three hundred participants returned the questionnaires. All questions have been
fully answered. Distribution of participants according to graduation schools and
education levels Table 1 and Figure 1. Of the total participants, 29.3% (n = 88)
were senior dental students, 34% (n = 102) were graduates (<5 years), and 36.7%
(n = 110) were graduates (=5 years).

On the other hand, 40 (26.7%) of senior dental students were graduates of
some Saudi dental schools, 48 (32%) were graduates of some non-Saudi dental
schools, and 52 (34.7%) of general dentists (<5 years) were graduates of some

Saudi dental schools and 50 (33.3%) graduates of some non-Saudi dental

Table 1. Distribution of participants according to schools of graduation and levels of
education.

Number of participants

GsSDSs  Gs NSDSs Chi-square
(n=150)  (n=150)

Participants (n = 300) n (%) n (%) Pearson Chi P-value
SDSs (n = 88) (29.3%) 40 (26.7%) 48 (32%) 37.28 0.05*
GDs (Gs < 5 years) (n = 102) (34%) 52 (34.7%) 50 (33.3%) 43.24 0.031*
(G315),S7§/SS 2 5 years) (n = 110) 58 (38.6) 52 (34.7%) 21.36 0.049*
Chi-square

SDSs & Gs <5 years & Gs =5 years 26.18 <0.005**

Gs SDSs: Graduates of some Saudi dental schools, Gs NSDSs: Graduates of some non
Saudi dental schools, SDSs: Senior dental students, Gs: Graduates, n: Number, Gs: Gra-
duates, GDs: General dentists. *Statistically significant differences, **Highly statistically
significant differences.

45

40

35
30

B Gs SDSs

W Gs NSDSs
+ 15

Gsz5Ys Gs<5Ys SDSs

Figure 1. Distribution of participants according to schools of graduation and levels of
education. Gs SDSs: Graduates of some Saudi dental schools, Gs NSDSs: Graduates of
some non Saudi dental schools, Gs: Graduates, Ys: Years, SDSs: Senior dental students.
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schools, as well as 58 (38.6) of general dentists (=5 years), were graduates of
some Saudi dental schools and 52 (34.7%) were graduates of some non-Saudi den-
tal schools. Consequently, the graduates of some Saudi dental schools partici-
pating in this study were more than the graduates of some non-Saudi dental
schools, except for participating senior dental students, where the graduates of
some non-Saudi dental schools participating were more than the graduates of
some Saudi dental schools, with a statistically significant difference (p < 0.05).
Table 2 and Figure 2 describe the mean and standard deviation of the partic-
ipants’ ages. The mean ages of graduates of some Saudi dental schools and gra-
duates of some non-Saudi dental schools senior dental students participants
were 24.22 and 24.12 years old, while the mean ages of graduates of some Saudi
dental schools and graduates of some non-Saudi dental schools general dentists
participants (<5 years) were 28.79 and 27.43 years old as well as the mean ages of
graduates of some Saudi dental schools and graduates of some non-Saudi dental

schools general dentists participants (=5 years) were 30.72 and 29.00 years old.

Table 2. The mean and standard deviation of the participants’ ages.

Mean + SD of Age

Participants Gs SDSs Gs NSDSs t-test P value

Mean +SD Mean +SD

SDSs 24.22 0.878 24.12 1.201 -2.33 0.020*
GDs (Gs <5 years.) 28.79 0.884 27.43 1.073 -2.36 0.022*
GDs (Gs 25 years) 30.72 1.018 29.00 1.118 -0.874 0.386

Gs SDSs: Graduates of some Saudi dental schools, Gs NSDSs: Graduates of some non
Saudi dental schools, SDSs: Senior dental students, Gs: Graduates, GDs: General dentists,
SD: Standard deviation.

Gs25Ys Gs<5Ys SDSs

M Gs SDSs  m Gs NSDSs

Figure 2. The mean and standard deviation of the participants’ ages. Gs SDSs: Graduates
of some Saudi dental schools, Gs NSDSs: Graduates of some non-Saudi dental schools,
Gs: Graduates, Ys: Years, SDSs: Senior dental students.
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Thus, the mean ages of general dentists participants (=5 years) were more
than general dentists participants (<5 years.) and senior dental students partici-
pants. Moreover, the mean ages of graduates of some Saudi dental schools par-
ticipants were more than graduates of some non-Saudi dental schools partici-
pants with statistically significant differences (p < 0.05) except general dentists
participants (=5 years), where there were no statistically significant differences
(p > 0.05).

Regarding the answers to the general Knowledge dental implants questions
(Table 3). In the answers to the first question, 88.6% of graduates of some Saudi
dental schools and 88% of graduates of some non-Saudi dental schools reported
that they know that there is a branch of dentistry called implantology. The re-
maining graduates of some Saudi dental schools and graduates of some non-
Saudi dental schools reported that they didn’t know whether there was a branch
of dentistry called implantology.

Table 3. Participants’ answers to the general knowledge dental implants questions.

Gs SDSs Gs NSDSs

Questions (n =150) (n=150) Chj (P value)
n (%) n (%)
Did you know that thereisa [ don’t know 17 (11.4%) 18 (12%)
branch of dentistry called 23.7 (0.541)
implantology? Yes 133 (88.6%) 132 (88%)
1 mm 7 (4.7%) 21 (14%)
How much distance between
two implants must be 2 mm 28 (18.7%) 25 (16.7%) 8.8 (0.032%)
present during the surgical 3 mm 97 (64.7%) 82 (54.7%) C
procedure?
4 mm 18 (12%) 22 (14.7%)
How much distance between 1-1.5mm 54 (36%) 54 (36%)
the dental implant and 2-25mm  42(28%) 38 (25.3%)
natural teeth must be present 3.9 (0.271)

- 9 0
during the surgical 3-35mm 22 (14.7%) 34 (22.7%)

procedure? 4-45mm 32 (21.3%) 24 (16%)

How much distance between  0-1mm 81 (54%) 69 (46%)

the dental implantand the 4 555 38(25.3%) 50 (33.3%)
maxillary sinus must be 16.4 (0.001*%)

present during the surgical 225-3mm 19 (12.7%) 18 (12%)

procedure? 3.25 -4 mm 12 (8%) 13 (8.7%)

Do you know the essential I don’tknow 43 (28.7%) 30 (20%)
indications and essential

N 48 (32% 54 (36% 13.5 (0.001**
contraindications of dental © (32%) (36%) ( )
implants? Yes 59 (39.3%) 66 (44%)

Do you have any experience No 75 (50%) 107 (71.3%)

: , 14.3 (<0.001**)
in dental implants? Yes 75 (50%) 43 (28.7%)

Gs SDSs: Graduates of some Saudi dental schools, Gs NSDSs: Graduates of some non
Saudi dental n: Number, *Statistically significant differences, **Highly statistically signif-
icant differences.
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In the answers to the second question regarding the distance between two im-
plants that should be present during the surgical procedure, 64.7% of graduates
of some Saudi dental schools and 54.7% of the graduates of some non-Saudi
dental schools chose the correct answer, while the remaining the graduates of
some Saudi dental schools and the graduates of some non-Saudi dental schools
chose the wrong answers.

Regarding the answers to the third question about the distance between the
dental implant and natural teeth, 36% of graduates of some Saudi dental schools
and 36% of graduates of some non-Saudi dental schools chose the correct an-
swer, while the remaining participants chose the wrong answers.

In the answers to the fourth question regarding the distance between the den-
tal implant and the maxillary sinus, 54% of the graduates of some Saudi dental
schools and 46% of the graduates of some non-Saudi dental schools chose the
correct answer, while the remaining participants chose the wrong answers.

In the answers to the fifth question, 39.3% of the graduates of some Saudi
dental schools and 44% of the graduates of some non-Saudi dental schools re-
ported that they know the indications and essential contraindications of dental
implants. In contrast, 50% of graduates of some Saudi dental schools and 28.7%
of graduates of some non-Saudi dental schools said that they had experience in
dental implants in the answers to the sixth question.

There are significant differences in the answers to the second question (p <
0.05) and highly significant differences in the answers to the fourth, fifth, and
sixth questions (p < 0.001), while there are no significant differences in the an-
swers to the other remaining questions (p > 0.05).

The academic education of dental implant training among the participants in
the current study is summarized in Table 4.

59.3% of the graduates of some Saudi dental schools and 72.7% of the gra-
duates of some non-Saudi dental schools think there are limitations on funding
or supplies for studying dental implants. Moreover, 79.3% of graduates of some
Saudi dental schools and 83.3% of graduates of some non-Saudi dental schools
in this study reported that they did not take dental implants training during
their undergraduate studies, except dental implants lectures in some courses
(35.3% and 30.7%). Therefore, most participants reported that they want to par-
ticipate in workshops and seminars on dental implants (79.3% and 74.6%).

On the other hand, regarding the question of implant companies supporting
implant training during undergraduate studies, the participants reported that it
included the implants (30.7% and 25.3%), the simulated models (26.7% and
32%), the components restorative (20% and 21.3%), the lab training funding
(16.6% and 16%) and clinical training funding (6% and 5.4%).

Regarding the questions about implant procedures, 20.7% of graduates of
some Saudi dental schools and 16.7% of graduates of some non-Saudi dental
schools reported that they carried out implant procedures. Moreover, more than
half of the participants confirmed that they want to be specialists in dental im-
plants (74% and 63.4%).

DOI: 10.4236/ijcm.2023.141001
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Table 4. Participants’ answers regarding dental implant training and education.

Gs SDSs Gs NSDSs

Questions (n =150) (n=150) P S:llue)
n (%) n (%)

Do you think there are No 61 (40.7%) 41 (27.3%)
limitations in funding or 31.3 (<0.001%)
supplies to study dental Yes 89(59.3%) 109 (72.7%)
implants?
Did you receive training in No 119 (79.3%) 125 (83.3%)
dental implants during your 0.79 (0.374)
undergraduate studies at Yes 31 (20.7%) 25 (16.7%) . .
your college?
Which of the following Lectures 53 (35.3%) 46 (30.7)
teaching methods were o1 06ums 25 (16.7%) 30 (20%)
used during the dental 9.15 (<0.001**)
implant program in your PLT 50 (33.3) 45 (30%)
college? CT 22 (14.7) 29 (19.3%)

Do you want to participate Yes 119 (79.3%) 112 (74.6%)

in workshops and seminars 11.1 (0.004*)
on dental implants? No 31 (20.7%) 38 (25.4%)

Which of the following M 40 (26.7%) 48 (32%)

support did you receive IS 46 (30.7%) 38 (25.3%)

from implant i

Fom Impiant compantes RC 30 (20%)  32(21.3%)  7.31 (0.001%%)
for dental implant training

during your undergraduate LTF 25 (16.6%) 24 (16%)

studies? CTF 9 (6%) 8 (5.4)

Did you do dental implant Yes 31 (20.7%) 25 (16.7%) 0.79 (0.374)
procedures? No 119 (79.3%) 125 (83.3%)

Do you want to be a dental Yes 111 (74%) 95 (63.4%) 9.4 (0.009%)
implant specialist? NO 39 (26 %) 55 (36.6%) o

Gs SDSs: Graduates of some Saudi dental schools, Gs NSDSs: Graduates of some non
Saudi dental PLT: Phantom lab training, CT: Clinical training SM: Simulated models
supplying, IS: Implants supplying, RC: Restorative components supplying, LTF: Lab train-
ing funding, CTF: Clinical training funding, n: Number. **Highly statistically significant
differences, *Statistically significant differences.

There were highly significant differences between the answers to the first,
third, fourth, fifth, and seventh questions (p < 0.001), while there were no sig-
nificant differences in the answers to the second and sixth questions (p > 0.05).

Regarding participants’ information about dental implants (Table 5). In the
participants’ answers to the first question, 32% of graduates of some Saudi dental
schools and 22.7% of graduates of some non-Saudi dental schools said that they
obtained their information about dental implants from the internet, while 37.3%
of graduates of some Saudi dental schools and 48.7% of graduates of some
non-Saudi dental schools said that they do not have accurate information about

dental implants. The remaining participants reported that they obtained their
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Table 5. Participants’ information about dental implants.

Gs SDSs  Gs NSDSs (n

Questions (n = 150) = 150) Chi
(P value)
n (%) n (%)
Texts 11 (7.3%) 10 (6.7%)
Idon’tHK 56 (37.3%) 73 (48.7%)
Internet 48 (32%) 34 (22.7%)
What is the source of your PG 2 (1.3%) 2 (1.3%)
information about dental 7.4 (0.385)
implants? SA 9 (6%) 11 (7.3%)
Seminars 3(2%) 4 (2.7%)
UG 15 (10%) 8 (5.3%)
Workshops 6 (4%) 8 (5.3%)
Is your information about No 127 (84.3%) 124 (82.7%) 20.1
dental implant sufficient? Yes 23 (15.3%) 26 (17.3%)  (<0.001°%)
One 21 (14%) 22 (14.7%)
H t. th 14.6
Flow matly parts are there Two 51(34%) 23 (15.3%)
in a dental implant? (0.001*%)
Three 78(52%) 105 (70%)
cS 98 (65.3%) 62 (41.3%)
PP 11 (7.3%) 19 (12.7%)
What is the most factor T &DIM 12 (8%) 28 (18.7%)
for the success of dental Skills of 218
ills o
0.001**
implants? inician 10 (6.7%) 14 (9.3%) ( )
Surgical
Hrgica 9 (6%) 6 (4%)
technique

Gs SDSs: Graduates of some Saudi dental schools, Gs NSDSs: Graduates of some non
Saudi dental HK: Have Knowledge, PG: Postgraduate, UG: Undergraduate, T & DIM:
Type and material of dental implant. PP: Patient preference, CS: Case selection, SA: Scien-
tific articles/journals, n: Number, **Highly statistically significant differences, *Statistically

significant differences.

information about dental implants from texts (7.30% and 6.70%), postgraduate
studies (1.30% of all participants), scientific articles/journals (6% and 7.3%), se-
minars (2% and 2.7%), undergraduate studies (10% and 5.3%) and workshops
(4% and 5.3%).

Answers to the second question for most of the participants (84.3% of gra-
duates of some Saudi dental schools and 82.7% of graduates of some non-Saudi
dental schools) revealed that the participants’ information about dental implants
is insufficient, compared to 15.3% and 17.3% of them have sufficient informa-
tion about dental implants.

Regarding the third question about the number of parts number dental im-

plants, 52% of graduates of some Saudi dental schools and 70% of graduates of
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some non-Saudi dental schools chose the correct answer, while the remaining
participants chose the wrong answers.

In the answers to the fourth question about the most factor for the success of
dental implants, 65.3% of graduates of some Saudi dental schools and 41.3% of
graduates of some non-Saudi dental schools answered that case selection is the
most factor for the success of dental implants, compared to the remaining of the
participants who reported that the type and material of dental implant (8% and
18.7%), the patient preference (7.3% and 12.7%), the skills of the clinician (6.7%
and 9.3%) and the surgical technique (6% and 4%) are the most the success fac-
tor for dental implants. There were highly significant differences in the answers
to all questions (p < 0.001), whereas there were no significant differences in the
answers to the first question (p > 0.05).

Participants’ answers to questions about the dental implant retained-restoration
are summarized in Table 6. Regarding the answers to the first question, 56.7% of
graduates of some Saudi dental schools and 58.7% of graduates of some non-
Saudi dental schools answered that they have an idea about dental implant-retained
restorations systems, while the remaining reported that they have no idea about
dental implant-retained restorations systems.

Regarding the best aesthetic appearance of retained restorations systems (an-
swers to the second question), 54.7% of graduates of some Saudi dental schools
and 48.7% of graduates of some non-Saudi dental schools chose cement re-
tained-restoration (CRR), versus 36% and 38% of the participants chose screw
retained-restoration (SRR), while the remaining reported that they didn’t know.

In the third question answers about fracture resistance, 59.3% of graduates of
some Saudi dental schools and 72.7% of graduates of some non-Saudi dental
schools showed predilection to use screw-retained restoration (SRR), compared
to 40.7% and 27.3% of participants showed predilection to use cement-retained
restoration (CRR). In the fourth question about the factor influencing the selec-
tion of implant-retained restorations, 22.7% of graduates of some Saudi dental
schools and 21.3% of graduates of some non-Saudi dental schools reported that
aesthetics is the factor influencing to choice of implant-retained restorations.
The remaining answers of participants varied, where some of the participants
chose soft tissue health (20% and 20.7%), cost-effectiveness (11.3% and 13.3%),
retention (13.3% and 14%), ease of fabrication (16% and 14.7%) and the exper-
tise required are important factors influencing the selection of implant-retained
restorations.

In the answers to the fifth question, 62.7% of graduates of some Saudi dental
schools and 68.7% of graduates of some non-Saudi dental schools reported that
screw-retained restoration is desirable when implant retention is most needed.
In contrast, 37.3% and 31.3% of participants reported that cement-retained res-
toration is desired when implant retention is required most.

In the answers to the sixth question about controlling complications of pe-

ri-implant diseases, 47.3% of graduates of some Saudi dental schools and 56% of
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Table 6. Participants’ answers to questions about the dental implant retained-restoration.

Gs SDSs Gs NSDSs
n (%) n (%)

85 (56.7%) 88 (58.7%)
0.123 (0.726)

Questions Chi (P value)

Do you have an idea of Yes

retained restorative systems

in dental implants? No 65(43.3%) 62 (41.3%)

SRR 54 (36%) 57 (38%)

What are the best aesthetically
retained restorations in dental CRR 82 (54.7%) 73 (48.7%) 8.4 (0.015%)

; ?
implants? Idon’tknow 14(9.3%) 20 (13.3%)

When the fracture resistance
. . SRR 89 (59.3%) 109 (72.7%)
of an implant is necessary, 31.3 (<0.001%)
which of the following retained ' '

0, 0,
restorations will be used? CRR 61(40.7%)  41(27.3%)

Aesthetics 34 (22.7%) 32 (21.3%)

, o STH 30 (20%) 31 (20.7%)
Which of the following is an
important factor influencing CE 17 (11.3%) 20 (13.3%)

0.54 (0.462)

the choice of implant-retaining  Retention 20 (13.3%) 21 (14%)
restorations?

EF 24 (16%) 22 (14.7%)
RE 25 (16.7%) 24 (16%)
When implant retention is SRR 94 (62.7%) 103 (68.7%)

most required, what retained 29.6 (<0.001**)

restoration is desirable? CRR 56 (37.3%) 47 (31.3%)

If we want to control the

complications of peri-implant SRR 71(47.3%) 84 (56%)

diseases, which of the following 14.2 (0.001**)
retained restoration should be CRR 79 (52.7%) 66 (44%)

used?

Which of the following SRR 67 (44.7%) 41 (27.3%)

implant-retained restoration is
9.8 (0.002*)
preferred, when ease of

fabrication is important? CRR 83 (55.3%) 109 (72.7%)

Gs SDSs: Graduates of some Saudi dental schools, Gs NSDSs: Graduates of some non
Saudi dental STH: Soft tissue health, CE: Cost-effectiveness, EF: Ease of Fabrication, RE:
Required Expertise, CRR: Cement retained restoration, SRR: Screw retained restoration,
n: Number, **Highly statistically significant differences, *statistically significant differ-
ences.

graduates of some non-Saudi dental schools chose screw-retained restoration,
while the remaining chose cement-retained restoration. On the other hand, In
the answers to the seventh question about the importance of ease of fabrication,
55.3% of graduates of some Saudi dental schools and 72.7% of graduates of some
non-Saudi dental schools preferred cement-retained restoration, while the re-
maining preferred screw-retained restoration.

There are statistically significant differences in answers to the second question
(p < 0.05) and highly significant differences in the third, fifth, sixth, and seventh
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questions answers (p < 0.001), while there were no statistically significant dif-
ferences in the first and fourth questions answers (p > 0.05).

After evaluating the answers to the questions on the questionnaire parts of the
current study, there was a significant correlation between the participants’ an-
swers and the participants’ graduation schools. The participants’ general Know-
ledge, training, and teaching of dental implants, as well as retained restoration of
the dental implant, were higher among graduates of some Saudi dental schools,
as compared to graduates of some non-Saudi dental schools, while information
about dental implants was higher among graduates of some non-Saudi dental
schools, as compared to graduates of some Saudi dental schools.

Table 7 shows the frequency of correct and wrong participants’ answers about
actual practical attitudes toward dental implants. There was an increase in the

frequency of wrong answers more than correct answers without statistically

Table 7. Frequency of participants’ correct and incorrect answers regarding actual prac-
tical attitude towards dental implants.

Some information from the participants about Correct Incorrect
dental implants n (%) n (%)

The space between two implants during the
. 179 (59.7%) 121 (40.3%)
surgical procedure.

The distance between the dental implant and natural
. . 108 (36%) 192 (64%)
teeth during the surgical procedure.

The distance between the dental implant and the
. . . . 150 (50%) 150 (50%)
maxillary sinus during the surgical procedure.

The number of parts in a dental implant. 183 (61%) 117 (39%)

The most important factor for the success of
. 160 (53.3%) 140 (46.7%)
dental implants.

The best aesthetically retained restorations in
. 139 (46.3%) 161 (53.7%)
dental implants.

The retained restorations for fracture resistance
. . 102 (34%) 198 (66%)
in dental implant.

The main factor in selecting retained restorations
. . 65 (21.7%) 235 (78.3%)
in dental implants.

The retained restorations to retain the implant. 159 (53%) 141 (47%)

The retained restorations to control complications
. . 111 (37%) 189 (63%)
of peri-implant diseases.

The easy fabrication retained restorations
. . 192 (64%) 108 (36%)
in dental implants.

Chi-square test

The average 141 (46.9%) 159 (53.1)
Chi (P value) 0.369 (0.252)
n: Number.
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significant differences (p > 0.05).

4. Discussion

The dental implant procedure is an elective treatment method, and patients de-
pend on dentists to give them details about this procedure and other treatment
options to make the right decision, as several studies revealed that dentists
represent the source for their patients about dental implants information [29]
[30]. Thus, assessing the knowledge and actual practical attitude of senior dental
students and general dentists plays an essential role in determining whether they
can help their patients. To our knowledge, there is a lack of studies conducted in
the college of dentistry at King Khalid University and the faculty of dentistry at
Sana’a University to assess the practice and understanding of undergraduate
students and dentists who graduated from Saudi dental schools as well as non-
Saudi dental schools towards dental implants.

Furthermore, seniors dental students and general dentists represent the future
dental specialists providing oral and dental treatment, therefore should be ade-
quately educated regarding dental implants. This study aimed to assess the prac-
tice and knowledge of dental implants among senior dental students and general
dentists who graduated from Saudi dental schools and non-Saudi dental schools
less than five ago and more than five years ago .Several studies have evaluated
levels of knowledge and attitudes about dental implants among dental students
and dentists as in a previous study in Nepal, 67.14% of the participants revealed
that they had received enough knowledge about dental implants during their
undergraduate studies [31] [32].

In the 1990s, the American Association of Dental Schools determined guide-
lines for undergraduate training in implant dentistry of curriculum. Thus, the
implant theory and clinical training in undergraduate dental studies should be
increased [33]. The results of the current study confirmed this need, where
84.3% of graduates of some Saudi dental schools and 82.7% of graduates of some
non-Saudi dental schools reported that they did not obtain sufficient informa-
tion about dental implants during their undergraduate studies. These findings
are consistent with the results of another study which revealed that about 40% of
the participants reported that they did not receive sufficient information about
dental implants during their undergraduate education [34].

An American study reported that 84% of students completed an implant den-
tistry course as undergraduate training [35]. In contrast with the results of the
current study, it was revealed that 79.3% of graduates of some Saudi dental
schools and 83.3% of graduates of some non-Saudi dental schools in this study
reported that they did not take dental implants training during their undergra-
duate studies except dental implants lectures in some courses. These results agree
with the results of another Saudi study that displayed that most students (78.8%)
did not obtain enough lectures and training about dental implants during un-

dergraduate studies [26]. Therefore, the dental implant should be involved in the
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undergraduate curriculum as an essential part, and revision curriculums in these
dental schools by the current standards of dental education in Europe and
America [27] [36].

On the other hand, more than half of the participants in this study (65.3% of
graduates of some Saudi dental schools and 41.3% of some non-Saudi dental
schools) also reported that case selection is the most significant standard for the
success of dental implants procedure which is lower than those participants re-
vealed in a previous Saudi study [37].

Another Saudi survey of five dental schools revealed that in only one school,
the students should be finished dental implant cases as a compulsory require-
ment in the fourth or fifth year [1]. These results are similar to the results in the
present study, where 20.7% of graduates of some Saudi dental schools and 16.7%
of graduates of some non-Saudi dental schools reported that they carried out
implant procedures. Furthermore, no preclinical training in dental implants was
offered in the dental schools surveyed, except one school that conducted work-
shops for students [1]. These results are Identical to the results of this study,
where only 4% and 5.3% of participants reported that they attended workshops.
All these results confirm the need for more preclinical and clinical training in
the dental implant for undergraduate students [28] [38] [39].

In the present study, regarding the best aesthetic appearance 54.7% of gra-
duates of some Saudi dental schools and 48.7% of graduates of some non-Saudi
dental schools chose cement retained-restoration (CRR) more than screw re-
tained-restoration (SRR). These results agree with the results of another study
exhibited that the senior dental students considered CRR to be superior to SRR
with regards to aesthetics [34]. Moreover, most of the participants in this study
(59.3% of graduates of some Saudi dental schools and 72.7% of graduates of
some non-Saudi dental schools) showed a predilection to use screw-retained
restoration (SRR) as fracture resistance more than cement retained-restoration
(CRR). These results correspond with standards of dental implants regarding
aesthetics due to the possibility of the presence of a screw access hole in screw-
retained restoration (SRR) if the positioning of dental implants improperly and
are not corresponding with standards of dental implants regarding the resistance
of fracture due to presence of unsupported ceramic in SRR, resulting in an in-
creased fractures incidence [15] [20] [40].

On the other hand, newly graduated dentists in another study said that they
want to provide dental implant treatment to their patients, similar to the current
study, where more than half of the participants confirmed that they want to be
specialists in dental implants (74% and 63.4%) [38].

Furthermore, In the present study, there were significant differences between
CRR and SRR in graduates of some Saudi dental schools and graduates of some
non-Saudi dental schools answers where the correct answers included the pre-
ponderance of CRR on SRR except for the third question and fifth question an-
swers where SRR preponderance on CRR among graduates of some Saudi dental

schools more than graduates of some non-Saudi dental schools except the se-
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venth question answers where the correct answers included the preponderance
of CRR on SRR among graduates of some non-Saudi dental schools more than
graduates of some Saudi dental schools. These results are dissimilar to the other
studies” results which found that there were slight or insignificant significant
differences between CRR and SRR in the participants’ answers [41].

The significant result in this study was that 50% of graduates of some Saudi
dental schools and 71.3% of some non-Saudi dental schools did not have any
experience in dental implants, which may be due to the lack of clinical training
in dental implants for students during the undergraduate teaching [35].

The present study was a survey study, so it may not reflect the updated curri-
culum in dental schools surveyed in the current study. But it revealed a defect in
the curricula of dental schools surveyed in teaching dental implants due to the
lack of clear guidelines for curricula as well as differences in teaching methods
applied in these schools. Thus, curriculum guidelines and teaching methods ap-
plied in these schools should be the same, in addition to providing an adequate

faculty-to-student ratio for dental implant teaching.

5. Conclusion

There is a need for more academic teaching and laboratory as well as clinical
training in dental implants for senior dental students and the general dentists
who graduated from dental schools surveyed in the current study by offering the
lowest mandatory clinical requirements for the cases that students must attend
during the undergraduate studies. Moreover, adding more information about

dental implants into the curricula of dental schools surveyed.

6. Strength and Limitations

The results of this study may help policymakers and program directors in dif-
ferent institutions in Saudi Arabia and the Republic of Yemen to identify points
of improvement in teaching dental implants to undergraduate students. There
were limitations during the current study, including the low number of dental
schools surveyed in limited areas, in addition to the difficulties during data col-
lections. Therefore, there is a need for an increase in the number of dental schools

surveyed and the sample size in more regions to popularize the results.
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Abstract

Background: The deep understanding of pathogenesis is a key moment in the
formation of the modern strategy of modern medicine. We conducted the
thorough analysis of the microscopic processes occurring in the bodies of pa-
tients with purulent-septic complications. The modified pathogenetic concept
of the diagnostic and treatment model of diseases with septic complications is
presented. The obtained information about the mechanisms of origin and
development of these diseases is fundamentally important for finding the
modern effective methods of treating patients. The aim of the research is to
modify treatment tactics for patients with sepsis and burn injuries based on
the modified pathogenetic concept using modern diagnostics, Ze. the method
of fluorescence spectroscopy (MFS) and biomarkers. Materials and Methods:
The proposed modified pathogenetic concept of the diagnostic and treatment
model of diseases with purulent-septic complications along with standard
methods was used successfully for effective treatment of 15 patients with sep-
sis and 25 with burn injuries. Results: 3 main scenarios of behaviour of spec-
tral-fluorescence characteristics of patients with sepsis are illustrated. Spec-
tral-fluorescence markers of sepsis were studied, which are informative 24 to
48 hours before the appearance of obvious clinical and laboratory signs of
significant changes in the general somatic status of patients. Conclusions: The
proposed diagnostic and therapeutic approach is new and fundamentally
important for diagnostics and monitoring of the process of treatment of pa-
tients with purulent-septic diseases and burn injuries. An in-depth under-
standing of the dynamics of septic complications and the corresponding changes
of the main markers of these diseases during treatment is especially relevant.
The use of infusion therapy with solutions of donor albumin as an effective
pathogenetic treatment is scientifically justified.
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1. Introduction

For more than thirty years, special attention has been paid to the diagnosis and
treatment of sepsis. The international protocol for its intensive therapy was up-
dated periodically with the participation of dozens of leading organizations,
well-known scientists and experts [1]. Unsatisfactory results of treating sepsis
were related directly to the lack of the effective methods of its express diagnosis,
especially early [1] [2] [3]. When treating patients with severe pathology, insuffi-
cient attention was mostly paid to the microscopic processes that occur in the
patients’ bodies, and especially in their blood. Thus, it did not always lead to the
discussion from the first principles and the significant improvement of tradi-
tional treatment schemes. In particular, when conducting biochemical blood
analysis with determination of protein fractions and albumin level, it was im-
possible to detect the real changes in the structure of albumin molecules in septic
complications. In this regard, it was fundamentally important to develop the pa-
thogenetic concept for the significant improvement of diagnostic tactics, espe-
cially at the early stage of the development of purulent-inflammatory diseases
and sepsis. The particular attention should be focused on the problems of diag-
nosis, treatment tactics and the effective monitoring of the condition of patients

and correction of the treatment process.

2. Literature Review

Cytokines (interleukins: IL-1, IL-6, IL-8, IL-10, IL-12), presepsin, factor platelet
activation (PAF), transforming growth factor-g (TGF-p), C-reactive protein
(CRP), lactate and procalcitonin (PCT) are the sensitive biomarkers of endotox-
icosis and systemic inflammatory reaction in the severe condition [2]. The con-
siderable attention was paid to their research. We will dwell briefly on the most
important information about these biomarkers and discuss the problem of their
use for the diagnosis of purulent-septic complications in the medical practice.
We shall make the extensive use of the information presented in the papers [1]
(2] [3] [4].

The primary model of sepsis is the immune response to endotoxin, LPS,
which was found in the cell walls of gram-negative bacteria. LPS is an excellent
example of the pathogen-associated molecular pattern (PAMP) [3]. Innate im-
mune cells, such as macrophages, have receptors that recognize different types of
PAMPs. When interacting with bacterial ligands, these receptors stimulate ma-
crophages to produce TNF-q, IL-14 ta IL-6. These pro-inflammatory cytokines
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cause the systemic inflammatory response characteristic of early sepsis. For
many years doctors believed that sepsis was an overreaction of the innate im-
mune system to a bacterial infection. The 1991 consensus conference defined
“sepsis” as the combination of infection with two or more signs of SIRS.

Roger C. Bone is now believed to have recognized that sepsis is more than se-
vere hyperinflammatory SIRS [5]. The importance of CARS (compensatory an-
ti-inflammatory response syndrome), which often follows a hyperinflammatory
phase, has also been highlighted, especially in patients who develop sepsis [6]. In
patients with sepsis, there are also signs of severe organ dysfunction. This can
include lung, liver and/or kidney damage, as well as the cognitive impairment.
The terminal stage of sepsis is septic shock, in which patients develop cardi-
ovascular collapse and are unresponsive to infusion and vasopressor therapy. In
the dynamics of the course of sepsis, two phases should be distinguished. With
the development of SIRS, the hyperinflammatory phase occurs at first.
Pro-inflammatory and anti-inflammatory cytokines are produced in the body at
the same time, but when their imbalance is disturbed, signs of CARS with im-
munosuppression and multiple organ dysfunction appear. At this stage, it is
fundamentally important to carry out the effective treatment before the devel-
opment of irreversible processes.

As the sepsis paradigm has evolved over time, various approaches to its diag-
nosis and treatment have been tested, including various biomarkers. The main
focus, starting in 1980, was directed on the early phase with hyperergic inflam-
matory response, for which high doses of corticosteroids were used, which were
considered an important component of its treatment. The subsequent research
and advances in the treatment of major sepsis problems have been closely linked
to the use of pro-inflammatory cytokines, particularly TNF-q, IL-1/ and IL-6,
which cause SIRS [3]. At the same time, CRP also appears, the synthesis of which
is activated in the liver with the help of IL-6, as well as PCT. CRP and PCT have
become new potential biomarkers since 2003.

At the end of the last decade, lactate was used as a biomarker for the diagnosis
and treatment of septic complications. Later, when the therapy was aimed at the
anti-inflammatory phase of sepsis, the new scientific research continued and
new biomarkers were studied successfully. After recognizing the importance of
CARS, biomarkers of the immunosuppressive phase of sepsis deserve considera-
ble attention. There is the sufficient convincing evidence that adaptive immunity
is impaired in patients with severe sepsis. The earliest sign of weakening of the
immune response both in patients with sepsis and in people after trauma is the
decrease in the expression of proteins of the major histocompatibility complex
(MHC) class II (HLA-DR) - human leukocyte antigen on the surface of macro-
phages and other antigen-representing cells.

The clinical studies have focused on monocyte HLA-DR expression, which
was markedly suppressed in most patients with sepsis initially, but recovered
within ten days in surviving patients [7]. Similar depression may occur after se-

vere trauma, and failure to recover within the first week of hospital stay in sur-
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viving patients is a real predictor of developing sepsis in these patients. The low
levels of HLA-DR expression predict, accordingly, a low percentage of patient
survival, as well as an increased risk of nosocomial infection. The clinical utility
of measuring IL-10, which inhibits the expression of MHC class II, and TGF-f,
which suppresses the proliferation of T cells, has been proven. The elevated le-
vels of IL-10 predict the mortality of patients with severe sepsis. It has also been
disclosed that they correlate with inhibition of HLA-DR monocyte expression.
IL-10 is a reliable biomarker of neonatal sepsis [8]. In addition, it was also
shown that at early and late onset of sepsis, rather a rapid increase in the level of
IL-10 was practically not noticed. TGF-f has been shown to promote tissue re-
pair, but its role is not as important as that of IL-10.

None of the biomarkers discussed in the above publications are perfect, but in
principle they can be useful. In order to study the possible change in the health
status of patients during treatment more deeply and to direct this process in the
right direction, it would be very important to know the dynamic picture of
changes of biomarkers and to understand which of them reflect most globally
and affect the change in the health status of patients. Over time, much attention
is paid to the search for new biomarkers of septic complications in the field from
SIRS to CARS.

3. Data and Methodology

3.1. Data Source

When conducting the biochemical blood analysis with determination of protein
fractions and albumin level, it was impossible to detect the real changes in its
structure during septic complications. In this regard, it was fundamentally im-
portant to develop the pathogenetic concept in order to improve the diagnostic
tactics significantly for patients with purulent-septic diseases.

Modern clinical studies of the level of HSA have proven its important diag-
nostic value for assessing the condition of patients and predicting the course of
their diseases [9]. The basis for this is the ability of albumin to form complexes
with the products of bacterial life - toxins, which provide its detoxification func-
tion and are important for detecting of pathologies. The reverse side of the sorp-
tion of toxins by albumins is inhibition of the transport function of proteins. It
has been established that the release of toxins from the local pathological focus
leads to the syndrome of endogenous intoxication (EI). The body’s protection
against toxic compounds is carried out by the immune system, but it ensures the
elimination of only high-molecular foreign substances with a molecular weight
of at least 5000 Da. The elimination of low molecular weight toxins is provided

by blood transport proteins.

3.2. Research Results

3.2.1. The Modified Diagnostic and Treatment Model of
Purulent-Inflammatory Diseases and Sepsis

Over the past twenty years, some authors [10] [11] have demonstrated the diag-
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nostic value of MFS, which was illustrated specifically on the disease models “in
vitro” [12], as well as specifically “in vivo” and confirmed in clinical practice for
patients with obstetric [13] and surgical [14] pathologies and with burn injury
[15] [16]. Considerable attention was paid to the understanding of the essence of
the pathological processes that occur in the bodies of patients with purulent-
septic diseases at the molecular level. It is based on the fact that in diseases ac-
companied by EI, part of the albumin molecules are blocked by toxins. As a re-
sult, there are two types of albumin molecules in their blood: normal and
blocked by toxins. At the same time, pathological molecules lose their ability
to perform their main functions, namely transport and detoxification. So, the
pathogenetic concept of the diagnostic and treatment model of purulent-in-
flammatory diseases and sepsis was proposed [12]. Since part of the albumin
molecules in the blood of patients are blocked by toxins, there are two types of
albumin molecules in their blood: normal concentration (X) and blocked (con-
centration (1-X)). Blocked albumin molecules lose their ability to perform their
main functions, namely transport and detoxification. This allows us to under-
stand better the processes of genesis during the course of sepsis in patients’ bo-
dies.

Taking into account the above-discussed features of the protection of patients
with purulent-septic diseases from toxic compounds, the modified concept of
the diagnostic and therapeutic approach of purulent-inflammatory diseases and
sepsis is proposed. The proposed concept consists in determining X°—the limit
minimum concentration of normal albumin in the blood of the patient with sep-
sis. In the case of X > X°, albumin molecules eliminate successfully toxins. The
problem of sepsis is complex, and its solution must be comprehensive. The di-
agnosis and control of the process of its treatment can also be carried out within
the framework of MFS and with the use of biomarkers. The most important role
of biomarkers is to obtain information about X° (SIRS). As a result, we can get
information about Ir and An.x of precisely at the time of SIRS. At the same time,
the approach proposed by us within the framework of the MFS will continue to
be relevant. It will allow us to study the BS samples of patients and analyze
changes in dynamics of Iz and Am. in details. In the future, it is necessary to
measure the dynamics of IL-6 and other biomarkers that appear when the pa-
tient's condition worsens (after the transition to the CARS state). At the same
time, there is a change of Ir and An. in this state, information about which we
will receive within the framework of the MFS. But Iz and Am. can also provide
the information about how they are affected by donor albumin infusions. We
shall see that donor albumin infusions will also reduce biomarkers that appear
when a patient’s condition deteriorates (for example, IL-6 if albumin infusions
are used in treatment after biomarkers appear). The fundamental role in the di-
agnostic approach has the information obtained within the MFS regarding Ir
and Am., but we do not know how they behave in SIRS, and even more so be-

tween SIRS and CARS, because no one has done this.
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3.2.2. Study of Spectral-Fluorescent Characteristics of BS of
Patients with Sepsis

Now consider, for example, the results of the examination within the framework
of the MFS of several patients with sepsis and with burn injuries.

Figure 1, Table 1 present the results of the study of spectral-fluorescence
characteristics of two patients with sepsis. Both of them had sepsis-epiduritis.
The first patient was young (33 years old), she had no concomitant diseases, but
there was a late application for medical help. The second patient was older (60
years old), but he addressed timely for medical help. Bacteremia was diagnosed
in both patients. A thorough clinical and laboratory examination was conducted
for them. Antibiotic and infusion therapy in significant volumes were pre-
scribed. Patient 1 was admitted to the hospital due to the manifestation of a sep-
tic condition. MFS helped to identify the septic peak in the long-wave region
(Figure 1, curve 1) and to decide the further rational choice of treatment tactics.
Further studies of the FS of BS of this patient (Figure 1, curves 3, 4) proved that
bacteremia was not overcome completely in her body, although the long-wave
septic peak disappeared. However, the competitive struggle between bacteremia
and compensatory capabilities of the patient’s body in combination with com-
plex medical measures continued. Only the subsequent long treatment process
of this patient led to the final suppression of endotoxemia and recovery of this

patient (Figure 1, curve 5). Curve 1 is very interesting from the point of view of

0.8
0.6
0.4

0.2

250 300 350 400 450 A, nm

o
'

Figure 1. Fluorescence spectra of the blood serum of a person with sepsis-epiduritis who
was treated in Emergency hospital in 2001-2002: 1—28.12.2001; 1'—30.12., 1"—
02.01.2002; 2—04.01.2002; 3—12.02.2002 p.; 4—19.03.2002 p.; 5—04.06.2002 p. and a pa-
tient with sepsis-epiduritis, who was treated in 2002 in Emergency hospital: 1'—03.06;
2'—05.06; 3'—06.06; 4'—07.06; 5'—10.06 and blood serum of the donor (d). dex = 280
nm, donor blood serum (d). dex = 250 nm (340 nm—“normal peak”, 380 nm—“septic
peak”).
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Table 1. Changes of the spectral-fluorescence characteristics of the blood serum of two patients with sepsis-epiduritis.

N d 1 1l

Date 28.12 28.12 30.12

/lmaX:
nm

I, ru. 1.0 0.3 0.21

340 380 380

1

1" 1" 2 3 4 5 i 2' 3 4 5'

30.12  02.01 02.01 04.01 12.02 19.03 04.06 03.06 05.06 06.06 07.06 10.06

345

0.12

380 345 345 337 349 340 336 334 333 330 331

0.15 0.23 1.07 046 039 079 064 044 016 041 0.76

the ideology of biomarkers. The main contribution to FS here is given by
blocked albumin molecules, and a minor contribution at A = 345 nm indicated
that she was in the CARS state. This confirms that in this condition, even a small
amount of normal albumin molecules ensured the survival of this patient in the
severe septic condition.

In the case of the second patient (Figure 1, dashed curves), the source of in-
fection in his body was removed surgically at the beginning of the treatment
process. The detailed monitoring of the treatment process within the framework
of the MFS showed that the behaviour of the fluorescence curves during the re-
covery of this patient was qualitatively consistent with the behaviour of the re-
covery of the previous patient. Unfortunately, during the treatment of the
above-mentioned patients, whose monitoring was followed within the frame-
work of MFS, no pathogenetic concept was proposed, and infusion of donor al-
bumin solutions was not used. However, both patients recovered and were dis-
charged successfully from the hospital.

The third scenario studied by us within the framework of the MFS demon-
strates clearly the behaviour of the FS of BS of the patient with sepsis caused by
multiple soft tissue foci of infection on the basis of diabetes (Figure 2(a), Table
2). This person was admitted to the hospital at the beginning of the formation of
the septic state in her body. So, no two-peak structure was detected during the
study of the FS of her BS. After the surgical intervention, against the background
of intensive antibacterial and anti-inflammatory therapy, there was a gradual
decrease in the fluorescence intensity of her BS, but the patient’s condition did
not change practically for three days. Unfortunately, this scenario was not so op-
timistic. According to the pathogenetic concept, in this case, complete albumin
molecules were also blocked by sugar residues.

In this case, there were actually two types of pathological albumin molecules:
blocked by toxins and an increased number of glycolyzed ones. This patient’s
condition worsened suddenly within one day against the background of inten-
sive antibiotic therapy, which can be explained by the presence of a number of
serious concomitant diseases and her advanced age. Glycolization of albumin
molecules also contributed to this, due to the presence of diabetes in the patient.
The patient died as a result of generalization of the infection and multiple organ
failure.

However, despite such a difficult scenario of the course of the disease, pre-

sented in Figure 2(a), MFS gives us the opportunity to discuss theoretically
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Figure 2. (a) Fluorescence spectra of blood serum of the patient with sepsis and diabetes,
who was treated in 2002 in Emergency hospital and blood serum of a donor (d). Aex = 280
nm. (b) Fluorescence spectra of blood serum of the patient with sepsis and diabetes, who
was treated in 2002 at Emergency hospital and blood serum of a donor (d). Aex = 280 nm.
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Table 2. (a) Changes in the spectral-fluorescence characteristics of the blood serum of
person 3, a patient with sepsis and diabetes. (b) Changes in the spectral-fluorescence cha-
racteristics of the blood serum of person 3, a patient with sepsis and diabetes.

(a)

N d 1 2 3
Date 03.06 03.06 05.06 06.06
Amax, NIM 338 342 347 351
Ik, r.u. 1.0 0.41 0.40 0.15
(b)
N d 1 2 3 4 5 6

Date 03.06 03.06 05.06 07.06 09.06 11.06 14.06
Amax, NM 338 342 347 355 345 338 334
IF, r.u. 1.0 0.41 0.40 0.33 0.45 0.53 0.75

another possible scenario for the treatment of this patient, starting from 03.06,
which, unfortunately, was not implemented. It could have been implemented if
the pathogenetic concept of the development of purulent-inflammatory diseases
and sepsis had been proposed at that time. According to this scenario, the pa-
tient should be injected with 150 - 200 ml of 20% donor albumin and continue
to monitor within the framework of the MFS FS of BS and perform albumin in-
fusions after 2 - 3 days until complete recovery. The scenario of such a possible
variant of the treatment process for this patient is presented in Figure 2(a) and
in Table 2(b).

At the same time, it would be necessary to adjust the tactics of diabetes treat-
ment as well. Although this did not give a full guarantee of the recovery of this
patient, the mentioned procedure should be performed, giving the patient the
last chance to survive. It is obvious that these results could be obtained only
within the framework of MFS. The final result of treatment also depends on the
presence of concomitant diseases that require the additional treatment. The ac-
tual treatment of this patient should be carried out immediately according to a
different scenario, using infusions of donor albumin and adjusting the treatment
of diabetes.

The particular attention should be paid to the relevance of this problem for
high-income countries due to the increase of the number of people, including
pregnant women, with obesity and diabetes, which contributes to the increased
risk of developing of purulent-septic complications. Obesity can affect negatively
a woman’s health, causing insulin resistance, dyslipidemia, hormonal and psy-
chological problems, along with sexual problems during menopause [17]. About
6% of albumin molecules in BS of healthy donors are glycosylated. At the same
time, 9% - 12% of patients with diabetes are in a glycosylated state due to the
presence of hyperglycemia [12]. So, the sum of pathological and glycosylated al-

bumin molecules should be considered pathological. Glycated hemoglobin
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(HbAlc) is an early prognostic marker for the diagnosis of diabetes, which
enables us to detect this disease at the early stages, and also allows us to prescribe
the appropriate treatment in order to prevent its development. Normally, this
indicator is 4% - 5.6%. A level of Alc (HbAlc) between 5.7% - 6.4% means that
a person has prediabetes. As a result, her chances of developing diabetes are
high. The closer the HbA1lc level is to 6.4%, the higher the risk of developing di-
abetes. An indicator of 6.5% and above indicates that a person already has di-
abetes. In 1977, it was proposed to determine HbAlc, which is a stable connec-
tion of hemoglobin with glucose, formed as a result of non-enzymatic glycosyla-
tion of hemoglobin for the assessment of glycemia. The use of HbAlc for the
diagnosis of the diabetes has been approved by the WHO since 2011. According
to the recent data, it is believed that HbAlc underestimates glycemic control in
patients with diabetes. At the same time, glycosylated albumin is a more reliable
indicator of glycemic control. The role of HbAlc in patients with chronic renal
failure requires further research. Logically, patients with diabetes are prone to
the occurrence of purulent-septic complications in the body and their long course.
The logical hypothesis is that “albumin overloaded with sugar residues” is not
able to bind completely and eliminate toxic products from the body, which leads
to the deepening of endogenous intoxication. Pregnant women with diabetes are
a risk group for the formation of postpartum purulent-inflammatory diseases. If
the medical institution does not have the possibility to monitor the treatment
process within the framework of MEFS, it is necessary to carry out the detailed
monitoring of the state of health of patients, in particular, to carry out clear
monitoring of the level of glycemia in the BS. When the level of glycemia in-
creases, it is advisable to correct the therapeutic tactics of diabetes and use infu-
sions of a 20% solution of donor albumin.

The dynamics of changes of the spectral-fluorescence characteristics of the BS
of patients with sepsis reflects objectively the clinical features of the course of
this disease, which depends significantly on the quality of diagnosis and corre-

lates with the effectiveness of treatment tactics.

3.2.3. The Study of Spectral-Fluorescent Characteristics of BS of
Patient with Burn Injury

Figure 3(a) presents the results of research in the dynamics of FS, and in Table
3(b)—data for spectral-fluorescence characteristics of the patient with a burn
injury (28% burn surface area), who obtained the inpatient treatment at St. Luke
Hospital in February 2017. He was prescribed immediately the appropriate
treatment, including the antibiotic therapy and infusion therapy with a volume
of up to 3 litres daily, as well as infusions of 10% donor albumin (06.02, 10.02
100 ml each day). The condition of this patient was serious. Despite the intensive
treatment, his condition deteriorated significantly during the first 5 days. This is
evidenced by a decrease in fluorescence intensity (Curves 1, 2). He had a fairly
significant EI. Thus, the treatment process was corrected, including additional

infusions of a 10% solution of donor albumin (February 15, 18, 26, and March 2,
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Figure 3. (a) Fluorescence spectra of the blood serum of the patient with a burn injury
who was hospitalized in 2017 in the dynamics of treatment, a patient with sepsis (1') who
was treated in 2002, a donor (d) and a 20% solution albumin (a). Ax = 280 nm. (b) FS of

BS of the patient with a burn injury who was hospitalized in 2017 in dynamics during
treatment, a patient with sepsis (1'-5") who was treated in 2002, a donor (d) and 20% do-

nor albumin (a). Adex = 280 nm.

100 - 150 ml each day). These infusions made it possible to improve significantly

the functioning of the body’s detoxification systems with the gradual normalization
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Table 3. Changes in the spectral-fluorescence characteristics of the blood serum of the
patient with a burn injury. (b) Changes in the spectral-fluorescence characteristics of the
blood serum of the patient with a burn injury.

(a)

N A D 1 1 2 3 4 5 6 7
Date 06.06 06.06 06.06 9.02 14.02 22.02 27.02 03.03 10.03 31.03

Amaxnm 330.1 333.1 333 3351 339.1 337 334 3351 331.1 3320

I,ru 1 1 016 041 037 046 061 079 089 095
(b)
o102 3 4 5 6 7 8 1 2 3 4

Date 9.02 14.02 22.02 25.02 28.02 03.03 10.03 31.03 3.06 5.06 6.06 7.06

/1max

335.1 339.1 337 337 334 3351 331.1 332.0 335.2 335.2 334.1 331.6
nm
Ir,
© 041 037 027 046 061 079 089 095 063 043 0.14 0.40
r.u.

of endogenous albumin synthesis by the liver. As a result, the fluorescence in-
tensity of the BS of the patient increased markedly, and the long-wavelength
shift of FS leveled off (Curves 3 - 7). After that, the patient was discharged from
the hospital in the satisfactory condition.

Figure 3(a) (Curve 2) and Table 3(a) demonstrate a decrease in the fluores-
cence intensity of FS. If we do not take this fact into account and do not pre-
scribe an infusion of donor albumin, there will be an increase in EI and we will
get curve 3 within the framework of MFS 22.02 (see Figure 3(b)). It can be seen
from this figure that the patient’s condition has approached septic (Curves 3 and
3" are close to each other). Thanks to the monitoring of the treatment process
within the framework of the MFS, it was possible to identify a threatening situa-
tion for this patient. He should be given several sessions of infusion therapy with
a solution of donor albumin until the possible improvement of his health and his
recovery. The scenario of his treatment at the final stage took place under the
supervision of the MFS and is illustrated in Figure 3(b) and Table 3(b). If the
infusion of donor albumin had not been prescribed on 22.02, his health could
have deteriorated significantly. In this case, treatment should be continued using
infusion therapy with a solution of donor albumin, although there was no abso-
lute guarantee of successful completion of the treatment process in this case. It is
fundamentally important to be able to monitor the treatment process within the
framework of the MFS. At the same time, it is very important to carry out the
detailed monitoring of the patient’s condition during the treatment process, ad-
justing the treatment process if possible. Summarizing, we note that the dynam-
ics of changes in the spectral-fluorescence characteristics of patients with sepsis

and burn injury during the treatment reflects properly the clinical features of the
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course of these diseases.

4. Conclusions

1) The method of diagnostics of purulent-inflammatory diseases and sepsis
was proposed within the framework of the MFS.

2) It has been established that the structure of FS of BS in the patients with
these diseases is an effective marker of its severity.

3) At the same time, in patients with severe sepsis, the structure of FS of BS is
double-peaked, which reflects the presence of two types of albumin molecules in
the blood of patients.

4) Spectral-fluorescence characteristics obtained within the framework of MFS
have a pre-manifest nature. These changes are usually registered 24 - 48 hours
before the appearance of obvious clinical and laboratory signs of the patients’
condition.

5) The modified pathogenetic concept of the diagnostic and therapeutic ap-
proach to purulent-inflammatory diseases and sepsis is proposed and presented.

6) A modern approach for diagnosis and effective control of the treatment
process within the framework of MFS and biomarkers using infusions of donor

albumin solutions was proposed.
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1. Introduction

Postmenopausal osteoporosis imposes an enormous human and economic bur-
den on healthcare systems all over the world. Bound to compromise all women
after their reproductive years (even though in varying degrees), this condition
drives huge efforts in all research levels at international, public administration,
pharmaceuticals, and university settings to elucidate its natural history, as well as
finding either novel or repositioned therapeutic modalities. Ibandronate is a
substance of the bisphosphonates class, able to decrease osteoclast activity, re-
duce bone crystalized inorganic mineral matrix solubility, and downregulate
proosteoclasts signaling, with an overall effect of slowing down, preserving, or
increasing bone mineral density (BMD) [1] [2] [3] [4] [5]. Cholecalciferol is the
most widely used substance of the vitamin D class, universally indicated for
postmenopausal osteoporosis and osteopenia prevention and treatment due to
its ability to make calcium and phosphate available to the bone remodeling
process. Assuming pharmacological combination therapy for postmenopausal
osteoporosis management has a consensus status for most clinical situations, the
association of ibandronate and cholecalciferol presents itself as a feasible re-
source for increasing patient adherence, as well as assuring therapeutic efficacy.
Therefore, we aimed to retrieve through a systematic review of the available evi-
dence in the scientific clinical literature detailing the safety and efficacy of the
ibandronate and cholecalciferol combination in the setting of postmenopausal
osteoporosis and osteopenia management. To the best of our knowledge, ours is
the first initiative of performing a grouped analysis of previously published pa-

pers with the above combination.

2. Methodology—Primary Studies Search and Selection

The study was performed by two independent “searchers” (MS and LHS) who

worked in parallel and blindly, both according to the following parameters: 1)

epidemiological studies, observational studies, randomized clinical trials (RCT),

non-RCT, systematic reviews and meta-analyses as study types; 2) no language

or year of publication restrictions; 3) the names of the authors of the primary

studies were not regarded (even though personal consulting was permissible); 4)

the following sources were scrutinized, with respective parameters:

e Pubmed: “ibandronate” in the title and “cholecalciferol” or “vitamin D” an-
ywhere in the text

e Literatura Latino-Americana e do Caribe em Ciéncias da Saude (LILACS):
“ibandronato” in the title and “colecalciferol’ or “vitamina D’ anywhere in
the text

e Google Scholar: 1) “ibandronate” in the title and “cholecalciferol” or “vita-
min D” anywhere in the text; 2) up to three search pages

e Networked Digital Library of Theses and Dissertations (NDLTD): “ibandro-
nate” in the title and “cholecalciferol” or “vitamin D” anywhere in the text

o Biblioteca Digital Brasileira de Teses e Dissertagées (BBTD): “ibandronato”
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in the title and “colecalciferol’ or “vitamina D” anywhere in the text

e World Congress on Osteoporosis, Osteoarthritis and Musculoskeletal Dis-
eases (WCOOMD): “ibandronate” in the title and “cholecalciferol” or “vita-
min D” anywhere in the text (Google and Pubmed platforms)

e European Congress on Osteoporosis and Osteoarthritis (ECOO): “ibandro-
nate” in the title and “cholecalcifero]l” or “vitamin D” anywhere in the text
(Google and Pubmed platforms)

e National Osteoporosis Foundation (NOF): “ibandronate” in the title and

3

“cholecalciferol” or “vitamin D” anywhere in the text (Google and Pubmed
platforms)

e American Academy of Orthopaedic Surgeons (AAOS): “ibandronate” in the
title and “cholecalciferol” or “vitamin D” anywhere in the text (Google e
Pubmed platforms)

e Bibliographic references from the selected publications

Support literature, such as textbooks, basic science papers, and pharmacolog-
ical compendiums, was consulted when deemed necessary (not accounted for
systematic review purposes). The studies search was performed according to
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [6]. Flowchart is depicted in Figure 1.

Results of the “searchers” were crossed by a reviewer for validation, who re-
ported no conflicts between the body of findings of the former two. Studies were
selected through respective titles and abstracts, according to the following para-
meters of interest: BMD maintenance at medium and long term, bone fracture
risk reduction, comparison with other bisphosphonates, influence on patients'
quality of life, effects on blood levels of markers linked to bone metabolism, in-
fluence on bone tissue and tolerability. Text search was extended from the
title/abstract to the body of the text when searchers felt necessary. No personal
contact with the studies’ authors was necessary. A comprehensive literature on

the general pharmacology of ibandronate and cholecalciferol was also retrieved.

3. Postmenopausal Osteoporosis

3.1. Definition and Pathophysiology

Osteoporosis is a bone degenerative condition characterized by low cortical
and/or trabecular density of the hip, vertebrae, femoral neck, and/or distal fo-
rearm, expressed as a T-score <2.5 standard deviations (SD) as measured by
bone densitometry (DXA). Postmenopausal osteoporosis occurs in the context
of the physiological lowering of estrogen secretion, typical of this phase of life
(biomechanical defects and aging are co-mechanisms) [1] [3]. Bone remodeling
is accelerated, leading to a net loss of bone tissue with each cycle. Since trabecu-
lar bone is more susceptible to this phenomenon than cortical bone, one can as-
sume that osteoporosis might be more common in bones where the former pre-
vails such as the hip, vertebrae, and femoral neck. Subsequent deterioration of

bone architecture and strength loss predispose either to fracture due to trauma
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Figure 1. Diagram for study selection as applied in the current systematic review.

of lesser magnitude or to atypical fractures. It is a subclinical condition until

complicated with bone fracture [2] [4].

3.2. Epidemiology

Women in their 6™ decade of life present a 40% risk of experiencing an osteo-
porotic fracture, with the vertebrae being the most commonly affected bones.
The latter type of fracture is associated with the following rates: 1) two-thirds
occur in women >75 years of age, 2) there is a 5-fold increased risk for additional
vertebral fractures, and 3) there is 2- to 3-fold increased risk for hip, proximal
femur or distal forearm fractures [3]. Despite their greater frequency, vertebral
fractures can be asymptomatic [1] [7]. Hip fractures result in greater morbidity,

mortality, and costs than all other osteoporotic fracture types combined, as 60%
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of patients do not regain their pre-fracture independence [1] [3].

3.3. Radiological Diagnosis

DXA of the total hip, femoral neck, or lumbar spine is considered the gold stan-
dard for osteoporosis diagnosis, therapeutic follow-up, and therapeutic change
assessment [3]. Known limitations of this technique are:

e Poor precision for changes of <3% to 6% and <2% to 4% in BMD of hip and
spine, respectively [3].

e Measurement of crystalized inorganic mineral matrix density, disregarding
osseous connective tissue (collagen fibers, osteocalcin, and other non-collagen
proteins).

Based on this limitation, one can suppose that a T-score increase might not
forcibly reflect a clinically significant bone microarchitectural improvement. In
fact, even when BMD measurements have not significantly increased, fracture
risk can decrease disproportionately, suggesting that other factors of bone
strength different than the crystalized inorganic mineral matrix might play a role

(3] [4].

3.4. Laboratory Diagnosis

Even though biochemical markers of bone turnover (s-CTx, urinary N-telo-
peptide, propeptide type 1 procollagen, bone-specific alkaline phosphatase, and
osteocalcin) are not recommended for postmenopausal osteoporosis diagnosis,
they can be useful in predicting rapidity of bone loss, as a tool for estimating the
magnitude of BMD post-therapeutic increases and to point out the timing for

medication resumption during a “bisphosphonates holiday” (see further) [3].

3.5. Pharmacological Prophylaxis

Indications for postmenopausal osteoporosis prophylaxis are [3]:

e primary fracture prevention: 1) T-score <2.5 at the femoral neck and total
hip and 2) osteopenia (T-score between —1.0 and —2.5) at the femoral neck or
hip plus either 10-year hip fracture risk 23% or a 10-year major osteoporo-
sis-related fracture risk >20% (based on FRAX model*).

e secondary fracture prevention: 1) fracture of hip or vertebra (regardless of
BMD) and 2) fracture of the proximal humerus, pelvis, or distal forearm un-
der a T-score between —1.0 and -2.5.

Therapeutic classes and drugs approved for the prevention and/or treatment
of postmenopausal osteoporosis are bisphosphonates, selective estrogen-receptor
modulators (e.g., raloxifene), human monoclonal antibodies to sclerotin (e.g.,
romosozumab), strontium ranelate, recombinant parathyroid hormone (PTH
analogs) (e.g., teriparatide), tissue-selective estrogen complex, receptor activator
of nuclear factor kappa-B ligand (RANKL) inhibitors (denosumab), calcitonin

*FRAX model is an assessment tool for estimating 10-year bone fracture risk in treatment-naive in-
dividuals, based on parameters such as a history of fractures, BMD, and parental history.
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and estrogen therapy [1]. Parameters for the best modality choice are fracture
prevention efficacy, site of optimal fracture prevention (spine vs. hip), and the
onset of effect [3]. Assuming that postmenopausal osteoporosis is an uncurable
and inexorably evolving condition, treatment can never be stopped (even though
“holidays” can be considered) and the achieved benefits can only be maintained
as long as the therapy endures [3].

4. Bisphosphonates Class
4.1. Pharmacology

Bisphosphonates represent a class of drugs that increases bone strength by inhi-
biting tissue resorption during its physiological remodeling process. They are
mainly indicated as first-line therapy for postmenopausal osteoporosis preven-
tion and management [4]. The following mechanisms of action are described for
this class of drugs [1] [2] [3] [4] [5].

¢ inhibition of osteocyte farnesyl diphosphate synthase (mevalonate pathway).

Osteocyte enzyme farnesyl diphosphate synthase (FDS) yields farnesyl pyro-
phosphate, which promotes prenylation (addition of hydrophobic molecules) of
small GTPase signaling proteins, a phenomenon involved in osteoclast activa-
tion. By inhibiting FDS, bisphosphonates stop the prenylation of these GTPase
signaling proteins, either preventing osteoclasts activation or leading to cell
apoptosis [8].

e hydroxyapatite crystals’ solubility decrease.

Bisphosphonates are chemically composed of two phosphate groups that allow
binding to hydroxyapatite crystals composing the crystalized inorganic mineral
matrix, decreasing the solubility of the latter and slowing down bone resorption.
e proosteoclasts signaling downregulation.

Reduced hydroxyapatite crystals solubility, as described above, prevents os-
teocyte cytokines from reaching proosteoclasts, stopping their differentiation
into osteoclasts.

Bisphosphonates’ nadir effect on osteoclast activity is expected to be attained
within 3 months of therapy and will inevitably lead to inhibition of osteoblasts
activation and therefore bone remodeling. Nevertheless, within 3 additional
months, an equilibrium is expected to take place, leading to a net result of either
BMD preservation or gain. After this term, a clinically significant reduction of
fracture risk is expected to be reached [4]. Bisphosphonates take longer to bring
BMD and fracture risk to baseline levels than non-bisphosphonates, but their ef-
fect stands longer after interruption (this characteristic can be advantageous

during the so-called “bisphosphonates holiday”) [3].

4.2. Safety

Bisphosphonates’ immediate side effects are limited to the digestive system
(esophageal irritation, dysphagia, and gastrointestinal symptoms) [4]. The drugs

of this class are potentially nephrotoxic and therefore are contraindicated in pa-
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tients with a glomerular filtration rate <30 mL/min. Inhibition of osteoclast ac-
tivity caused by bisphosphonates is expected to lower calcium efflux to the
blood, leading to one-week duration hypocalcemia, which is clinically unimpor-
tant in most cases. Nevertheless, bisphosphonates are contraindicated in patients
with preexisting hypocalcemia or under other associated risky conditions, such
as hypoparathyroidism [4] [5]. Prolonged suppression of bone resorption and its
subsequent formation can lead to tissue microdamage accumulation and bone
frailty [4].

Bisphosphonates-related osteonecrosis of the jaw is a side effect that belongs
to the broader group of medication-related osteonecrosis of the jaw (MRONJ)
and it can occur under the following circumstances: 1) cancer patients under-
going odontological procedures reaching periodontal tissues; 2) poor fitting of
dental appliances or poor oral health; 3) parenteral bisphosphonates used for
prevention of bone complications due to cancer; 4) bisphosphonates use for
longer than 3 to 5 years; 5) concomitant diabetes mellitus or corticosteroids use.
It is not possible to grade individual risk for this side effect. There are no reports
of such an adverse event during clinical trials [1] [3] [4]. Atypical femur frac-
tures are a complication associated with bilateral chronic bone stress and trig-
gered by minor trauma. They occur under the following circumstances, when
associated with bisphosphonates use: a) patients with Asian ethnicity; b) coexis-
tence with lateral bowing of the femur, autoimmune diseases, corticosteroids
use; ¢) bisphosphonates use for longer than 3 years. Their rate declines with the
discontinuation of the substances of the class [3]. The risk for jaw osteonecrosis
as well as atypical femur fractures is expected to decrease during the “bisphos-

phonates holiday”.

4.3. Usage

“Bisphosphonates holiday” is feasible, based on the premise that these drugs are
retained by the skeleton, extending anti-fracture benefits. The “holiday” can be
considered either after 5 years or after 10 years of oral therapy (if T score < -2.5
and/or there is a report of a recent fracture) of oral therapy. The effects of a
“bisphosphonates holiday” on the risk of bone fracture are unknown [3] [4].
Concomitant supplementation with vitamin D and calcium is recommended,
not only for bone health in general but also to reduce the risk of hypocalcemia

[5].

5. Ibandronate

5.1. Pharmacology

Ibandronate is a nitrogen-containing bisphosphonate with enough potency and
skeletal binding capacity to enable a once-monthly interval dosage [1] [7]. Its
pharmacological effect is a cumulative-dependent decrease of bone turnover bi-
ochemical markers, as it maintains tissue quality, strength, and architecture,

without affecting mineralization and repair properties [1]. An ibandronate struc-
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tural formula is depicted in Figure 2.

Clinical effects associated with ibandronate use are: 1) increased lumbar spine
and proximal femur BMD and mechanical strength, 2) sustained decrease of
bone absorption biochemical markers after three months, and 3) risk reduction
of osteoporotic vertebral fractures. Ibandronate consolidated pharmacokinetics
parameters are listed below [1] [5]:

e Dbioavailability: 0.63% (relative to IV administration; reduced by ~90% with
food).

e intestinal absorption: impaired by food and beverages (other than plain wa-
ter).

e Cmax: 49.7 ng/mL (10% of this value is attained after 8 h, due to bone bind-
ing, when a slower clearance phase starts as ibandronate returns to the blood
to ongoing renal excretion).

e tmax:0.5to2h.

e Dbone sequestration rate: 40% to 50% (the remainder being excreted in the
urine 24 hours after administration).

e Vd:90to 160 L.

e protein binding: 84% to 86% (steady under clinically relevant blood concen-
tration).

e increases in plasma concentration (dose >50 mg): disproportionally greater
than dosing.

e half-life: ~1.3 h.

e terminal half-life: 10 to 72 h.

e estimated bone half-life: years.

e renal clearance: 56.9 mL/min (urine excretion linearly related to creatinine
clearance).

o fecal excretion: trace amounts.

Ibandronate is not biotransformed [1].

5.2. Indication

In addition to prevention and first-line treatment of postmenopausal osteoporo-
sis, ibandronate is used off-label for the reduction of skeletal events during glu-
cocorticoid chronic use and malignancy hypercalcemia prevention (pathological

bone resorption due to bone metastases) [5] [9].

OH
O.:-::P<
HO OH

HoN
\/\/\N pL o
| o OH
CHs

Figure 2. Ibandronate structural formula (adapted from [7]).
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5.3. Adherence

Postmenopausal osteoporosis is more common among elderly women and con-
sequently, there is a higher likelihood of concurrent diseases requiring concomi-
tant medication, increasing interactions risk as well as predisposing to adherence
and safety concerns. The once-monthly dosage interval, feasible with ibandro-

nate, could minimize these issues among treated patients [7].

5.4. Safety

The most commonly reported adverse reactions with ibandronate are: 1) upper
gastrointestinal ulcerations, 2) flu-like symptoms, 3) musculoskeletal symptoms,
and 4) nervous system disorders [1] [7]. Immediate adverse events associated
with ibandronate share the following characteristics: a) mild to moderate in in-
tensity, b) last 1 to 4 days, and c) did not lead to withdrawal during clinical trials
[1]. Once-monthly interval dosage can minimize oesophageal irritation, given
the reduced administration frequency [7]. Ibandronate is contraindicated in the
following circumstances: i) preexisting gastrointestinal symptoms and disorders
(dysphagia, epigastralgia, gastroesophageal reflux disease, gastritis, hiatal her-
nia), ii) an inability to sit or stand upright for longer than 1 h after administra-
tion and iii) creatinine clearance <30 mL/min [1] [3] [4] [5]. No episodes of jaw
osteonecrosis were reported with ibandronate [1]. No dose adjustment is neces-
sary during hepatic failure or under a creatinine clearance >30 mL/min [1]. In-
testinal absorption is impaired by multivalent cations such as calcium, alumi-
num, and iron. No pharmacokinetic interactions were demonstrated between
ibandronate and other drugs commonly prescribed to postmenopausal women
(e.g., tamoxifen and estrogen). Ibandronate interacts with bone-imaging agents
used in bone scintigraphy [1] [5].

5.5. Dosage

A recommended regimen is 150 mg once monthly for 3 years [1]. Ibandronate
should be taken after 6 hours of fasting (preferentially in the morning) and
longer than 1 hour before a meal (with plain water and without any other medi-
cations). Patients should not lie down for 60 minutes afterward [1] [3] [5].

6. Cholecalciferol

6.1. Vitamin D Physiology

Cholecalciferol (vitamin D3) is the major form of vitamin D in nature. It is at-
tainable from the following sources: 1) corneocyte membrane 7-dehydrocolesterol,
destined for photobiological transformation; 2) regular diet (cod liver oil, mack-
erel, salmon); 3) as the major form of vitamin D in pharmacological supple-
ments. It can be considered simultaneously as a pre-hormone and a vitamin.
Whatever its origin, cholecalciferol is destined to be converted to 25-hydroxy-
vitamin-D (calcidiol) in the liver by the action of vitamin D-25-hydroxylase.
25-hydroxyvitamin-D is destined to be converted to the biologically active
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1,25-dihydroxy vitamin D (calcitriol) by the action of renal vitamin D-1-alpha-
hydroxylase. Calcitriol stimulates the synthesis of 25-hydroxyvitamin D-24-
hydroxylase, an enzyme that catalyzes the former to inactive calcitroic acid in
peripheral cells, the latter destined to be excreted in the bile. Cholecalciferol to
calcidiol enzymatic transformation obeys first-order kinetics, Ze., the conversion
rate is proportional to the concentration of the former. Nevertheless, 1,25-di-
hydroxy vitamin D blood levels are strictly controlled through a balance of vi-
tamin D-1-alpha-hydroxylase activity and 25-hydroxyvitamin D-24-hydroxylase
catabolic rate in peripheral tissues [10]. On average, the skin releases 250 mcg of
cholecalciferol daily, most of it destined either to be excreted in the bile or to be
degraded to calcitroic acid, with only 2 mcg converted to bioavailable calcitriol.
Physiological actions of calcitriol are: a) to facilitate the active absorption of cal-
cium and phosphate in the small intestine and of calcium in the renal tubules to
allow bone mineralization; b) to modulate parathyroid hormone secretion; c) to
increase bone reabsorption of calcium and phosphate by increasing RANKL
synthesis (a ligand to receptor activator of nuclear factor kappa-B), with subse-
quent nuclear factor kappa-light chain stimulation and proosteoclast to osteoc-
last differentiation (under hypocalcemia) [5] [10] [11].

If vitamin D is abruptly interrupted and there is no sun exposure, calcitriol
blood levels would still be maintained by two subsequent mechanisms: a) rou-
tine calcidiol to calcitriol conversion, the former having a terminal half-life of 2
months; b) cholecalciferol muscle and fat-storage retrieval by the organism [10].
Assuming its biological origin, it is possible to predict the physiological availa-
bility of cholecalciferol according to the following factors: 1) skin weight (by in-
ference 7-dehydrocholesterol quantity, inversely proportional to age); 2) skin
integrity (the dermal structure is compromised by aging); 3) UVB exposure
(“vitamin D winter”, earth latitude, weather); 4) fish in the diet; 5) skin melanin
quantity (a UVB absorbing molecule); 6) sunscreen use; 7) clothing; 8) glass
shielding (a UVB absorbing material). Given the above factors, it is no wonder
to verify that vitamin D deficiency is a highly prevalent condition in the western
world and, by inference, bone metabolism complications associated with calci-

triol decrease, especially among postmenopausal women [11].

6.2. Cholecalciferol Pharmacokinetics

Cholecalciferol absorption takes place in the small intestine, it is fat-dependent

and occurs readily. From the former, it is transported inside chylomicrons via

the lymphatic system into the bloodstream, and linked to vitamin D binding

protein (DBP) thereon. Cholecalciferol consolidated pharmacokinetics parame-

ters are listed below [3] [5] [10]:

e time to conversion to 25-hydroxyvitamin-D3: 10 to 24 hours.

e protein binding rate: 50% to 80%.

e circulating half-life: 2 days.

¢ functional half-life: 2 to 3 months (influenced by DBP concentration and ge-
netic polymorphisms).

DOI: 10.4236/ijcm.2023.141003

43 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2023.141003

M. Geller et al.

e minimum serum levels for optimal calcium absorption: 30 ng/mL.

Oral cholecalciferol increases intestinal calcium and phosphate absorption in
the range of 10% - 15% to 30% - 40% and 60% - 80% rates, respectively [5]. Vi-
tamin D3 pharmacokinetics is unaltered by ibandronate under single dosages of
24,000 IU and 150 mg, respectively [12].

6.3. Safety

Cholecalciferol side effects are generally associated with excessive doses and
consist of hypercalcemia, nephrocalcinosis, osteoporosis, non-skeletal calcifica-
tion, and pancreatitis [5]. According to the American Geriatric Society, 25-hy-
droxyvitamin D blood levels up to 100 ng/mL can be considered safe. Daily vi-
tamin D dosage can be increased up to 10,000 IU in obese patients, due to fat
distribution. Safety of doses 2400 IU daily during pregnancy is not established.
Maternal hypercalcemia may lead to supravalvular aortic stenosis syndrome and
suppression of PTH release in the neonate. Excessive amounts of vitamin D in

nursing mothers may result in hypercalcemia in infants [5].

6.4. Dosage

The Institutes of Medicine recommends 1500 to 2000 IU of vitamin D daily to
treat and prevent postmenopausal osteoporosis [11]. Even though vitamin D and
calcium supplementation are universally suggested, there is no consensus on the
ideal daily regimens which vary from 600 IU to 1200 IU and 2000 to 2500 mg,
respectively, depending on age and institutional recommendations. To attain
calcidiol blood levels >30 ng/mL in vitamin D deficient adults in a 5 to 8 weeks
term, vitamin D 50,000 IU once a week (or 7000 daily) regimen is suggested [3].

7. Rationale for Ibandronate and Cholecalciferol
Combination

The rationale for ibandronate and cholecalciferol fixed-dose combination in the

postmenopausal osteoporosis setting is supported by the following aspects.

7.1. Additive Effect

Postmenopausal osteoporosis presents a complex pathophysiology, hinting the
indication for different therapeutic modalities. Ibandronate and cholecalciferol
fixed-dose combination can be considered clinically feasible for the following
reasons: 1) both ibandronate and vitamin D influence at least two important pa-
thophysiological elements related to osteoporosis, ie., bone unbalanced resorp-
tion and low vitamin D availability, respectively; 2) both belong to first-line
pharmacological classes recommended for this condition; 3) there is no know

interaction between the two.

7.2. Synergistic Effect

Ibandronate decreases the uptake of calcium from bone into the blood, an effect

potentially associated with hypocalcemia. By increasing intestinal and renal cal-
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cium absorption, cholecalciferol could decrease this risk.

7.3. Therapeutic Adherence

Combining both substances in the same pharmaceutical formulation can simpl-
ify the daily medical routine, especially in the setting of a chronic incurable con-

dition, as well as improve adherence.

8. Results

We retrieved a total of 10 general studies and 19 clinical trials on ibandronate
and cholecalciferol (16 RCT and 3 non-RCT), the latter ones comprehending a
total of 11,218 patients (no epidemiological studies, observational studies, sys-
tematic reviews, or meta-analyses were found). Reported research parameters
were: 1) comparative tolerability in women previously using weekly bisphospho-
nates; 2) satisfaction or preference of women in transitioning from weekly bis-
phosphonate to the studied combination; 3) effect on bone microarchitecture in
women with osteopenia; 4) 25-hydroxyvitamin D and bone markers levels; 5)
comparative efficacy with weekly alendronate regarding the lumbar spine and
total hip BMD; 6) regional distribution of lumbar vertebrae and hip BMD
changes; 7) tolerability in general; 8) bone strength, bone metabolism and mus-
cle strength; 9) prevention of bone loss; 10) BMD mantainence after 3 years and
5 years of use. Studies’ conclusions reported the combination as a) effective, 8
trials; b) safe and effective, 2 trials; ¢) safe and non-inferior, 1 trial, d) well tole-
rated, preferred or satisfying, 4 trials; e) comparable or non-inferior, 2 trials; f)
ineffective, 1 trial (2 of 4 endpoints). The studied combination was regarded as
safe in 12 trials (non-comparative results, not informed or not applicable, 5 tri-
als). Concentrations of ibandronate and vitamin D varied from 2.5 mg daily/20
mg to 150 mg monthly and 200 IU daily to 24,000 IU monthly, respectively. The

findings related to the clinical trials are summarized in Appendix.

9. Discussion

Postmenopausal osteoporosis is a chronic and uncurable condition that might
compromise all women after their reproductive years. This syndrome’s complex
pathophysiology makes a multi-target therapeutic approach warranted, with an
association of drug combinations and lifestyle changes, as the best possible mod-
ality. Ibandronate and cholecalciferol had their individual roles on postomeno-
pausal osteoporosis and osteopenia management already evidenced. Their com-
bination in postmenopausal osteoporosis and osteopenia setting is bound to
provide pharmacological additive and synergistic effects as well as comfort to the
patient, consistently with the combination management recommended for the
condition. One limitation of our study was the uneven regimens of ibandronate
and vitamin D used in selected clinical trials. Nevertheless, Cho ef a/ and Yoon
et al. studies regimens [13] [14] outstood for combining ibandronate and vita-

min D, the latter under a 24,000 IU monthly dosage (consistently with therapeu-

DOI: 10.4236/ijcm.2023.141003

45 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2023.141003

M. Geller et al.

tic adherence policies, as well as with the daily dosage range recommended for
maintaining sufficient vitamin D levels - 800 to 1000 IU -, as detailed by a recent
osteoporosis consensus [3]). Another limitation of our systematic review was the
impossibility of providing an overall statistical expression to our findings due to
the primary studies’ methodological heterogeneity. Notwithstanding, we con-
sider that the grouped analysis of retrieved publications, as well as the combina-
tion rationale detailed above, allows us to suggest considering the ibandronate
and cholecalciferol combination for postmenopausal osteoporosis and osteope-

nia management.

10. Conclusion

Based on the results of analyzed clinical trials, we concluded that the combina-
tion of ibandronate and cholecalciferol for postmenopausal osteoporosis and os-
teopenia management is safe and feasible, as well as consistent with the phar-
macological combination and adherence approach recommended for the condi-

tion.
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Acronyms

Cmax: maximal concentration; CTx: C-telopeptide of type 1 collagen; BMD:
bone mineral density; DBP: vitamin D binding protein; DXA: bone densitome-
try; FDS: farnesyl diphosphate synthase; FEA: finite element analysis; GI: ga-
strointestinal; HSA: hip structural analysis; NA: not applicable; NI: not in-
formed; OPSAT-Q: Osteoporosis Patient Satisfaction Questionnaire; QCT:
quantitative computed tomography; RANKL: receptor activator of nuclear fac-
tor kappa-B ligand; RCT: randomized clinical trial; sCTx: serum C-telopeptide

of type 1 collagen; tmax: maximal time; Vd: volume of distribution.
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Appendix. Selected RCT and Non-RCT with the Combination of Ibandronate and Vitamin
D in Osteoporosis and Osteopenia Management

STUDY STUDY
AUTHORS REGIMENS RESULTS SAFETY CONCLUSION
OBJECTIVES TYPE
Group A:
ibandronate 150 mg Median reductions of Serum CTX-1
To assess serum  once-monthly serum CTX-1 were: (1) .
. was decreased in
i CTX levels in Group A, 70.2% and (2)
Binkley . Ibandronate Group A and
postmenopausal ~ Group B: placebo ~ Randomized m =49  Group B, 6.0% .
2009 (a) K . was well remained
women with double-blind mp =17 (p<0.0001) (levels
[15] K X K tolerated suppressed
osteoporosis after Both regimens: (1) remained X
K . . below baseline
3 days of therapy included vitamin D consistently below
i K over 6 months
400 IU daily and (2) baseline over 6 months)
lasted 6 months
Regarding once-monthly
ibandronate: (1) >60% of
Patients report.ed an A majority of
improvement in
. women who
heartburn or acid ]
experienced GI
reflux, (2) >70% .
reported tolerability
To assess GI .epo ¢ ts i issues with
improvements in
tolerability with P weekly
stomach upset, and (3) .
. once-monthly Ibandronate 150 mg . bisphosphonates
Binkley . K of those patients who The tested
ibandronate in once-monthly plus . ] . reported
2009 (b) . Self-paired 89 complained of regimen was .
postmenopausal  vitamin D (dosage . improvements
[16] . stomach upset within well tolerated
women previously NI), for 6 months X i after
’ 48 h of taking their last I
using weekly transitioning
. weekly
bisphosphonates . from a weekly
bisphosphonate, >80% .
. bisphosphonate
reported improved to
overall satisfaction
o the tested
(statistical regimen
significance NI for 8l
any of the above
parameters)
Group A: (1)
performed better than
Group B (p = 0.045)
(multiple regression
To assess the Group A: analys%s of primary
impact of X endpoints) and (2)
ibandronate 150 mg o X
monthly reduction in bone While there was
. once-monthly
ibandronate on turnover (p < 0.001) a greater
Bock 2012 bone structure Group B: placebo e = 36 mineralization in
(17] and density in pop Randomized HA : 34 Secondary endpoints NI Group A, this
post-menopausal Both regimens: (1) b (Group A): (1) greater effect differed
osteoporosis or | & L increases in distal tibia among body
K included vitamin D . K .
osteopenia, i cortical thickness, regions
k . 400 IU daily and (2) . i
derived from in cortical density and total
. . lasted 12 months )
vivo microCT density (p < 0.043) and
(2) greater increases of
hip and lumbar
DXA-BMD
(p<0.017)
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Continued
To assess
postmenopausal
women’s OPSAT-Q: (1)
satisfaction composite Patients
with a weekly satisfaction score was previously using
. blsph.o.sphonate Ibandronate 150 mg changed (p < 0.0001) Improvement in w.eekly
Bonnick transitioned to and (2) there was . bisphosphonates
2009 once-monthly olnce—fnonthly plus 1678 improvement in OPSAT-Q s1'de reported
[18] ibandronate vitamin D (dosage domain scores effects domain improved
. i NI), for 6 months . . score (p=0.02) X R .
in the setting of (convenience, quality satisfaction with
prevention and of life and overall the tested
treatment of satisfaction) (all regimen
osteoporosis p<0.0001)
and
osteopenia
Tibial cortical
volumetric BMD
in group A was
greater at 12 and
24 months
Group A: (statistical Group A
To assess the ibandronate 150 mg significance NI), Most adverse regimen
effect of once-monthly with better events with group improved tibial
once-monthly cortical A regimen were  cortical
Chapurlat | . . .
2013 ibandronate on  Group B: placebo ~ Randomized ma=72 thickness the ones expected volumetric
(19] bone double-blind s =77 with BMD
microarchitecture Both regimens: (1) Areal BMD - group bisphosphonates at 12 and 24
among women included vitamin D A in comparison to use in general and months, and
with osteopenia 400 IU daily and (2) group B: (1) hip and none were serious preserved tibial
lasted 24 months spine was greater at cortical thickness
12 and 24 months
(p<0.001) and (2)
radius was greater
at 24 months
(p=0.09)
Group A
To assess the Group A: regimen
efficacy of ibandronate 150 mg may be
once-monthly once-monthly useful for the
ibandronate plus Group A in amelioration
cholecalciferol on Group B: comparison to group Group A of vitamin D
Cho 2015 the levels of ibandronate 150 mg Randomized 1n4=99 B (p<0.001) - serum regimen was deficiency and
[11] 25-hydroxyvitami once-monthly plus double-blind s =102 levels: (1) vitamin D used without any decreasing
n D and bone cholecalciferol increased and (2) adverse events serum levels of
markers among 24,000 IU CTx decreased resorption
postmenopausal markers in
women with Both regimens for patients with
osteoporosis 16 weeks postmenopausal
osteoporosis
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Continued
Sequence A:
ibandronate
followed by
alendronate
Sequence B:
alendronate
followed b
To assess the ‘0 owed by Patients who
‘ f ibandronate ferred
reference for referre
P p Significantly
once-monthly ibandronate
) Both sequences: . . w. . . more women
Emke ibandronate or (1) ibandronate Randomized, Patients showed chose “it is easier referred
2005 ¥ weekly and alendronate open-label na =170 superior preference to tolerate side E nce-monthl
alendronate and m =172 rates for ibandronate effects” in the . Y
[20] amon, under crossed-over (p<0.0001) uestionnaire ibandronate than
ostmgeno ausal once-monthly o ?statistical weekly
P tient l?th 150 mg and onifi ‘ alendronate
atients wi significance no
b . weekly 70 mg &
osteoporosis regirnens calculated)
respectively, (2)
included
vitamin
D (dosage NI),
and (3) had a
3 months
duration each
Group A:
ibandronate and
alendro-
nate-matched
placebo
To assess the
G B:
efficacy and roup Groups A and B,
- alendronate and . .
tolerability of . respectively (statistical
" ibandro- onifi ND): (1) Group A
wee significance NI):
Y nate-matched & K . regimen
alendronate median changes in .
placebo . provided
versus trough concentrations clinically
Emke once-monthl of sCTx, —75.5% and GI adverse events
2009 Y ibandronate Y Both regimens: Randomized nx =887 81 chx and (2)0 ere:e orte:,i in comparable
1] (1) 12 months double-blind m=873 : . 2’300/ POTECIN ™ efficacy and
amon, ercentage o <
ostmgeno ausal duration, (2) fes ondegrs (mean ’ and GI
P 'I'Zh ibandronate and I pb . dhi tolerability
women wi umbar spine and hi
K alendronate .p P compared to
osteoporosis BMD gains), 90% and
under group B
(posthoc 87.5%, and 92%

analysis Miller
2008)

once-monthly
150 mg and
weekly 70 mg
regimens,
respectively,

and (3) included
vitamin D 400 IU
daily

and 90%
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Continued

To assess the

regional

differences of
Engelke lumbar

2009 vertebrae BMD
[22] changes among
postmenopausal

women with
osteoporosis

To assess the
regional
distribution of
hip QCT
BMD with

Engelke once-monthly

2010
(23]

ibandronate
among
postmenopausal
women with
osteoporosis
(posthoc
analysis of
Lewiecki 2009)

To assess the
biomechanical
determinants of
bone strength
among

Lewiecki
2009

ostmenopausal
[24] p p

women with
osteoporosis
under

ibandronate

Group A:
ibandronate 150 mg
once-monthly

Group B: placebo
Randomized =4l
Both regimens: (1) =35
12 months duration

and (2) included

vitamin D 400 TU

daily

Group A:
ibandronate 150 mg
once-monthly

B: pl
Group B: placebo Randomized na=47

double-blind =46
Both regimens: (1) ouble-bind s

12 months duration
and (2) included
vitamin D 400 IU
daily

Group A:
ibandronate 150 mg
once-monthly

B: pl
Group B: placebo Randomized na =47

le-bli =4
Both regimens: (1) double-blind 1 = 46

12 months duration
and (2) included
vitamin D 400 IU
daily

Groups A and B % BMD
changes, respectively (p <
0.05): (1) total vertebral
body, 3.0 and -1.1, (2)
vertebral midsection,

2.4 and -1.3, (3)
trabecular total vertebral
body, 1.2 and -2.8, (4) NI
superior section of the
anterior and middle
trabecular vertebral body,
1.8 and —3.4 and (5)
middle cortical and
subcortical vertebral
body, 3.5 and -0.3

Group A BMD increases
in comparison

to group B: (1)

vertebral

superior and inferior
trabecular and cortical
midsection (p = 0.032,
0.055 and 0.014,
respectively), (2) total hip NA
(trabecular, cortical and
subcortical) (p = 0.005,
0.047 and 0.009,
respectively), (3)
trochanter (trabecular
and cortical) (p = 0.007
and 0.01, respectively)
and (4) trabecular
femoral neck (p=0.02)
Group A had increased,
relatively to group B: (1)
total hip QCT BMD (p=
0.005), (2) DXA areal
BMD (p = 0.003), (3)
FEA-derived hip strength
to density ratio (p <
0.001), (4) femoral,
peripheral, and trabecular
strength (p = 0.001, 0.011,
and 0.003, respectively),
(5) vertebral, peripheral,
and trabecular strength (p
=0.001, 0.001, and 0.023,
respectively), (6)
anteroposterior

bending stiffness
(p=10.001) and (7)
HSA-estimated

femoral narrow neck
cross-sectional area and
outer diameter
(p=0.003, and 0.049,
respectively)

Group A
regimen
increased
lumbar spine
integral and
trabecular BMD
in comparison to
group B

Group A
regimen
provided
improved
vertebral, total
hip, trochanter,
and femoral neck
QCT BMD, in
comparison to
group B

Hip and spine
BMD

and strength,
both improved
with group A
regimen in
comparison to
group B
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Continued
Group A showed
relatively to group B
At 12
Group A: months:
ibandronate 150 mg (1) larger Group A
To assess the once-monthly increases regimen
prevention of At3 months - in lumbar prevented
McClung bone loss with Group B: placebo . median sCTx spine BMD g3, group’s further bone
2009 ibandronate Random1z.ed m=77 redudifm’ (p<0.0001) regimens were loss in
[25] among Both regimens: (1) double-blind 1 =83 respective-  and (2) well tolerated postmenopausal
X ly: >55% vs.  lumbar .
postmenopausal 12 months duration 4% spine BMD women with
women and (2) included (statistical  change of preexisting low
vitamin D 400 IU significance 0% vs. bone mass
daily NI) 38.6%,
respectively
(statistical
significance
NI)
Lumbar BMD: (1)
increased in all groups
(no statistically
significant difference),
(2) groups Band C
regimens were
noninferior to group A
Group A: 2.5 mg regimen and (3)
daily group D regimen was
superior to group
Group B: 50 mg in A regimen
two consecutive (p=10.002)
days (monthly)
To assess a Hip BMD gains were Groups B, C
Miller once-monthly Group C: 100 mg na =402 superior in groups C All group’s and, D regimens
2005 ibandronate monthly Randomized =404 and D regimens in regimens were were at least as
26] regimen in double-blind nc =402 comparison with group  similarly well effective as
postmenopausal ~ Group D: 150 mg np =401 A regimen (p<0.001) tolerated group A
osteoporosis monthly regimen

All regimens: (1) 12
months duration
and (2) included
vitamin D 400 TU
daily

Serum levels of
C-telopeptide:
decreased in all groups

The proportion of women
who achieved predefined
threshold levels for

BMD % change from
baseline (groups C and
D): 6% and 3% for
lumbar spine and total
hip, respectively
(statistical significance
NI)
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Continued
To assess the Group A:
non-inferiority of ibandronate 150 mg
- thl - thl
‘_3: < dmont Y once-montay BMD increased similarly Group A
ibandronate
. in both groups (statistical regimen was
comparatively to  Group B: ..
. significance for . comparable to
Miller weekly alendronate 70 mg X R | Both regimens X
Randomized 1 =887 magnitude increase NI), group B regimen
2008 alendronate weekly . K K L. were well . X
) double-blind 75 = 873 meeting non-inferiority at increasing
[27] regarding the L tolerated K
. . criteria of group A lumbar spine
lumbar spine and Both regimens: (1) R . .
. . regimen relative to and total hip
total hip BMD 12 months duration roup B regimen BMD
in and (2) included group 8
postmenopausal  vitamin D 400 IU
osteoporosis daily
Group A: 100 mg
monthly
Group B: 150 mg
monthly
Both regimens: (1) 3
years duration (plus Relatively to Reginster
the previous 2 years 2006 results (statistical
from Reginster differences were not
To assess the 2006), (2) included calculated): (1) groups A Groups A and B
efficacy of vitamin D 400 IU and B showed 8.2% and regimens were
. monthly daily, and (3) 8.4% increase in lumbar both effective
Miller . . o . K . There were no
2012 ibandronate in maintained women Randomized na =358 spine BMD, respectively, tolerabilit and well
olerabili
sustaining BMD  who showed 275%  double-blind m =361 (2) 698 out of 719 ¥ tolerated for up
[28] . concerns )
after 5 years adherence to patients showed to 5 years in
(an extension of  protocol in maintenance of postmenopausal
Reginster 2006)  Reginster 2006 proximal femur BMD osteoporosis
gains and (3)
(Reginster 2006 markers of bone
groups A and B metabolism were stable
patients were
reallocated or
randomized to
Miller 2012 groups
A and B, the former
ones being
extinguished)
Group A: placebo Median reductions in
urinary CTx from
Group B: 20 mg baseline - groups A, B, C,
Group C: 50 mg D, and E, respectively: (1)
. 28.9%, (2) 35.7%, (3) Monthly
To assess if K
Group D: 100 mg 43.0%, (4) 70.9% and (5) ibandronate
once-monthly
) : =28 8l.7% . reduces bone
ibandronate is No serious
Nakamura Group E: 150 mg . m =27 turnover and
well tolerated Randomized . . drug-related X
2007 . . nc=27 Increases in lumbar spine increases lumbar
and efficacious double-blind adverse events . .
[29] . (groups B to E: np =26 BMD for groups A, B, C, spine BMD in
in Japanese . . were reported
R ibandronate) =26 D, andE, respectively: (1) Japanese women
osteoporotic .
0.7%, (2) 1.4%, (3) 3.1%, with
women

All regimens: (1) 4
months duration
and (2) included
vitamin D 200 IU
daily

(4) 4.0% and (5) 3.2%

(statistical significance NI
for none of the above
endpoints)

osteoporosis
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Continued
Lumbear, total hip, and
femoral neck BMD
increased in all groups
(statistically significant
difference between
Group A: 2.5 mg groups A and D regimens
daily - p<0.001 and <0.05 - for
lumbar and total Groups B, C, and
Group B: 50 mg in hip/femoral neck BMD, D regimens were
two consecutive respectively) at least as
To assess the K
days (monthly) effective and
efficacy and
e sCTx levels: (1) decrease well tolerated as
tolerability of na =402
. Group C: 100 mg observed after 3 months , group A
Reginster once-monthly . np =404 . All group’s .
. . monthly Randomized and sustained up to 24 ] regimen.
2006 ibandronate in . nc = 402 . regimens were
double-blind months in all groups, (2) Once-monthly
[30] postmenopausal =401 ) well tolerated . .
. Group D: 150 mg percentage of patients administration
osteoporosis (a . . .
. R monthly with a >50% decrease in may improve
continuation of . dherence
a >
Miller 2005 study) . S .
All regimens: (1) 24 from baseline was greater thereby
months duration in group D relative to the optimizing
and (2) included other groups (p = 0.002) outcomes
vitamin D 400 IU and (3) a greater
daily proportion of patients
presented sCTx
decrease with group D
regimen in comparison
to group A regimen
(p=0.006)
Group A: 100 mg
monthly . .
Relatively to Reginster
2006 fi A and B,
Group B: 150 mg o'r groups . :?n
respectively (statistical
monthly N
significance NI): (1) mean
lumbar spine BMD
Both regimens: (1) K P Group B
K increased a further 1.1% . .
1-year duration regimen is
. and 1.5%, and (2) total .
(plus the previous 2 . an effective and
. hip BMD changed
To assess the years from Reginster well-tolerated
K —0.08% and 0.3%
efficacy of 2006), (2) included long-term
monthly vitamin D 400 IU Considerine a total of 3 treatment for
ideri
Stakkestad ibandronatein  daily, and (3) . & Groups Aand B postmenopausal
o o Randomized na =359 years of treatment ] .
2008 sustaining BMD  maintained the . . regimens were osteoporosis,
. double-blind 13 =360 (Reginster 2006 followed . .
[31] improvement women who well tolerated with consistent
by Stakkestad 2008) for .
after 3 years (an  completed improvement
. . groups A and B, there K
extension of Reginster 2006 in BMD and
K were: (1) 6.4% and 7.6%
Reginster 2006) . . X bone turnover
. increases in lumbar spine R
(Reginster 2006 . during 3 years of
BMD, respectively .
groups A and B continuous
. (p<0.0001), (2) 3.4% and
patients were treatment

reallocated or
randomized to
Stakkestad 2008

groups A and B, the

former ones being
extinguished)

4.1% increases in total hip
BMD, respectively
(p<0.0001) and (3) sCTx
decreased for both groups
(p< 0.001)
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The following endpoints

showed statistically The tested
To assess the significant changes regimen was
effects of a (serum): (1) effective in
combination of 25-hydroxyvitamin D improving
ibandronate and  Once-monthly (p<0.01), (2) CTx 25-hydroxyvitam
cholecalciferol in  ibandronate 150 mg (p=10.03), and (3) in D serum

Yoon 2017 . . .
(14] bone metabolism, plus cholecalciferol ~Self-paired 62 PTH (p=0.03) NI levels and bone

muscle strength
and BMD in
postmenopausal
Korean women
with osteoporosis

24,000 IU for 6
months

The following endpoints
showed no statistically
significant changes: (1)
handgrip strength and (2)
lumbar and femoral neck
BMD

metabolism,
however, there
was no
improvement of
muscle strength
and BMD

CTx: C-telopeptide of type 1 collagen; DXA: bone densitometry; FEA: finite element analysis; GI: gastrointestinal; HSA: hip
structural analysis; NA: not applicable; NI: not informed; OPSAT-Q: Osteoporosis Patient Satisfaction Questionnaire; QCT: quan-
titative computed tomography; RCT: randomized clinical trial; sCTx: serum C-telopeptide of type 1 collagen.
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