Effect of Er:YAG Laser Exposure | Encyclopedia.pub

Effect of Er:YAG Laser Exposure

Subjects: Surgery
Contributor: Nikolay Kanazirski , Diyana Vladova , Deyan Neychev , Ralitsa Raycheva , Petya Kanazirska

In order to make a comprehensive assessment of the effect of Er:YAG lasers, histomorphological techniques were
used to measure the reduction in amorphous layer thickness after Er:YAG laser treatment, both with and without

the placement of dental screw implants from different manufacturers.

Er:YAG laser implantology amorphous smear layer

| 1. Introduction

Restoring the function and esthetics of the dentition has become an attainable goal in modern dentistry thanks to
the major advancements in dental implantology. Placing dental implants has become a routine procedure in
modern dental practice. A thorough understanding of the mechanisms of osseointegration and the factors
influencing this process is essential to achieve positive outcomes in implantological treatment. The term
osseointegration was introduced by Branemark in 1969. Osseointegration was initially defined at the light
microscopic level as “a direct structural and functional connection between living bone and surface living bone and
the surface of a loadbearing implant” L. A large number of authors have worked on the mechanisms of
osseointegration 23], |n recent years, the definition of osseointegration has changed, with the following definition
being formulated: “a process in which a clinically asymptomatic rigid fixation of alloplastic material is achieved and
maintained in bone during functional loading” (Br&nemark 1985) [1I4],

Osseointegration is the direct structural and functional connection between living bone tissue and the implant, and
it is considered to be an indicator of the success of implant placement. Osseointegration represents a specific

stage of the evolution of the implant—tissue interface that results from the interaction of bone and bioinert materials
Bl

To describe the complex interaction of biomaterials and tissues, Kasemo and Lausmaa used the term “implant-
tissue interface”, which refers to a qualitatively new structure formed as a result of the interaction between the

materials and the biological system 8],

The process of osseointegration depends on multiple factors that act during the four phases of the healing process.
The framework used for the phases of osseointegration was defined based on an interpolation of the concept
expressed by Stadelmann et al. [d regarding the physiology and healing of chronic bone wounds. There are four
phases of the healing process after implant placement: hemostasis, inflammation, proliferation and remodeling.

According to a study by Terheyden et al. [, the first signs of remodeling after dental implant placement were
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observed after about 6 weeks, which was two weeks later than in an animal model. The formation of titanium oxide
on the implant surface after placement creates a prerequisite for osseointegration . Ti-alloys are popular
candidates for load-bearing implant applications owing to their high strength-to-weight ratio, good biocompatibility
and excellent corrosion resistance, regardless of whether they are a pure Ti, Ti-6Al-4V, Ti-Nb alloy or any other
alloy. Chakkravarthy et al. reported that Ti-30Nb-2Zr, which is a promising next-generation biomedical implant
material, was fabricated in the form of a porous scaffold using the selective laser melting (SLM) additive
manufacturing route 29 Titanium nanoparticles (Ti-NP), as a material with suitable mechanical properties, can
be a used for the production of dental ceramics with higher strength properties via combination with lithium
disilicate (111,

According to Br&nemark [, osseointegration refers to a phenomenon in which the implant becomes so ankylosed

with the bone that they cannot be separated without fracture.

Various factors that influence the rate and success of osseointegration can be categorized as those related to
implant characteristics, such as the physical and chemical macro- and micro-design of the implants; as bone
characteristics, such as the quantity and quality of bone and the local and systemic conditions of the patient; or the
time and protocol used for the functional loading of the dental implant [22. To ensure proper healing of the placed
implant, it is necessary to guarantee good primary stability. Another important aspect is the need to control micro-
movements. Primary stability is defined as the biometric stability immediately after implant placement, and it is a
direct result of mechanical engagement of the implant with the adjacent bone 13l It is a result of the frictional

interaction between the implant and the bone. The formula defining this interaction is as follows:
F =k-N, as:

F—the force of friction; k—coefficient of friction (surface-specific); and N—pressure between the two surfaces

(Joos) (241, Factors that increase k and N lead to an increase in primary stability 22!,

Implant surface design has evolved to meet oral rehabilitation challenges in both healthy and compromised bone.
Many studies aim to comprehensively discuss currently available implant surface modifications that are commonly
used in implantology in terms of their impact on osseointegration and biofilm formation, which is critical in helping

clinicians to choose the most suitable materials to improve the success and survival of implantation (18],

The use of implants with modified surfaces aims to accelerate osseointegration, which is evidenced by achieving
control of the stability of the placed implants. The microrelief of the implant surface determines the good connection
of the implant surface to the fibrin skeleton, as well as the course of contact osteogenesis and the increase in the
total area of the region of the implant—tissue interface. Modification methods are divided into two main groups:
subtractive methods, in which defects on the implant surface are created by removing an amount of material, and

additive methods, in which positive roughness is created by adding material.

https://encyclopedia.pub/entry/47370 2/8



Effect of Er:YAG Laser Exposure | Encyclopedia.pub

Subtractive methods are as follows: machining, etching, abrasive jet methods, SLA (Sandblasted with Large grift

Al, O3, followed by Acid etching) and laser texturing.

Additive methods are as follows: titanium plasma spray, hydroxyapatite coating, anodic oxidation and brushite

coating.

Changing the surface chemistry of implants involves a classic combination of abrasive jet treatment and

subsequent high temperature etching.

Modern dentistry faces the challenge of providing rapid treatment results within a short period without
compromising quality. The placement of dental implants typically involves the use of rotary techniques and drills to
create a bone bed for implant placement. During this procedure, water cooling is used, and the revolutions per
minute (RPM) value is carefully chosen to avoid overheating the bone and denaturing its protein structures. In
addition, the use of a rotary technique to create a bone bed results in a smear layer, which can affect primary
stability and may lead to changes even beyond day 12. Following the introduction of Er:Yag lasers, the rapid
development of surgical technologies has enabled the creation of implant sites using alternative techniques, such
as laser surgery. However, attempts to use lasers alone for osteotomy have revealed certain drawbacks, including
prolonged treatment duration and inaccuracies in calibrating the osteotomy hole. Nevertheless, using the Er:Yag
laser at a wavelength of 2940 nm offers benefits such as proper decontamination of tissues, the absence of a
smear layer on the osteotomy surface and reduced bleeding. These advantages provide opportunities for

accelerated osseointegration and early prosthetic treatment.

The combination of conventional rotary techniques and laser osteotomy demonstrates synergistic effects, making it
possible to integrate lasers into the conventional implantation protocol. Early loading of dental implants placed
using the two-stage technique becomes feasible through the combined use of rotary and laser techniques. This
combined technique aims to create the conditions required for accelerated osseointegration, which is crucial to

improving masticatory function and facilitating esthetic rehabilitation for the patient.

When placing a screw dental implant, proper preparation of the recipient site is crucial. The method of recipient site
preparation determines the possibility of early loading based on the achieved primary stability of the implants. This
stability depends on both the type of bone located at the implantation site (according to the Misch classification)
and the technique used. Several approaches can be employed to attain primary stability. The conventional and

most commonly used method is the rotary technique with water cooling.

In several in vitro studies using bovine models, it has been reported that one of the major factors influencing
successful osseointegration is the temperature generated during recipient site preparation. The authors discuss the
importance of not exceeding the temperature limit of 47 °C to prevent bone necrosis W7, Various measures are
being explored to reduce heat generation during osteotomy, including drill geometry and design, bone density and
cortical thickness, single-stage or reciprocating drilling, use of reusable drills, internal or external cooling and the

pressure applied by the operator during osteotomy 28],
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The use of ultrasound for osteotomy has the disadvantage of being relatively slower than the standard rotary
technique. However, one benefit of using ultrasound is that it enables much faster tissue regeneration than the

conventional technique 121,

Laser technology provides another option for preparing the implant site. Among all types of lasers, the Er:Yag laser
is the most suitable for this purpose. This type of laser allows researchers to work on bone structures without
causing carbonization due to its pulse operation and effective cooling during the procedure 2. The selection of the
correct wavelength and laser parameters is of paramount importance in terms of minimizing the risk of thermal
damage to the bone 2921 According to studies conducted by some authors, the three aforementioned techniques
used to preparing the implant site are comparable, at least during the early stage of the healing process [221[23],
Achieving temperature control via various osteotomy techniques can be challenging. All of these factors contribute

to the possibility of influencing the duration of osseointegration 241,

| 2. Histological Analysis

Group A—The survey of horizontal and vertical histosections located across the contact surface of the bed showed
a rough bone surface with an irregular periphery along the incision edges and numerous microcracks resulting from
the osteotomy. The cracks were filled with bone fragments and soft tissue, collectively forming an amorphous layer
that covered the trepanation surface. The amorphous layer blocked the Volkmann’'s and Haversian canals. The
osteotomy edges beneath the amorphous layer displayed varying degrees of destructive changes, resulting in a
porous surface with low-grade-to-absent thermoalteration (Figure 1).

Figure 1. Changes in the contact surface in group A—magnification of 50 pm and an example of the

measurement.

Group B—The survey of histosections across the contact surface of the implant site revealed linear and distinct
trepanation edges, which were free of bone and soft-tissue fragments. Volkmann’s and Haversian canals were

open. The amorphous layer was irregular, vague or fragmented, while, in some places, it was completely absent.
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This layer can be further subdivided into two distinct sublayers—the superficial layer (PL) and the deep layer (DL).
The superficial layer showed signs of carbonization in certain areas, along with remnants of bone and soft tissue.

The deep layer exhibited mild traumatic damage that resulted from the preliminary mechanical treatment (Figure

2).

Figure 2. Changes in the contact surface in group B—magnification of 50 um and an example of the

measurement.

Group C—The histological findings were almost identical to those observed in group A. The main difference was
the smaller thickness of the amorphous layer on the contact surface due to the slight compression that occurred
during implant placement. As an exception, there were certain areas on the surface that exhibited characteristics of
compression trauma, which were included in the amorphous layer. The boundaries of this layer were not clearly
defined (Figure 3).
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Figure 3. Changes in the contact surface in group C—magnification of 50 um and an example of the

measurement.

Group D—The histological findings were relatively similar to those of experimental group B. Smooth linear edges
were predominantly observed adjacent to the trepanation surface. No isolated and/or layered amorphous masses
of bone or soft-tissue fragments were found. The surface layer appeared to be wel structured, with almost no signs
of compression trauma, alteration and carbonization. The Volkmann’s and Haversian canals extended directly to
the surface, allowing direct contact between the cells within them (including osteoblasts and osteoclasts) and the
implant surface. The thickness of the amorphous layer was extremely small, and in many areas, it was practically

absent (Figure 4).

Figure 4. Changes in the contact surface in group D—magnification of 50 um and an example of the

measurement.

Implant site preparation using the standard rotary technique was performed within the normal time frame. Surface
treatment with the Er:YAG laser took two-to-three minutes per osteotomy opening, which is not a statistically
significant prolongation compared to laser preparation alone, which took 25 min on average. No signs of bone

carbonization, melting or cracking were observed in any of the groups.

Histomorphological measurements showed the following amorphous layer thicknesses by group: group A—21.813
to 222.13 um; group B—6.08 pm to 43.64 um; group C—5.90 to 54.52 um; and group D—1.29 to 7.98 um.
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