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ABSTRACT

This research aims to analyze the quality of implants used in modern dentistry
and formulate recommendations to enhance the surface of the dental product,
thereby mitigating the potential consequences of the procedure. The key
methods that were used in this study include experiment, observation,
description, comparison, analysis, and justification. The stated methods focused
on a detailed study of the topic, as well as helping to compare different implant
surface modifications and highlight the more effective modification options. As a
result of this research, it was found that sandblasting with acid etching takes root
virtually without complications and is one of the most favorable and successful
modifications. The many types of implant surface modifications are currently not
officially recognized and require further research, especially long-term research.
The effects of some dental surface modifications on bone and the patient’s body
have not been studied enough. In clinical practice, only a small percentage of
existing modifications are used; the success of osseointegration is not only
influenced by the implant surface modification, so a comprehensive approach,
which will also include oral hygiene and sanitation, is important during
implantation. The results obtained and the summary formed have practical
relevance for implant surgeons, dentists, developers of nanotechnology for
dental implants, as well as researchers and authors who are engaged in the study
of similar or related topics in the field of implantology or dentistry.

Key-words: osseointegration; modification; bone tissue; roughness; peri-
implantitis

Implantology is quickly evolving as a result of
various variables, including advances in materials
science, increased demand for cosmetic and functional
dental restorations, and rising success rates for implant
surgeries. Every year, new technologies emerge, as do
several proposals for additional testing and increasing
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implant efficacy. One example of contemporary
implantology innovation is the creation of surface
modifications like nano-coatings, which improve
osseointegration and  shorten healing time.
Osseointegration is the process by which a dental
implant gets firmly attached to the surrounding bone.


https://www.fluorideresearch.online/epub/files/293.pdf
mailto:maditleshev998@gmail.com

Research paper, Tleshev et al.

This occurs when bone cells develop and bind directly
to the implant surface, maintaining the implant's
durability and long-term viability. Proposals for
increasing implant function include investigating the
use of bioactive materials that can encourage tissue
regeneration and better integration with the
surrounding bone. Additionally, technical
improvements like computer-aided design and 3D
printing enable more accurate implant placement and
personalization, improving patient outcomes. The
worldwide aging population, as well as the increased
frequency of dental diseases, all contribute to the
increase in demand and development.

This substantiates a need for research to test
different, or at least the most commonly considered,
modifications of dental implants. It is appropriate to
evaluate efficacy and features at different stages in the
studies. Conducting studies will help to more
accurately assess the features of the modifications and
introduce them into clinical practice as quickly as
possible, which will significantly affect the success and
effectiveness of dental implant patients.

Dental implants are widely used for the
comprehensive treatment of dental patients who
present with total or partial absence of teeth. Dental
product manufacturers are incorporating various
nanotechnologies into production, giving the implant
certain properties. To date, implants have been
modified in many ways with the primary goal of
achieving optimal surface topography, imparting
certain chemical and/or physical properties to a
product, as well as introducing nanotechnology into a
product.1 Surface modifications of dental products are
divided into mechanical, physical, and chemical
methods.” Mechanical surface modification procedures
like as sandblasting or machining provide micro-
roughness, which enhances implant stability and
osseointegration. Physical therapies such as laser and
plasma spraying change surface qualities without
altering the implant's chemical makeup, enhancing
biocompatibility and quicker tissue integration.
Chemical treatments like as acid etching or anodization
alter surface chemistry, improving bone attachment
and lowering the chance of implant rejection. S. Anjum
and A. Rajasekar3 stated that surface modification of
titanium implants is a key factor to speed up
osseointegration. This statement of the authors is
reliable because if the surface of a product is as
biocompatible as possible, the bone reaction to the
foreign body will be accelerated. Thus, the probability
of successful implant engraftment will increase
significantly.

The study by M.A. Alfarsi et al.* from Australia
shows that implants with changes like sandblasting and
acid exposure (which make the surface micro-rough)
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help osseointegration happen faster and better than
titanium products with only a mechanically processed
surface. It can be assumed that the authors’ words are
true because the micro-roughened implant surface
provides a stronger fusion with the bone than the
smooth or relatively smooth surface. It should be
noted that implantation is followed by a process of
adaptation of the delineated bone to the titanium
product in the bone. A study by I.S.L. Yeo® showed that
bone cells reveal significant sensitivity to the
topographic features of the implants, especially their
surface. The author noted that such sensitivity during
the formation of new bone tissue will contribute to the
increased expression of bone genes. In addition, J.E.
Davies® suggested that modified implant surfaces will
be more accurately recognized and perceived by hard
tissues because they will surround an implant,
providing more bone material accumulation.

In addition, the researchers were concerned
about the development of peri-implantitis. Peri-
implantitis is a conditionin which the tissue
surrounding a dental implant becomes inflamed,
typically as a result of infection or poor oral hygiene. It
can cause bone loss and implant failure if not
addressed immediately. They talked about peri-
implantitis as a sickness where the lining of the mouth
gets inflamed around a dental implant, losing its ability
to hold the bone in place.7 The authors suggested that
the development of this process may be related to
implant rejection as well as poor quality of the dental
implant surface, particularly insufficient roughness. It is
impossible to fully confirm or deny such data because
the process of osseointegration is still not fully
understood. In addition, Spanish researchers V. Astolfi
et al.? stated that there are not enough clinical studies
to follow the engraftment of implants with different
surfaces in patients with the same problems.

Therefore, this research aims to examine
various modifications of dental implants. In this
research, the practical aspect of placing modern
implant modifications (sandblasting with acid etching,
laser treatment, ultraviolet treatment, fluoridation) is
discussed in detail, and other modifications are
theoretically described and analyzed. The scientific
value of this study stems from its investigation and
comparison of dental implant modifications that can
improve osseointegration and reduce peri-implantitis
risk. It compares surface treatments like sandblasting,
laser therapy, UV treatment, and fluoride, examining
their impact on implant durability, biofilm growth, and
patient recovery. The research advances dental
implantology by highlighting the effectiveness of these
adjustments, paving the way for future studies to
validate therapeutic benefits and refine implant design.



Research paper, Tleshev et al.

MATERIAL AND METHODS

This study employed a mixed-methods
approach, combining empirical and theoretical
research methods. The research design included an
animal experiment, a systematic literature review, and
comparative analysis. This study aimed to investigate
the differential effects of various dental implant
surface modifications, including sandblasting with acid
etching, laser treatment, ultraviolet treatment, and
fluoridation. The experimental cohort comprised 16
male Wistar rats, with body masses ranging from 250
to 275 grams. The subjects were randomly allocated
into four equal groups and housed in separate
laboratory enclosures, each provided with ad libitum
access to food and water. Implantation procedures
were conducted under general anesthesia, induced via
intramuscular administration of xylazine (0.05 mg/kg
body weight) and ketamine (80 mg/kg body weight).
The subjects' respiratory and cardiac functions were
continuously monitored throughout the surgical
intervention. Post-operative recovery was closely
supervised, and the animals were returned to their
respective enclosures only upon full emergence from
anesthesia. Veterinary care was administered as
necessary.

The physiological response to the implants was
evaluated over two months. Multiple parameters were
assessed, including appetite, general activity, body
weight  fluctuations, gingival condition, and
inflammatory processes. To facilitate comparative
analysis, data were systematically recorded in tabular
format, encompassing the aforementioned parameters
and their corresponding outcomes.

The study focused on the presentation and
characterization of the analyzed data. An extensive
review of scientific literature was conducted using
analytical methodologies. The investigation
encompassed a comprehensive examination of diverse
dental implant modifications, their fundamental
principles, and distinguishing features. Furthermore,
the research explored the potential for successful
patient outcomes utilizing these implant surface
modifications. Comparative analysis was employed to
elucidate shared characteristics among various dental
implant modifications, evaluate their osseointegration
efficacy, and assess the likelihood of postoperative
complications. The findings were subsequently
juxtaposed with those of preceding studies. The
justification method was utilized to corroborate or
refute hypotheses proposed by previous researchers
through the presentation of compelling arguments and
empirical evidence.

Moreover, the study advocated for further
clinical investigations to evaluate the long-term
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efficacy of various dental implant surface modifications
and their potential impact on the development of
inflammatory and/or infectious processes at the site of
intervention. A synthesis approach was implemented
to identify common attributes across different dental
implant surface modifications.

A study was approved by the Ethics Commission
of the Asfendiyarov Kazakh National Medical
University, No. 15841. Studies from 2000 to 2023 were
included in this paper with the following keywords or
phrases: “implant surface modifications”, “dental
implant modifications”, “implant surface”, “dental
implant  surface”, “implant surface processing
method”,  “osseointegration”,  “dental  implant
engraftment survival”, and similar word combinations.
It should be noted that almost all of the selected
scientific material was published not earlier than 2000.
Earlier studies were also considered because they
provided general theoretical or historical information
that has practical relevance in modern dentistry and
implantology. Research materials and suitable medical
literature were searched through specific search
engines, which include Google Scholar, Semantic
Scholar, Eagle-i, BASE, and the Dentistry and Oral
Sources databases. In addition, medical literature was
searched in online scientific libraries MedlinePlus,
Medline (via PubMed), Scopus, the National Center for
Biotechnological Information (NCBI), and JURN. In
addition, the sources indicated in the list of references
to previous research papers were analyzed and
included in this study.

Works of Kazakh, American, Chinese, German,
Austrian, Norwegian, and other authors were included
in this research. The selected scientific material was
aimed at consideration of different types of dental
implant surface modifications, substantiation of the
effectiveness of the considered modifications and their
drawbacks, substantiation of unexplored practical
aspects of different modifications, recommendations
for improvement or creation of effective and safe
modifications (physical, chemical, molecular), and
consideration of current problems that prevent the
implementation of the available dental implant surface
modifications in clinical practice.

RESULTS

Traditional implantation includes several stages:
placement of an implant (if necessary, bone grafting
can be performed during this procedure), placement of
a gum former, placement of an abutment, and a
crown. First of all, the body’s reaction to a foreign body
(implant) depends on many factors: design and
correctness of the connection of a dental implant with
an abutment, position of a product in a jawbone,
geometry of an implant, surface type, amount, and
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density of bone tissue. According to S. Nimbalkar et
al.,’ a bone loss of 1 millimeter within one year of
implant placement and 0.2 millimeters of bone within
the following year would be considered a failed
implant. In this case, it will be necessary to remove the
improperly placed implant and replace it with a new
one. In addition, it is important to understand that
dental implant modifications directly affect
osseointegration and biofilm formation. In this
research, the most commonly studied dental implant
modifications (sandblasting with acid etching, laser
treatment, ultraviolet treatment, and fluoridation)
were considered. It should be noted that titanium
implants were selected for the experiment, but some
modifications would have been appropriate to perform
on products made of other materials.

Dental implant materials should have such
qualities as biocompatibility, hypoallergenicity, and
chemical inertness, as well as stability and resistance to
corrosion.™ Today there are titanium, zirconium,
tantalum, and magnesium implants, as well as stainless
steel products. In modern implantology, a dental
implant is most often made of titanium or titanium
alloy. Some authors attribute the advantages of
titanium materials to the high level of biocompatibility,
which is achieved through its oxidation process.11
Zirconium is characterized by high reactivity in its
interaction with water and oxygen. Furthermore, the
zirconia implant has demonstrated aesthetic appeal, as
its natural ivory color prevents it from being visible in
the patient's gums. It should be noted that the
titanium product has dark shades, which makes the
implant unaesthetic. It is titanium implants that are
most commonly used in clinical practice.

Studies on miniature pigs (implants were
inserted in the lower jaws) have demonstrated that the
healing of bone tissue and engraftment of the
zirconium implant proceeded better than the titanium
product.12 In addition, implants made of titanium-
zirconium alloys already exist today and have
demonstrated improved mechanical properties, higher
strength, and load endurance. Straumann Institute AG
(Switzerland) is a manufacturer of titanium-zirconium
dental products. There are no long-term studies to
date that can 100% confirm the claimed properties of
dental products. Tantalum implants are produced using
a special technology that ensures the product's porous
structure. The reason for the rare use of this material is
the low prevalence of tantalum. Today, only one
American company, Zimmer (USA), produces tantalum
dental implants. A study by A. Ore et al.”?
demonstrates that implantation with tantalum
products does not cause inflammatory processes, and
no corrosion process is observed. Analyzing such data,
it can be noted that tantalum implants can significantly
reduce the probability of peri-implantitis development

Page 4 of 14

Fluoride, Epub 2024 Oct 9 : €293

as well as prevent the development of infectious
processes.

Magnesium implants are very different from the
previous ones, as these products are considered only
temporary implants. Recent studies show that the
magnesium implant has a fairly high biocompatibility
rate.™ According to the author, during healing, the
mechanical stiffness and strength of the implant slowly
decrease, and the soft and hard tissue surrounding the
implant begins to fuse, gaining strength and stiffness.
Thus, magnesium dental products can only be used as
a temporary implant to avoid repeated surgical
intervention. It should be noted that the dissolution of
magnesium dental implants is not harmful to the body
in any way. Because of its nickel content, the stainless
steel product is prone to pitting corrosion. Previous
studies have shown that the body can develop an
allergic reaction to a foreign body (implant) made of
stainless steel.” Also, stainless steel provokes bacterial
colonization, leading to infection, inflammation, and
further rejection of an implant.16 So, today stainless-
steel products are not used or are installed
temporarily, with mandatory further removal.

Before the experiment, a closer look at the
implant modifications should be taken. The leading
place in modern implantology is taken by the creation
of a micro-roughened modification of the implant
surface, which is achieved by sandblasting. The
authors, M. Ozcan and C. Hammerle,17 stated that
giving the dental product a micro-roughened structure
significantly increases the contact surface area and the
load distribution occurs more efficiently. This provides
direct contact between the bone and the implant. This
technology creates coarse-grained sand particles on
the surface of a dental implant, giving it a rougher
surface. As a rule, the size of these particles does not
exceed 500 pm (375 um on average).' After
sandblasting the implant surface, the product
undergoes acid treatment (etching). Interestingly
enough, sandblasting along with acid treatment
significantly affects bacterial development and biofilm
formation.'® The acidic assets are often powerful acids:
hydrochloric acid, sulfuric acid, or nitric acid. Under the
influence of acids, the oxide layer is destroyed, and any
existing impurities that may have formed during the
threading process are eliminated. After acid etching, all
irregularities on the surface of a dental product
become uniform. According to A. Jemat et aI.,2 electron
microscopy of the treated implant reveals clear
irregularities with relatively large depressions and pits,
as well as protruding particles, including sharp ones.
The presence of various irregularities provides a
reliable bond between the implant and the bone
tissue, ensuring quality osseointegration.
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The molecular modification of a dental product
is referred to as laser treatment. Laser treatment can
create additional microscopic patterns that will further
bond the implant to the bone, which is likely to
improve the quality of osseointegration and load
distribution performance. This type of modification had
the goal of successfully fusing an implant to the
connective tissue as well, according to G. Asensio et
al.® Absorption of laser particles by titanium or
titanium alloys can lead to the destruction of an
implant's macro-, micro-, and nano-level properties.20
In addition, the author stated that despite successful
engraftment and high osseointegration quality, such a
product is prone to pathological changes. Currently,
there are no clinical studies that demonstrate the
success of laser-modified implants in treating patients
with missing teeth. In this research, the laser-modified
implant showed good results, although symptoms such
as swelling and temporary loss of appetite were noted
in the rats during the early recovery period. However,
this modification requires further clinical research and
improvement. Perhaps this modification would be
appropriate for tantalum implants, which have
beneficial  antibacterial and  anti-inflammatory
properties.

Ultraviolet surface treatment of implants
involves treating an implant with ultraviolet light to
increase the osseointegration level. Currently, the
ultraviolet exposure method is understudied. Previous
researchers have suggested that this method may have
an impact on the hydrophilicity of the surface.”’ In
other words, according to the author, this modification
contributes to the fact that fibroblasts are anchored,
providing a strong connection between the tissues that
surround an implant. The lack of studies on this topic
makes it impossible to confirm or refute the
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hypothesis. At the same time, an interesting fact is that
treatment of the implant surface with ultraviolet light
promotes amphiphilicity.22 J.B. Lee et al.”? compared
two modifications of dental implants: with ultraviolet
treatment and with sandblasted coarse-grained,
followed by acid treatment (etching). According to the
study, ultraviolet treatment of the dental implant
demonstrated an earlier osseointegration time. It can
be assumed that the improved performance of the UV-
treated surface was related to the hydrophilicity of the
surface as well as to the increased activity of
osteoblasts. As of now, there are no definitive results
regarding the efficacy and appropriateness of UV
treatment of dental implants.

Fluoridation of the implant surface promotes
faster bone formation around the product and
provides bone mineralization. Fluoridation strengthens
the bone and makes it stronger, which greatly reduces
the risk of implant instability. A fluoride-treated
implant has previously been reported to fuse more
firmly to the bone than a sandblasted implant.24
Fluoride, on the other hand, can cause the titanium
product to corrode. As a result, fluoridation can cause
destruction of the implant structure. There are no long-
term clinical studies to date, so it is inappropriate to
claim that this modification is ineffective. In this
research, four modifications of dental implants were
tested. These modifications were chosen because of
their popularity and the fact that they have often been
considered in previous studies. In addition, the
selected modifications have promising prospects and
potential efficacy, particularly in osseointegration.
Tables 1-4 describe the experimental results after 3
days, 14 days, one month, and two months,
respectively, after dental implantation in rats.
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Table 1. Comparative table of the condition of the rats at day 3 after the placement of dental implants.

Comparable
P Group 1 Group 2 Group 3 Group 4
parameters
No particular changes
No particular  No particular changes were noted; were no'ted; one rat One of the rats (No. 1)
. ate noticeably less .
. changes were on the first day one rat showed less had a decrease in
Appetite . . . than the others for the . .
noted in any appetite, after 12 hours appetite . appetite during the
. first three days, after .
of the rats normalized L . first three days
which its appetite
normalized.
Normal; moderately
Normal: active, but rat No. 1
Animal / . Normal; moderately showed less activity
. moderately Normal; moderately active . . )
behavior . active during the first three
active .
days, drowsiness was
noted
Loss in bod One rat experienced a  Rat No. 1 experienced
weicht y None None slight weight loss of 2 a weight loss of 4
8 grams grams
No One of the rats had
. No pathological changes were minor bleeding in the No pathological
pathological . .
noted; three rats had pronounced area of intervention, changes were noted;
Gum changes were . .
. swelling of the gum, one of them the second rat had an  three rats had slight
condition noted; all rats ; . . . .
had swelling spreading to the entire increased exudate swelling of the gum
had swollen ) . .
jaw without a and surrounding areas
gum .
characteristic odour
38.7°C 38.3°C 38.8°C 38.9°C
Temperature 38.4°C 38.7°C 38.5°C 38.5°C
P 38.9°C 38.8°C 38.6°C 38.5°C
39°C 38.5°C 38.4°C 38.7°C
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Table 2. Comparative table of the condition of the rats at day 14 after the placement of dental implants.

Comparable
P Group 1 Group 2 Group 3 Group 4
parameters
No particular
No particular changes were noted; .
. No particular changes
. changes were No particular changes were for two days, one of .
Appetite A . were noted in any of
noted in any of noted in any of the rats the rats drank less the rats
the rats water, but appetite
was normal;
. Normal; Two rats showed
Animal . Normal; moderately . .
. moderately Normal; moderately active . slight drowsiness and
behavior . active .
active sluggishness
Loss in bod i
' y None None None Onfe rat experienced a
weight weight loss of 2 grams

Gum condition

No pathological
changes were

No pathological changes were
noted; of the three rats that had
previously had edema, only one

One rat had redness No pathological

noted rat had slight swelling, and only of the gum changes were noted
in the intervention area
38.8°C 38.8°C 38.4°C 38.6°C
Temperature 38.7°C 38.5°C 38.9°C 38.4°C
38.4°C 38.5°C 38.3°C 38.7°C
38.7°C 38.6°C 38.5°C 38.5°C
Divergence of None None None None
sutures
Dental plaque One rat had
(on wound minor plaque on
surface, the wound None None None
affected or surface and two
healthy teeth) nearby teeth
On the tenth day,
one of the rats was
Additional None None actively rubbing its None

face with its paws (as
when washing)

Page 7 of 14



Research paper, Tleshev et al. Fluoride, Epub 2024 Oct 9 : €293

Table 3. Comparative table of the condition of the rats at one month after the placement of dental implants.

Comparable
P Group 1 Group 2 Group 3 Group 4
parameters
. . No particular
No particular changes . No particular P
. . No particular changes were changes were
Appetite were noted in any of the . changes were noted .
noted in any of the rats . noted in any of the
rats in any of the rats
rats
Animal Normal; moderately . Normal; moderately Normal; moderately
. . Normal; moderately active . .
behavior active active active
Loss in bod One rat experienced a
. y . P None None None
weight weight loss of 2 grams

No pathological

N thological
© pathologica changes were

No pathological changes No pathological changes

Gum condition

were noted were noted changes were noted
noted
38.7°C 38.5°C 38.8°C 38.6°C
Temperature 38.7°C 38.7°C 38.7°C 38.5°C
P 38.4°C 38.6°C 38.5°C 38.4°C
38.9°C 38.5°C 38.7°C 38.7°C
. One of the rats had minor
Divergence of
plaque on the teeth near None None None
sutures .
the implant area
Dental plaque
(on wound
surface, None None None None

affected or
healthy teeth)

Table 4. Comparative table of the condition of the rats at two months after the placement of dental

implants.
Comparable
P Group 1 Group 2 Group 3 Group 4
parameters
No particular No particular No particular No particular
Appetite changes were noted changes were noted changes were noted changes were noted

in any of the rats

in any of the rats

in any of the rats

in any of the rats

Animal behavior

Normal; moderately
active

Normal; moderately
active

Normal; moderately
active

Normal; moderately
active

Loss in body weight

None

None

None

None

Gum condition

Within the norm

Within the norm

Within the norm

Within the norm

38.5°C 38.7°C 38.6°C 38.8°C
Temperature 38.6°C 38.6°C 38.7°C 38.7°C
38.4°C 38.5°C 38.7°C 38.7°C
38.8°C 38.3°C 38.4°C 38.9°C
Two rats had minor
Divergence of sutures None None None plaque on nearby
teeth
Dental plaque (on
wound surface, affected None None None None

or healthy teeth)
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According to Table 1, there was a decrease in
appetite in three groups of experimental rats at once.
This factor can be connected with the surgical
intervention on the rats’ jaws since the animals could
feel considerable discomfort, as well as have a limited
ability to open their mouths fully and make moving and
chewing movements with their jaws. The decreased
activity of the rats in group No. 4 may be related to the
stress factor and the sensation of a foreign body, which
may make the rat uncomfortable to move and perform
other activities. In addition, the mobility of the animals
after the implantation procedure is significantly
affected by the individual characteristics of the body as
well as the rat’s perception of the foreign body
(implant). Loss in weight of the same rats is not critical,
because such phenomena as sedentary behavior, loss
of appetite, and loss in weight are the normal reactions
of the organism in the first three days after the surgical
intervention. The temperature of absolutely all rats
was within normal limits. Weakening of the suture in
the rats of group No. 3 was eliminated. After
implantation, loosening of the suture can lead to
implant instability, increasing the likelihood of
rejection. No additional observations were noted in the
first three days. Overall, the response of all rats was
tolerable, and no complications were noted.

According to Table 2, no serious pathological
changes or complications were detected in either
group of rats after two weeks following implantation.
Likely that the reduced water consumption of the rats
in group No. 3 is related to the individual
characteristics of the organism or other factors
unrelated to the implantation. The decrease in activity
in the rats of group No. 4 can be connected with the
feeling of discomfort after the surgical intervention, as
well as with the body’s natural reaction to the foreign
body. It should be noted that a laser-treated implant is
more likely to cause inflammatory processes. No signs
of inflammation were detected in these rats, so it can
be concluded that this factor is related to the fact of
the intervention itself and not specifically to this
modification of the implant. This observation is
interesting and may require additional study since the
activity remained at the same level in the rats from
other groups. In addition, the rats from the same group
(No. 4) showed weight loss. This figure is not critical
and is also not a serious complication, provided the
animal does not have an elevated temperature and/or
symptom of inflammation or infection. All of the
experimental animals' temperatures were within
normal ranges. One of the rats in group No. 1 had a
plague on both the wound surface and adjacent teeth.
An interesting fact is that the rougher the implant, the
higher the risk of plaque. As a result, this phenomenon
is not considered a serious complication or
consequence but rather the norm. Other than that,
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plaque poses no risk of implant rejection. Although
plaque (especially in the surgical area) needs to be
removed and regularly monitored because its presence
may further contribute to the development of peri-
implantitis. In additional observations, it was also
noted that one of the rats from group No. 3 often
rubbed its muzzle with its paws. This phenomenon
could be related to discomfort or sensation of a foreign
body in the jaw. This did not affect the behavior or
appetite of the rat in any way, so it can be concluded
that this behavior is directly related to the implantation
procedure itself. It should be noted that the sutures
were removed on the eighth day after implantation in
all animals.

According to Table 3, no complications or
pathological changes were observed in any of the rats.
Despite this, the rats of group No. 1 had such
phenomena as dental plaque on the teeth adjacent to
the intervention area, as well as weight loss in one of
the rats. These phenomena may be related to the
peculiarities of the implant structure. The weight loss
one month after the intervention could probably not
be related to the implant and was most likely caused
by another factor. The results obtained can be
considered successful since none of the animals
developed an inflammatory process and absolutely no
complications were noted.

According to Table 4, after two months
following implantation, none of the groups showed any
serious or pronounced complications related to a
particular dental implant modification. At the same
time, there were pronounced differences in the
recovery period. This period was most easily tolerated
by the rats in group No. 1. Particular attention should
be paid to the absence of pronounced edema, because
edema developed in groups No. 2, No. 3, and No. 4, in
some cases even spreading to the surrounding areas or
the entire jaw. In the case of the sandblasted and acid-
etched implant, there was only slight swelling at the
surgical site. Early plague was also noted in the same
group (No. 1). It should be noted that the appearance
of plaque on the teeth or wound surface is not a
complication, although its early occurrence can
significantly increase the risks of inflammation. Thus,
plague requires constant monitoring and good oral
hygiene.25

Analyzing the data in the tables, it can be
testified that implantation was successful for all four
groups of rats. The data from group No. 1, which
involved the modification of the dental implant
through sandblasting and acid etching, can be deemed
the most successful. No significant differences between
the modifications of dental implants were found. This
experiment is not long-term, and it can be assumed
that some animals may have developed peri-implantitis
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after some time (e.g., a few more months). Animals
that had plaque (groups No. 1 and No. 4) were
particularly at risk. Overall, at the end of the
experiment period, it can be judged that all tested
dental implant modifications were successful since
none of them contributed to the development of peri-
implantitis or inflammatory and infectious processes. In
addition, no complications or implant rejection were
observed. Such data may testify to the effectiveness of
the tested implant modifications. The obtained results
allowed for only the early period after surgical
intervention. Long-term studies would be appropriate
to obtain more accurate, informative, and statistical
data.

DISCUSSION

Other modifications should also be considered,
the practical aspect of which was not addressed in this
research. Physical modifications of dental implants are
divided into three levels: macro, micro, and nano.
Macro-level modifications refer to the shape of the
dental product, the thread shape or pattern, and any
existing irregularities on the implant surface. Thus,
macromodification ensures the structure's reliability,
the level of mechanical contact of the implant with
bone tissue, and the quality of the product's fusion
with  bone. According to R. lJimbo et aI.,26
macromodification is the foundation for successful
treatment of a patient with missing teeth. The
implant's threading is critical to ensuring a successful
initial contact as well as the product's continued
stability in the jaw cavity.

According to the study by E. Reinaldo et al,” a
statistically insignificant difference was found between
shallow- and deep-threaded implants. In addition, M.
Menini et al.”® noted that the shallower thread is easier
to insert, while the deep-threaded implant requires
more torque and achieves better primary stability. It
should be noted that the thread is also able to
influence load distribution to a large extent, as a
greater grip of an implant on the bone will provide a
more even load on the entire bone. Thus, it can be
assumed that a deep thread will show better load
distribution results than a shallow pattern.
Nevertheless, previous researchers have not paid much
attention to this issue, so it is impossible to draw
definitive conclusions according to this hypothesis.

Micro-level modifications focus on achieving
improved osseointegration and engraftment success. In
addition, micromodifications influence the growth and
amount of bone around an implant, as well as its
successful fusion with the surface of a dental product.
Treatments of the implant surface are known as micro-
level modifications. Nano-level modifications began to
be actively used in modern implantology not so long
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ago. Scientists used to think that bone cells are not
able to recognize at least some nanostructural changes
on the dental implant surface.”® But modern
researchers have proven that osteogenic cells can
respond to any changes created at the nanoscale.
According to I.S.L. Yeo,” bone cells are sensitive to such
changes as the location of titanium dioxide nanotubes,
surface treatment with different substances (e.g.,
fluorine), and ultraviolet treatment. It was noted that
changes in the surface of a dental implant at the
nanoscale have a significant role in the initial biological
reactions of the bone tissue. The author's reactions
imply that osteoblasts and osteoclasts are active and
react. However, previous researchers have long
believed that the introduction of nanoscale changes to
the surface structure of a dental product in no way
affects the osteogenic reactions.”>*

According to research, the creation of
nanostructures is able to significantly influence the
initial response of the hard tissue to the foreign body
(implant).31 In addition, the activity of osteoblasts is
increased and the reaction of osteoclasts is
accelerated, which also leads to faster and better
osseointegration. Dental implant surfaces are also
modified by introducing arrays of titanium oxide
nanotubes. The contact of the implant surface
modified by this method even with osteoporotic bone
(the experiment was carried out in vivo on rats) was a
successful result. It should be noted that the implant
engraftment in osteoporotic bone is minimal.** In
addition, the maximum level of bone cells’ reaction to
the implant surface with nanotubes with a diameter of
15 nanometers was noted. It was reported that the
surface with titanium oxide nanotubes of 30
nanometers showed greater efficiency than the surface
with larger nanotubes with a diameter of 100
nanometers or more.” It should be noted that such an
implant surface has antibacterial properties as well as
preventing the development of bacteria on the
product. Even though there are some controversial
points concerning bacterial development, it has been
noted that the hydrophilicity of the surface prevents
bacterial development.33

At the same time, M.F. Kunrath et al.* linked
bacterial adhesion to surface hydrophobicity. At the
moment, there are not enough studies to fully confirm
or refute the hypotheses of the authors. Due to the
lack of studies on the effectiveness of nano-level
modification by forming titanium oxide nanotubes, this
modification has not yet been used clinically. To date,
studies on animals or artificial bones are ongoing to
evaluate the effectiveness of this type of modification.
In addition, the problem of possible delamination of
the coating, which has been reported by previous
researchers, needs to be addressed.'®* This problem
may be because the level of mechanical strength
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between the titanium oxide nanotubes and the main
surface is low for a strong bond. It can be assumed that
in the long term, delamination of the nanosurface will
occur, which can provoke various consequences for the
patient, including those that would require immediate
removal of an implant. There is also nanocomposite
modification of the implant surface, which aims at
creating coatings that are as similar as possible to
natural bone. So far, such nanoparticles as silver,
pectins, hydroxyapatite, carbon nanotubes, and cubic
zirconia have been tested.”

The presence of these nanoparticles is also
aimed at improving biocompatibility and accelerating
the osseointegration of a dental product. It should be
noted that the presence of nanoparticles can
significantly reduce the risk of inflammatory and/or
infectious processes. Currently, the most common
inorganic antibacterial coating is silver. It has been
noted that silver has a wide range of antimicrobial
properties against Gram-negative and Gram-positive
bacteria.’® Previous animal studies have demonstrated
that implantation with silver nanoparticles significantly
reduced the development of peri-implantitis.37
Chemical modifications aim not only to improve
osseointegration but also to minimize the likelihood of
biofilm formation. One such method is discrete crystal
deposition. In this modification, an implant undergoes
a double-acid treatment, after which calcium
phosphate particles are formed on the surface.
Typically, the particles range in size from twenty to one
hundred nanometers. Once the procedure is
completed, the implant surface will comprise half of
the stated substances. Animal tests in the past have
shown that this change makes the product better at
contacting bone and improving nanotypography, which
leads to higher success rates for implant engraftment
and faster healing.20

The next method is anodic oxidation. This
modification aims to create a thicker titanium oxide
layer while also reinforcing the entire implant body. In
the process of anodic oxidation, the layer of the
substance increases tens of times, reaching from six
hundred to one thousand nanometers. It is reported
that this modification endows the implant surface with
the ability to regenerate bone cells and is a reliable
framework for bone formation.*® A study by A. Rocci et
al.** on monkeys demonstrated that the percentage of
contact with an implant was 74% when an anodic
oxidation modification product was implanted into
very thin bone. In addition, it was noted that this
modification had a 100 percent survival rate and no
signs of infection or pathological processes.40 Overall,
anodic oxidation is a fairly successful modification
because no deleterious effects of the implant on the
patient have been reported to date. In addition, no
cases of para-implantitis or the development of other
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inflammatory processes have been reported.
Therefore, it can be assumed that anodic oxidation is a
promising method in modern implantology.

The hydroxyapatite-modified dental implant
surface is osteoconductive. It should be noted that this
material is used most frequently compared to other
types of coatings. The creation of such a modification is
often provided by plasma spraying. It was mentioned in
the previous studies that such modification of the
implant surface is appropriate to use in cases when it is
necessary to achieve the fastest possible fusion of an
implant and the bone tissue. However, it is currently
impossible to make any statement about the complete
safety of this modification because there are very few
studies (including long-term studies) considering it. M.
Albertini et al.** noted that hydroxyapatite
modifications caused complications around an implant.
In addition, there is a possibility of dental implant
structure failure or deformation due to the thickened
spray layer. Thus, it is also impossible to fully evaluate
this method, as there are favorable and controversial
points.

Other modifications include plasma oxidation,
extracellular matrix, surface coating with different
types of peptides (including bactericidal ones), and
coating with proteins. Yet, most modifications are
currently unstudied and require additional clinical
studies, especially long-term ones. In general, the study
of the medical literature in the field of dentistry and
implantology allows stating that the topic of creating
quality implants that will not have a deleterious effect
on the patient’s bone has not been fully explored so
far. Currently, research is ongoing to improve implant
surfaces and give them certain properties (physical,
biological, and molecular). Due to the fact that most
implant surface modifications are never used in clinical
practice, there is little evidence that they work. It
should be noted that this situation is due to the lack of
long-term studies as well as insufficient knowledge
about each of the modifications.

The question of optimal depth and thread
pattern is also controversial. Some scientists believe
that shallow threading has better prospects than deep
patterns because shallow threading has a lower
percentage of contact and fusion with the bone.
Accordingto S. Y. Lee et aI.,B an implant with a deeper
thread can greatly increase the strength of contact and
fusion between the surrounding bone and the dental
implant, as well as contribute to greater primary
stability in areas with insufficient or thinning bone
tissue. According to the authors, relatively greater
thread depth will not affect mechanical strength in any
way. Such data may be true because a deep thread
provides a stronger contact with the bone tissue, which
may even increase the level of mechanical strength. In
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addition, E. Reinaldo et al.”® mentioned the importance
of thread pitch. According to the study, a shorter pitch
(i.e., greater and more frequent repetition of the
thread branches) provides a larger direct contact area
between an implant and a bone. Such data suggest
that more successful osseointegration can be achieved
by using a short thread pitch that is not necessarily
deep. However, such assumptions are only theoretical,
as there are currently no conclusively established
scientific facts and hypotheses that can confirm or
refute this hypothesis.

R.C. Costa et al.* point out that new
modifications must be created because the key goal is
not only to improve osseointegration and engraftment
rates of dental implants but also to prevent the
development of infections, including polymicrobial
infections. At present, implant surface modifications
such as laser treatment and nanoparticle treatment
can be used to reduce the risk of inflammatory or
infectious processes. In addition, there is currently a
debate about the optimality and effectiveness of
hydrophobic and hydrophilic dental implant surfaces.
Research by some authors demonstrates that the type
of surface (hydrophobic and hydrophilic) is completely
irrelevant since both types of dental products have
shown successful clinical results. Despite that,
researchers M.A. Alfarsi et al.* concluded that the
hydrophilic modification of the dental implant surface
significantly affects platelet activation. It should be
noted that platelets come into direct contact with the
implant very first, followed by the release of a large
number of proteins, which affects further wound
healing after the intervention. The study found that
only a few platelets stuck to the hydrophilic surface,
which was also micro-rough. This was compared to
other surface changes, which were smooth and micro-
rough.

Biofilm formation remains an important
problem in implantology, which is considered a key
factor in the development of inflammatory processes
(often peri-implantitis).42 Furthermore, such
consequences can lead to the rejection of a dental
implant. It should be noted that the rejection of an
implant can occur 3-5 years after the procedure. A
study by R.C. Costa et al.”® demonstrated that certain
normal body reactions to a foreign body (dental
implant), such as exposure to carbohydrates and large
amounts of microorganisms, as well as others,
contributed to the transition of bacteria from normal
to pathological states. The authors also note that in
combination with the body’s reduced sensitivity to
antimicrobial drugs, killing microbes becomes a very
difficult process. Such data may indicate a lack of
competent approaches to the treatment of implant
consequences, regardless of the type of modification of
the dental surface. Indeed, there is currently no single
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clinically documented solution for the adequate and
effective treatment of peri-implantitis. As a result,
there is a critical need for follow-up studies to
formulate the optimal treatment plan or prevent the
development of peri-implantitis, taking into account
the various surface modifications of dental implants.

It is important not to forget that other factors
can have a significant impact on the process of
osseointegration, the success of implant engraftment,
the development of inflammatory and infectious
processes, and many other consequences. The main
ones include oral hygiene, the presence of chronic
diseases in a patient, as well as the patient's lifestyle
and diet. Previous researchers have made little
mention of the effects of siltation factors on
osseointegration and/or the development of
inflammatory and infectious processes. D. Baldi et al.**
also mentioned that performing oral hygiene and
sanitation prior to the implant procedure can
significantly increase the chances of successful
osseointegration and prevent the development of
various consequences. This data demonstrates the
importance of oral hygiene because oral bacteria
(normal) can be detrimental to implant placement,
causing complications.

In addition, the importance of strain during the
first month of dental implant placement was
mentioned." According to the author, a high degree of
stress on the dental implant can cause instability of the
product in the bone, as well as improper fusion
(sometimes no fusion) of the implant with the bone.
Such data indicate the need for a comprehensive
approach to the installation of dental implants. In other
words, it is important to consider not only the surface
modification of a dental product but also its shape and
size, thread pattern, and depth, as well as the amount
and density of the patient's bone tissue. Post-op
implant engraftment success depends on patient
actions for the next month. In addition, S.Y. Lee et al.*
stated that the modification of the implant surface
directly affects the healing of the postoperative wound
after the placement of a dental product. The authors
concluded that implant surface modification, which
involves sandblasting followed by acid etching, showed
good wound healing results compared to other
modifications. In this research, the experiment also
demonstrated that the wound healing process in the
case of the sandblasted and acid-etched implant was
quite fast, without much swelling. Thus, the author’s
theory can be confirmed.

Currently, it is quite difficult to predict the
successful engraftment of the implant into the bone, as
well as to guarantee the successful treatment of a
dental patient with the installation of a modified dental
product.
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CONCLUSIONS

The experiment testing four dental implant
modifications (sandblasting with acid etching, laser
treatment, ultraviolet treatment, and fluoridation) on
rats showed that all modifications were successful,
with no significant complications or implant rejections
observed over two months. Implant modification with
sandblasting and acid etching was found to be more
favorable, which is especially noticeable in the early
recovery period (the first 3-7 days). Compared with
laser, ultraviolet treatment, and fluoridation dental
implants, the sandblasted implant did not cause severe
swelling or other side effects (e.g., bleeding or exudate
leaking from the wound surface). It was found that all
the dental implant modifications under consideration
two months after placement did not cause
inflammatory and/or infectious processes, nor did they
affect the viability of the rats.

While all tested modifications were deemed
effective in the short term, the study highlighted the
need for long-term research to assess potential late
complications like peri-implantitis. The research
emphasized that successful implantation depends on
multiple factors beyond surface modification, including
oral hygiene, patient health, lifestyle, and diet. Also
noted is the importance of considering not only surface
modifications but also implant shape, size, thread
pattern, and bone density for comprehensive implant
success. The research underscored the critical need for
long-term clinical studies to fully evaluate the
effectiveness and safety of various implant surface
modifications, particularly in preventing inflammatory
and infectious processes like peri-implantitis. Future
research should include long-term clinical trials to
assess the durability and potential late-onset problems,
such as peri-implantitis, related to various implant
surface alterations. Furthermore, studying the effects
of these changes on implants composed of newer
materials like tantalum and magnesium might give
valuable insights into improving implant function and
lowering rejection rates.
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