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Cape Agulhas Lighthouse

The Cape Agulhas Lighthouse, built in 1849, is the second-oldest working lighthouse
in South Africa. Located at the southernmost tip of Africa, it marks the meeting point of
the Atlantic and Indian Oceans. Its design was inspired by the Lighthouse of Alexandria,
featuring a striking red and white tower. Originally oil-fueled, it now operates electrically,
warning ships of the nearby Agulhas Reef. The lighthouse includes a museum and
offers scenic views, attracting both tourists and maritime enthusiasts.
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Peer Review Matters: A Call to
Strengthen South African Dental

Scholarship

SADJ MAY 2025, Vol. 80 No.4 P179-180

Prof NH Wood, Managing Editor, SADJ - BChD, DipOdont(MFP), MDent(OMP), FCD(SA), PhD

Behind every credible scientific journal stands a dedicated
community of reviewers who quietly uphold the standards
of research, clinical relevance, and academic integrity. At
the South African Dental Journal (SADJ), peer review is
more than a procedural requirement; it is the backbone of
our commitment to rigorous, relevant, and ethically sound
publication. As we continue to grow, evolve, and respond to
the needs of our profession, we issue a sincere call: we need
even more competent academic reviewers to join our panel.

Why reviewers matter, especially now

The role of the peer reviewer has never been more important.
In a world of rapidly emerging information, the responsibility
to ensure that published research is methodologically
robust, clinically applicable, and contextually relevant rests
heavily on the shoulders of reviewers. Within the South
African and broader African context, this responsibility takes
on an additional dimension: ensuring that the evidence
base reflects our unique clinical challenges, health system
constraints, and population needs.

Our reviewers are critical gatekeepers. They help strengthen
the scientific quality of articles, identify ethical concerns, and

ensure that the research we publish reflects the evolving
standards of academic and clinical excellence, and ensure
our papers meet current standards and criteria accepted
by the greater academic community. By offering thoughtful
critique and constructive feedback, reviewers mentor
authors, uphold professional standards, and shape the
future of our discipline.

Who should consider reviewing?

We invite clinicians, academics, researchers, and
postgraduate students with a strong grounding in their
area of expertise to participate in the peer review process.
Whether you are an experienced scholar or an early-career
academic looking to build your professional profile, peer
reviewing is an invaluable opportunity to:

e Stay current with emerging research in your field.

¢ Refine your own scholarly writing and critical thinking.

e Contribute to the quality and credibility of South African
dental literature.

e Play a part in elevating the profile of local research on the
global stage.
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We are particularly seeking reviewers across all major dental
disciplines including Oral Medicine and Periodontology,
Prosthodontics, Paediatric Dentistry, Community Dentistry,
Maxillofacial Radiology and Surgery, Orthodontics, and Dental
Education, Dental Public Health, Endodontics, Aesthetics,
Pain management, Basic Sciences, and many more.

A Note on misinformation and the integrity of local
scholarship

It is unfortunate that in some academic circles, there are those
who actively discourage publishing in the SADJ, often based
on misinformed or misleading assertions. These types of
statements are not only factually incorrect, but also ethically
troubling, as it undermines efforts to build strong, credible,
African-led academic platforms locally. The SADJ is currently
on the DHET accredited journals list and be aware of those
suggesting otherwise. The only way to continue to grow
Dentistry in South Africa is to participate, and to facilitate
development of the academic platforms such as the SADJ.

To be clear, the SADJ does not charge any author publication
fees, except in cases where a manuscript significantly
exceeds the standard page limits, a policy transparently
communicated in our author guidelines and comparable
to those of respected journals worldwide. Suggesting
otherwise not only harms the journal, but also obstructs the
development of a self-sustaining, respected local academic
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ecosystem, something we all share responsibility for
strengthening.

Why your participation matters

Too often, the work of peer review is undervalued or left to a
small number of dedicated individuals. To those we remain
deeply grateful. But the responsibility for scholarly integrity
must be shared across the profession. By participating in
peer review, you are not only giving back, you are investing
in the quality, credibility, and future of dental science in South
Africa.

Reviewing is also an important part of your own academic
journey. It strengthens your reputation, deepens your insight,
and reflects a commitment to academic citizenship which is
a principle we hope to model for both peers and students
alike.

Join us!

If you are ready to contribute to the advancement of dental
scholarship in South Africa, we invite you to apply to join our
reviewer panel. Please send your academic profile and areas
of interest to the SADJ Editorial Office at: sadj@sada.co.za

Together, we can ensure that the South African Dental

Journal remains a trusted, respected, and proudly African
platform for academic excellence.
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Medical Aid Schemes Playing Judge,
Jury, and Executioner: Who Really
Decides Your Dental Treatment?

SADJ MAY 2025, Vol. 80 No.4 P18-182
Mr KC Makhubele - CEO, South African Dental Association

South Africa’s Medical Aid Schemes /Third Party Funders
have taken on a troubling role—one that places them in
direct conflict with the very professionals responsible for
delivering quality healthcare. Dentists and other oral health
practitioners are finding themselves at the mercy of faceless
assessors, often with questionable / unknown/ undisclosed
qualifications, who dictate which treatments are “necessary”
and which should be rejected.

This raises a fundamental and deeply disturbing question:
Who is better positioned to make a clinical judgment—the
dentist examining a patient in real-time or an administrator
sitting behind a desk, assessing treatment claims based on
paperwork alone?

The Dangerous Power of Medical Aid Schemes /Third
Party Funders Assessors

It is common knowledge that medical aids review claims
before approving or rejecting them. This process is meant
to prevent fraud, a good goal, but more often used to
ensure financial sustainability of the scheme. However,
what is happening in South Africa’s oral healthcare sector
is something far more sinister—medical schemes are
overriding the clinical decisions of trained professionals,
often to the detriment of patients.

Our observation is that some claims are dismissed based on
the opinion of an assessor who has never seen the patient,
has no direct insight into their condition, and in some cases,
may not even be qualified to evaluate complex dental
procedures. There are unverified reports that even cases
where oral hygienists and dental therapists—who do not
have the same scope of practice as dentists—are placed
in decision-making roles over the work of fully qualified
dentists. If this is verified, it is not just concerning; it is a
scandal that undermines both patient care and professional
integrity.

What Qualifies These “Referees” to Overrule Dentists?
This brings us to an even more serious issue: What qualifies
these so-called assessors to overrule the judgment of
treating professionals? If a medical aid assessor is a dental
therapist, oral hygienist, or, even worse, someone with
no formal oral health qualifications, how can they be the
ultimate authority on what treatment is appropriate for a
patient?

Dentists spend years in intensive training, continuously
updating their knowledge to keep up with advances in oral
healthcare. Their expertise is built on hands-on experience
with patients—not just theoretical knowledge. The idea
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that a remote assessor, potentially with a lower level of
qualification, can overrule a dentist’s decision is not only
absurd but a dangerous precedent that threatens the very
foundation of ethical patient care.

The Human Cost: When Profits Come Before Patients
The impact of this system is not just bureaucratic; it has
real, painful consequences for patients. A dentist may
recommend a specific procedure based on clear clinical
evidence, but if the medical aid refuses to cover it, the
patient is either forced to pay out of pocket—often at great
financial strain—or settle for a suboptimal alternative.

This practice prioritizes the financial interests of medical
aid scheme over the health of patients. It turns healthcare
into a numbers game, where the goal is to save money
rather than provide the best possible treatment. And vyet,
medical schemes continue to sell themselves as partners in
healthcare, while they act as cost-cutting corporations that
interfere with professional judgment.

Time for Accountability: Medical Aids Must Answer to
Practitioners

Itis time for South Africa’s oral health practitioners to demand
accountability from medical aid schemes. There must be:

Transparency on Assessors’ Qualifications — If a medical aid
assessor is rejecting a treatment plan, they should be required
to disclose their own qualifications and justify why they believe
they are more competent than the treating dentist.

www.sada.co.za / SADJ Vol. 80 No.4

An Independent Review Process — Decisions that override
a practitioner’s treatment plan should be reviewed by an
independent panel of experts, not just internal medical aid
employees.

Professional Oversight — The Health Professions Council
of South Africa (HPCSA) and the South African Dental
Association (SADA) must investigate cases where unqualified
or underqualified individuals are making treatment
determinations.

To this end, the South African Dental Association will initiate
discussions with Medical Aid Schemes to reveal who is
responsible for making these decisions and how they are
made. We will also express our serious concerns in the
hopes of finding more effective solutions.

Enough is Enough

South Africa’s oral healthcare system cannot continue to
operate under a model where medical aids have unchecked
power to dictate treatment decisions from behind a desk.
Dentists are trained to heal, not to fight bureaucratic battles
with people who do not share their level of expertise.

If the current trend continues, the message will be clear:
In South Africa, your dental health is not decided by your
dentist—it is dictated by a medical aid scheme that prioritizes
cost-cutting over care. And that is something every healthcare
professional, and every patient, should be outraged about.
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RESEARCH

Radiation protection and compliance
with radiation safety standards by dental
professionals and radiographers in rural
Limpopo Province, South Africa: a cross-

sectional study

SADJ MAY 2025, Vol. 80 No.4 P183-P190
RM Modiba', | Ntatamala?, T Netshisaulu®

ABSTRACT

Introduction

Poor radiation protection practices in South African
healthcare facilities have been reported on account of several
factors including staff shortages, poor training on radiation
protection, and inconsistent dosimeter use.

Aims and objectives

To investigate radiation protection practices of dental
professionals and radiographers in Limpopo Province
following the closure of two radiography units due to non-
compliance.

Methods

A quantitative cross-sectional study was conducted among
the eight rural hospitals in the Waterberg District of the
Limpopo Province, South Africa, using a self-administered
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questionnaire comprised of five components exploring the
knowledge and practices of dentists (36%), oral hygienists
(18%) and dental therapists (18%) and radiographers
(88%). Forty-five participants (n=45) completed the study
questionnaire, representing a 75% response rate (45/60).

Results:

Dentists (63.0%) felt slightly at risk of radiation exposure
compared to radiographers who felt at risk (59.0%). Only
58.8% of radiographers, and even fewer dental professionals
(87.5% of dentists and 16.7% of oral hygienists & dental
therapists) admitted to always wearing their personal
radiation dosimeters in the workplace (p=0.03). Equally
concerning is that only a third of radiographers (29.4%)
reported always protecting patients before radiological
examinations compared to most dentists (93.8%) and oral
hygienists & dental therapists (83.3%) (p<0.001).

Conclusion:

Dental professionals and radiographers in this study
underestimated the long-term health impacts of radiation
exposure on themselves and patients, and should be better
supported to comply with radiation safety protocols.

Introduction

The discovery and use of ionizing radiation (hereafter
referred to as radiation) has been both beneficial and
detrimental to human health. The beneficial effects of
radiation include the use of x-rays in diagnostic medicine
and health sciences research, but also detrimental due
to potential adverse health effects arising from acute and
chronic exposure. Occupational exposure to radiation is
mostly associated with low dose, chronic exposure which
can result in adverse health outcomes such as cataracts
and thyroid cancer.™ 22 As a treatment modality, ionizing
radiation is intangible, neither seen or heard, which may
contribute to inconsistent radiation protection and safety
practices.” Healthcare workers such as dental professionals,
who are exposed to ionizing radiation of over 20mSv per
annum because of their occupation are defined as radiation
workers. The recent COVID-19 pandemic has further
highlighted that while there was a significant focus on using
personal protective equipment and improving access to
occupational health services to prevent radiation workers
being infected with SARS-CoV-2, there was an equal need
to promote continued compliance with radiation protection
practices.*®
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Several international bodies including the International
Commission of Radiation Protection (ICRP), and International
Atomic Energy Agency (IAEA) have highlighted the importance
ofadequate radiation protection and safety practiceinradiation
workers by making recommendations regarding radiography
equipment quality, setting occupational radiation exposure
limits, and detailing imaging standard operating procedures/
protocols.® 7 The International Labour Organisation (ILO) has
also adopted the Radiation Protection Convention, 1960
(No. 115), and its accompanying Recommendation (No.
114) advocating for the reduction of ionizing radiation to the
lowest practicable level and avoidance of any unnecessary
exposure through collaboration between employers,
workers, and governments.®

Various legislation in South Africa have been promulgated as
early as 1973 to regulate the amount of ionizing radiation
emitted by electronic products, including the Hazardous
Substances Act, 1973 (Act 15 of 1973) and Regulations (No
R1332 of 3 August 1973) that govern the safe use of electronic
products, including medical x-ray equipment found in dental
practices and radiography units.® The establishment of the
Radiation Control Directorate in the National Department of
Health (NDOH) and Code of Practice of Electronic Products
have emphasized the importance of radiation protection and
safety practice in all health facilities in the country based on
the three main radiation protection principles of justification of
the practice/investigation, optimization of protection (ALARA,
keeping occupational and workplace exposures as low as
reasonably achievable), and dose limitation. ™

Dental professionals and diagnostic radiographers in South
Africa must be registered with the Health Professions Council
of South Africa (HPCSA) which has a Medical and Dental
Professions Board and a Radiography and Clinical Technology
Board that regulates the professional training and conduct
of dental professionals and radiographers. Diagnostic
radiographers perform radiation work such as general x-ray
examinations, mobile radiography, fluoroscopy, angiography,
computed tomography, magnetic resonance imaging, and
mammography.'’. The HPCSA notes for example that one
of the key tasks radiographer’s have include “understanding
and observing health and safety at work as well as welfare
issues, including infection control policies and ionising
radiation regulations in order to protect themselves and
others”."" Radiation safety training for radiation workers such
as dental professionals and radiographers takes place during
undergraduate studies and in the workplace, commonly in
the first year of professional work (compulsory community/
national service year) and thereafter in the public or private
sector. The quality of the training received is however
variable. Van der Merwe et al'? has noted that undergraduate
radiography students are often placed in clinical practice
without proof of sufficient radiation safety knowledge, while
Lewis et al'® has also reported insufficient training even in
qualified radiographers in practice. More recently, the South
African Health Products Regulatory Authority’s Radiation
Control Unit has hosted several radiation safety training
webinars online with a focus on improving radiation safety
training for radiation workers, including those in rural and
remote areas who are able to livestream.

Despite these regulations, guidance documents and training,
evidence of poor radiation protection practices in South
African healthcare facilities have been consistently reported
in largely urban and more economically advanced areas
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of South Africa.'® ' 17 There is an inequitable distribution
of radiographers in South Africa, with more human and
financial resources concentrated in the private health sector
and larger central public sector hospitals compared to the
often-under-resourced rural district and primary healthcare
facilities.’® '® As of 2020, South Africa has a national
average of 5.94 radiographers per 100 000 population,
which constitutes 1.2% of the public health workforce,
While most radiographers in South Africa’s nine provinces
may be employed in either the public or private sector (or
both concurrently), most are employed in more developed
provinces such as the Western Cape (ratio: 9.36 per 100,000
public sector population) compared to more rural provinces
such as Mpumalanga (ratio: 3.42 per 100,000). ' Other
systemic challenges faced in the health sector include not
wearing registered dosimeters, poor quality control on x-ray
machines, the lack of specialized radiologists, customized
radiation guidelines and failing infrastructure in South African
health facilities. ' 2°

Significant challenges with compliance to set radiation
protection standards have been experienced in largely rural
and remote provinces which resulted in the closure of two
x-ray/radiography units in Limpopo Province (Waterberg
District) by the Radiation Control Directorate of the
South African National Department of Health due to non-
compliance. The factors contributing to these closures of
radiation units and extent to which healthcare workers in rural
healthcare facilities have adopted radiation safety practices
are to be determined. The common work practices of the
radiographers in the province consist of performing general
and special radiological procedures that include an average
of 45 x-rays per radiographer each day with a total of 1,700
x-ray examinations performed per month in the biggest
hospital in the rural Waterberg District. The specialized
examinations include assisting in/performing mammography,
ultrasound, and computed tomography scans (CT scans)
procedures. The oral hygienists, dental therapists and
dentists do also assist in/perform 18 to 25 intra and extra
oral radiography procedures each day including periapical,
occlusal, bitewings x-rays (oral radiography) and panoramic
and cephalometric x-rays (extra oral radiography). The dental
professionals are not in the room during the patient exposure.

The study aims to investigate radiation protection practice
and compliance with radiation safety standards by dental
professionals and radiographers in rural health facilities of
Waterberg District in Limpopo Province, South Africa.

Materials and methods

2.1. Study design and sampling

A quantitative cross-sectional study was conducted among
the eight rural hospitals in the Waterberg District of Limpopo
Province, South Africa. The study population included all
radiographers and dental professionals in these institutions
(one regional hospital and seven district level hospitals) to
ensure a statistically significant sample size with adequate
power. The total population therefore consisted of 60
radiation workers (namely 21 dentists, 6 oral hygienists and
8 dental therapists, and 25 radiographers) employed in the
eight institutions. These health professionals work with both
intra-oral and extra-oral x-ray machines serving a mostly rural
population.

2.2. Study methods
An author generated questionnaire was developed from the
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available evidence-based literature. The questionnaire was
comprised of a combination of closed and open-ended
questions divided into five components. The first component
consisted of socio-demographic questions regarding
participant’s gender, age, level of education, designation/
occupation, and length of service. The second component
evaluated participant’s sources of exposure and knowledge
about ionizing radiation, while the third component enquired
about the ill effects of radiation exposure. The fourth
component was organized as a series of statements, and
participants were asked to express their opinion on a 4-point
scale about compliance to radiation safety protocols. The
last component consisted of was open-ended questions
that probed further about radiation safety protocols and the
risks associated with radiation exposure. The researchers
hand-delivered the questionnaires to all participants at the
eight rural hospitals after obtaining access into the health
facility from the management.

2.3. Data analysis

The data were analyzed using SPSS (Statistical Product
Service Solutions) Version 28. The responses to open-ended
questions in the last component of the questionnaire were
read, and re-read by the researchers, followed by coding,
and forming of categories from similar responses that
addressed radiation protection practice and compliance
with radiation safety standards. Descriptive statistics for
continuous variables was presented as frequencies and
percentages. In addition, a Pearson’s chi-square test
was used to determine whether there was an association
between categorical variables (at a p-value < 0.05).

2.4 Consent and ethical approval
Ethical approval for the study was obtained from the
University of Limpopo (MREC/H/12/2010:PG) and the

Table 1: Participants socio-demographic characteristics (n=45)

Item
Gender Male
Female
Unspecified/missing
Age (year) Less than 30 years

30 years and over
Unspecified/missing
Level of education Grade 12 plus Diploma
Degree
Postgraduate qualification
1-5
6-10
11-15
16-20
>21

Length of service (year)

Unspecified/missing
Designation Radiographers
Dentists
Oral Hygienists (OH)

Dental Therapist (DT)

Total 45 (100)
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Limpopo Department of Health’s Research Ethics Committee
(Ref 4/2/2). The ethics approval letters were shared with
the Chief Executive Officers/Clinical Managers of the eight
participating rural health facilities. Participation in the study
was voluntary and confidentiality assured.

Results

3.1. Socio-demographic variables

Forty-five (45) participants (Table 1) from the various rural
hospitals in the Waterberg District completed the study
questionnaire, representing a 75.0% response rate (45/60).
The participants were largely female (67.0%) and below
the age of 30 years (62.0%). The majority had received a
bachelor/degree qualification (67.0%) and most had been
employed for under 5 years (58.0%). Over a third (37.0%) of
the participants were radiographers while remaining 63.0%
were dental professionals (including oral hygienists [OH],
dental therapists [DT] and dentists).

3.2 Knowledge, awareness, and perceived risk of
ionizing radiation exposure

Understanding of safe dose of medical x-ray radiation
Most participants were able to identify x-rays as source of
ionizing radiation (100% for both radiographers, OH & DT
and 95% of dentists). The participant’s understanding on
whether there is a safe dose of x-ray radiation from medical
imaging in a day was further explored (Table 2). The majority
(64.7%) of all radiographers agreed (35.3% strongly agree
and 29.4% agree) that there is a safe dose of radiation from
x-rays that one can take in a day. Similarly, 83.3% of OH
& DT (568.3% strongly agree and 25.0% agree) and 100%
dentists (37.5% strongly agree and 62.5% agree) also
shared a similar view. While differences in understanding
of safe dose of x-ray radiation were observed amongst
the professionals, these were not statistically significant

Number of participants (%)
14 (31)
30 (67)
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Table 2: Survey questions and participant responses

Question: There is a safe dose of ionising radiation exposure

Job category Strongly Agree Agree Disagree Strongly disagree  Total Pearson chi-square
Radiographer 6 (35,3%) 5 (29,4%) 1(5,9%) 5 (29,4%) 17 (100,0%) P=0.107

Dentist 6 (37,5%) 10 (62,5%) 0(0,0%) 0(0,0%) 16 (100,0%)

OH&DT 7 (58,3%) 3 (25,0%) 0(0,0%) 2 (16,7%) 12 (100,0%)

Total 19 (42,2%) 18 (40,0%) 1(2,2%) 7 (15,6%) 45 (100,0%)

Job category Strongly Agree Agree Disagree Strongly disagree  Total Pearson chi-square
Radiographer 2 (11,8%) 12 (70,6%) 1(5,9%) 2 (11,8%) 17 (100,0%) P=0.461

Dentist 4 (25,0%) 6 (37,5%) 3(18,8%) 3(18,8%) 16 (100,0%)

OH&DT 3 (25,0%) 4 (33,3%) 3 (25,0%) 2 (16,7%) 12 (100,0%)

Total 9 (20,0%) 22 (48,9%) 7 (15,6%) 7 (15,6%) 45 (100,0%)

Question: Frequency of the use of personal radiation dosimeters

Job category Always Sometimes Rarely Never Total Pearson chi-square
Radiographer 10 (68,8%) 6(35,3%) 1(5,9%) 0(0,0%) 17 (100,0%) P=0.033

Dentist 6(37,5%) 4 (25,0%) 3(18,8%) 3(18,8%) 16 (100,0%)

OH&DT 2 (16,7%) 3(25,0%) 1(8,3%) 6(50,0%) 12 (100,0%)

Total 18(40,0%) 13 (28,9%) 5(11,1%) 9 (20,0%) 45 (100,0%)

Question: Frequency of patient protection practices

Job category Always Sometimes Rarely Never Total Pearson chi-square
Radiographer 5 (29,4%) 12 (70,6%) 0 (0,0%) 0 (0,0%) 17 (100,0%) P <0,001

Dentist 15 (93,8%) 1(6,3%) 0 (0,0%) 0 (0,0%) 16 (100,0%)

OH&DT 10 (83,3%) 1(8,3%) 1(8,3% 0 (0,0%) 12 (100,0%)

Total 30 (66,7%) 14 (31,1%) 1(2,2%) 0 (0,0%) 45 (100,0%)
(p=0.11). care professionals while most dentists (63.0%) feeling only

Perceived risk of radiation exposure

When asked about their perceived level of exposure to
ionizing radiation, radiographers felt more (35.0%) or highly
at risk (24.0%) of radiation exposure than other health-

slightly at risk (Figure 1). Most radiographers attributed
this perception to their daily continuous exposure to x-ray
duties compared to other health-care professionals and
the general population which would generally experience

COMMURNITY'S KNOWLEDGE

Number of participants (%)

Some
informed i

Mot informed

IL.

m Radiographer
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Dentist
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Figure 1: Participants’ responses on the risk of radiation exposure by health-care professionals
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exposure only when medically warranted. Response to open
ended questions identified possible factors that placed them
at increased risk including the lack of access to personal
dosimeters, uncertainty as to who should provide protective
lead shields, poor maintenance of x-ray machines, use of
mobile/portable x-ray units in theatre and when screening.

Performance of x-ray duties by a pregnant radiographer
The participant’s knowledge of occupational health
requirements for radiation workers, particularly vulnerable
pregnant workers, was investigated (Table 2). Participants
were asked whether a pregnant radiographer could
continue performing her x-ray duties. Most radiographers
(82.4%) agreed that a pregnant radiographer can continue
to perform her x-ray duties, while dental professionals also
agreed, though to a lesser extent (58.3% OH & DT and
62.5% dentists). The differences observed were however not
statistically significant (p=0.46).

3.3. Radiation safety practice and compliance with
radiation protection protocols

Compliance with wearing personal radiation monitoring
badges/dosimeters

Participants were asked about the extent to which they
complied with wearing a dosimeter (when supplied with this
at the workplace). Only 58.8% of radiographers, 37.5% of
dentists and 16.7% of oral hygienists & dental therapists
indicated that they always wore their dosimeters (Table 2).
Even more concerning is that half of the oral hygienists &
dental therapists (50.0%) and 18.8% of dentists indicated
that they never wore a dosimeter. The differences observed
in the use of dosimeters were statistically significant (p=0.03).

Compliance with radiation protection of patients
Compliance with protection of patients by covering them
with lead apron and/or wearing a collar before procedures
was enquired about (Table 2). Only a third (29.4%) of
radiographers reported always protected patients before
radiological examinations. This contrasted with responses
from dental professionals (Dentists, OH & DT), majority of
whom indicated that they always protect the patients before
procedures (93.8% and 83.3%, respectively). The differences
observed in the use of dosimeters were statistically significant
(0<0.001).

The frequency with which participants repeat x-ray
procedures on patients was also explored. A quarter (24%)
of radiographers, 8% of OH&DT and 31% of dentists always
repeat x-ray procedures because the radiograph images
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were not clear. Enquiry regarding compliance with radiation
safety protocols to limit patient exposure including the safe
filing or keeping of x-ray records revealed that 38% of dentists
indicated to only sometimes keeping patients’ records and
19% never keep the patients’ records. Radiographers fared
better in ensuring patients’ records are kept, with 100% of all

participants indicating that they comply with the requirement.

3.4. Perception of community’s knowledge of radiation
exposure risks

Finally, the study participants were asked about their
perception of the patients/general public’s knowledge
of radiation exposure risks (Figure 2). A quarter (25.0%)
of radiographers and the majority (75.0%) of dental
professionals held a view that the public/patient community
was not well informed about radiation exposure risks.
Responses to an open ended question in the questionnaire
indicated that possible reasons may include the low levels
of literacy/education in the communities where the health
facilities are located, patients not being familiar with the
concept of x-rays, lack of appreciation of the health risk
associated with ionizing radiation, and patients feeling
disempowered to ask questions when procedures are being
performed, and inconsistent/poor explanation of associated
health risks by health professionals. Some participants
however noted that health information, instructions and
warnings are regularly provided to patients verbally and
that the posters/signs on walls do explain risk associated
with radiation exposure therefore patients should be better
informed.

DISCUSSION

This study found that rural health facility-based dental
professionals and radiographers in Limpopo Province (South
Africa) were able to correctly recognize ionizing radiation as
an important health hazard. More radiographers than dental
professionals felt at increased risk of exposure to ionizing
radiation due to their continuous occupational exposure while
performing x-rays. Most radiographers agreed that a pregnant
radiographer can continue to perform her x-ray duties. Most
radiographers and even fewer dental professionals admitted
to always wearing their personal radiation dosimeters while
only a third of radiographers reported always protecting
patients before radiological examinations. It was also
common to repeat x-rays on patients and not keep adequate
records of investigations completed. The participants
perceived the public/patient community as not well-informed
regarding radiation exposure risks.

The linear no-threshold (LNT) model stipulates that there

COMMUNITY'S KNOWLEDGE

Number of participants (%)
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informed
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B Radiographer
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1 Dentist

-
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Figure 2: Distribution of responses on the community’s knowledge to radiation exposure risks
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is no safe level of exposure to ionizing radiation ¢, and it
was therefore concerning that most participants (64.7%
radiographers, 83.3% of OH & DT, and 100% dentists)
believed that there was a safe dose of x-ray radiation from
medical imaging. This belief may be due to several factors
including the perception that ionizing radiation is unseen,
insufficient training on the job and a lack of focused teaching
on radiation protection during undergraduate university
studies. ' 132":22 The frequently stated occupational exposure
dose of 20mSv per annum may have also led participants
to believe that there is a safe radiation dose level. '° These
findings do however highlight the importance of ongoing
education and training regarding the principles of radiation
protection including justification, optimalisation of protection
and limitation of all x-ray exposures (dose limits) that should be
adhered to. Radiation worker's contact with the occupational
health service, such as during entry medical examinations
also provide an opportunity for this reinforcement to take
place, particularly for new employees and those vulnerable
such as those who are pregnant. 2

The fetus in pregnant women who are radiation workers is
particularly vulnerable to the effects of ionizing radiation.'®
24 The participant’s knowledge regarding occupational
exposure to ionizing radiation for pregnant women was
sufficient which is important observation in the context
of this study as most of the respondents were young and
female (67 %) of childbearing age. Hussein et al.?® in Sudan
made similar observations in their cross-sectional study
of dentists, where the majority (74.3%) recognized that
dental radiography was not an absolute contra-indication
in pregnant women. According to the Code of Practice for
Radiation Workers '°, a pregnant radiographer can continue
working but the maximum equivalent dose limit of 2 mSv
to the abdomen should not be exceeded. They should be
monitored and issued with a direct reading pocket alarm
dosimeter. Women of childbearing age are further identified
as a particularly vulnerable occupational group that should
receive the requisite training and be well-versed with the
use of ionizing radiation.'® 24 In evaluating equivalent dose
of ionizing radiation to the fetus in occupationally exposed
pregnant workers, Osei and Kotre 2* confirmed that while
radiation doses are generally low, it is important for pregnant
staff to be encouraged to report the pregnancy early and to
follow good radiation protection operational procedures for
the protection of the fetus, co-workers, and patients.

Personal radiation monitoring dosimeters/badges are used
for monitoring cumulative exposure to ionizing radiation
that radiation workers receive. The finding that only 58.8%
of radiographers in this study always wore dosimeters
when performing radiation work is concerning. Though not
exposed to the same extent as radiographers on a daily/
continuous basis, it is also concerning that only 37.5%
of dentists and 16.7% of OH&DT always comply with
the wearing of a dosimeter. Globally, radiation protection
compliance levels have also been found to be as low as
59.26% among radiographers and healthcare professionals
in a meta-analysis conducted in four countries.?® Other
South African nationwide studies have also reported
that only 16.3% of radiographers continuously used the
radiation protection made available by the employer in the
past?', while in specific provinces (South Africa’s Gauteng
Province), only 41.67% of radiographers indicating that
they always wore their radiation monitoring devices.'®
Other countries within the sub-Saharan region have noted
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concerning radiation protection practices amongst radiation
workers with only 58.62% of medical imaging technologists
in Rwanda having radiation-measuring devices, and 29%
receiving dose readings inconsistently.?” They further found
that while lead rubber aprons were available in 99% of these
government hospitals, over half (59%) of the medical imaging
technologists had never checked the integrity of the aprons.?”
Fiagbedzi et al.?® in Ghana similarly reported that while over
90% of radiographers in their study had personal radiation
dosimeters, only 25% admitted to wearing them always. The
low levels of compliance in our study could be attributed to a
lack of/confusing messaging on when dosimeters should be
worn, lack of recognition of radiographers in the healthcare
team, having to perform x-rays on difficult patients, lack of
resources, inadequate training, and a lack of management
Support.we, 21,27,28

Several national guidelines and reports'® 2% 28 have detailed
the importance of operators and patients wearing protective
clothing however only a third (29%) of radiographers
reported always protecting patients before radiological
examinations. This practice could be due to several factors
including having a poor understanding of the ill-effects of
radiation exposure to patients or negligence/complacency
in those who fully understand the risk of ionizing radiation.
Previous studies in Gauteng, South Africa have reported that
only 33% of radiographers knew the function of exposure
indicators.'” Shiralkar et al.?® similarly reported that most
doctors do not know the dose levels of radiation that their
patients get exposed to during radiological investigations
and that they routinely requested x-rays without weighing
the necessity, thereby subjecting patients to more radiation
exposure risk. The lack of providing patients with protective
clothing may however also represent the recent paradigm
shift away from the routine use of patient protection shielding
during medical x-ray imaging as the contact shielding may
interfere with the imaging process (resulting in a repeat test)
or dose reduction technology, increased risk of radiation
exposure should the shielding move during the examination
(resulting in increased exposure), and reduced infection
control practices.3% 81

This study provided evidence that patients are likely to
receive more radiation exposure than necessary as a quarter
(24%) of radiographers, 8% of OH&DT and 31% of dentists
reported that they always repeated x-ray procedures. This
routine repetition of x-ray imaging could result from poor
record keeping, unnecessary requisition of x-rays and not
paying attention and considerable care to ill-effects of chronic
exposure to radiation. Our findings are in keeping with
those by Arslanoglu et al.??, who noted that 93% of the 177
doctors underestimated the actual patient radiation dose of
various radiological examinations. Thirty eight percent (38%)
of dentists indicated to only sometimes keeping patients’
records and 19% never keep the patients’ records which
could lead to patients being subjected to further radiation.
Requirements for dental radiography stipulate that a record/
register of all patients undergoing x-ray examinations must be
stored for a period of at least 5 years and that the repetition
of x-rays is discouraged.®®

Our study found a quarter (25%) of radiographers and
the majority (75%) of dental professionals held a view
that the public/patient community was not well informed
about radiation exposure risks likely due to low levels of
literacy/education, lack of familiarity with x-rays, and poor
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risk communication by healthcare providers. Lewis et al.
Sobserved that patient radiation protection knowledge
influenced radiation protection practices. A study in a rural
public sector hospital in Kwa-Zulu Natal, South Africa also
revealed that very few patients (10.9%) had a fair knowledge
about x-rays® while less than 50% of patients attending
four Jordanian local hospitals had received information on
radiation awareness before medical imaging examinations.
% With improvements in access to modern technology
and greater use of artificial intelligence tools such as
ChatGPT and Meta Al, patients can search for information
on radiation protection and treatment plans prescribed
by themselves, becoming much more self-reliant and
knowledgeable about the effects of ionizing radiation.®” It is
the responsibility of the health-care professionals to provide
first-hand information to patients undergoing all radiological
procedures and clearly articulate the risks and benefits.'® %5
% Consent should also be sought from the patients before
they undergo any radiological procedure to confirm that the
patients understand the risks involved.

The study has some limitations. The study included rural
health facilities in only one health district (Waterberg) out of
five in Limpopo Province (Capricorn, Mopani, Sekhukhune,
Vhembe) which reduced population sample size and limited
generalizability of the study findings. While the focus of
this study was the Waterberg District, future research
should include all rural districts in the province to enable
greater generalizability. The self-reported nature of the
study does not make it possible to confirm the accuracy of
responses regarding actual practices in health facilities, use
of personal protective equipment, including the availability
of equipment and resources. Social desirability bias may
have reflected more positive radiation safety practices than
are done in the workplace. The strength of the study is its
focus on a remote and rural workforce in South Africa, in a
province that has experienced closures of radiation units
due to non-compliance. The study also focused on all
exposed radiation workers including radiographers, and
dental professionals.

This study highlights the need for several stakeholders
at national, provincial and facility level to collaborate in
addressing radiation protection concerns and avoiding
further closures of radiation units in already resource
constrained rural settings. Evidence-based radiation
protection policies from the national department of health
and related agencies are needed, with the requisite support
provided to health facility managers and healthcare workers
on their implementation.

The employer at each health facility must conduct a
workplace health risk assessment as required by the
Occupational Health and Safety Act 85 of 1993 to
evaluate the risk to workers, and the public. The findings
of the health risk assessment should inform risk mitigation
strategies including building x-ray rooms compliant with
set standards, procurement of required dosimeters and
protective clothing in compliance with occupational health
and safety legislation. Artificial Intelligence (Al) has also
played an increasing role in radiation protection including
dose optimization and reduction of radiation doses in
select anatomical regions. 3¢ Patient education to improve
radiation awareness should be an integral part of the health
facilities daily practice to reduce unnecessary exposure
from medical imaging examinations. 2% %
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To improve compliance at a healthcare worker level, it is
suggested that training at undergraduate training level
and once fully qualified be provided to influence attitudes
and practice. ¢ 2! 22 Health-care professionals should be
encouraged to present for their radiation worker medical
examination/surveillance, ensure that personal dosimeters
are worn daily/as prescribed, and that they submit these for
analysis on a regular basis. ' 2% 2% They should also take a
keen interest in reading the reports sent from their dosimeter
readings. Refresher courses, continuous educational
programmes to occupationally exposed health-care
professionals should be reinforced and should not only focus
on radiation protection, but other important occupational
hazards associated with radiation work including infections
and chemicals in the workplace. 45 %°

CONCLUSION

This study demonstrated that though dental professionals
and radiographers had identified ionizing radiation as
an occupational hazard, their compliance with radiation
protection and safety protocols highlights that they
underestimate the long-term health impacts of radiation
exposure on themselves and patients. More work is needed
in drafting and implementing policies at national, provincial
and health facility level to support radiation workers in
better complying with radiation safety protocols. The patient
population’s low levels of knowledge on radiation safety
should be addressed by all healthcare professionals involved
in prescribing and performing x-rays and other radiological
procedures.
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CPD questionnaire on page 226

The Continuing Professional Development (CPD)
section provides for twenty general questions
and five ethics questions. The section provides
members with a valuable source of CPD points
whilst also achieving the objective of CPD, to
assure continuing education. The importance of
continuing professional development should not
be underestimated, it is a career-long obligation
for practicing professionals.
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The effects of two forms of commercially
available denture adhesives on the
growth of Candida albicans in vitro
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ABSTRACT

Introduction

There has been an increased interest in the influence of
denture adhesives on Candida albicans growth in denture
wearers.

Aims and objectives

To compare the mean colony count and pH of Candida
cultures grown in the presence of acrylic resin plates treated
with two forms of a denture adhesive.

Design
A quasi-experimental design.

Methods

Two of three groups of 30 acrylic resin specimens were
treated separately with two forms of a denture adhesive. The
remaining group was left untreated. Ten specimens from each
group were incubated for 6 hours, 24 hours and 48 hours
following the addition of a diluted strain of Candida albicans.
The number of colonies and pH of the culture media were
recorded over three measurement occasions and analysed.

Results

Plates from the two forms of a denture adhesive had no
colonies in the countable range in contrast to plates from the
control group. The study found significant mean differences
in pH values over three measurement occasions as well as
significant group differences in terms of how the means vary
over time. However, the results showed a significant time x
treatment group interaction.

Conclusions
Both forms of the denture adhesive tested inhibited the
growth of candida.
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INTRODUCTION AND BACKGROUND

A large and growing body of literature has investigated the
influence of denture adhesives on Candida albicans (C.
albicans) growth in complete denture wearers.® A tenuous
link between denture adhesive use and denture stomatitis,
the leading cause of which is C. albicans is suspected. The
predisposing factors for denture stomatitis have been widely
investigated. These can be categorised into denture wearer’s
characteristics; behaviour; medical history, and denture-
related factors. Predisposing factors such as the denture
wearer’s age®, gender'® and salivary pH'', behaviours such
as high sugar intake' and smoking™ as well as history of
systemic diseases such as diabetes mellitus', xerostomia'®,
hypertension'®, immunosuppressive therapy'” and extended
systemic antibiotic treatment'® have been researched. The
denture-related factors include the propensity of Candida to
adhere to the denture base'®, the age of the dentures?, poor
denture hygiene'®?', and sleeping with dentures.%2'22 The
prevalence of denture stomatitis has been reported to range
between 25% to 40%.910-2324

Several studies investigating the in vivo effect of denture
adhesives on C. albicans growth in denture wearers suffering
and those not suffering from denture stomatitis have been
carried out."3625-26 These have entailed counting the number
of C. albicans colonies in saliva and swabs of dentures.
Inconsistent results have been reported - whereas Scher et al
(1978) reported a reduction in C. albicans, Borole et al (2016)
found a statistically insignificant increase.™? Kim et al (2003)
reported that using a denture adhesive neither increased nor
decreased the growth of Candida species.®

A great deal of the previous in vitro work in this field has
described the adhesion and biofilm formation of C. albicans
to denture base exposed to denture adhesives as well as
measured the mean pH and number of colonies of Candida
cultures grown in acrylic resin plates exposed to denture
adhesives and incubated for varying periods of time.

Previous studies have reported that denture bases exposed
to denture adhesives increased the adhesion and biofilm
formation of C. albicans.??7-?¢ This increase was however not
statistically significant. Darwish et al (2021) demonstrated this
increase using denture bases manufactured using UDMA and
PMMA resins. The difference in C. albicans count between
bases manufactured using UDMA and PMMA resins was not
statistically significant.?

Some studies have found that denture adhesives possess
antifungal activity attributed to their effect on the pH of
candida culture media.*” Makihira et al (2001) reported that
half of the six adhesives tested significantly suppressed the
growth of candida species.*
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Several studies have reported that denture adhesives
lower Candida growth rate in growth curves obtained
in the presence of adhesives® or reduce the number of
Candida colonies in Candida in resin specimen exposed to
adhesives.”?°

The awareness and use of denture adhesives by denture
wearers in South Africa has not previously been described.
However, our experience at a tertiary dental teaching hospital
in Gauteng indicate that patients use Corega powder or
cream. There has been an increasing interest in the influence
of Corega on the growth of C. albicans. The research to
date has tended to focus on the influence of Corega on
the adhesion of C. albicans to denture bases? as well as
the growth rate/ number of C. albicans colonies in acrylic
resin plates exposed to Corega® rather than on the influence
of Corega on the pH of candida culture media. This is an
important issue to research. This study was designed to
determine the effect of Corega on the pH of candida culture
media.

OBJECTIVES OF THE STUDY

To determine and compare the mean colony count and pH of
candida cultures grown in the presence of acrylic resin plates
treated with two forms of Corega over three measurement
occasions

To determine whether there are significant mean differences
in pH values over three measurement occasions

To determine whether there are group differences in terms of
how the pH means vary over time.

MATERIALS AND METHODS

Study design

This was a post-test only non-equivalent control group
design (a quasi-experimental design).

Study population
The study population consisted of acrylic resin plates

Sample size

The sample size was determined with reference to previous
studies.?2° Ninety acrylic resin sheets (10 x 10 x 2mm) were
prepared according to the manufacturer’s instructions and
kept in a flask containing normal saline and sterilized in an
autoclave at 121°C in line with a method described in a
previous study.®!

Allocation method

A non-random allocation method was implemented i.e.,
sampling units (sterile acrylic resin plates) were assigned by
alternation - one to experimental group A, one to experimental
group B, and one to experimental group C.

Interventions

The experiment was conducted according to the procedure
used by Rajaram and Manoj (2017), with slight modifications.”
An inoculum of the cultures of C. albicans strain ATCC 90028
was prepared by suspending colonies in 20ml of sterile
normal saline and adjusting the turbidity to 0.5 McFarland
standard, equivalent to 1.5 x 108 forming units. 1:10 serial
dilutions of the 0.5 McFarland standard until 10° were
prepared in sterile saline.

Ninety sterile acrylic resin plates were assigned to three
groups of thirty. The sampling groups were labelled as
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follows: experimental group A, experimental group B, and
experimental group C. An amount of 0.011g of Corega cream
or powder was lightly applied to each acrylic plate in their
respective groups. This amount (0.011g) was decided on
with reference to a previous study.® No adhesive was applied
to acrylic plates in the control group. The acrylic plates in their
respective groups were individually placed at the flat bottom
of a 25cm? tissue culture bottle. Fifty microlitres (0.050ml) of
a wide range of dilutions (10°, 10°and 10?) of the C. albicans
strain ATCC 90028 was added to each culture bottle and
incubated at 37°C for 1 hour to allow C. albicans to seed
on the acrylic plates, under aerobic conditions. After the
1-hour incubation period, 2ml of Sabouraud dextrose broth
was carefully dispensed into all the culture bottles, and each
group was then divided into three equal subgroups i.e., three
groups of ten, which were incubated at 37°C for 6 hours, 24
hours and 48 hours respectively.

The pH of the resulting Candida broth cultures was measured
at the end of the incubation periods using a calibrated pH
meter. Repeated measurements were performed for a
random sample of 20% of the cultures.

A calibrated nichrome inoculating loop was used to transfer
0.001ml of the Candida broth cultures (the 10? dilution was
plated) onto separate Sabouraud agar plates at the end of
the incubating periods. Streaks were produced on the agar
plates using the loop, after which the plates were incubated
at 37°C for 24 hours. The resulting colonies were counted
manually as colony forming units (cfu) by the trained principal
investigator. The recommendations of Oregon State University
were followed: only plates with 25-250 colonies were used;
counts above 250 were considered Too Numerous To Count
(TNTC) because it was impossible to tell whether colonies
were separated, and plates with less than 25 colonies were
deemed not to have a statistically significant number of
colonies.®' Repeated measurements were performed for a
random sample of 20% of the acrylic plates. The research
supervisors denied the principal investigator information that
could identify the study groups.

Primary outcomes

The primary outcome measures were the mean colony
counts and mean pH values. The effects of interest were
the differences in mean colony counts and mean pH values
over three measurement occasions between acrylic plates
treated with two forms of a commercially available denture
adhesive.

Definition of terms

Group A refers to acrylic resin plates which were treated with
Corega cream

Group B refers to acrylic resin plates which were treated with
Corega powder

Group C is a control group that refers to acrylic resin plates
that were not be treated with any adhesive

Sampling unit refers to an individual acrylic plate

Time 1 refers to an incubation period of 6 hours

Time 2 refers to an incubation period of 24 hours

Time 3 refers to an incubation period of 48 hours

Data analysis

Collected data were subjected to univariate and multivariate
analysis in Statistical Package for the Social Sciences (SPSS)
software version 29. Measures of central tendency and
dispersion were calculated.
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A two-way ANOVA (Analysis of Variance) was performed
to test whether there are significant mean differences in
pH values over three measurement occasions, as well as
whether there are group differences in terms of how the
means vary over time. The assumptions of two-way ANOVA
were checked. These are: (1) inde endence of variables, (2)
normal distribution of variables, (3) no outliers and sphericity
i.e. constant variance across time points. Bonferroni adjusted
pairwise t-tests were performed after significant effects were
found. The significance level of the tests was a p-value less
than 0.05.

REVIEW <193

ETHICAL CONSIDERATION

Ethical approval for the study was granted by the Ethics
Committee of the institution (SMUREC/D/215/2023:PG).
Permission to conduct the study was granted by the Chief
Executive Officer (CEO) of the tertiary dental teaching
hospital.

RESULTS

Colony counts and pH values recorded from cultures of C.
albicans incubated at varying periods were analysed. Figure
1 below is a flow diagram of the progress through the phases
of the study (that is, enrolment, treatment allocation, follow-
up, and data analysis).
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Table 1: The results of a growth curve of C. albicans grown at 37°C on Sabouraud broth

Time (hours) Treatment group

6 Corega cream
Corega powder
Control
Total

24 Corega cream
Corega powder
Control
Total

48 Corega cream
Corega powder
Control
Total

*Statistically insignificant number of colonies.
** Too numerous to count

Average cfu/ml

*
*

*

*

*

4,6 x10”

*k
*k

*x

Not a single plate from any of the treatment groups had colonies in the countable range (25-250) during time 1 (6hours) as well
as for the Corega cream and powder groups during time 2 (24 hour) from the 102 dilution.

A few number of plates either had a statistically insignificant number of colonies or had colonies that were too numerous to
count during time 3 (48 hours). Consequently, average cfu/ml could not be calculated.

Table 2: Descriptive statistics of pH values for each group at each time interval

Time (hours) Treatment group (tx.group) Mean pH
6 Corega cream 7,0200
Corega powder 7,1180
Control 6,9290
Total 7,0223
24 Corega cream 7,2200
Corega powder 7,2360
Control 7,2330
Total 7,2297
48 Corega cream ,72280
Corega powder , 72140
Control 6,9740
Total 7,1387

Std. dev Sample size (n)
,10965 10
,21369 10
,11949 10
,16880 10
,24490 10
,06150 10
,04620 10
,14318 10
,11612 10
,17109 10
,14470 10
,18392 10

The mean pH of Corega powder was the highest during times 1 and 2. The mean pH of Corega cream was the highest during

time 3.

Table 3: Output from two-way ANOVA (Mauchly’s Test of Sphericity)
Within-Subject

Mauchly’s
Effect w

,993 171 2

Approx. Chi-
Square

Time

Mauchly’s test of sphericity tests the null hypothesis that the
variances of the differences are equal.

The sphericity assumption is required for all univariate
main effects and interaction tests.®® Given Mauchly’s test
is impacted by non-normality and by sample size, it is not
highly recommended when evaluating whether the sphericity
condition has been met.

Greenhouse-
Geisser

,918 ,994

Huynh-Feldt

1,000

A Greenhouse-Geisser epsilon (€) value < .75, suggests using
the Greenhouse-Geisser adjustment with the univariate test
of mean differences, whereas a value falling between .75 and
1 suggests the use of the Huynh-Feldt adjustment with the
univariate tests. [(€) = 1 is consistent with sphericity].

The sphericity assumed test was determined not to have
been violated.
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Table 4: Output from two-way ANOVA (Test of Within-Subject Effects)

Source Sum of Degrees Mean F ratio P-value Partial Eta  Noncent, Observed
squares of freedom squares Squared Parameter Power
squares
time ,648 2 ,324 13,731 <,001 337 27,462 ,997
time* 247 4 ,062 2,616 ,045 ,162 10,463 ,695
tx.group
Error 1,274 54 0,24

The main effect of time on pH values is statistically significant, sphericity assumed F (2, 54) = 13.73, p<,001. This effect was
qualified by a significant time x tx. group interaction effect, sphericity assumed.

F (4, 54) = 2,616, p <,05.
Table 5: Output from two-way ANOVA (Test of Within-Subject Contrast)

Source Time Sum of Degrees Mean F ratio Partial Eta Noncent, Observed
squares of freedom  squares Squared Parameter Power
squares
Time Linear ,203 1 ,203 8,619 ,007 ,242 8,619 ,808
Quadratic ,445 1 ,445 18,824  <,001 411 18,824 ,987
Time* Linear ,070 2 ,035 1,476 ,246 ,099 2,952 ,287
DOOUR Qadratic 177 2 089 3751 037 217 7,503 635
Error Linear ,636 27 ,024
Quadratic ,638 27 ,024

Although the test of the linear component of the trend is significant (p <,05), the higher-order quadratic component was also
significant [F (1,27) = 18,824, p<,001]. This suggests that across groups, the mean level of pH exhibited a quadratic trend
over the three measurement occasions.

Despite the fact that the test of the interaction between the linear component of the trend and treatment group is not significant,
the interaction between the treatment group and the higher-order quadratic component was significant [F (2,27) = 3,751, p
<,05.].

Table 6: Output from two-way ANOVA (Levene’s Test of Equality of Error Variances)

Levene Statistic df1 df2 Significance
pH at Time 1 (6 hours) based on means 4,639 2 27 ,019
pH at Time 2 (24 hours) based on means 4,893 2 27 ,015
pH at Time 3 (48 hours) based on means ,360 2 27 , 701

The Levene’s test results involve tests of differences in variances at each time point, an assumption of the univariate ANOVA.
It turns out that the standard Levene’s test based on means are significant for Time 1 and Time 2. Nevertheless, a violation of
this assumption is less of an issue with equivalent sample sizes.

Table 7: Output from two-way ANOVA (Tests of Between-Subject Effects)

Source Sum of Degrees Mean F ratio P-value Partial Eta  Noncent, Observed
squares of freedom squares Squared Parameter Power
squares
Intercept 4575,606 1 4575,606 228898,999  <,001 1,000 228898,999 1,000
tx.group ,341 2 ,170 8,528 ,001 ,387 17,056 ,947
Error ,540 27 ,020

The Tests of Between-Subjects Effects is a test of the main effect of the grouping variable on pH values on the repeated
measure averaged over time. The result presented here is simply a test of group differences on the average of pH values (i.e.
those values averaged over time for each Candida broth culture.

The main effect of treatment group on the average pH values across time is statistically significant, F (2,27) = 8,528, p <,05.
Based on estimated marginal means. *. The mean difference is significant at the ,05 level. b. Adjustment for multiple
comparisons: Bonferroni
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Table 8: Output from two-way ANOVA (Estimated Marginal Means)

Treatment group Std.Error 95% Confidence Interval
Lower Bound Upper Bound
Corega cream 7,156 ,026 7,108 7,209
Corega powder 7,189 ,026 7,136 7,242
Control 7,045 ,026 6,992 7,098

Corega powder had the highest mean pH followed by Corega cream.

Table 9: Output from two-way ANOVA [Pairwise comparison on the average pH (averaged over time) for each treatment group]

(1) W) Mean Std.Error 95% Confidence Interval
Treatment Treatment Difference Lower Bound Upper Bound
group group (1-J)

Corega powder -,033 ,037 1,000 -2 ,060
Corega cream

Control 11 ,037 ,016 ,017 ,204

Corega cream ,033 ,037 1,000 -,060 127
Corega powder

Control 144~ ,037 ,002 ,051 ,237

Corega cream J111* ,037 ,016 -,204 -,017
Control

Corega powder  -,144* ,037 ,002 -,237 -,051

Based on estimated marginal means.*. The mean difference is significant at the ,05 level. b. Adjustment for multiple comparisons: Bonferroni

The pairwise differences between Corega cream and Control as well as between Corega powder and Control were significant
p <,05. The pairwise difference between Corega cream and Corega powder was not significant p >,05.

Table 10: Output from two-way ANOVA (Estimated Marginal Means)

Time Mean Std.Error 95% Confidence Interval
Lower Bound Upper Bound
1 7,022 ,028 6,964 7,080
2 7,230 ,028 7,174 7,285
3 7,139 ,028 7,084 7,193

The mean pH was highest during time 2 and intermediate during time 3.

Table 11: Output from two-way ANOVA [Pairwise comparison on the average pH irrespective of treatment group]

Mean Std.Error 95% Confidence Interval
Difference Lower Bound Upper Bound
(1-J)
2 -,207* ,041 <,001 -,312 -,103
;
3 -, 116* ,041 ,020 -,217 -,015
1 ,207* ,041 <,001 ,103 312
2
3 ,091 ,041 ,074 -,007 ,189
1 116" ,041 ,020 ,015 ,217
3
2 -,091 ,041 ,074 -,189 ,007

The pairwise differences between time 1 and time 2 and between time 1 and time 3 were significant p <,05. The pairwise
difference between time 2 and time 3 was not significant p >,05.
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Discussion

The present study was designed to determine whether there
were significant mean differences in pH values over three
measurement occasions from C. albicans cultures grown in
the presence of acrylic resin plates treated with two forms of
Corega, as well as whether there were group differences in
terms of how the pH means varied over time.

Candida colony count

The current study found that colonies in the majority of plates
plated with the 102 dilution were not in the countable range.
This finding was unexpected and suggests serial dilution
problems. It was surprising considering that a wide range of
dilutions (10°— 10%) were successfully plated. It is difficult to
explain this result, but it might be related to air contaminants.
Reynolds (2005) asserts that air contaminants can contribute
significantly to a really low count.®*

The most interesting finding was that in contrast to plates
from the control group, plates from both the Corega cream
and powder groups had no colonies in the countable range
(25-250) during time 2. This result must be interpreted with
caution. It suggests that both Corega cream and powder
inhibit the growth of C. albicans albicans in contradiction
to the previous research by Sampaia-Maio and colleagues
(2012) which showed that among the different forms of
Corega only the cream inhibits the growth of C. albicans.®

pH values

On the question of the main effects of time and treatment
group on pH values, this study found significant mean
differences in pH values over three measurement occasions
(Table 4) as well as group differences in terms of how the
means varied over time (Table 7) However, the results of this
study showed a significant time x treatment group interaction.
This indicates that, overall, the effect of time depended on the
level of treatment group. In other words, the effect of time was
different for different levels of treatment group. This means
that interpretation of the main effects (time and treatment
group) is incomplete or misleading.

The most interesting finding was that the pairwise differences
in mean pH between Corega cream and Control as well as
between Corega powder and Control were significant p <,05.
This result has not previously been described. These findings
suggest that both Corega cream and Corega powder raise
the pH of the growth media. This action would inhibit the
growth of C. albicans which prefers an acidic environment.®

Another important finding was that the pairwise difference in
mean pH between Corega cream and Corega powder was
not significant p >,05. This means that although Corega
powder raises the pH of the growth media marginally higher
(7,189 vs 7.156) than Corega cream the difference was not
statistically significant.

Limitations of the study
Unanticipated number of plates with statistically insignificant
number of colonies.

The Simple effects test was not performed to obtain more
focused, specific information on where differences are in the
interaction effect.

CONCLUSION
Both forms of the denture adhesive tested inhibited the
growth of C. albicans.
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ABSTRACT

This contribution to the induction of tissue formation
starts with seemingly simple questions, “Why Bone?” and
“Why Cartilage?”, the essential ingredients to compose
the skeleton ad thus the speciation of the vertebrates,
the induction of long bone via endochondral ossification,
the induction of the growth plate, body erection and the
speciation thus of the Homo clade, walking upright toward
the spectacular creativity of extant Homo sapiens. The title
wishes to pay tribute to grand pioneer scientists such as
Pollettini, Levander, Moss, Urist and Reddi who persevered
to study the induction of bone formation as initiated by
devitalized demineralized bone matrices. “Tissue Induction”
is the title of a seminal paper by Gustav Levander in Nature,
1945. Levander hypothesized that unknown substances
from heterotopically implanted bone matrices would activate
recipient resident cells to initiate the induction of bone
formation, where there is no bone. Levander went further
by using the term “Tissue Induction” linking the induction
of bone formation to embryonal development as described
by Hans Spemann and Hilde Mangold, the 1935 Nobel
Prize for Medicine and Physiology. Phylogenetically, bones
were an ancestral character, and cartilage developed later,
providing the growth plate, to growth vertebrate’ long bones
establishing body erection in selected hominid’ clades.
The TGF-B supergene family includes several osteogenic
proteins endowed with the remarkable capacity to initiate
the heterotopic induction of bone. Besides the sub-family
of the bone morphogenetic proteins (BMPs), in primates
and in primates only, the three mammalian TGF-f} isoforms
also initiate the induction of bone formation. Heterotopic
implantation of recombinant hTGF-, initiates the induction
of bone formation by priming resident intramuscular cells,
pericytes, myoendothelial cells and myoblastic cells to
express and secrete BMPs genes and gene products; the
expression and synthesis of BMPs initiate the induction of
bone formation regulated by Noggin expression. Combined
morphological and molecular analyses have indicated that
doses of hTGF-B, in Matrigel®Matrix set into motion the in vivo
development of multiple tissues and multicellular organoids
within  the implanted furcation bioreactors. Organoids
form by gene expression pathways from available different
cellular populations within the exposed furcation bioreactor.
Our molecular and morphological data using undecalcified
whole mounted sections cut by the Exakt diamond saw
technique have indicated that hTGF-B, in Matrigel®Matrix
induces distinct supracellular phases that together with
morphological transformation and organogenesis result in
the generation of intramuscular mineralized bone organoids.
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The generation of transformed periodontal bioreactors into
organogenesis of alveolar bone is connected to a highly
vascularized periodontal ligament system patterned by newly
generated collagenic fibers. These attach into substantial
cementogenesis with capillary sprouting and angioblastic
activity that result in cementogenesis in angiogenesis with de
novo cementoid formation.

INTRODUCTION: “WHY BONE?”

With a seemingly simple question, Romer' asks: “Why
bone?”. This contribution to “Tissue Induction” would like
to ask another seemingly simple question, that is “Why
cartilage?”.

These altogether interesting and certainly difficult question
proposes the first digital images of the manuscript, the
extraordinary induction of chondrogenesis by a coral-
derived macroporous hydroxyapatite-based bioreactor when
implanted solo in the dorsal musculature of the Selachian’
fish, the dusky shark Carcharhinus obscurus (Fig. 1).22

The images presented in Figure 1 morphologically show
the emerging era of cell engineering. 4 The work of Lim in
Science proposes the new era of cell engineering whereby
cells are used as building blocks to initiate cell differentiation
and thus induction of tissue morphogenesis (Lim 2022).
Cell engineering controllably “push a cell’s button” to initiate
desired morphological responses. 4

In context, the induction of chondrogenesis by a coral-
derived biomimetic biomaterial bioreactor when implanted
solo in the dorsal musculature of the Selachian’ fish the
shark Carcharhinus obscurus figuratively shows how the
macro- and micro-porous surface’ characteristics of the
intramuscularly implanted bioreactor ultimately “push a
cell’s button” that results in the induction of chondrogenesis
(Fig. 1) by molecularly triggering invading myoblastic cells of
into the macroporous spaces of heterotopically implanted
bioreactors.??

In his lucid and clear contribution to the evolutionary
development of the vertebrate skeletal tissues, Romer
presents a concise assay on the “Ancient history of bone”.
Tissue induction and the developmental biology of both
cartilage and bone are controlled by a vast array of genes
and gene products molecularly controlling cellular and
extracellular matrices synthesis, deposition and gene
expression pathways. >°

Romer in his quest to address the question “Why bone?” !
touch upon the hypothesis that bone formed as a storage
of ions, particularly Ca** and several pleiotropic proteins.
These must include the structural collagenous proteins,
i.e. collagens type |, IV and ll, osteonectins, fibronectins
together with an array of altogether different morphogenetic
proteins, i.e. proteins initiators that de novo set into motion
the extraordinary induction of bone formation, or, as per G
Levander’ classic paper in Nature: “Tissue Induction”. °
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The work or Romer has indicated that the induction of bone
formation and thus “Why bone?” is for the development of
the dermal skeletal armor." “/t thus seems highly probable
that the bony skeleton without which the evolution of the
vertebrates could never have taken place, owes its origin
close to half a billion years ago, to the threat of invertebrate
predation on our feeble primitive ancestors” (Romer 1963) .

Perhaps however, the grand contribution of Romer to both
knowledge of the cartilaginous fishes and the emergence of
the bony armor was that his classic assay presented evidence
that bone has an ancestral character, and that cartilaginous
fishes like sharks, skates and rays were not primitive when
compared to phylogenetically ancestral sharks. ' Indeed,
Romer argues that the cartilaginous skeleton developed
following a “degenerative slump from bone bearing
ancestors”." Romer further states that ancient sharks were
bone-bearing fishes, later “degenerating” the ancestral bone
into newly developed cartilaginous endoskeletons.’

The work of Romer grandly shows that the origins and
development of the vertebrates is “the reverse of the truth”.
" The cartilage as seen in vertebrates is only an embryonic
adaptation to properly growth and expand the long bones
of the axial skeleton. The development of the growth plate
was only possible via the development of the cartilaginous
ancestral matrix that not only retained but possessed the
fundamental morphological and molecular mechanisms of
the cartilaginous growth plate of mammals. Of note, these
were ancestrally present within the induced cartilage by
the macroporous spaces of the coral-derived bioreactor
intramuscularly implanted in the shark Carcharhinus
obscurus (Fig. 1).28M

Intriguingly, high power images of chondrogenesis as induced
by the coral-derived bioreactor reveal the columnar assembly
of chondroblastic cells within the chondrogenic extracellular
matrix as initiated within the coral-derived macroporous
spaces implanted in the dorsal musculature of Carcharinus
obscurus (Fig. 1).2" The columnar chondroblastic assembly
of the cartilaginous growth plate is the very mechanism of
the longitudinal growth of the endochondral long bones in
mammals, phylogenetically present within the ancestral
matrix that diverged into cartilaginous Elasmobranchs’
skeletons.

The uniqueness of the mammalian cartilaginous growth plate
is a fundamental compartmentalized biological bioreactor
that masterminds the three-dimensional growth of the
mammalian axial skeleton. Osteogenesis and the induction
of bone, form via endochondral ossification, i.e. via the
development of the cartilage anlage. Intriguingly, high power
images of chondrogenesis by coral-derived bioreactors
implanted intramuscularly in Carcharhinus obscurus, reveal
the columnar assembly of chondroblastic cells within the
extracellular matrix as initiated by coral derived macroporous
bioreactors when implanted in the dorsal musculature of the
Selachian’s’ fishes (Fig. 1).

Ancestrally thus, the induction of chondrogenesis by a
macroporous coral-derived bioreactor implanted in the
dorsal musculature of the Selachian’s fish Carcharhinus
obscurus is a cartilaginous matrix that retains the molecular
blueprints for the induction of endochondral bone formation
in mammals. This developmental pathway was only possible
by the development of the cartilaginous growth plate,
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Figure 1. induction of chondrogenesis by a coral -derived calcium
phosphate-based biomaterial biomimetic matrix after implantation of

the calcium construct solo in the dorsal musculature of the Selachian’
fish the shark Carcharhinus obscuruus.?® Cell engineering® at the
calcium phosphate interface (white arrows) facing invading Selachian’
responding cells from the dorsal musculature of the Selachian’ fish. How
is chondrogenesis initiated by the calcium phosphate-based bioreactor?
It is assumed that the macro- micro surface geometric configurations
and topographies initiate cellular transformation and differentiation of
invading Selachians’ myoblastic cells which later attach to the micro
surface topography that per se initiates chondroblastic cell differentiation
and transformation into differentiating islands of cartilage within the
macroporous spaces of the coral-derived constructs (Figs. 1 A,B).
Remarkably, the induction of cartilage is additionally characterized by
the presence of columnar chondroblastic cell differentiation (Figs. 1 A,B
light blue arrows. Columnar chondroblastic cells typically characterize the
embryonic growth plate of differentiating long bones in mammals. How
possibly the vestiges of the mammalian growth plate is genetically and
morphologically imprinted in de novo chondrogenesis by coral-derived
bioreactors implanted intramuscularly in the Dusky shark Carcharhinus
obscurus is still a matter of speculation,?''? save to say that evolutionary
the first cartilage anlage for the development of the cartilaginous

fishes the sharks, skate and rays and later for the development of the
cartilaginous growth plate in mammals’ evolution was a blue print
cartilaginous matrix that retained the genetic and morphological blue
print of both Selachians and mammals, developing thus from an ancestral
matrix ab initio endowed with the columnar condensations required

for mammalian bone growth, speciation, walking upright and thus
differentiating the Homo clade. &

phylogenetically however not predating the induction and

development of the cartilaginous fishes or Chondrichthyes.
2,11

The development of a cartilaginous skeleton, not primitive
but formed from ancestral bony skeletons inherited by
sharks, skates and rays has been masterminded by
genetic mutations that resulted in the ablation of angiogenic
mechanisms controlling the evolution and development of
the cartilaginous anlage.>®": Such evolutionary pathways
resulted in the expression and synthesis of powerful
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inhibitors of angiogenesis'®'® that blocked “osteogenesis in
angiogenesis”. 1518

The lack of cartilage vascular invasion or chondrolysis
effectively blocked the induction of bone formation, as
angiogenesis is a prerequisite for osteogenesis. '® The lack
of the induction of bone formation evolutionary speciated
the Chondrichthyes or Elasmobranchs as genera with
highly resilient cartilaginous skeletons to swim and feed in
deep waters for proper swimming and hunting, altogether
optimally surviving in the depths of the oceans.?

Why bone then? In a previous Chapter of a CRC Press
Volume focused on the induction of bone formation by the
transforming growth factor-B, morphogen (TGF-$,),* we
proposed that the evolutionary development of the growth
plate was the morphological and molecular master key
responsible for the longitudinal growth of the mammalian
axial skeleton and for the induction of bone formation. Thus,
the growth plate was the molecular and morphological
bioreactor for the emergence of vertebrates and later of the
Homo clade.®®

The evolution of the skeleton, or rather the induction of
bone formation and skeletogenesis, provided the biological
tissues for the emergence of the vertebrates. As such, the
skeleton acts as a “giant molecular machine” (AH Reddi
personal communication 2011). Several key mutations
and evolutionary adaptions resulted in the development of
the pelvis for both ambulation, body erection and for fetal
adaptations during hominins’ speciation and the birth of man.

In a previous communication, we proposed that Nature'’s
developmental biological and evolutionary plan was simply to
provide “Bone: Formation by autoinduction”,?' skeletogenesis
and body erection, pelvis adaptation to body erection and
ambulation. This significantly contributed to enforcing
industrious Homo-like activities by freeing the upper limbs
for superior foraging, for the development of tools not limited
to hunting and gathering but above all however for maternal
care, physically and continuously guiding the newborn,
contributing thus to the speciation of the Homo clade.®

The development of the skeleton, the induction of bone
formation via the cartilaginous growth plate was Nature’s
master plan for the emergence of the vertebrates. The
supramolecular assembly of the extracellular matrix of bone
developed tissue forming substances or morphogens, first
defined by Turing as “forms generating substances”,?? that
initiate tissue morphogenesis, the genesis of form and
function.

A variety of gene and gene products were thus required
to set into motion the induction of bone formation and the
initiation of skeletogenesis. It is noteworthy that Nature’
parsimony in controlling multiple specialized functions or
pleiotropy developed several osteogenic molecular signals
with minor variation in amino acid sequence’ motifs within
highly conserved carboxy-terminal regions. 1623

Remarkably, gene products with ancestral sequences and
amino acid motifs expressed in Drosophila melanogaster
evolved for a bilion years before the emergence of
the vertebrates and the induction of skeletogenesis.
Recombinantly generated DNA gene products of
decapentaplegic and 60A genes of Drosophila melanogaster,
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the boneless fruit fly, initiate the induction of endochondral
bone formation when reconstituted with allogeneic insoluble
and inactive collagenous bone matrix and implanted in
extraskeletal heterotopic sites of rodents. 2*

Nature thus usurped phylogenetically ancient amino acid
sequence’ motifs controlling dorso-ventral patterning in
Drosophila melanogaster to set the unique traits of the
vertebrates, i.e. “Tissue induction”'® and “Bone: Formation
by autoinduction” ?* using minor modifications of amino
acid sequence’ motifs ancestrally deployed in Drosophila
melanogaster for unrelated functions (Ripamonti 2006;
Ripamonti 2019). %

Perhaps at the end of this sub-heading “Why bone?”,
reviewing the extraordinary developmental and molecular
evolutionary plan that mechanistically frame the fundamental
biological mechanisms of unique human biology,?® it is
perhaps worth to state again that Nature’'s plan for “the
induction of bone and osteogenesis was only to finalize the
evolution of Homo sapiens on the planet earth”.®

SOLUBLE MOLECULAR SIGNALS AND THE
INDUCTION OF BONE FORMATION

Last Century research has shown that intact demineralized
bone matrices induce endochondral bone formation in
heterotopic sites of animal model (for reviews: 1¢27). The critical
experiments of Levander,'®2® Urist, ' Reddi and Huggins 2°
and other showed that the extracellular matrix of mineralized
tissues is the repository of differentiating morphogens tightly
bound to the mineralized matrix.

In his classic work, “A study of bone regeneration” ,?¢ Levander
states that “In the healing process of bone the new bone
may be pictured as emanating from two different sources;
partly from the end of the bone fragments and partly from the
connective tissue surrounding the site of fracture. In the latter
case, the connective tissue is considered transformed into
bony tissue by virtue of a special process — the metaplastic
theory of bone formation”. 28

Levander’ experiments show that after heterotopic
implantation of autogenous bone grafts “new bone is formed
directly out of the mesenchymal tissue which surround the
graft”. 28 Astutely, Levander understands that differentiation
of bone from the mesenchymal tissue surrounding the graft
“must necessarily show that the process is influenced in
some way or another by some specific agent”. He further
states that such specific agents emanate from the grafted
tissue. 28

Levander thus hypothesizes that a “specific bone forming
substance is liberated from the implanted bone tissue and
it is carried by the tissue lymph to the surrounding areas
where it is able to activate the mesenchymal tissue in such a
way that this becomes differentiated into bone tissue — either
directly or by means of the embryonic pre-existing stage of
bone and cartilaginous tissue”.?®

It is our opinion that the above extraordinary statement
summarizes with lucid and clear morphological and molecular
insights “The Bone Induction Principle” (Urist et al. 1967),
proposing that the extracellular matrix of bone is a reservoir
of soluble and insoluble signals that initiate the induction of
bone formation. 2
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As a matter of semantic perhaps Levander’ statements
and insights were not perceived then worthy as claims to
fame possibly because Levander’ studies and publications
did not propose a more precise or enticing definition of
this unidentified “bone forming substance”. This in spite
of the major insights into the induction of bone formation,
particularly by alcoholic extracts, and the vision of the
“bone forming substance” as a soluble signal.?® The above
statements were paralleled by the statement that the
morphological evaluation of the newly induced bone showed
that “fully formed mesenchymal cells ultimately emanate from
the endothelial cells of the capillaries”.?®

The above is a further challenging statement of Levander,
who had the extraordinary morphological and somehow the
molecular vision to understand “The Role of the Vessels in
Osteogenesis* long before the classic paper of Trueta in The
Journal of Bone and Joint Surgery [B]."® Trueta defined the
induction of osteogenetic vessels as essential morphological
and molecular components for the induction of bone
formation.™ Several authors did already postulate the role
of the vessels in osteogenesis and Aristotle even proposed
that vessels and invading capillaries were organogenetic,
constructing the frame of the body plan.252

Following Levander’ studies (for details see 27 Urist recognized
the importance of demineralized bone matrix (DBM) to induce
reproducible heterotopic endochondral bone induction, 2'°
and later proposed the present terminology hypothesizing
the presence of a bone morphogenetic protein complex
(BMP) within the bone matrix .%!

A quantum leap towards the mechanistic understanding
of the phenomenon of “Tissue Induction”, '° has been the
dissociative extraction and reconstitution of the bone matrix
components which, when combined, trigger the bone
induction cascade.®®? The experiments of AH Reddi, then
at the NIH Bone Cell Biology Section®'®2 dissociatively
extracted demineralized bone matrix in chaotropic agents
such as 4M guanidinium hydrochloride or 6M urea resolving
an insoluble and inactive collagenous matrix signal and
solubilized extracted proteins, or soluble signals.®

Purified extracted proteins by gel filtration chromatography
reconstituted with the allogeneic insoluble and inactive
collagenous bone matrix restored the biological activity of the
extracted proteins, initiating the induction of bone formation
in the rodent subcutaneous assay.’' Soluble signals, i.e.
osteogenic proteins, need to be reconstituted with allogeneic
inactive collagenous bone matrix, % since Xxenogeneic
collagenous matrices as carriers block the bone induction
cascade.®

The realization that the chaotropically extracted extracellular
matrix of bone was a reservoir of structural and morphogenetic
proteins set the scientific and biotech industry’ race for the
isolation and purification to homogeneity of the elusive yet to
be isolated and characterized BMP complex postulated by
Urist and Strates in 1971 as bone morphogenetic protein.

A further incisive step ahead was again the work of Urist and
co-workers published in PNAS describing the purification
of bovine BMP by hydroxyapatite chromatography.®® This
experiment reported the adsorption or “absorption” of the
BMP complex onto hydroxyapatite chromatography gels.
The research experiment reported that a broad band of
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osteogenic fractions with BMP-like activity would adsorb
onto hydroxyapatite chromatography gels. % Eluted fractions
of 18.5 kDa induced large deposits of bone and newly
formed ossicles in heterotopic sites of rodents. %

Using chaotropically extracted bovine bone matrices,
Reddi’ team at the NIH Bone Cell Biology Section purified
osteogenin, an osteogenic protein with biological activity
in the rodent subcutaneous assay. % Purification was by
sequential hydroxyapatite adsorption, heparin-Sepharose
affinity and S-200 Sephacryl gel filtration chromatography,
reporting a molecular weight of 22 kDa with osteoinductive
activity in heterotopic subcutaneous sites of rodents. %

Incisive work aided by continuous collaboration and contacts
with leading scientists in the field allowed Genetic Institute,
Boston US, to purify to homogeneity naturally derived bovine
morphogenetic proteins (Wang et al. 1988). Purification steps
included hydroxyapatite adsorption chromatography, affinity
chromatography on heparine-Sepahrose gels, and Superose
6 and 12 columns connected in series to optimize gel
filtration. Biologically active proteins were of approximately
30 kDa on SDS-PAGE.*

Genetic Institute’ scientists decided to re-use the original term
bone morphogenetic protein proposed by Urist and Strates
in 19713 to define the newly purified and cloned proteins
thus to ride all the biological in vitro and in vivo scientific
background as formidably established by the Bone Research
Laboratory at the University of California Los Angeles. 578

Protein sequences were defined, obtaining amino acid
motifs which were used to clone several human recombinant
bone morphogenetic proteins (BMPs). Science reported
the experiments as “Novel Regulators of Bone Formation:
Molecular clones and Activities”.®®  The contribution to
Science primarily identified not one (Fig. 2) but several
proteins with osteoinductive activity in the rodent bioassay,
and that the newly isolated and cloned proteins were new
members of the TGF-fs supergene family. 3%

MORPHOGENS, OR SOLUBLE MOLECULAR
SIGNALS, INITIATE PERIODONTAL TISSUE
INDUCTION

Purification to homogeneity of naturally derived BMPs,
molecular cloning and expression of the recombinant
human proteins 1927 (for reviews) did appear, then, to
resolve the “Reality of a nebulous enigmatic myth”. “° Tissue
regeneration in postnatal life recapitulates events that occur
in the normal course of embryonic development, 19282° A
highly conserved family of proteins, the transforming growth
factor-p (TGF-B) supergene family, equally regulates both
embryonic development and postnatal tissue induction. 16
7,18,23,29,41,42,43,44,45

The pleiotropism of the TGF-p supergene family underlines
the findings that the three mammalian TGF- isoforms initiate
endochondral bone induction in the non-human primate
Papio ursinus. 44

Pre-clinical studies in the Chacma baboon Papio ursinus
showed the induction of bone by the bone morphogenetic
proteins (BMPs), pleiotropic members of the TGF-$
supergene family.'84648%0  Mammalian naturally derived
BMPs and recombinant human BMPs (hBMPs) induce
de novo bone formation (Fig. 2). Proteins act as soluble
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Figure 2. Operational reconstitution of the soluble signals with

insoluble signals or substrata with restoration of the biological activity

of chaotropically extracted bone matrix. Reddi’ classic experiments
chaotropically extracted bone matrices at the Bone Cell biology Section,
NIH, Bethesda, MD. Extraction yielded an inactive insoluble collagenous
bone matrix and soluble signals. Reconstitution of the inactive matrix
with soluble signals after gel filtration chromatography to exclude high
molecular weight contaminants, restored the osteoinductive activity of
the chaotropically extracted soluble signals. The insoluble collagenous
signals act as a carrier and delivery system for the osteoinductive activity
of the soluble signals. 3% A. Induction of chondrogenesis (white arrow)
by 0.1-0.5 pg osteogenin purified to apparent homogeneity reconstituted
with allogeneic bone matrix.% B. Induction of chondrogenesis (white
arrow) by 0.1-0.5 pg osteogenin reconstituted with allogeneic bone
matrix. There is vascular invasion and differentiation of osteoblastic-like
cells resulting in the induction of bone formation (blue arrow). There is
recapitulation of embryonic development upon implantation of osteogenic
proteins in heterotopic sites of rodents.*'%* C. There is differentiation

of hypertrophic chondrocytes (white arrow) and vascular invasion

and chondrolysis of the newly formed cartilage (blue arrow). Vascular
invasion sets into motion the differentiation of osteoblastic-like cells and
the induction of bone formation. 2°%'%2 D, Induction of bone formation
(blue arrows) by highly purified osteogenin, 20 to 28 pg osteogenin

after gel filtration chromatography reconstituted with inactive allogeneic
insoluble collagenous bone matrix. % E. Induction of endochondral bone
formation (blue arrows) with the induction of cartilaginous anlages (blue
arrows) recapitulating embryonic development by 2.5 mg recombinant
human osteogenic protein-1 (hOP-1) per gr of allogeneic bone matrix

as carrier. Recapitulation of embryonic development with the induction
of chondrogenic anlages that initiate vascular invasion (white arrows),
chondrolysis and the induction of bone differentiation in the newly
established heterotopic ossicle.

signals for tissue morphogenesis, sculpting the multi-
cellular mineralized structures of the periodontal tissues with
functionally oriented periodontal ligament fibers inserting into
newly formed cementum (Fig, 3).16:%

BMPs induce the complex tissue morphologies of the
periodontal tissues in the non-human primate Papio ursinus
in Class Il mandibular furcation defects treated with naturally
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Figure 3. Tissue induction and regeneration of a new periodontal ligament
system after application of 250 pg osteogenic protein fractions combined
with 150 mg allogeneic insoluble collagenous bone matrix in Class Il
furcation defects of adult Chacma baboon Papio ursinus.®' Undecalcified
mandibular blocks containing both mandibular molars with surrounding
lingual and buccal alveolar bone with the attached periodontal tissues were
harvested as mineralized blocks and embedded undecalcified in K-Plast
resin. Undecalcified sections cut at 2 to 6 ym were stained free-floating
with a modified Goldner’ trichrome. '8%" A. Generation of Sharpey’s fibers
directly inserting into root planed mineralized dentine (blue arrows), with
differentiating cementoblasts geometrically stacked between fibers (white
arrow). B. Fibers insert into dentine also regulating the differentiation

of cementoblasts-like cells along the planed root surface (blue arrow).

The newly formed periodontal ligament space is highly vascular and
hypercellular for differentiating phenomena at both cemental/dentinal
surfaces. C. Complete regeneration of a highly vascular periodontal ligament
space (white arrows), the alveolar bone (magenta arrow) and induction

of cementogenesis (blue arrows). The induction of cementogenesis was
unexpected in these early and first experiments in the Chacma baboon
Papio ursinus and indicated the vast pleiotropic activity of the newly isolated
bone morphogenetic proteins’ fractions,® then labelled as osteogenin.

8 D. Detail of the regenerated periodontal ligament space by osteogenic
proteins and the newly formed capillary with plump hypertrophic endothelial
cells (white arrows). Note fibers that attach to the endothelial basement
membrane emanating from the newly formed cementum (blue arrows).

The morphological set up of the capillary and its relationships with the
periodontal ligament fibers indicate cellular migration and riding from the
vascular angiogenic to the cemental/dentinal microenvironment providing

a continuous flow of endothelial, pericytes and other cells in perivascular
niches for tissue induction and morphogenesis.

— derived and recombinantly produced BMPs, 5152584 Thg
presence of multiple forms of BMPs has a therapeutic
significance and the choice of a suitable factor is a formidable
challenge to the practicing periodontologist and skeletal
reconstructionist-. 856

Tissue morphogenesis induced by hOP-1 and hBMP-2
is qualitatively different when the morphogens are applied
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singly. This indicates that the structure/activity profile
amongst BMPs is controlling pleiotropic tissue induction and
morphogenesis (Fig. 4). 2665758, Furcation defects of Papio
ursinus with root surfaces long-term exposed to periodontal
disease implanted with doses of gamma-irradiated hOP-1
resulted in complete regeneration of the furcation defects
with prominent induction of cementogenesis with Sharpey’s
filoers embedded within the newly formed cementum.®85°

Short-term studies delivering 125 pg hOP-1 combined with
Xxenogeneic gamma-irradiate bovine bone matrix reported
the induction of cementogenesis by day 60 after implantation
along the exposed root surfaces of Class Il furcation
bioreactors (Fig. 4f). 52 Induction of cementogenesis was
evident 6 months post-implementation in Class Il furcation
defects of Papio ursinus (Figs. 2.4g,h).%®

A novel regenerative approach but in primates only is the
induction of periodontal tissue regeneration with substantial
cementogenesis by doses of the recombinant human
transforming growth factor-g, ("NTGF-B,). %% In the non-
human primate Papio ursinus periodontal tissue induction
and regeneration develops as a mosaic structure in which
the osteogenic proteins of the TGF-B superfamily singly,
synergistically and synchronously initiate and maintain tissue
induction and morphogenesis.43°6:59

An alternative bone induction strategy and regenerative
approach is to induce in heterotopic sites newly formed
ossicles by recombinant hTGF-B, later transplanted
as morcellated autogenous bone grafts into Class |l
furcation defects of Papio ursinus **°' and with hTGF-f, in
Matrigel®Matrix with rectus abdominis responding cells.®?

Research experiments analyzed both the morphological
and gene expression studies of periodontal tissue induction
and morphogenesis of selected osteogenic proteins of
the TGF-f supergene family. 6% Results showed that
hOP-1 and hBMP-2 singly or in binary application show
pronounced morphological regenerative differences (Fig.
2.4). Recombinant proteins, singly or in binary applications
where implanted reconstituted with insoluble collagenous
matrices into Class Il furcation defects of Papio ursinus.
255759 The results highlighted the site tissue specificity and
the structure activity profile of each recombinant hBMP
when applied singly to root planed surfaces recapitulating
embryonic development of the expressed and secreted
proteins (Figs. 4a,c; Figs. 4b,d,e). 25435256

We defined the capacity of mammalian BMPs to initiate a
programmed cellular cascade resulting in the induction
of bone ¢ as well as cementogenesis 2° as “a functionally
conserved process Uutilized in embryonic development,
recapitulated in postfetal osteogenesis, and can be exploited
for the therapeutic initiation of bone formation” ¢ as well as
cementogenesis.?®

Previously identified challenges in periodontal tissue
regeneration % are still unsolved; this despite several research
work on cellular populations allegedly initiating periodontal
tissue induction. 6465

The biological significance of redundancy is a still unresolved
challenge. % Experimentation in non-human primates has
shown that the presence of multiple forms of BMPs has a
therapeutic significance. %% Limited research addressed this
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Figure 4. Structure/activity profile of isolated and cloned human bone
morphogenetic proteins (RBMPs). 18515657 Qur systematic studies in Class
Il furcation defects or bioreactors of the Chacma baboon Papio ursinus
did show that single hBMPs induced selected periodontal regenerative
traits when compared to other singly used hBMPs.'8%57 The structure/
activity profile is based on the recapitulation of tissue development
whereby proteins exploited in embryonic development are re-exploited in
post-natal tissue induction and regeneration. '%%57 A. Immunolocalization
of BMP-2 in the alveolar bone of a 16-day-old mouse pup (blue arrow.*
Immunolocalization of BMP-2 is strictly localized in the developing
alveolar during tooth morphogenesis. Lack of staining within the
periodontal ligament space. ** B. Tissue induction and morphogenesis in
Papio ursinus showing that hBMP-2 when implanted in Class Il furcation
defects recapitulates embryonic tooth morphogenesis by regenerating
alveolar bone covered by prominent osteoid seams (magenta arrow) with
however limited cementogenesis (blue arrow). 65"  C. Immunolocalization
of osteogenic protein-1 (OP-1/BMP-7 during morphogenesis of the
periodontal ligament fibers and the induction of cementogenesis

(blue arrow). % D. In vivo in Class Il furcation defects of Papio ursinus
recombinant hOP-1 induces cementogenesis (blue arrow) and osteoid
synthesis (magenta arrow) with limited however mineralized alveolar bone.
E. Binary application of doses of the recombinant morphogens induce
both cementogenesis together with prominent induction of mineralized
bone covered by osteoid seams (blue arrow).*” FG,H. Digital images of
Class furcation defects in Papio ursinus implanted with 125 pg hOP-1 and
harvested on day 60 after implantation combined with xenogeneic bovine
insoluble collagenous bone matrix. %2 Induction of cementoid matrix
deposition with foci of mineralization (b/lue arrow F) along the root planed
surface. G,H. Mineralized patterns of cementum deposition covered

by thin layers of cementoid surfaced by cementoblasta (blue arrows).
Undecalcified K-Plast embedded section stained free-floating with a
modified Goldner’ trichrome. 162552

challenge since “the choice of a suitable morphogen is still a
formidable challenge to the practicing periodontologist”.%® We
have proposed that critical research experimentation would
have been to study optimal combinations and developing a
structure-activity profile amongst the members of the BMPs
family. 515559

Our Unit has been amongst the first to propose heterotopic
and orthotopic regenerative studies combining homologous
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Figure 5. Synergistic induction of bone formation by combined binary
application of 25 pg recombinant human osteogenic protein-1 (hOP-1)
with 0.5 pg recombinant human transforming growth factor-g, (\TGF-B,)
at a ratio 20:1 hOP-1:hTGF-f, implanted in the rectus abdominis muscle
of Papio ursinus.2*4 hTGF-B, initiates the induction of bone formation

at 5 pug per 100 mg of inactivated insoluble collagenous bone matrix.*
A. The recombinant morphogen synergizes with hO-1 resulting in the
induction of large corticalized heterotopic ossicles as early as 15 days
after intramuscular rectus abdominis implantation (dark blue arrows) with
mineralized trabeculae of newly formed bone with cartilage development
(inset white arrows B). C,D. Synergistic induction of bone formation

by binary application of 125 pg hOP-1 and 25 pg recombinant human
transforming growth factor-, (nTGF-f,) adsorbed onto macroporous
coral-derived bioreactors.®” Bone preferentially formed at the periphery
of the coral-derived constructs extending into the temporalis muscle.
There is massive induction of newly formed bone outside the profile of
the heterotopically implanted bioreactors. E. Calvarial tissue induction by
molecular binary application of 100 pg recombinant human osteogenic
protein-1 (hOP-1) with 25 pg platelet-derived porcine transforming
growth-f, (pTGF-f,).20686°

but molecularly different morphogenetic proteins. Binary
applications were also applied in periodontal regenerative
studies. 75966 Qur first heterotopic combination study yielded
unprecedented results showing a synergistic interaction
between recombinant human osteogenic protein-1 (hOP-1,
also known as hBMP-7) and relatively low doses of hTGF-f3,
(Fig.5). 4667

We later provided mechanistic molecular data supporting
the profound synergistic interactions between platelets-
derived porcine transforming growth factor-B, (pTGF-f,)
and recombinant hOP-1.% Type IV collagen mRNA was
highly expressed in synergistic tissues providing extracellular
basement membrane’ components for vascular invasion and
capillary sprouting within the newly formed synergistic ossicles
in the rectus abdominis muscle of Papio ursinus. %%
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Figure 6. Induction of large corticalized ossicles upon heterotopic
implantation of 125 pg recombinant human transforming growth factor-f3,
(hTGF-B,) combined with inactive collagenous bone matrix as carrier in the
rectus abdominis muscle of Papio ursinus. A,B. Generated ossicles were
harvested on days 30 after intramuscular implantation * and processed for
undecalcified histology after embedding in K Plast Resin. Sections, cut at
3 /4 um were stained free-floating as described. * B,C. Low power images
show corticalization of newly formed mineralized bone (blue arrows) within
the rectus abdominis muscle. D. Biphasic macroporous hydroxyapatite/f3-
tricalcium phosphate preloaded with 25 ug hTGF-f3, shows extensive
induction of bone formation prominently exceeding the profile of the
implanted macroporous hydroxyapatite/f3-tricalcium phosphate bioreactor
(white arrows). E. Coral-derived macroporous constructs (white arrow),
preloaded with 250 pg hTGF-3, show pronounced induction of bone
formation prominently exceeding the profile of the implanted bioreactor
(blue arrows).”®™ Newly formed bone extends for more than two cm

from the profile of the coral-derived construct (white arrow E) and newly
formed bone rippled and generated centimeters away from the pre-loaded
hTGF-f, bioreactors. Tissue induction and morphogenesis are initiated

by waves of continuously differentiating responding cells at the periphery
of the implanted super-activated bioreactor, which also shows lack of
bone differentiation within its preloaded macroporous spaces (white

arrow E). Figure 6E epitomizes the tissue transfiguration in vivo by the
hTGF-, morphogen, transfiguring the rectus abdominis muscle into large
corticalized ossicles transfiguring the available rectus abdominis myoblastic
and pericyte cells into secreting osteoblasts.?°

Reconstitution of allogeneic insoluble collagenous bone
matrix with 100 pg hOP-1 combined with 15 pg pTGF-p,
and implanted in calvarial defects of Papio ursinus resulted in
a substantial synergistic interaction of bone formation on day
30 displacing the temporalis muscle (Fig. 5e). 67:68:69

Reconstituted coral-derived macroporous bioreactors with
125 pg hOP-1, 125 ug hTGF-f, and binary applications of
125 pg hOP-1 and 25 pg hTGF-B, in the ratio of 5:1 hOP-
1:hTGF-B, were implanted in heterotopic intramuscular
sites of the rectus abdominis muscle of Papio ursinus.
Results showed prominent and substantial induction of bone
formation extending far beyond the profile of the implanted
super activated bioreactors (Figs. 5c,d). ® Of interest, qRT-
PCR showed prominent induction of TGF-B, mRNA with
relatively low expression values of OP-7 mRNA.67:6°
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The morphological hallmark of the synergistic induction of
bone formation is the rapid differentiation of large osteoid
seams enveloping haematopoietic bone marrow that forms
by day 15 in newly generated ossicles in the rectus abdominis
muscle of Papio ursinus (Figs. 5a,b).46:67

We also reported that synergistic binary application of
hOP-1- and hTGF-, in the ratio 20:1 respectively, initiate
the heterotopic induction of rudimentary embryonic growth
plates (Fig. 7a). This has indicated that the “memory” of
developmental events in embryo is re-deployed postnatally
by morphogen combinations (Fig. 7a). 4% Of interest,
tissue induction and morphogenesis by TGF-f, applied
singly in heterotopic rectus abdominis intramuscular sites
also morphogenizes columnar chondrocytes as seen in the
mammalian growth plate (Fig. 7b).

It is noteworthy that single applications of 125 or 250 ug
hTGF-B, result in the rapid induction of heterotopic bone
formation (Fig. 6). The induction of bone formation is superior
to binary applications of recombinant hTGF-, or hTGF-f,
with hOP-1. 496760 Mechanistically, the initiation of bone by
the recombinant hTGF-f, invocates the rapid induction and
expansion of the transformed mesenchymal tissue into large
corticalized heterotopic ossicles with pronounced osteoblast-
like cell differentiation at the periphery of the implanted
reconstituted specimens with "tissue transfiguration in vivo”
(Fig. Be). 2049

The induction of bone forms beyond the geometric space
of reconstituted carrier matrix, prominently expanding
outside the profile of the macroporous delivery system,
being either macroporous biphasic hydroxyapatite/f-
tricalcium phosphate (HA/B-TCP) (Fig. 6d) or coral-derived
macroporous bioreactors preloaded with 250 pg (hTGF-,
(Fig. 69).

The image shown in Figure 6e shows significant and
prominent osteogenesis predominantly surrounding the
coral-derived macroporous bioreactor super activated by
250 ug hTGF-B, (Fig. 6e). 24707 Of interest, a tenfold
less dose of hTGF-B,, ie. 25 g, initiates prominent
induction of bone formation extending outside the profile
of the heterotopically implanted super activated HA/B-TCP
bioreactor (Figs. 6d white arrows. 70"

Molecularly, the rapid induction of bone formation by binary
applications of hOP-1 and hTGF-, or by hTGF-f, applied
singly, resides in the up-regulation of selected genes involved
in tissue induction and morphogenesis, i.e. Osteocalcin,
RUNX-2, OP-1, TGF-B, and TGF-f, with however notably
lack of TGF-f, up-regulation.  Of note, the induction of
bone formation by the hTGF-B, isoform implanted singly
is greater than ossicles generated by binary synergistic
applications of hOP-1 with relatively low doses of either
hTGF-B, or hTGF-B, (Fig. 2.6a). “%° Relatively high doses
of the hTGF-B, morphogen (125 pg hTGF-B,) initiate a
developmental cascade of molecular and cellular events
primarily characterized by the expression of multiple profiled
bone morphogenetic proteins. ©  Together with significant
chemotaxis, chemokinesis and cell migration of responding
cells at the periphery of the hTGF-,-pre-treated bioreactors,
the expressed and secreted BMPs induce rapid and extensive
bone formation greater than the synergistic induction of bone
formation. °
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Flgure 7. Intramuscular rectus abdominis induction of endochondral
bone with cartilage anlages mimicking the induction of mammalian
growth plates when binary application of hOP-1 are combined with
relatively low doses of recombinant human transforming growth factor-f3,
(hTGF-B,) A. and implanted with collagenous bone matrices in the rectus
abdominis of Papio ursinus.*® There is differentiation of chondroblastic
cells (blue arrows) with subjacent trabeculae of mineralized bone

(white arrow). There is recapitulation of embryonic development with

the induction of growth plate within the rectus abdominis muscle

with columns of chondroblastic cells reminiscent of the mammalian
cartilaginous growth plate. “¢ B. Heterotopic intramuscular implantation
of 125 ug hTGF-f, rapidly induces mineralized bone also subjacent to
cartilage induction with columns of hypertrophic chondrocytes highly
reminiscent of the mammalian cartilaginous growth plate.

The reported data on the significant and pleiotropic biological
activities of the hTGF-, morphogen indicate that the TGF-£,
gene masterminds’ critical developmental events beyond
bone and cartilage morphogenesis, ancestrally regulating
skeletogenesis and the emergence of the craniofacial
dentate masticatory apparatus, including the differentiation
and initiation of cementogenesis. 250

Synergistic molecular combinations were thus tested in
Class Il furcation defects of the Chacma baboon Papio
ursinus (Fig. 2.4). 255786 Qur study that first attempted to
address the structure-activity profile amongst BMPs family
members did show that tissue morphogenesis induced
by hOP-1 and hBMP-2 is qualitatively different when the
morphogens are applied singly, hOP-1 inducing substantial
cementogenesis (Figs. 4d,f,g,h). hBMP-2 treated defects
showed limited induction of cementogenesis but a temporal
enhancement of alveolar bone regeneration and remodeling
(Fig. 4b). Although statistically not significant, the extent of
cementogenesis by binary application showed pronounced
induction of cementogenesis when compared to hBMP-2
treated specimens (Fig. 4e).
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Figure 8. Series of digital microphotographs illustrating the vast pleiotropic

activity of the mammalian transforming growth factor-f, regenerating the
three essential components of the mammalian periodontal tissues: the
alveolar bone (white arrow), the periodontal ligament system (light blue
arrows) and the induction of cementogenesis with inserted periodontal
ligament fibers (dark blue arrow). A,B. Low power images of Class Il
furcation defects or bioreactors prepared in mandibular molars of Papio
ursinus.®® Extensive induction of bone formation across the furcation
defect with substantial induction of cementogenesis (dark blue arrow)
facing a highly vascularized periodontal ligament space (light blue

arrows. C,D,E. Induction of cementogenesis by 75 ug of hTGF-f, in
Matrigel®Matrix resulting in thick layers of newly formed cementum (dark
blue arrow C) always in close relationship with newly formed capillaries
(light blue arrow C) and penetrating within the newly formed cementoid
matrix (white arrow E). D. Periodontal ligament fibers connecting the
newly deposited cemental matrices to the vascular microenvironments,
providing collagenic basic structures for cell migration and riding the
fibers from angiogenetic vessels to newly formed cementoid matrix along
the planed root surface (light biue arrows D). E. High power view of newly
deposited cementoid matrix along the planed root surface treated with

75 pg of hTGF-, in Matrigel®Matrix.° There are foci of mineralization
within the cementoid matrix (ight blue arrow) and angiogenesis within the
newly deposited cementoid matrix (white arrow E). Undecalcified sections
processed, prepared and cut at 30 pm by the Exakt diamond saw cutting
and grinding technique. %°

The demonstration of therapeutic mosaicism in periodontal
tissue regeneration, as previously highlighted by
immunolocalization studies during murine craniofacial and
periodontal embryonic development, 4 will require extensive
testing of ratios and doses of recombinant morphogen’
combinations for optimal tissue engineering in clinical
contexts.®”

Synergistic molecular combinations of hOP-1 and hTGF-,
showed pronounced angiogenesis in the chick chorio-
allantoic membrane (CAM) % when morphogens were applied
at 20:1 ratio of hOP-1 and hTGF-,, respectively. Remarkably,
the study showed that hOP-1 is per se angiogenic at doses
of 100 and 1000 pg, comparable to the angiogenic activity of
recombinant human basic fibroblast growth factor (hoFGF). 7

Further studies showed that binary applications of hOP-
1 and hTGF-B, in Matrigel®Matrix implanted in Class |l
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Figure 9. Fetal transitional epithelial cells harvested from bladders
euthanized fetal Chacma baboons Papio ursinus were grown in vitro on
Matrigel®Matrix.” A,B,C,D Digital images show the marked effect of
extracellular matrix components of Matrigel®Matrix that resulted first in
aggregation of transitional epithelial cells (white arrow A) with branching
morphogenesis (light blue arrows). B,C,D. Transformation and induction
of transitional epithelial cells with clusters of spheroidal organoids with
branching morphogenesis (light blue arrows B,C,D). E,F,G,H. Explanted
spheroidal organoids were processed and embedded into K-Plast resin,
cut at 2 to 4 pm and stained with Toluidine blue. ™ Sectioning showed
the organization of epithelial cells forming pseudo-cystic spaces lined by
transformed transitional epithelial cells by extracellular matrix components
of Matrigel®Matrix, namely type IV collagen and laminin. ™

furcation defects of Papio ursinus induced substantial
periodontal tissue induction and regeneration. % The
anatomy of the furcation defects however tempered the full
morphogenetic drive of the synergistic binary applications
that morphogenized large ossicles expanding toward the
muco-periosteal flaps with the remarkable induction of
cementogenesis along the planed root surfaces.%®

A review of the literature shows the lack of biological studies
aimed to define the structure-activity profiles of recombinant
hBMPs; studies reporting synergistic interactions amongst
members of the morphogenetic protein family are also
lacking. % We have stated that the “biological acceptance
of the inductive activity of a single recombinant human
morphogen about the natural milieu and equilibrium of a
pleiotropic bone matrix endowed with several naturally
derived proteins clustered within the extracellular matrix of
bone has been the fundamental biological error of biotech
companies developing recombinant BMPs’. 2556

Clinician scientists were also far too eager to accept
unconditionally the reported powerful biological activity
of either hBMP-2 or hOP-1 and to test in various clinical
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settings single recombinant hBMPs, and later recalcitrant
to even admit the failure of hBMPs’ translation in clinical
contexts. 707

Biotechnology companies at the forefront of recombinant
human inductive proteins marketed selected recombined
BMPs as single proteins. Recombinant human proteins were
packaged singly recombined with patented delivery systems,
hBMP-2 by Genetic Institute, USA, and hOP-1 (also known
as hBMP-7) by Stryker Biotech, USA.

Finally, and again despite substantial research experimentation
on the formulation of delivery systems for recombinant human
morphogens including hBMPs and hTGF-f3s, the ideal carrier
matrix for periodontal tissue induction is still not available.
The use of hBMPs pre-combined with doses of allogeneic
and/or xenogeneic insoluble collagenous bone matrix (ICBM)
was used to deliver recombinant hOP-1 in Class Il furcation
defects of the Chacma baboon Papio ursinus (Fig. 4). 525758
Binary synergistic combinations were also tested (Fig. 4e).
The use of allogeneic ICBM proved to deliver the biological
activity of doses of naturally derived osteogenic BMPs
fractions purified greater than 50.000-fold from crude bovine
bone matrix extracts (Fig. 3).>" Xenogeneic bovine ICBM
was used to deliver the biological activity of gamma-irradiated
hOP-1 in short (Figs. 4f.g.h)®2 and long-term experiments in
the Chacma baboon Papio ursinus. %8

The use of Matrigel®Matrix as delivery system for hTGF-f,
doses has proven to be optimal for periodontal tissue induction
when lyophilized doses of hTGF-f,in Matrigel®Matrix were
implanted in Class Il furcation defects of Papio ursinus (Fig,
8).° Research on osteogenic carriers needs to design
therapeutic strategies based on cell biology of matrix-cell
interactions for optimal outcome in the periodontal patient.®

The use of Matrigel®Matrix originally developed as a matrix
substratum for in vitro research experiments ® was later used
to deliver recombinant hOP-1 in the subcutaneous bicassay
in rodents.” Matrigel is a soluble extract of the Engelbreth-
Holm-Swarm tumor which gels at room temperature to
form a reconstituted basement membrane gel. ® Matrigel
promotes differentiation of a variety of cells. > Our studies
evaluated the induction of organoids of transitional epithelial
cells harvested from baboon fetal bladders and grown on
Matrigel®Matrix (Fig. 9).7

Matrigel®Matrix contains, amongst other extracellular matrix
components, laminin and type IV collagen, the essential
constituents of capillary basement membranes. Both bind
to BMPs 77" and TGF-f."® Importantly, not only osteogenic
but also angiogenic morphogens are stored within basement
membranes deposited into the subendothelial extracellular
matrix.” The multiple binding and storage of morphogenetic
and angiogenetic morphogens within the subendothelial
basement membrane make the reconstituted basement
membrane gel Matrigel®Matrix an ideal carrier based on cell
biology of matrix cell interaction (Figs. 8; 9). &7

2.4. BIOREACTORS FOR DE NOVO INITIA-
TION OF CEMENTUM AND ALVEOLAR BONE
ORGANOIDS

The binding of osteogenin, a bone morphogenetic protein
purified to homogeneity from bovine and baboon bone
matrices,® to type IV collagen, laminin, and transforming
growth factor-p, ®"""® suggested to combine highly purified

SEVEW <207

osteogenic fractions extracted from baboon bone matrices
and recombinant human osteogenic protein-1 (hOP-1,
also known as hBMP-7) with Matrigel®Matrix kept fluid
on ice, to test the biological activity of purified osteogenic
proteins when combined with Matrigel®Matrix implanted in
heterotopic extraskeletal sites of the rodent bioassay. ™

Recent time-study experiments combined morphological
analyses to a time point molecular study of Class Il furcation
defects in Papio ursinus super activated by TGF-B, in
Matrigel®Matrix. © The combined morphological and
molecular analyses have indicated that relatively low doses
of hTGF-B, (75 pg hTGF-B, in 600 pl Matrigel®Matrix) set
into motion the in vivo development of multiple tissues
and multicellular organoids within the implanted furcation
bioreactors (Fig. 2.8).%°

Ultimately, the surgical preparation of periodontal furcation
defects in animal models including man is a complex
surgical wound or bioreactor that after the implantation
of morphogens either singly or in combinations initiates
regenerative phenomena by gene expression pathways.?>6°

Various tissues and cells with different embryological origins
as well as the induction of angiogenesis from the severed
periodontal ligament and alveolar bone spaces control the
regenerative pathways of the newly established bioreactors.
The most critical part of the bioreactor is a completely
avascular rigid and mineralized dentin matrix layered with
or without the avascular mineralized root cementum (Figs.
8a,b). The bioreactor of the furcation defect is thus a
surgical micro-environment that may or may not promote
cementogenesis along its avascular and mineralized root
planed dentinal surfaces.

We did recently discuss whether differentiation of
cementoblasts along the root planed dentinal surfaces
occurs either at a considerable coronal distance from the
apically positioned severed cementum after root planing,
or from the apically positioned notch in the root surface, a
niche of migrating responding cells we have defined as “the
only true regenerative microenvironment of the complex
morphologies of the periodontal tissues”.®°

Our series of histological analyses of undecalcified sections
prepared by Reichert Jung sledge microtomes with tungsten
carbide blades or by the Exakt diamond saw cutting
and grinding technology shows that there is attachment,
spreading and differentiation of cementoblasts coronally
along the root surface (Figs. 8a,b light blue arrows). The
differentiation of cementoblastic cells together with insertion
of Sharpey’s’ fibers into the root surface is uniformly
distributed along the length of the regenerating periodontal
ligament space, extending to the furca of the defect (Figs.
2.8a,b light blue arrows).?%%.80

Critical contributions described the mechanical regulation
of cell function by geometrically modulated substrata. The
available data are critical to mechanistically understand the
attachment, differentiation and spreading of cementoblastic
cells on rigid substrata. 2

Incisive research by Discher’ laboratories has shown in vitro
the role of micro pillars to affect subcellular nuclear geometry
that further regulates stem cell differentiation and the induction
of tissue patterning.® “Stem cells feel the difference” & when
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cultured on different substrata’ consistencies, i.e. between
soft and hard substrata. 8% Molecular studies in Cell
mechanistically reveals how “Matrix elasticity directs stem
cell lineage specification”. 8 Stem cells commit to specific
phenotypes to tissue level elasticity. 8-

The above work on “stem cells feeling the difference” ® is
summarized by far reaching molecular and differentiating
mechanistic insights, i.e. “soft matrices that mimic brain are
neurogenic”; in contrast, “comparatively rigid matrices that
mimic collagenous bone prove osteogenic”. 8 The above
statements are “perhaps the most molecularly and intellectual
fascinating aspect of biomimetism, biomimetic matrices and
the induction of bone formation” .8
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In context of periodontal regeneration, the above data
propose that hard mineralized and avascular matrix of root
planed dentine proves to be cementogenic when in contact
with mesenchymal stem cells either migrating from cellular
niches within the dentinal notch or directly differentiating
along the root surfaces, as recently proposed. ®© The
dentine/cementum unit retains thus characteristics for the
differentiation of selected phenotypes, also initiated by the
exogenous application of osteogenic soluble molecular
signals. 2559

Within the implanted furcation defects, de novo generated
organoids form by multiple tissue induction of different
tissues organized in intra-furcal organoids.?>%°

Toward the root planed surfaces, there is the induction of
substantial cementogenesis. Cementum is deposited firstly
as cementoid matrix yet to be mineralized. 5256 Cementoid
tissue forms and extends into the periodontal ligament space
with trabeculations underscoring the powerful role of the

TGF-B, gene controlling cementogenesis in primates (Fig. 8).
26,56,60

Matrigel®Matrix is an ideal combined soluble and insoluble
signal that control the morphogenesis of organoids in vitro
of transitional bladder cells when grown to confluence on
Matrigel®Matrix substrata (Figs. 9a,b,c,d). ”* Newly generated
organoids embedded in in K-Plast resin were cut at 2 to 3 um
using carbide tungsten knives mounted on Reichert Polycut
sledge microtomes and stained with toluidine blue in 30%
ethanol (Figs. 9e,f,g,h). *

Histological analyses show that organoids are formed by
transitional fetal epithelial cells lining pseudo-cystic spaces
organized by trabeculation of transitional epithelial cells
generating the spheroidal organoids (Figs. 9e,f,g,h).

Analyses of undecalcified histological sections cut at 30 um
on the Exakt diamond saw, grinding and polishing system
80 suggested that trabeculations of newly formed cementoid
matrices surrounding foci of mineralized cementum are
recapitulating in extant primate species the induction of
substantial cementogenesis as seen on undecalcified
sections of dentate specimens of extinct mosasaur
Hallisaurus sternbergi 168-165 Ma (Fig. 10). & Undecalcified
sections of periodontal tissues of extinct mosasaur

Figure 10. Evolution and development of periodontal tissues including cementogenesis from extinct mosasaurs of the upper Jurassic Selnhofen
deposits (168-165 Ma) A,B,G. to extant non-human primates Papio ursinus (C,D,E,F). A. The dentition of the mosasaur Halisaurus sternbergi shows
extensive cementum formation (cem) with the construction of a trabecular-like pattern of cementum deposition. B. Detail of the trabecular-like pattern
of cementum (blue arrow) extending from the orthodentin (od) to the mineralized periodontal ligament (mpdl|). (g) High power view of trabeculated
cementum in mosasaur Halisaurus sternbergi with capillaries invasion (magenta arrow) within the trabeculated cementum. Images courtesy of Xianghong
Luan (Department of Oral Biology, University of lllinois, Chicago, IL, USA).2® Cementogenesis in angiogenesis as documented by undecalcified section
cut and polished to 30 pm by the Exakt diamond saw cutting and grinding technique.?*%° C,D,E. Substantial cementum and cementoid deposition

(blue arrows) along the root surfaces after bioreactors’ implantation of 75 pg recombinant human transforming growth factor-f, ("TGF-f,) in 300 pl
Matrigel®Matrix. % There is vascular invasion within newly formed cementoid (blue arrow in C; white arrow in E. Cementoid matrix yet to mineralize
(magenta arrow in E) surrounds mineralized cementum in blue (blue arrows in D and E). D. Highly developed thecodont attachment apparatus in Papio
ursinus with substantial induction of cementogenesis (blue arrow) and vascular invasion (white arrows). F. High power view of newly formed mineralized
cementum (blue arrow) with cementoid yet to mineralized matrix (magenta arrow) with capillary invasion within the cementoid matrix (white arrow).
Figure 10 proposes that phylogenetically the development of cementogenesis initiated in extinct mosasaurs 168-165 Ma. Digital images of trabeculated
cementum of mosasaurs indicated capillary vascular invasion (magenta arrow G) within the trabeculated cementum.? In extant primates Papio ursinus,
75 pl doses of hTGF-f3, delivered to furcation bioreactors in 300 pl Matrigel®Matrix generate, across hundreds of millions of years, vascular invasion and
capillary sprouting within newly induced cementum along the planed hTGF-f3, treaded bioreactors, i.e., cementogenesis in angiogenesis.?***% The data
highlighted by the iconographic plate propose that the primitiveness of the craniate masticatory craniofacial apparatus, > is controlled by the TGF-f3,
gene. The TGF-f, gene and gene product might have been responsible for the development and induction of cementogenesis in orders and species as
diverse as mosasaurs and primates across millions of years of evolution. High doses of hTGF-f, in furcation bioreactors of Papio ursinus re-deploy the
genetic memory of the primitiveness of the attachment apparatus in mosasaurs, re-initiating morphological constructs of cementogenesis in angiogenesis
as originally developed and differentiated in the mosasaur Halisaurus sternbergi (Fig. 2.10g). The unique images shown in plate 10 further propose that
angiogenesis, capillary sprouting, and the induction of prominent capillary invasion in the periodontal ligament space as well as into cementoid between
inserted bona fide Sharpey’s fibers is the essential mechanism of the induction of periodontal tissue regeneration, and of the induction of the alveolar
bone. Panels D and E show the” osteogenetic vessels” of Trueta’ definition '° (white arrows) that construct cementogenesis in angiogenesis uniquely
adapting and embracing (white arrows e) the newly formed cementoid matrices (C,D,E) regulating tissue morphogenesis in regeneration.®%
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Hallisaurus sternbergi 8 show trabeculations of cementum
with the possible presence of vascular canals and capillaries
(Fig. 10g). %85

Of interest, in extant primates Papio ursinus, newly formed
cementoid and later mineralized cemental matrices are in
a very intimate relationship with sprouting capillaries within
the newly formed periodontal ligament space (Figs. 8; 10).
Importantly, the newly formed cementum is vascularized,
showing the presence of sprouting capillaries within the
cemental matrix (Figs. 8; 10). 255660

The exquisite relationship between sprouting capillaries
morphologically and thus molecularly touching the newly
synthesized cemental matrix covered by cementoblasts
indicates that the newly deposited cementoid synthesizes
cemental extracellular matrix proteins that control
angiogenesis within the periodontal ligament space (Fig.
10). 260 The role of cementum in the homeostasis of the
periodontal ligament space is supported by the isolation of
cemental proteins from cemental extracellular matrix and
by the cloning of a new cemental protein, cementogenin.
Cementogenin is secreted by cementoblasts and has a
molecular weight of 18.5 kDa.®®

The induction of a three-dimensional in vivo culture
by combining the morphogenetic soluble signal of the
recombinant hTGF-B, with the insoluble signals of the
Matrigel®Matrix, collagen type IV and laminin with binding
affinity to the TGF-B type 1, ”® morphogenizes the induction
of newly formed cementum with capillary invasion within the
yet to be mineralized cementoid matrix (Fig. 8).

Newly formed intra-furcal organoids induced by doses of
hTGF-B, in Matrigel®Matrix show a periodontal ligament
space supported by significant angiogenesis often in close
contact with the newly formed cementoid matrix, together
with the induction of a very vascularized alveolar bone (Figs.
8: 10). 25,56,60

Of interest, the time study of the induction of periodontal
tissue regeneration by the recombinant hTGF-B, in
Matrigel®Matrix was morphologically and molecularly
compared to heterotopic organoids generated by combining
250 g doses of hTGF-B, to coral-derived bioreactors (Fig.
11).60

Super activated bioreactors with 250 pug hTGF-B, were
implanted in heterotopic sites of the rectus abdominis muscle
of the same animals implanted in Class |l furcation defects with
75 pg doses of hTGF-f, in Matrigel®Matrix. ©° Heterotopic
implantations of coral-derived macroporous bioreactors with
or without 250 pg f hTGF-B, were implanted in the rectus
abdominis muscle at the time of the periodontal surgical
implantation, providing thus periodontal and heterotopic
treated specimens harvested on day 60 for morphological
and molecular analyses (Fig. 11).6°

hTGF-B, super activated or untreated coral-derived
macroporous bioreactors were intramuscularly implanted as
positive controls to correlate the induction of bone formation
in treated periodontal sites with de novo induction of bone in
the rectus abdominis intramuscular sites. © These positive
controls were additional to several treated and untreated
coral-derived macroporous bioreactors implanted in the
rectus abdominis muscle. 876880

SEVIEW =209
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Figure 11. Cementogenesis and angiogenesis, “the role of the vessels
in osteogenesis“ '* and the induction of cementogenesis in angiogenesis
by 75 ug of hTGF-f, in Matrigel®Matrix. % A,B. Uniquely amongst our
systematic studies in periodontal tissue induction and regeneration
by the osteogenic proteins of the TGF-K supergene family, \TGF-f3,
in Matrigel®Matrix induces substantial cementogenesis characterized
by contiguous prominent capillary sprouting and invasion not only
surrounding the newly deposited cementoid matrix (dark blue arrows)
but also invading the newly formed and deposited cementum, a
biological construct we have defined as cementogenesis in angiogenesis.
255660 G Digital image summarizing the key ingredients of the hTGF-f,
morphogen cell engineering the essential tissues regulating periodontal
tissue induction and regeneration: cementoid deposition with foci
of mineralization within the newly deposited cementoid matrix (blue
arrow), and vascular invasion of the newly deposited cementoid matrix
(white arrow). Undecalcified blocks were in Technovit, and sections cut
using the Exakt 310 CP precision parallel control saw (Exakt Advanced
Technologies GmbH). The Exakt AW 110 measuring and control system
was used to grind and polish sections to 30 pm. Undecalcified sections
were stained with methylene blue/basic fuchsin. &

sculpture of precisely organized multicellular structures of
the bone bone-marrow organ. Of interest, the induction of
bone can be initiated by several matrices of mammalian
tissues including but not limited to demineralized bone
matrices, dentin matrices, uroepithelium and a variety of
calcium phosphate-based biomatrices either coral-derived
biomimetic bioreactors or sintered crystalline hydroxyapatite
macroporous constructs.®

Though the induction of bone is initiated by a variety of
matrices as listed above, mechanistically the induction
of bone is set into motion by the expression, synthesis
and secretion of the bone morphogenetic proteins’ genes
products, ultimately the initiators of “Bone: Formation by
autoinduction”. !
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The induction of bone formation by the hTGF-f3, is a point in
context. 8878 The induction of bone formation initiates by
expression of profiled bone morphogenetic proteins including
BMP-2 with subsequent induction of bone formation by the
secreted BMPs gene products upon heterotopic implantation
of hTGF-B,. hTGF-B,-treated bioreactors set into motion the
expression of a variety of BMPs and TGF-f genes at different
time points temporally and spatially regulating the induction
of bone formation via Noggin expression. &

The classic view of a morphogen is that morphogenetic
gradients specify gene expression in a distinct spatial order
(Research article summary, ®° Tissue Morphogenesis). %!
The work of Yang et al. reported in Science presents an
alternative pathway to tissue morphogenesis suggesting
that morphogens beside modulation of individual cells
induce their ultimate functional effects that enable the
promotion of distinct supracellular phases that are capable
of morphological transformation and organogenesis. °'

Our research data on both the induction of large
mineralized corticalized heterotopic ossicles and prominent
cementogenesis together with the induction of alveolar bone
regeneration in the non-human primate Papio ursinus have
indicated that doses of recombinant hTGF-f3, induce distinct
supracellular phases that together with morphological
transformation and organogenesis results in the generation
of intramuscular mineralized bone organoids with prominent
osteoid seams and bone marrow cavities. The generation of
transformed periodontal bioreactors into organogenesis of
alveolar bone attached to a highly vascularized periodontal
ligament system is patterned by collagenic fibers attaching
into substantial cementogenesis with capillary sprouting
and angioblastic invasion. This results in cementogenesis
in angiogenesis with de novo vascularized cementoid
formation. 265660

Physiological expression of BMPs genes and gene products
upon implantation of hNTGF-f, may escape the antagonistic
expression of Noggin, whereas direct implantation of large
doses of hBMPs sets into motion the expression of Noggin
tightly controlling the bone induction cascade in humans, as

shown by limited effectiveness of hBMPs in clinical contexts.
92,93

In his classic Editorial Comment “The reality of a nebulous
enigmatic myth” *°  Marshall Urist states that pre-clinical
and clinical research on the bone induction principle
“are bound to dispel the myth and appreciate the reality
of bone induction for the benefit of patients with crippling
diseases of the bone and joints”. Fifty-seven years later
the Bone Research Laboratory not in Los Angeles but
in Johannesburg still strongly perceive “The reality of a
nebulous enigmatic myth” when reading that several tens
of milligrams of recombinant human BMPs are needed to
induce an uninspiring bone volume in human patients.

The promise of therapeutic osteoinduction has been
recognized during last Century research after pre-clinical
and clinical studies. Human bone regeneration and human
bone induction have proven to be an elusive target when
compared to extraordinary results obtained in pre-clinical
studies including non-human primate species. 1617929394

The induction of bone formation has dramatically shown
that regenerative medicine in clinical context is on a different
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scale altogether when compared to animal models that may
not adequately translate and reproduce morphogen-related
therapeutic responses in Homo sapiens. Translation in
clinical context of “Tissue Induction” ® of “Bone: Formation
by autoinduction” *' has however failed, 891929 and the
promise of human bone induction remains a promise.

As a concluding comment perhaps, it is worth ending
verbatim with a statement of a rather controversial
manuscript that stated that “the limited morphogens’
activity in human patients when compared to different pre-
clinical models including the non-human primate Papio
ursinus may not indicate the failure of the bone induction
principle®® in humans but simply the mere fact that both
TGFF-Bs and BMPs are developmentally and biologically
not Nature proposal for regeneration of skeletal defects in
human patients”.%

The above work has highlighted a biological problem
rather than a biotechnology problem, i.e. recombinant
human morphogens, recombination techniques, doses
of recombinant proteins, delivery systems, age of human
patients and the like. Both recombinant hBMPs and hTGF-B,
proteins do indue bone in heterotopic sites of animal models,
and the induction of bone formation recapitulates embryonic
development. As stated, “In evolutionary molecular biology
contexts however, the pleiotropic activity of both proteins’
family and the induction of bone formation in heterotopic
sites are developmental, and thus not suitable to induce
bone when recombinant morphogens are singly implanted
in orthotopic skeletal defects, the latter lacking the
developmental biological platform”. %

To end, we have thoroughly discussed the biological
significant of the heterotopic bioassays that since the
last two Centuries have stated to cellular and molecular
biologists, and tissue reconstructionists alike, that if a
protein and/or any extracellular matrix or matrices initiate
the induction of bone in extraskeletal sites, where there is
no bone, such protein and/or matrix is per se osteoinductive
and as such, it can be used to translate the “bone induction
principle” *° into human skeletal defects. The proteins
induce bone where there is no bone via developmental
phases of embryonic development, and as such, however,
fail the induction of bone formation when applied to human
skeletal defects.®

The developments and use of the heterotopic bioassays
to test unequivocally the remarkable prerogative of certain
proteins and/or matrices to initiate the biological landscape
of the induction of bone formation has been essential for
the puirification, isolation and cloning of several proteins
bestowed with the unique capacity or prerogative of
initiating the induction of bone formation where there is no
bone. It has however sidetracked the clinical translation
of the “bone induction principle”® since it was based on
a pleiotropic developmental function without however the
capacity of clinical translation into orthotopic bony sites,
biologically lacking developmental phenomena.
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Management of Dental Caries in an HIV-
infected Child: A Case Report.
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ABSTRACT

Background

HIV/AIDS remains prevalent in Sub-Saharan Africa with South
Africa maintaining the highest number of daily infections and
the largest population of individuals living with HIV. Dental
caries as an oral disease itself, is highly prevalent in the same
epidemiological region. Contemporary literature documents
an increased prevalence and severity of dental caries in
association with HIV- infection. This case report describes
the clinical presentation of dental caries in an HIV-infected
child whilst outlining the management undertaken.

Case Report

A b-year-old male patient was diagnosed with Human
Immunodeficiency Virus (HIV) infection shortly after birth. The
patient was initiated on Highly Active Antiretroviral Therapy
(HAART) in 2017. HIV was acquired in this case because
of vertical transmission from mother-to-child.  Clinical
examination showed dental caries on all primary molars as
well as the interproximal surfaces of the anterior teeth.

Discussion

Oral disease is a common manifestation of HIV within the
paediatric patient group. The oral manifestations of HIV need
to be documented to underscore the significance of these
in Paediatric Dentistry. The detailed management of dental
disease should be highlighted to compare treatment with
that undertaken in HIV-negative patients.

Conclusion

Increased research related to HIV-status and caries risk is
essential for understanding the management principles
required in treating these patients.  Furthermore, the
synergistic relationship between dental caries and lowered
immunity should be highlighted.
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Introduction

The World Health Organisation (WHO) defines HIV as a viral
infection which targets the immune system, weakening its
defence against other forms of infectious disease. The virus
destroys the function of immune cells which is measured
by the CD4 T-cell count. In 2020, the WHO documented
that an estimated 680 000 (480 000 to 1.0 million) people
died because of HIV-associated disease with an estimated
1.5 million (1 to 2 million) newly acquired HIV- infections.
Furthermore, it was estimated that by the end of 2020, there
were 37.7 million (30.2 to 45.1 million) people living with HIV
and over two thirds of these (25.4 million) reside in WHO
African regions.’

The elimination of mother-to-child (vertical) transmission is a
global public health goal and priority. Studies have shown
that antiretroviral intervention can assist to reduce the risk
of vertical transmission with a documented 15 to 30% risk
reduction during pregnancy and labour, less than 2% risk
reduction with non-breast feeding and less than 5% risk
reduction with breastfeeding.!:?

Although HIV-infection is associated with well-known
pathologies, the need remains for comprehensive
comparative studies to determine the association between
HIV and early childhood caries. Contemporary studies from
several African countries as well as Thailand, have shown
a distinct increase in both the prevalence and severity of
dental caries in both children and adult patients living with
HIV-infection.®® HIV-infection is characterised by impairment
of functional immunity thereby facilitating the development of
opportunistic infections particularly in the oral cavity. About 30
to 80% of HIV- infected individuals present with one or more
oral disease/manifestations. In spite of the initiation of HAART
which has reduced the incidence of oral manifestations, an
increase in dental caries has been reported within the HIV-
positive population.? Even if there is initiation of HAART in
South Africa , the country is still faced with many individuals
who do not disclose their HIV status. This may lead to no
uptake of HAART by those HIV- infected individuals, thus
it invariably relates well with some of the cited reasons for
non-disclosure of serostatus amongst pregnant women
which were documented in a study conducted in Tshwane,
Pretoria — South Africa in 2007. Some of the reasons cited
by these pregnant women were that their biggest fear
was discrimination and abandonment.® South Africa has
the largest combination antiretroviral therapy programme
resulting in survival benefits, but the number of infections is
high in key populations such as young females. Advances
in the use of antiretroviral therapy for HIV in the prevention
of transmission of HIV has brought hope and optimism to
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control the spread of HIV-infection.”® There is a high burden
of HIV-infections in Southern Africa with the prevalence of
HIV-positivity among 15 to 49-year-old’s in KwaZulu Natal at
27,6%; being three times higher than in the Western Cape
Province at 9,2%."© A recent study undertaken in Cape
Town, revealed a high prevalence of dental caries (78,8%) in
a group of HIV-positive children between the ages of 2 and
12-years.’

Case Report

A 5-year-old male patient accompanied by his mother,
presented for a dental consultation at the Paedodontics Clinic
of the Oral and Dental Hospital at Sefako Makgatho Health
Sciences University. The main complaint of the patient was
“painful, rotten teeth”. The patient’s mother explained that
several black spots were initially observed on the teeth when
the patient was about 4-years old, although these did not
prompt any form of intervention as the affected teeth were
going to be shed. The mother confirmed that the child had
been diagnosed with HIV in his first year of life at which time
antiretroviral therapy was initiated. The mother expressed
great discomfort to mention the term “HIV” and stated that
this information has never been disclosed to the son.
Clinical  extra-oral  examination  showed  bilateral

submandibular lymphadenopathy with pain on the left.
In addition, eczema was noted on the facial skin and the
patient’s lips were markedly cracked whilst he displayed
short stature for his age. Intra-oral examination showed a
draining fistula in association with tooth 75 (Figure 1). There
was carious involvement of teeth 51, 52, 53, 61, 63, 65, 74,
84 and 85 (Figure 2).

Figure 1: Clinical intra-oral photograph of the mandibular dentition in
which a fistula and gingival abscess can be seen on the buccal gingiva in
association with the carious 75.

Figure 2: Intra-oral photograph of the maxillary dentition. Gross carious
involvement of the molar teeth is depicted as well as interproximal decay
of the incisor teeth.
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Informed consent was obtained from the mother to continue
with treatment. The child was noted to be both negative and
withdrawn and was slightly uncooperative. Periapical and

panoramic radiographs were taken to assess the extent of
carious defects and to assist with treatment planning (Figures
310 5).

Figure 3: Panoramic radiograph obtained for diagnostic and treatment
planning purposes. Carious involvement of the deciduous dentition is
conspicuous.

Figure 4: Periapical radiograph of the upper right deciduous dentition
highlighting interproximal caries in which the Atraumatic Restorative
Technique (ART) has been used.

Figure 5: Periapical radiograph of upper left maxillary dentition showing
interproximal decay with encroachment of the pulp of tooth 64. The tooth
was previously treated by means of Atraumatic Restorative Technique

(ART).

After discussing the treatment plan options, it was agreed that
an emergency extraction of tooth 75 be performed (Figure 6).
The preventive phase was subsequently commenced and
comprised of a scaling and polishing, demonstration of oral
hygiene maintenance, placement of fissure sealants on teeth
16, 26, 36 and 46 using 3M™ Clinpro ™ sealant as well as a
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Figure 6: Panoramic radiograph following emergency management including extraction of tooth 75.

diet review. The corrective phase included pulpotomies on
tooth 55 and tooth 85 using Ultradent Astringedent™ -15.5%
Ferric Sulfate to stop bleeding followed by the application of
pure Dentsply Kalzinol- Zinc Oxide Eugenol Cement Powder
and normal saline as a medicament. Restorations using 3M™
Ketac™ Universal Glass lonomer were done on teeth 55, 84
and 85.

Unfortunately, the patient's mother, who is the primary
caregiver, was unavailable for subsequent visits where the
placement of stainless-steel crowns and space maintainers
were planned. This was to be followed by the maintenance
phase to be conducted at 3-monthly and then 6-monthly
intervals.

DISCUSSION:

The number of paediatric patients affected by HIV remains
high in developing countries with vertical transmission
from mother-to-child being the major contributor .'* Oral
disease remains one of the common manifestations of HIV
in paediatric patients. Oral lesions are due to dysregulation of
oral microbiota which facilitates opportunistic infections in a
subset of patients who still have immature immunity. South
Africa has a high burden of HIV-infection and there is a need
to examine the relationship between caries and HIV-infection
particularly in the epidemiological regions where infection
rate is high.2©

The prevalence of dental caries is much higher in HIV-infected
children than in those who are HIV-negative.®® |t is thus
imperative that oral health education be prioritised together
with regular screening and prevention.”" A study performed
in children with HIV/AIDS since 1992 demonstrated a range
of problems regarding dental caries and to date it is notable
that there are subsequent studies that confirmed these
observations . The study by Howell and others showed that
medication such as Zidovudine and Nystatin for candidiasis
had high sucrose levels which promotes the development
of dental caries. Another side effect of these medications
is decreased saliva flow which also contributes to the

prevalence of dental caries in these patients.™ Another study
in 1996 by Madigan and others in which caries prevalence
was assessed between HIV-infected children and their
uninfected siblings in the same environment confirmed a
greater risk for dental decay particularly involving the primary
dentition in those who were HIV-positive.’”® A  different
study conducted in the United States in 2011 confirmed the
findings of sucrose and its effects on saliva production and
further confirmed an association between the incidence of
dental decay and HIV-infected patients who have not yet
started taking HAART The association decreases in patients
who have undergone HAART-initiation.™ A study performed
in 2004 firmly established a significantly higher prevalence of
dental caries in HIV-infected children which correlated with
the severity of HIV disease. This study identified high levels
of salivary IgA which lead to the hypothesis that the sucrose
content of medication, a high caloric diet used to compensate
for weight loss in combination with immune deficiency
and decreased saliva flow all promote the development of
dental caries.”® Indeed different studies from different parts
of the world have also reported that there was high caries
experience amongst HIV-infected children'®'¢17 . In our South
African context, a study conducted by Mohamed and others
in 2020 stated that children as the vulnerable group continue
to suffer the impact of the HIV/AIDS pandemic and they may
have an increased caries experience compared with their
healthy peers.”

It has been shown that HIV-infected children and adults have
a significantly higher caries experience with involvement of
both the deciduous and permanent dentitions. Furthermore,
the presence of caries in HIV-positive children is often
associated with hypoplasia of the deciduous dentition,
gingival inflammation and lower CD4 T-cell counts.® A study
conducted amongst children with HIV infection in Tygerberg
Hospital's Paediatric Infectious Disease Clinic in Cape Town
,South Africa highlighted the oral health status among
children living with HIV, with regard to their dental caries and
the majority of which were untreated . © Amongst several
factors that were important it was evident that the increased
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prevalence of dental decay in children with HIV was due to
a lack of awareness regarding oral health issues as well as
inadequate access to oral health services. *

The impact of dental caries on the quality of life and daily
functioning in both children with HIV and their accompanying
caregivers is of great public concern. Caries affects
mastication, growth and development. Furthermore, the
pain and frequent dental visits which are required, may affect
those who are of school going age and work attendance by
the accompanying parents /guardian/ caregivers. A carious
dentition may have a long-term psychological effect on
patients which may be compounded by the stigma associated
with HIV-status. The increasing prevalence of dental caries
in developing countries is largely because of increased
consumption of sugary foods, poor oral hygiene, xerostomia,
as well as an altered oral microbiome in conjunction with low
levels of awareness of the problem in health care workers.5" 18

A Ugandan study conducted in patients attending an HIV
Care Clinic, revealed general xerostomia within in all HIV-
positive patients. This was shown to be because of HIV
infiltration of the lymphoid rich salivary glands where it
infects the follicular dendritic cells during apparent dormancy
whilst it replicates and may result in increased numbers
of CD8 lymphocytes. This is what results in generalised
lymphadenopathy throughout the body. Many of these
patients develop cystic lymphoid hyperplasia of the salivary
glands characterised by lymphoepithelial cyst formation.
Involvement of the salivary parenchyma results in decreased
salivary flow which increases the risk for caries development.
The same study showed that female gender and longer
duration of antiretroviral treatment are independent risk
factors for caries development. Chronic antiretroviral therapy
may cause alterations in the normal microbial flora of the
oral cavity thus facilitating opportunistic infections which is
exacerbated by xerostomia. Moreover, HIV-positive patients
are at risk for malnutrition which is worsened by dental caries
especially in children and the elderly.®

The oral status of HIV-infected children who attended a
Paediatric Infectious Diseases Clinic in Cape Town, South Africa
was investigated.” Sixty-six HIV-positive children aged two to
twelve years were recruited for investigation. It was shown that
the prevalence of dental caries was exceedingly high (78,8%).
More notably, it was determined that an unmet treatment need
of 90,4% was recorded among participants. HIV-infected
children in the Western Cape often receive their antiretroviral
treatment at facilities like Tygerberg Hospital's Paediatric
Infectious Diseases Clinic. ” These findings suggest a need for
intensified collaborative care between Paediatric Clinics and
Paediatric Dental Clinics. " Doctors and nurses are usually thefirst
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health care workers to have contact with HIV-infected children.
Increasing awareness of the high prevalence of dental caries
in these patients is essential to provide holistic patient care.”

CONCLUSION:

It is thus apparent that additional research into the association
between HIV-infection and dental caries is required. The
literary findings sugg est a relationship exists between HIV-
infection and dental caries which requires an understanding
of how lowered immunity may synergistically affect multiple
factors predisposing to the development of dental caries.
There is a need for effective oral health interventions in HIV-
positive patients. Thus, the awareness of the high prevalence
of dental caries in association with HIV emphasizes the
need for strategic public oral health care policies which
highlight preventative care and include comprehensive care
programmes to holistically meet the needs of these patients.
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CPD questionnaire on page 226

The Continuing Professional Development (CPD) section provides
for twenty general questions and five ethics questions. The section
provides members with a valuable source of CPD points whilst also
achieving the objective of CPD, to assure continuing education.
The importance of continuing professional development should

not be underestimated, it is a career-long obligation for practicing

professionals.
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1. ARE DENTAL PROFESSIONALS AWARE OF
THE DISCOVERY OF NEWLY IDENTIFIED
SALIVARY GLANDS?

In October 2020, several journals and news sites reported the
discovery of an organ in the throat—the tubarial salivary gland
(TSG)." The gland was named for its anatomic proximity to
the torus tubarius, a cartilaginous elevation near the opening
of the eustachian tube.

Valstar and associates’ noticed an unknown structure
bilaterally in the posterior nasopharynx with ligand uptake
like that of the major salivary glands. The discovery was
made while screening prostate carcinoma patients in the
Netherlands Cancer Institute using radiolabelled ligands to
prostatic-specific membrane antigen (PSMA) and subsequent
positron-emission tomography/computed tomography scan.
The gross features were further characterized in human
cadaver dissection with the usage of histochemistry and
immunohistochemistry (PSMA, alpha-amylase) and taking
prostate (for PSMA) and parotid/pancreas (for amylase)
samples as controls. In live subjects, magnetic resonance
imaging also confirmed the presence of tubarial glands (see
Fig 1)
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Figure 1: Schematic representation to show site of Tubarial Glands

The tubarial glands are considered similar to the sublingual
salivary glands due to the absence of amylase secretion, the
presence of multiple drainage ducts, their lack of a capsule,
and the similarity in the types and frequencies of salivary
gland tumours found in both the nasopharynx and sublingual
salivary glands’. However, there is ongoing debate as to
whether the tubarial glands are more like sublingual glands
or palatal glands.

Tuberial glands are located in a difficult to access anatomical
position below the base of the skull and are best assessed
by nasal endoscopy. Conventional imaging methods, such
as ultrasound and CT, have never been able to identify

and interpret this submucosal structure as a salivary gland.
However, in recent years, multiparametric magnetic resonance
(MR) imaging has enabled clearer detection of these glands.

Some authors believe that the Tubarial Gland is a new
organ. This discovery has drawn significant attention from
the scientific community but has also raised questions and
sparked debates. One of the main points of discussion is
whether the tubarial glands should be classified as major
or minor salivary glands or considered a separate organ. To
classify a structure as an organ, it must have a distinct shape
and structure, consist of multiple tissue types, and perform
specific functions.

Some authors suggest that it might be more appropriate
to interpret the tubarial glands as a macroscopic part of
the entire salivary gland organ system rather than as a
separate organ. However, some authors disagree with
this perspective. They argue that classifying the tubarial
glands as salivary glands is incorrect because these glands
open into a region associated with the respiratory system
rather than the digestive system. Other authors have also
highlighted that these glands are “taxonomically distinct
from salivary glands” due to their anatomical positioning
within the respiratory tract, the presence of respiratory
epithelium in the overlying mucosa, and the absence of the
enzyme salivary amylase. They also emphasize that for the
tubarial glands to be considered a new organ, distinct blood
flow, lymphatic drainage, and neural connections in the
surrounding tissues must be identified.

Pringle et al (2024 summarized their recommendation
against classifying tubarial glands as salivary glands in six key
points:

e Tubarial Glands do not contribute to oral fluid: Tubarial
glands should not be considered salivary glands because
they do not secrete fluids into the oral cavity. They might
be classified as ectopic salivary glands only if the fluid
they secrete is shown to have a composition similar to
that of saliva.

e Histopathological characteristics resemble minor glands:
Histological analysis suggests that tubarial glands are a
conglomerate of minor glands, not a major salivary gland.
Their duct openings resemble those of minor glands like
the labial glands, rather than major salivary glands.

e Absence of salivary enzyme markers: Unlike typical
salivary glands, tubarial glands do not secrete amylase, a
hallmark enzyme of salivary secretion. Additional salivary
markers, such as agglutinin, lactoferrin, and lysozyme,
could help clarify whether these glands should be
considered true salivary glands.

e Uncertain stimuli for secretion: The exact stimuli that
trigger secretion from tubarial glands remain unknown.
Salivary glands typically respond to chewing, gustatory,
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or olfactory stimuli, but it is unclear whether these factors
influence the tubarial glands.

e | ack of secretions characterization: It is important to
analyze the secretions from the tubarial glands to better
understand their function and composition. This could
be achieved through methods used to collect secretions
from minor salivary glands, such as endoscopic
examination of the nasopharynx.

® Need for further research to determine function: More
research is needed to determine the precise role and
function of the secretions produced by the tubarial
glands. A detailed analysis of their secretions and
response to various stimuli will provide more insight into
whether these glands serve functions comparable to
salivary glands or have a distinct role.

Concluding Remarks

More recently, researchers have reported that, regardless
of how the tubarial tissue is classified, the presence
of mucous acinar cells in the nasopharynx remains a
consistent observation. They demonstrated the importance
of this tubarial tissue for oral intake, noting that damage
to the tubarial glands is linked to dysphagia. Therefore, the
clinical significance of tubarial tissue, particularly its role in
conditions such as dry mouth due to radiation damage or
autoimmune diseases like Sjogren’s syndrome, should be
recognized.

Implications for dental professionals

The tubarial gland secretes mucin, which keeps the mucosal
surface moist, thus preventing heat-induced desiccation
caused by the breathing of air. The physiological function
of tubarial glands is believed to be the lubrication and
moistening of the nasopharynx and oropharynx. It is well-
known that high-dose radiotherapy applied to the salivary
glands during the treatment of head and neck cancer or
brain metastases can lead to loss of function, xerostomia,
and dysphagia. Affected patients experience difficulty in food
intake, digestion, speech, and an increased risk of caries and
oral infections. Therefore, the discovery of tubarial glands is
particularly relevant to all professionals concerned with oral
health.

REFERENCE

1. Valstar MH, de Bakker BS, Steenbakkers RJ, de Jong KH, Smit LA, Nulent TJ, van
Es RJ, Hofland |, de Keizer B, Jasperse B, Balm AJ. The tubarial salivary glands: A
potential new organ at risk for radiotherapy. Radiotherapy and Oncology. 2021 Jan
1;154:292-8.

2. Pringle S, Bikker FJ, Vogel W, de Bakker BS, Hofland |, van der Vegt B, Bootsma
H, Kroese FG, Vissink A, Valstar M. Away from definition and back to the clinic—
As response to Kumar et al,'Evidence is not sufficient to declare the tubal gland
conglomerates as salivary’. Radiotherapy and Oncology. 2024 Jan 1;190

2. HEALTH COMPLAINTS BEFORE AND AT
ONE AND FIVE YEARS AFTER REMOVAL
OF DENTAL AMALGAM RESTORATIONS

The Minamata Convention on Mercury (MCM) is a binding
multilateral agreement that aims to protect human health
and the environment from anthropogenic mercury releases’.
The MCM focuses on banning new mercury mines, phasing
out existing mines, phasing out and phasing down mercury
use in products and processes, controlling environmental
emissions, and regulating the informal sector of artisanal and
small-scale gold mining?. South Africa joined the Minamata
Convention on Mercury on April 29, 2019, and is thus
obligated to adhere to the measures aimed at reducing
environmental releases of mercury?.

EVIDENCE BASED DENT

In response to the MCM, the World Health Organization (WHO)
released an oral health briefing on preventing and treating dental
caries with mercury-free products and minimal intervention®.
In addition, resin-based composites were, for the first time,
included in the WHO's 23 edition of the Essential Medicines
List (EML) released in 2023°. The current EML also contains
Fluoride toothpaste, gel, mouth rinse and varnish, Silver
Diamine Fluoride, and Glass lonomer Cement, which provided
an impetus for the availability, affordability, and accessibility of
essential interventions in the management and prevention of
dental caries while aligning with the goals of MCM.

In the efforts to domesticate the MCM in South Africa, the
Department of Forestry, Fisheries, and the Environment
developed national regulations for the management of
mercury in South Africa. The regulations are expected
to become effective on the 1%t of April 2025, and have
implications for oral health services as they address the
waste management practices for dental amalgam®. In the
regulations, the best management practices for dental
amalgam use (BMPs), including the installation of amalgam
separators in the clinics using dental amalgam, will become
mandatory and contravention litigable.

Notably, the regulations do not address provisions aimed at
protecting the developing neural from the effect of mercury
resulting from the placement of dental amalgam, such as
restricting the use of dental amalgam in children under 15
years of age and protecting pregnant and breastfeeding
mothers.

The faculty of Dentistry, UWC hosted a Symposium on An
Update on Dental Amalgam in South African Dental Training
Institutions on March 27, 2025. From the feedback received,
all of the dental schools do not use amalgam as a restorative
material anymore and are well on the way of phasing out the
use of amalgam in the training environment. There is also an
acknowledgement that all dental schools should comply with
the requirements of placing amalgam separators on some
chairs on the clinical training platform where they may be a
need to treatment patients who need their old amalgams to
be removed and replaced with safer options.

Patients with health complaints attributed to their amalgam
filings have in general several symptoms in common with
patients with medically unexplained physical symptoms
(MUPS). The similarity of the health complaints in these two
patient groups allows comparison over time. In 2012 the
Norwegian Directorate of Health initiated an experimental
treatment project including patients with subjective health
complaints attributed to dental amalgam. This project was
called the Bergen Amalgam Trial and was designed as a
prospective cohort study with three non-equivalent groups:
Amalgam cohort, patients with medically unexplained
physical symptoms (MUPS) cohort, and Healthy cohort.
The target population was the Amalgam cohort (patients
with MUPS attributed to dental amalgam restorations) who
had all amalgam restorations removed and replaced with
other dental restorative materials. The MUPS cohort and the
Healthy cohort were used as comparison groups. The primary
outcome of the project was general health complaints index
(GHC-index) 1 year after removal of all amalgam fillings was
completed, which was significantly decreased (p < 0.001)
in the Amalgam cohort. Patients in the comparison cohorts
did not have their amalgam fillings removed and there was
no significant change in the general health complaints index
(GHC-index) at follow-up in these cohorts.
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Sinha et al (2024)' used the amalgam cohort from the Bergen
trial to present a descriptive analysis characterizing changes
of specific health complaints after removal of all amalgam
restorations over time periods of 1 and 5 years.

Materials and methods
Participants in the Amalgam cohort form the Bergen Trall
were recruited to participate in this study.

At baseline, the first questionnaire (Q1) was sent to all
three cohorts [healthy cohort; amalgam cohort and MUPS
cohort) after written informed consent was obtained. This
was followed by removal of amalgam restorations in the
Amalgam cohort. A follow-up questionnaire (Q2) was sent
by mail to the patients in the Amalgam cohort 1 year after
removal of the last amalgam restoration. Q2 was sent to
the comparison groups 2 years after the completion of the
baseline questionnaire. Four years after completion of Q2,
the second follow-up questionnaire (Q3) was distributed to
the cohorts.

The primary outcome of the Bergen Amalgam Trial was
changes in the general health complaints index (GHC-
index) at 12-month follow-up after amalgam removal was
completed.

The secondary outcome was to assess the health complaints
attributed to dental amalgam fillings using the Munich
Amalgam Scale (MAS). MAS is a questionnaire-based
tool used to assess health complaints attributed to dental
amalgam fillings and consists of 50 items, each scored on
a scale from O to 3, where 0 means “not at all” and 3 means
“very much” for the intensity of each symptom. The scale is
used primarily in research on medically unexplained physical
symptoms (MUPS) linked to amalgam fillings, to measure
changes in symptom intensity before and after removal of
amalgam restorations

Results

A total of 59 patients with health complaints attributed to
dental amalgam sent an application for participation in the
project. After consideration of inclusion and exclusion criteria,
37 participants were included in the Amalgam cohort. A
total of 32 participants had all amalgam fillings removed and
responded to Q2.

Fifty-two patients were recruited to the MUPS cohort and
signed an informed consent. Among these, 44 participants
responded to the baseline questionnaire. In total, 33 patients
fulfilled the MUPS cohort criteria, and of these 28 responded
to both Q1 and Q2.

The third cohort consisted of healthy volunteers and was
mainly recruited from dental practice. Among 28 participants
who signed an informed consent, 25 responded to Q1 and
six of them did not respond to Q2. Thus, 19 were available
for the analysis of change scores between baseline and Q2.
The second follow-up questionnaire (Q3) was completed by
22 participants in the Amalgam cohort, 22 participants in the
MUPS cohort, and by 12 participants in the Healthy cohort.

Amalgam cohort: Local and general health complaints
Symptom reduction

In the Amalgam cohort the mean intensity of each of all 23
items was reduced at the first follow-up (Q2) compared
with the baseline (Q1). Fourteen of the symptoms were
significantly reduced. At the second follow-up (Q3), reduction
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in mean intensity was observed for all but one item compared
with baseline (Q1)

Consistent significant changes

Five local symptoms were significantly decreased from
baseline at both follow-ups: ‘intraoral burning sensation’,
‘intracral pain/ tenderness’, ‘taste disturbance’, ‘dry
mouth’, and ‘facial stiffness/paraesthesia. Seven of the
GHC were consistently changed: ‘pain from muscles and
joints’, ‘cardiovascular symptoms’, ‘fatigue’, ‘dizziness’
‘memory problems’, ‘difficulty to concentrate’, and ‘anxiety/
depression’

Amalgam cohort: Munich Amalgam Scale

Patients in the Amalgam cohort also responded to the
Munich Amalgam Scale. The highest Effect sizes were
found for ‘metallic taste’ (0.93), ‘stress at the job’ (0.83),
‘skin rash’ (0.57), ‘sensitivity to cold and wind’ (0.54),
‘worries — restlessness’ (0.53), and ‘irritability’ (0.52); and
significant reduction of intensity of symptoms was shown.
Moderate Effect sizes (around 0.4) were found for items
‘feeling of walking next to oneself’, ‘arrythmia’, ‘diarrhoea’,
‘increased urge to toilet’, ‘indecision’, ‘abdominal pain’, ‘lack
of concentration’, ‘fluctuating mood’, ‘anxiety’, and ‘burning
sensation in tongue’, all being statistically significant
Explorative analyses of the Amalgam cohort including age
and gender in the mixed effects model indicated significant
effects from both age and gender for the item ‘pain from
muscles and joints’. Women had, at an average, a higher
overall intensity of ‘pain from muscles and joints’ (mean 1.8;
95% confidence interval [Cl] from 0.4 to 3.4, p = 0.016).
An increase of 10 years of age was associated with lower
intensity of ‘pain from muscles and joints’ (mean 1.3; 95%
Cl from 0.2 to 2.3; p = 0.014). Significant effects from
age, but not for gender, were observed for the symptoms
‘fatigue’, ‘intraoral stiffness/paraesthesia’, and ‘pain from
temporomandibular joints’. An increase of 10 years of age
was associated with a lower ‘fatigue’ symptom intensity (1.5;
95% Cl from 0.4 to 2.6; p = 0.008), lower ‘intraoral stiffness/
paraesthesia’ (0.6; 95% CI from 0.2 to 1.0; p = 0.005), and
lower ‘pain from temporomandibular joints’ (1.3; 95% CI
from 0.4 to 2.2; p = 0.005).

Conclusions

This study supports the hypothesis that reduction of intensity
of symptoms, which could be caused by mercury, occurs
after removal of amalgam restorations in patients with
medically unexplained physical symptoms (MUPS) attributed
to amalgam.

Implications for practice

There remains controversy on the effects of amalgam on
patient’s heath mainly due to the poor quality of the published
studies but environmental concerns have taken precedence
and there is a worldwide move to phase down or phase out
the use of amalgam in dentistry.
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Listening: The most valuable service you

won’t charge for!
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“Knowledge Speaks, but Wisdom Listens”

Jimi Hendricks

ABSTRACT

Dental practitioners cannot charge additional fees for the
time spent “listening” to their patients, however, the non-
financial cost benefits of this time spent may be of a far greater
value than is generally realised. Consciously paying attention
to a patient and engaging in meaningful communication with
them play a valuable part in providing patient-centred care and
fostering a positive healthcare experience. Time constraints
and billing pressures are a reality in today’s clinical practice.
The art of listening to patients aligns with both ethical care
and sustainable practice management. It's about balancing
financial viability with compassionate patient care.

Introduction

Dental practitioners are not allowed to charge additional
fees for the time spent “listening” to their patients. The
fees they charge are for the services they provide, such
as the consultation, examination and treatment planning,
and the subsequent performance of clinical procedures.
Time spent listening or talking to a patient falls under the
general scope of the consultation visit, and is included in the
overall fee for that appointment (*see Code 8101 and 8104
description).” This brings up the question of whether we,
as individuals, health care providers, or society, truly listen
to one another, rather than merely observing at a surface
level and forming opinions based on a superficial, and often
subjective impression refered to as cognitive bias. While
a practitioner cannot charge for added listening-time, the
non-financial cost benefits may be of a far greater value.
Listening and communicating well helps build trust, ensures
accurate diagnoses, and leads to better outcomes.? When
patients feel heard, they are more likely to share important
details about their symptoms, concerns, and medical history,
which can lead to a more complete and accurate diagnosis.®
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It also promotes a sense of respect and empathy, making
patients feel valued and more likely to follow treatment plans.
Overall, listening is key to providing patient-centred care and
fostering a positive healthcare experience.* The following
case highlights the need for clinicians to spend time listening
to their patients and sets the scene for the subsequent
ethical discussion.

Case scenario

A patient presented to a new dentist seeking treatment.
Before even taking the time to listen to her main complaint,
establish her desires, or examine her mouth, the clinician
began to discuss her “ugly front teeth”, and the need to have
all six anterior maxillary teeth crowned to give her a “beautiful
smile” (Figure 1). The patient was rather disconcerted,
as she had never been too worried about her smile, and
was seeking relief from the severe pain she had been
experiencing in the 4" quadrant. The dentist then decided
it might be prudent to take a radiograph and investigate
further. An orthopantomogram (Figure 2) revealed several
dental problems, the most obvious being the large carious
lesion on the 46. The patient was told that this tooth could
be restored if she was willing to undergo a root canal therapy
and pay for a seventh crown. If not it could be extracted
immediately while the follow-up visits were being scheduled.

Figure 2. Panoramic radiograph showing many dental problems
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At this stage, the patient became anxious and psychologically
distressed. Firstly, because she felt the clinician had not taken
the time to talk to her, or listen to her presenting problem.
She had sought treatment because she was in pain, yet this
had not even been acknowledged. Furthermore, she had
never considered her smile unattractive and was now feeling
self-conscious and embarrassed at the thought that other
people may have been commenting on her looks without her
knowledge for many years. She felt so unnerved and upset,
that she cut the visit short and left the rooms without having
her main complaint, the pain, addressed.

Hearing versus Listening

Hearing can be defined as a passive physiological process
of perceiving sound through the ears by a physical process
of detecting sound waves and recognizing that noise is
present. No active or conscious effort is required, as it
happens automatically if the auditory system is functioning.
Merely hearing something does not necessarily lead to
understanding or retaining information without active input
and engagement.

Listening is that active process of paying attention to,
understanding, and interpreting the sounds or words that
have been heard. It involves conscious effort to decode the
unspoken messages, and construct meaning from what is
being communicated. This requires mental focus, attention,
interest, comprehension, engagement, and an emotional
connection in order to understand and respond with empathy
or action based on the information.?*

The key distinction between the two is that hearing is passive
and physiological, while listening is active, intentional, and
cognitive.  Effective communication requires listening, not
just hearing, and involves attention, empathy, patience,
openness, and comprehension, making it a critical skill in
personal and professional communication.®

Key Elements of Listening and Communicating
Receiving: The physical act of hearing the sound or
observing the nonverbal cues of the speaker.

Understanding: Making sense of the words, tone, and
context of what is being communicated.

Evaluating: Judging the content, intent, and relevance of
the message.

Responding: Providing verbal or nonverbal feedback to
show comprehension and engagement.

Remembering: Retaining the information shared for future
reference or action.

The phrase “| see you, but do | hear you?” is a powerful
reflection on the distinction between acknowledgment and
understanding in communication. It highlights the idea that
truly hearing someone goes beyond the spoken word. It
includes acknowledging their presence, noticing or observing
their behaviour, engaging with them to try form a connection,
and responding in a manner that shows you genuinely value
what they have said. The seeing is about recognition, while
the hearing relates to the connection and comprehension.
This question also challenges whether we, as individuals
or society, truly listen to one another, rather than merely
observing at a surface level.

ETHICS

The Importance of Listening in a Healthcare setting

A. Patient related factors

During the initial consultation, a practitioner must spend time
engaging with their patients and listening attentively to their
presenting complaints. This involves actively listening and
hearing not just the words, but also the emotions and context
behind what the patient is saying. It's not just about checking
off symptoms, but about picking up on the nuances, concerns,
and any underlying fears that might affect their well-being or
their willingness to follow through with treatment. This in turn
will help the healthcare provider understand the full picture of
the patient’s physical, emotional, and social state of health.
Being genuinely present and attentive also builds trust, which
can be especially important if patients are feeling vulnerable
or scared about their condition, as-yet-unknown diagnosis
and possible treatment options. At the same time listening to
patients can be seen as an ethical and legal requirement as it
shows the following:467

1. Respect for Autonomy:

Listening shows respect for a patient’s right to make
decisions about their own health and treatment. It ensures
they can express their values, concerns, and preferences,
which are crucial in shared decision-making.

2. Building Trust and Loyalty:

Active listening builds a foundation of trust between patients
and caregivers. It is also crucial that they are honest when
communicating with their patients, and this will encourage
honesty, adherence to treatment, and better overall
outcomes in return. They will also be more likely to return for
all their future treatment needs, and recommend the practice
to others

3. Empathy and Compassion:

Listening is an act of compassion that acknowledges the
patient’s feelings and experiences. It helps create a space
where patients feel seen and understood, reducing feelings
of isolation or fear. Furthermore, many patients feel anxious
or vulnerable in dental consulting rooms. When you take the
time to listen, it helps reduce those feelings and creates a
safe environment for them.

4. Improved Quality of Care:

Patients often provide key details about their symptoms,
history, or lifestyle that can guide better diagnosis and
treatment. Ignoring them risks missing crucial information.

5. Advocacy and Equity:

Listening ensures that marginalized or vulnerable populations
have their voices heard, preventing disparities in care and
promoting ethical principles of justice and fairness.

6. Non-Maleficence:

Ignoring or dismissing a patient’s concerns can lead to harm,
whether through misdiagnosis, inappropriate treatment, or
emotional distress. Listening actively minimizes such risks.

7. Informed Consent:

Engaging with patients ensures they understand their
options, risks, and benefits, empowering them to make
informed choices about their care.

In essence, listening is not only a cornerstone of ethical
practice but also a critical tool for effective, patient-centred
care.
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B. Practitioner related factors

While it is not permissible to charge fees for extra time spent
listening to a patient, it is still absolutely worth the time in the
long run. It can lead to:?#8

1. Improved Patient Outcomes

Listening can lead to a better understanding of symptoms,
concerns, and underlying issues. Accurate diagnosis and
treatment decisions are more likely, reducing follow-ups or
complications that could take more time later.

2. Relationship Building

A strong patient-provider relationship fosters loyalty and
satisfaction. Patients who feel heard are more likely to return,
and to adhere to treatment plans, benefiting long-term
success. They are also more likely to recommend you to
family and friends, which is valuable for growing a practice
and reputation.

3. Personal Professional Fulfilment

Listening is part of the human connection that makes
healthcare meaningful. Taking the time to listen can provide
personal satisfaction and remind a clinician why they chose
this field.

4. Legal and Ethical Safeguards

Patients who feel unheard are more likely to pursue legal
action if something goes wrong. Many reported cases of
litigation relate to poor communication and overcharging
as opposed to bad treatment. Listening carefully reduces
misunderstandings and helps ensure clarity in care.

5. Patient Satisfaction

A patient who feels heard is far more likely to leave with
positive feelings and return for future visits when necessary.
Even if the actual time spent with a patient is short, quality
listening can make them feel like they received personalized,
focused attention.

6. Efficient Communication

While listening may take more time initially, it can help prevent
confusion and repeated questions, and reduce the number
of unnecessary follow-up calls or visits. Thus investing time
early can save time later.

Strategies to aid effective listening

It is clear that effective listening plays an important role in
any dental consultation, and can impact on the treatment
outcome. Patients who feel heard become more open to
suggestions, more compliant with treatment, and more
satisfied with the healthcare practitioner. At the same
time, healthcare practitioners who were considered good
listeners and communicators also tended to experience less
malpractice litigation.®

Listening as a skill set is not well understood. Merely hearing
sound does not guarantee that an individual is actively
focusing on what is being said or processing the meaning
from it. While dental training may teach communication
skills, the aspect of developing good listening skills is often
overlooked as it is seen as common sense or falls under the
banner of empathy and as such, does not get the attention
it deserves.®

Authors, Barker and Watson (2000) suggested that before
any meaningful listening can occur, practitioners need to
identify what type of listener they are, and then be taught skills
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that tap into their individual profiles. They proposed that there
are four main listener types: (1) people-oriented listeners;
(2) action-oriented listeners; (3) content-oriented listeners,
and (4) time-oriented listeners. They noted that healthcare
practitioners can have a combination of these profiles, which
impacts how they should be taught the various listening
skills.™ They then proposed different listening skill sets that
can be taught to healthcare practitioners, which include:
(1) discriminative listening, that focuses on interpreting the
message based on how the words are articulated and not
on the words themselves, (2) critical listening, where one
not only hears what is being said but also comprehends,
analyses and evaluates what is being said to form an opinion,
(8) empathic listening also known as reflective listening
wherein the listener tries to understand the patient’s point of
view, (4) therapeutic listening also referred to as diagnostic
listening undertaken by qualified health personnel, and (5)
comprehensive listening which is a deeper level of active
listening characterized by internalizing the spoken words and
engaging the speaker to fully understand what they mean.°

Many listening exercises can be taught and learned to help
practitioners develop effective listening skills, but these
often require trained personnel to teach them. However, as
a starting point clinicians can consciously try to eliminate
distraction, be more focused on the person who is speaking
(their patients), avoid thinking of an immediate answer, show
respect to patients’ opinions and desires, and pay attention
to voice changes as well as their more subtle body language
during the conversation."

CONCLUSION

Ultimately, while biling pressures are a reality, listening
to patients aligns with both ethical care and sustainable
practice management. It’s about balancing financial viability
with compassionate patient care.
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Tissue induction

1.

Which statement is CORRECT. The transforming

growth factor-f3 (TGF-f3) induces bone formation in

primates primarily through which one of the following

mechanisms?

A. By forming direct mineral deposits onto existing
collagen fibers

B. By converting muscle cells directly into osteoblasts

C. By priming mesenchymal cells to express bone
morphogenetic proteins (BMPs), initiating bone
formation

D. By increasing calcium uptake in skeletal tissues

E. By removing inhibitory molecules from periodontal

tissues
2. Which statement is CORRECT. The term "bone:
formation by autoinduction" refers to which one of the

following?

A.  The manual implantation of pre-formed bone grafts
to initiate bone regeneration

B. The direct transformation of cementoblasts into
osteoblasts in situ

C. A mechanical process of bone formation without
molecular mediators

D. The capacity of specific proteins to initiate bone
formation where there is no bone, through
developmental processes

E. The stimulation of periosteal cells by physical
pressure to form bone

Radiation protection and compliance with radiation
safety standards by dental professionals and
radiographers in rural Limpopo Province, South Africa: a
cross-sectional study

3.

Select the CORRECT answer. What is the maximum
permissible dose of ionizing radiation exposure for
radiation workers such as dental health professionals in
South Africa?

A. 20 mSv per year

B. 50 mSv per year

C. 10 mSv per year

D. 100 mSv over a lifetime

Choose the CORRECT option. Which of the following
patients would require special considerations
for radiation exposure and protection in dental
radiography?

A. Adults males with no underlying medical conditions
B. Pregnant patients during the first trimester

C. Elderly patients with osteoporosis and history of falls
D. Paediatric patients undergoing surgery

Which statement is CORRECT. What is the ALARA
principle in radiation compliance and safety?

A. Appropriate Limitation and Radiation Adjustment

B. As Little As Radiation Allows

C. As Low As Reasonably Achievable

D. A Limited Amount of Radiographic Allowance
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Choose the CORRECT regulation. Which of the

following regulations is most relevant for radiation

safety in dental practice?

A.  WHO Framework Convention on Tobacco Control

B. International Commission on Radiological Protection
(ICRP) recommendations.

C. The Kyoto Protocol.

D. OSHA Guidelines on Workplace Radiation Safety
and Protocol.

Select the CORRECT answer. Which of the following

is the most effective method to minimize radiation

exposure to dental health professionals?

A. Standing much closer to the x-ray machine during
operation

B. Wearing thick latex gloves while operating the x-ray
machine

C. Using a wall or lead-lined barrier for shielding

D. Reducing the duration of the x-ray exposure for
each patient.

The effects of two forms of commercially available
denture adhesives on the growth of Candida albicans in
vitro

8.

10.

11.

Which option is CORRECT. What is a potential
consequence of using denture adhesives that
promote Candida albicans growth?

A. Increased risk of developing denture stomatitis

B. Reduced adhesion of the dentures

C. Improved antimicrobial activity in the oral cavity

D. Lower rates of oral plaque formation growth?

Which of the following options is CORRECT. What
role does the pH of denture adhesives play in the
growth of Candida albicans?

A. A higher pH may promote Candida albicans growth
B. Alower pH may inhibit Candida albicans growth

C. pH has no significant impact on fungal growth

D. pH only affects bacterial, not fungal, growth

Select the CORRECT statement. What are the effects

of denture adhesives on biofilm formation?

A. The adhesive will prevent biofim formation
completely

B. The adhesive may either promote or inhibit biofilm
formation depending on its chemical composition

C. Denture adhesives have no effect on biofim
formation

D. Denture adhesives will always increase the biofilm
formation of Candida albicans

Select the CORRECT answer. The following factor/s

may influence the growth of Candida albicans?

A. The temperature of the experiment

B. The layer thickness of the denture adhesive applied

C. The concentration of active ingredients in the
denture adhesive

D. All of the above
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Management of dental caries in an HIV-infected child: a
case report

12.

Which statement is CORRECT. Vertical transmission
of HIV refers to which one of the following?

A. Transmission through sexual contact

B. Transmission through use of intravenous needles

C. Transmission through blood transfusion

D. Transmission from mother-to-child

E. Transmission through infected fluids including
saliva

13. Choose the CORRECT option. Oral manifestations

14.

15.

of HIV include which one of the following?
A. Linear gingival erythema

B. Black hairy tongue

C. Snail-track ulcers

D. \Vesicles of HSV-1

E. Tetracycline discoloration of teeth

Which option is CORRECT. The clinical severity and
progression of HIV can be measured by which one
of the following?

A.  White cell count

B. CRP levels

C. CD8 T-cell count

D. CD4 T-cell count

E. Elevated ESR

Select the CORRECT answer. Progression of
HIV infection to AIDS is the result of which of the
following?

Re-infection with HIV

B. Overwhelming TB infection

C. Recurrent Aphthous ulcers
D
E

>

Non-compliance of HAART
HPV infection in younger patients

Evidence-based Dentistry: What’s new for the clinician
- summaries of recently published papers

16.

17.

18.

Select the CORRECT answer. In the Sihna et study,
the data used for the study can best be described
as

Primary data

Secondary data

Tertiary Data

Health data

Dow>

Which option is CORRECT. How many cohorts were
used to collect data from in the Sinha et al study?
One

Two

Three

Four

DCow>

Choose the CORRECT answer. In the Sinha et al
study, how many participants were recruited to the
MUPS cohort?

28

33

44

52

Cow>

19.

20.

CPD =227

Choose the CORRECT answer. In the Sinha et
al study, how many participants completed the
questionnaire (Q1) in the healthy cohort group?

A. 28

B. 25
C. 19
D. 6

Which answer is CORRECT. In the Sinha et al
study, how many participants were included in the
amalgam cohort?

A 5

B. 32
C. 37
D. 59

Ethics: Listening: The most valuable procedure you
won’t charge for

21.

22.

23.

24,

25.

Choose the CORRECT option. Effective listening

involves

A. Actively paying attention to a patient’s spoken word

B. Attempting to understand and interpret a patient's
desires

C. Carrying out work that the patient has specifically
requested

D. Only a) and b) above

E. Al of the above

Select the CORRECT option. Which of the following
are essential for effective communication?
Accurate record keeping

Not charging for extra time spent listening

Feeling empathy towards a patient’s complaint

All of the above

Only b) and c) above

moowy

Which of the following is CORRECT. Respect for
autonomy refers to:

Acknowledging a patient’s feelings

Preventing disparities in healthcare provision
Building trust between a patient and their doctor
Allowing patient’s to make decisions about their
own treatment

E. All of the above

oowy

Which answer is CORRECT. According to Barker
and Watson, critical listening involves:

Interpreting the message behind the words
Analysing what is being said

Not forming an opinion about what is being said
Understanding a patient’s point of view
Internalizing the spoken words

moowy

Select the CORRECT answer. Good listening skills
also include:

Showing respect for patients

Observing body language

Eliminating surrounding distractions

All of the above

Only b) and c) above

moowy
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BENEFITS OF JOINING SADA

SADA supports its members throughout their time in the profession - from their time as students in the field,
straight through their professional careers, and into retirement.

Our members benefit from the below advantages, amongst others.

Access to local and international
networking opportunities, mentoring

circles and study groups. Full access to SADA online

# dental resources.

Achieve full CPD requirement
through SADA's learning circles. ™

Generate your CPD Report for the HPCSA Personalised advice on clinical, legal
audit at the click of a button. - _~ and practice management as well
. . i g as telephone and email support.
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Indemnity Membership.
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~ scientific dental journal in South Africa,
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Advertise your employment (SADJ), online and in hard copy.
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requirements for free on the
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Access exclusive online practice
and safety compliance.
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Access independent,
unbiased and superior -
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membership rebate.
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and Professional Development bulletins. ; ; medical schemes matters.
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Be part of monitoring and influencing the practice scope
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