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Abstract: In the past, complex rehabilitations, such as the rehabilitation of an entire arch with a
prosthesis on implants, were reserved for the few patients who presented an optimal state of health
as the interventions were long and traumatic. Nowadays, the use of devices such as the Magnetic
Mallet and the Laser allows us to perform the same interventions in less time and in a minimally
invasive way. The case report we present shows how a fragile patient, subjected to the insertion of
eight implants on the same day, had a positive response, thanks to the use of magnetic mallet to
prepare the implant sites, the application of the photodynamic therapy without dye (diode laser +
hydrogen peroxide) to decontaminate the post-extraction alveoli and the use of erbium laser to
induce more bone bleeding and promote healing. The implants were then loaded in 48 hours with
a Toronto-type temporary total prosthesis. The patient had a pain-free and complication-free
outcome. It is interesting to note how technological development, aimed at reducing the morbidity
of surgery, makes it possible to perform almost all surgical therapies, even the most advanced, on
any patient, regardless of general health conditions.

Keywords: magnetic mallet; laser; photodynamic therapy; full arch rehabilitation; minimally
invasive implantology

1. Introduction

Over the past decade, the study and use of minimally invasive procedures in
medicine and dentistry have increased exponentially. In particular, minimally invasive
surgery allows a reduction in post-operative complications [1-3], a lower consumption of
analgesic and anti-inflammatory drugs [4], a shorter hospital stay, and therefore in
general a reduction in the time required to carry out a therapy. All this is even more
relevant when it is necessary to treat more fragile patients due to a past and / or present
systemic conditions, and who therefore may also have to take drugs that are
contraindicated to the therapeutic act that must be performed. The MID World Congress
defines minimally invasive dentistry as that discipline in which techniques are applied to
respect the health, function and aesthetics of the oral tissue, preventing the onset of the
disease or intercepting its progress with minimal tissue loss [5].

On the other hand, the use of innovative technologies has increased the cost of
therapy. The use of advanced technologies, although it can increase the cost of the surgical
procedure, allows the patient to return to normal life earlier, generating benefits that make
the procedure more cost-effective than conventional surgical techniques [6]. Among these
new technologies, a great success in oral surgery was the Magnetic Mallet, the diode lasers
combined with solutions with high oxygen content (photodynamic therapy without dye)
and the erbium laser.
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1.1 The Magnetic Mallet

The Magnetic Mallet, is a surgical medical device equipped with different inserts, has
replaced many surgical instruments during the operations of extraction of the dental
elements, of implant surgery, of regenerative surgery, of removal of incongruous
prosthetic artifacts. The device exploits the electromagnetic impact, which allows to have
an impact force of high intensity and very short duration such as to obtain the plastic
deformation of the bone, but without propagating throughout the bone component, as
usually occurs with blows of the surgical hammer. [7-8]

For this reason the use of the Magnetic Mallet prevents the patient from the so-called
benign paroxysmal vertiginous syndrome, that is, vertiginous postoperative symptoms.
[9] The impact time is 50 microseconds and can generate a force of up to 300 kg. The
magneto-dynamic propulsion applies much more force, in a short time, than manual
instruments. The forces are focused on the treated area, limiting their dispersion in the
craniofacial mass as much as possible. This means more patient comfort and total accuracy
during the procedure. There is more precise control of the osteotome and the direction of
entry of the tip into the bone. This is very important as bone is generally made up of parts
with different densities and therefore the instrument tends to be deflected when moving
from one specific density to another.

The instruments operate with a longitudinal movement without risk of deviations
due to the different bone consistencies. The use of the handpiece is also very simple, in
fact it can be handled with one hand. For whatever procedure is used (from extraction to
split crest), [10-15] the forces are applied with great precision and in a predictable manner,
ensuring total control by the operator during surgery.

The Magnetic Mallet substantially reduces the generation of heat, so the use of
irrigation is not necessary. Since irrigation is not necessary, the visibility of the operator is
increased and he is able to control the progressive penetration of the instrument. The
mechanical frictions that develop over millionths of a second are not sufficient to increase
the temperature of the bone. The ergonomics of the handpiece allows it to be used with
one hand and facilitates its positioning in the area to be treated.

1.2 Lasers in Dentistry

The laser is light and is characterized by its specific wavelength. The Laser (Light
Amplification by Stimulated Emission of Radiation) is an electromedical device which,
after the input of energy, determines the emission by specific chemical elements, of an
electromagnetic radiation, light, at high intensity, with monochromatic characteristics,
coherence, unidirectionality.[16]

The lasers used in dentistry are many and differ from each other mainly for the active
medium that feeds them (Erbium, CO2, Diodes ...). Each active medium (source) emits its
own wave-like radiant energy with its own wavelength. The various wavelengths have
different affinities with the various elements of the organism. [17-18]

Most medical lasers are in the field of the invisible. Below 375 nm there is the range
of UV rays, above 775 there are infrared rays. Both ultraviolet and infrared are invisible
as the human eye perceives light between 375 and 775 nm.

Depending on the target and wavelength, the laser will have different effects.

Er: YAG laser and CO2 laser are very absorbed by water and hydroxyapatite and
therefore by target tissues (soft and hard tissues), consequently the penetration into the
tissues will be very low (2 microns for the Er: YAG laser, 20 microns for CO2 laser)
therefore will not cause any effect in depth. On the contrary, Diodes and Nd: YAG lasers
penetrate very deeply so in addition to having a visible effect on the surface they can also
have effects that are not visible in depth. It is precisely on these effects that laser therapy
in periodontology and oral surgery is based.
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Based on the concept that the laser transforms light energy into thermal energy, itis 94
evident that the effects of the lasers on the tissues are due to the increase in temperature 95

of the same due to the transfer of thermal energy by the laser sources. 9
Precisely because of important and localized increases in temperature, it is possible 97

to obtain, with lasers, the first and most evident effect, as it is visible: tissue ablation. 98
In fact, the volatilization of the tissues occurs when the temperature exceeds 100 99

degrees centigrade. 100

If the localized temperature increases significantly, it will be possible to have protein 101
denaturation effects with dissolution of collagen (between 50 ° C and 75 ° C). This 102
determines coagulation effects, however irreversible denaturation of the tissues. If, on the 103
other hand, it is possible to keep the localized temperature increase below 50 ° C, there 104
will be only a slight vasodilation, without irreversible changes in the tissues affected by 105

the laser effect. 106

The differences in the effects on the target surface of poorly penetrating (Erbium, 107
Co2) and very penetrating (diodes, Nd: Yag, Helio-Neon) lasers are important [19-20]: 108
¢ Both laser families have photoablative effects; 109

e Low penetrating lasers do not go deep, they have thermal effects but do not have great 110
photodynamic and decontaminating effects. They are ideal for their ablative ablative 111
abilities, on hard tissues (Er: Yag) and on soft tissues (CO2 and Er: Yag); 112

e Highly penetrating lasers have ablative, thermal (strong, medium, weak), 113
photodynamic (or decontaminating), and biostimulating effects. The deeper we go 114
into the fabric, the more the decontaminating and biostimulating effects increase and 115
the thermal ones are reduced. 116

1.3 Photodynamic Therapy without dye 117

In case of bacterial infection, the infectious process must be eliminated, then 118
decontaminated. If the bacterial infection has resulted in a loss of substance, the goalis to 119
regenerate the loss of substance thanks to laser biostimulation, which determines a sort of =~ 120
"biological doping" for the patient's tissues, promoting their regeneration. 121

The photochemical effect (or photodynamic therapy) [20-21] consists in the activation 122
of a hyper-oxygenated tissue with a monochromatic beam; the interaction between 123
oxygenated tissues and the laser beam produces photochemical reactions in which the 124
energy acceptor is oxygen. Therefore the photosensitizing substance used must always 125
contain oxygen since the presence of oxygen allows the reactions of photo-activation and 126
production of singlet oxygen. Singlet oxygen is a free radical of oxygen (a free radical isa 127
highly reactive chemical species that has unpaired electrons in the outer layer); free 128
oxygen radicals are also produced in our body. 129

Neutrophils stimulated by antibodies release singlet oxygen which, through various 130
mechanisms, destroys bacterial cells (destruction of the plasma membrane, degradation 131
of the lysosomal membrane, alteration of mitochondrial functions, denaturation of DNA 132
molecules); however, if the bacteria are numerically too many or too aggressive, the body 133
is unable to limit the aggression and systemic administration of antibiotics becomes 134
necessary. 135

Research in periodontology [16] has developed protocols that on the one hand use 136
periodontal lasers with a low energy index, with the aim of not overheating the 137
periodontal tissues, on the other hand they use dyes (for example phenothiazine chloride, 138
characteristic of the Helbo system), which are able, injected into the pocket, to color the 139
bacteria present there. The laser energy, absorbed by the dye for which it was related, 140
determines the release of free radicals and singlet oxygen, able to denature the cell 141
membrane and lead to death of the bacteria, without damaging the host tissues. However, 142
the literature agrees that there is no statistically significant difference in terms of the 143
eradication of pathogenic bacteria between a conventional non-surgical protocol and a 144
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conventional non-surgical protocol followed by photodynamic therapy with low-power 145
laser and dyes. 146

From in vitro and in vivo studies [22-25] it has been shown that the decontaminating 147
action is adequate only if the penetrating laser (diode) is set at values above 2 Watts 148
(energy necessary to be able to penetrate deeply, overcoming all phenomena of reflection, 149
refraction and transmission that reduce the absorption capacity of the beam in the tissues) 150
and if carried by a liquid, defined as photo-sensitizer, preferably transparent and with 151
high oxygenating power, so as not to reduce the depth of penetration of the laser beam 152
into the tissues, this substance is has been identified in hydrogen peroxide (hydrogen 153
peroxide H202, 10 volumes 3%, non-toxic to tissues). 154

The periodontal tissue, both soft and hard, previously hyper-oxygenated by 155
hydrogen peroxide irrigations, after waiting for at least two minutes, once stimulated by 156
the laser light, first releases essential oxygen and then, for the passage of an electron to 157
the superior orbital, singlet oxygen, a highly unstable molecule with a very short half-life 158
(in the order of 0.0045 microseconds) capable of binding the fatty acids of the bacterial 159
membrane and dissolving the latter, causing bacteriolysis. 160

As already mentioned, a crest power greater than 2W is required to be able to destroy 161
the red and orange Socransky bacterial complexes, this in order to be able to adequately 162
penetrate in depth. However, if the diode laser constantly emits such power levels, an 163
excessive thermal overheating would result which would lead, from an initial 164
vasodilation effect (45 °C) to a denaturation of the molecules up to the carbonization of 165
the tissues, transformations due to the progressive increase tissue temperature. 166

To overcome this problem, the possibility of interrupting the emission of laser pulses 167
has been introduced with a software that regulates the emission intervals (Ton) with tissue 168
cooling times (Toff). 169

In order to remain below the predetermined threshold of 45 ° C, the software must 170
work in microseconds (and therefore with high frequencies, up to 10 000Hz). This allows 171
you to work with high peak powers, up to 3.5W but without exceeding the average power 172
threshold of 0.8W. In addition, high frequencies, up to 10 000Hz, allow for the release of 173
singlet oxygen molecules within the periodontal tissues up to 10,000 times per second. 174

The scientific works of Rey and Caccianiga [26-29] have shown that hydrogen 175
peroxide is bactericidal only for Prevotella intermedia and for Actinobacillus 176
Actinomicetemcomitans, which the laser without irrigants (at 2 Watt of regulation) is 177
effective only on Actinobacillus Actinomicetemcomitans (therefore the laser is less 178
effective than hydrogen peroxide). All other bacteria in Sokransky's red and orange 179
complexes are resistant. 180

The combination of laser and hydrogen peroxide, on the other hand, has shown 181
efficacy on all periodontal pathogenic bacteria and, from the latest in vitro tests carried 182
out, also on Staphylococcus aureus resistant to antibiotics and responsible for skin 183
infections in defected patients. 184

Therefore, the protocol devised by Dr Rey in 1992, now called “Photodynamic 185
Therapy without dye”, appears, in the light of the literature, to be effective for treating 186
periodontitis refractory to traditional methods. [20-22,28,29] 187
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THE PROTOCOLE WITHOUT ANTIBIOTHERAPY INCLUDES EACH TIME :

1) ULTRASONIC GINGIVAL DEBRIDEMENT 2) DESCALING 3) AIR POLISHING

4) RINSE 5) OXYGENATION WITH H202 10 vol 6) PENETRATING LASER RADIATION

Figure 1. The 6 clinical steps for dye-free photodynamic therapy

The non-surgical operative protocol can be summarized as follows (Fig. 1):

1. Use of ultrasonic instruments and irrigation with polyvinyl jodate-based solutions
(Betadine), with complete debridement of the periodontal / peri-implant pocket;

2. Use of air flow with glycine or bicarbonate with low abrasiveness on dental surfaces
(on exposed implant surfaces it is preferable to use powders with high abrasive
power, as the goal is not to preserve cellularity on contaminated surfaces, but to
perfectly decontaminate the implant surfaces infected);

3. Insert the 3% 10-volume hydrogen peroxide or Sioxyl Solution into the periodontal /
peri-implant pocket and leave to act for at least 2 minutes, removing the excess with
a surgical aspirator or dabbing with a sterile gauze pad;

4. After adequate oxygenation of the periodontal / peri-implant bone defect and of the
corresponding soft tissues, the diode laser (980 nm) with 400 micron fiber, peak
power 2.5 W, but with zeroing of the thermal effect (Ton by 20/30% and lowering the
average power to 0.8W) for 60 seconds;

5. At the end of the treatment, advise the patient not to rinse to keep the bleeding
resulting from the thermal effect of vasodilation in place, to refrain from oral hygiene
maneuvers for at least 6 hours, and then resume normal home hygiene protocols.

From the studies conducted using these protocols and from in vivo and in vitro tests
[20-22,24,25] it has proved useful to include laser-assisted protocols within the non-
surgical periodontal therapy, since it is a "pain free" treatment for the patient, it allows
man-agement and maintenance complex defects reducing by 90% the need for surgical
treatment, framing the operative protocol in a minimally invasive perspective and
limiting the need to administer antibiotics, only to patients at risk, thus reducing the risks
of antibiotic-resistance phenomena.

1.4 OHLLT (Oxygen High Level Laser Therapy) Technology

OHLLT (Oxygen High Level Laser Therapy) Technology is a dye-free photodynamic
therapy that includes the association of a penetrating laser with a modified and stabilized
H202 solution with glycerol-phosphate, called Sioxyl Solution (derived from H202 10
volumes 3% therefore without cytotoxic actions) (Fig. 2) [26,27,29]
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Figure 2. Sioxyl Solution, Solution based on hydrogen peroxide 10 Volumes 3%, stabilized with 220
glycerophosphates. 221

As in the dye-free photodynamic therapy, conceived by Gérard Rey [19], the laser 222
energy activates the modified H202 solution, releasing free radicals and singlet oxygen 223
which have antibacterial activities on the Gram + and Gram- groups specific to 224
periodontal diseases. The laser is used with high power peaks and low average power 225
(<0.8 Watt). 226

The elimination of silver residues from H202 and stabilization with glycerol- 227
phosphates resulted in, with the same bactericidal effect, an increase in biostimulatory 228

activity which results in faster healing of the irradiated tissues. 229
The scheme provides: 230
1. Stabilized H202 laser irradiation (S5iOxyl Solution) 231
2. Liberation of molecules of H20 and fundamental oxygen (O2 has 2 unpaired 232
electrons with parallel spin) 233
3. New laser irradiation allows the passage of an electron to a higher orbital with spin 234
inversion that allows the release of singlet oxygen 235
4. Singlet oxygen causes oxidation of the lipid membranes of bacteria with 236
consequent bactericidal action. 237
The mechanisms of cellular destruction during photodynamic therapy are put in 238
place by the singlet oxygen of free radicals causing: 239
1. DNA denaturation of microorganisms 240
2. Destruction of the lysosomal membrane 241
3. Alteration of mitochondrial functions 242
1.5 Erbium lasers 243

The erbium laser emits a wavelength that is positioned in the mid-infrared spectrum, 244
at 2940nm. Thanks to the affinity that its wavelength has both with water and with 245
hydroxyapatite, the erbium laser can interact with both soft and hard tissues. The water 246
contained in the target tissues hit by the laser beam absorbs the thermal energy that causes = 247
vaporization, causing an increase in pressure that causes micro-explosions capable of 248
removing the tissue (photoacoustic effect). [30] 249

The erbium laser can intervene on the hard tissues of the oral cavity in a simple way 250
and with less trauma, creating both a gingival access flap and a rapid and precise bone 251
cut, characterized by more accurate margins of the bone breach than those obtained with 252
rotating instruments. Its air and water spray keep the temperature of the target tissue 253

unchanged, and the bactericidal effect of the laser light decreases the risk of infection. 254

This operating mechanism guarantees respect for the biological properties of the 255
bone, hindering the creation of necrosis and denaturation of the protein matrix. 256
1.6 Minimally invasive implant surgery protocols 257

The characteristics of the Magnetic Mallet and the Lasers can be combined when 258
performing oral surgery, especially in the regenerative one. 259
In fact, it is possible to exploit the photoablative potential of the Erbium Laser on the 260
bone tissue to create the invitation to the inserts of the Magnetic Mallet with which to 261
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(a)

practice the expansion of a residual bone crest lacking in thickness and / or the preparation
of the implant sites, as well as the properties decontaminants and photo-bio-modulators
of photodynamic therapy without dye (OHLLT or Dye free Photodynamic Therapy)
[26,27,29].

2. Materials, Methods and Results

An 81-year-old patient undergoing treatment at the practice shows mobility of the
upper elements remaining to support a removable resin prosthesis. The patient requests
to rehabilitate the upper arch with a fixed type of prosthesis. The patient has a previous
history of hepatitis C still under treatment, degenerated into liver cancer in 2016, treated
and resolved in the three-year period 2017-2020. She also reports that she is an anxious
person, with current back and neck problems, while in the past she has suffered from
sinusitis.

Therefore, given the advanced age of the patient and the patient's general health
conditions it can therefore be considered a fragile subject (ASA-3).

(b) (c)

Figure 3. Intraoral photos of the patient (a) and orthopantomography (b) and CBCT (c) radiological
images.

From the dental point of view, the patient has partial edentulism in the upper arch
(first class of Kennedy) with the permanence of the elements 11, 21, 22 and 23 and the root
residues of the elements 12, 13 and 14 and of partially osseointegrated implants in the area
15 and 16. In the lower arch there is a fixed rehabilitation on Toronto Bridge type implants.
Orthopantomography and CBCT show the remaining periodontally compromised dental
elements, root residues and implants not supported by prosthetic crowns that have lost
the vestibular cortex. There is also an inadequate thickness of the bone tissue in some areas
of the arch, thus having to design and apply regenerative techniques to insert implants to
support a fixed type of rehabilitation.

Considering the initial clinical situation, the patient's request and her general health
conditions, the extraction of the remaining dental elements, root residues and implants is
proposed in the same operation, and the subsequent use of the laser to Erbium and the
Magnetic Mallet for the preparation of the new implant sites and the insertion of 8 implant
fixtures. Within the next two days, the implants will be loaded with a screwed-in
temporary total prosthesis with immediate load of the Toronto Bridge type. The patient,
correctly informed, accepted and gave consent to the execution of the therapy.

2.1 Surgical procedure

On the day of surgery, the patient took an antibiotic prophylaxis based on
Amoxicillin and clavulanic acid (875 mg + 125 mg) one hour before the start.

Initially, complete anesthesia of the upper arch was performed on both the buccal
and palatal sides, using, as anesthetizing molecule, articaine with the addition of
adrenaline at a concentration of 1: 100,000. A full-thickness flap was initially performed
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to clinically highlight the total residual bone volume of the superior alveolar process, root 303
residues and implants. 304

The simple extraction of the remaining dental elements was then performed. Instead, 305
for the removal of root residues and implants, the Magnetic Mallet was used with the 306
inserts for the extractions. This made it possible to avoid osteotomy and / or odontotomy 307
maneuvers in order to save precious bone tissue for the subsequent insertion of the 308
implants. Given the presence of infection and inflammatory tissue, photodynamic therapy 309
(OHLLT protocol) was practiced in the post-extraction sockets, by irrigation with Sioxyl 310
solution activated by a diode laser (parameters), to decontaminate in depth. 311

s . _ T————

312
(a) (b) 313

Figure 4. Oxygen high level laser therapy, OHLLT (a); measurement of the post-extraction site (b). ~ 314

Subsequently, for each of the eight implant sites, a series of steps were performed in 315
order to insert the implants with sufficient primary stability, in the best prosthetic position 316
to make the intervention as predictable but also as minimally invasive as possible. 317
Initially, the erbium laser (160 mj, 20 Hz, with an average power of 3.2 W) was used to 318
bleed the bone tissue and thus increase the regenerative potential. At the same time, the 319
ablative capacity of the Erbium Laser allowed the creation of an access for the osteotomy 320
inserts of the Magnetic Mallet. The implant sites, in fact, were prepared using only the 321
Magnetic Mallet with osteotomic inserts of increasing diameter, from 100 (apical diameter 322
of 1 mm) to 300 (apical diameter of 3 mm). Therefore, no bone tissue was removed, butit 323
was only compacted to increase its density and obtain greater primary stability. Before 324
inserting the implants, the implant sites were in turn decontaminated by photodynamic 325
therapy (OHLLT protocol). The eight implants were then inserted in zone 17 and 24 326
(diameter 4, length 10), zone 14 (diameter 4, length 11), zone 21 and 23 (diameter 4, length 327
13), zone 11 and 13 (diameter 3, 7, length 13) and zone 26 (diameter 4.7, length 10). Finally, 328
the healing screws were screwed to the implants and the flaps were sutured with a 4-0 329
silk thread, after placing the PRF previously taken and centrifuged both in the extraction 330
sites and to protect the flaps. 331

332
(b) 333

Figure 5. Use of the magnetic mallett to prepare the implant site (a); implant insertion (b). 334
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For the realization of the prosthetic product, the impressions were made. Above, by 335
implant transfers, an impression was made with plaster mixed with fluid silicone, while 336
at the bottom an alginate impression was made. Before being discharged, the patient 337
underwent a photobiomodulation session using the ATP38 for 12 minutes. 338

The following day the patient returned to the office to perform a check-up, a further 339
photobiomodulation session using ATP38 and a test of the new upper prosthesis, in which 340
the passive fit of the rigid bar with the implants was checked, checked with 341
orthopantomography, the aesthetics and occlusion. The next day the provisional upper 342
prosthesis screwed with immediate loading was delivered. Finally, three weeks after the 343
surgery, the sutures were removed, verifying that healing took place correctly. The patient 344
reported that she did not have any particular post-operative problems and complications, 345
in particular that she did not take any anti-inflammatory after surgery and that she was 346
satisfied with the result obtained. For a further improvement from an aesthetic point of 347
view, the patient also decided to perform a lip filler based on hyaluronic acid one month 348
after the delivery of the prosthesis. 349

350

(b) (o) 351

Figure 6. Transfer on implants to make the impression (a); healing caps on implants (b); 352
prosthesis with immediate loading after 48 hours (c). 353
354

(@) 355

Figure 7. Clinical (a) and radiographic (b) healing. 356
357

(@) (b) 358
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Figure 8. Final result of the prosthesis. 359

3. Discussion 360

The rehabilitation of an arch through the extraction of compromised elements, bone 361
regeneration and the insertion of implants is generally a procedure that requires surgery 362
lasting several hours with a considerable level of trauma for the patient. It is therefore 363
essential to be able to take advantage of new technological tools that lead to a 364
simplification of the maneuvers performed during the surgery, making the latter faster 365
and less traumatic, reducing the risk of intra and post-operative complications. In this 366
specific case, using the magnetic mallet and the laser made it possible to face the clinical 367
case of a fragile patient in complete serenity with a reduction in risks and morbidity. 368

As for the magnetic mallet, having carried out the preparation of the implant sites by 369
using only the osteotomic inserts allowed to save bone tissue; in fact, it was only 370
compacted, to increase its density, thus not having to use preparatory drills that could 371
have created necrosis areas, and a consequent more severe post-operative procedure [31- 372
34], with a higher risk of short- and long-term adverse post-operative consequences, first 373
of all peri-implantitis [35-39] 374

The combined use of the Erbium laser and the diode laser, on the other hand, has 375
both to decontaminate the infected areas, due to the presence of compromised elements, 376
and the implant sites in order to avoid any opportunistic infection that could have led to 377
poor osseointegration. [17-30] Furthermore, the biostimulatory capacity, of the diode 378
laser, has made it possible to obtain a biological “doping” for the tissues in order to 379
accelerate healing and reduce post-operative pain. [40-41] The Erbium laser, on the other 380
hand, together with the combination of the Magnetic mallet made it possible to create a 381
more precise bone breach than that created with rotating instruments, keeping the 382

temperature of the bone tissue low thanks to the air-water spray. 383
384
4. Conclusions 385

The use of tools such as the Magnetic Mallet and the Laser resulted in the 386
implementation of a therapy, normally considered traumatic, in a minimally invasive 387
manner. The patient had no pain or other complications during the surgery. She did not 388
suffer from any episodes of agitation although she herself stated that she had had itin the 389
past after previous dental surgery. The following days she confirmed that she had not 390
developed any edematous areas and that she had not had post-operative pain. She stated 391
that she therefore did not need to take pain relieving or anti-inflammatory drugs. In 392
addition, it can be said that she did not have any infectious complications. 393

It can therefore be concluded that the combined use of the laser and the Magnetic 394
Mallet has made it possible to perform complex therapies even in this patient who is 395
admittedly fragile due to clinical history and the present systemic condition. To the 39
detriment of the past, in which these therapeutic paths were reserved for a narrow circle 397
of people, this could allow in the future to be able to guarantee optimal functional and 398

aesthetic results for many fragile patients. 399
Author Contributions: Conceptualization, G.C.; Data curation, P.C.; Formal analysis, A.A.B.; 400
Investigation, G.C.; Methodology, G.C.; Project administration, M.B.; Software, P.C.; Supervision, 401
M.B; Validation, P.C.; Visualization, A.A.B.; Writing — original draft, L.F.; Writing —-review & 402
editing, P.C. and A.A.B. All authors have read and agreed to the published version of the 403
manuscript. 404
Funding: This research received no external funding. 405
Institutional Review Board Statement: The study was conducted according to the guidelines of 406
the Declaration of Helsinki, and approved by the Istituto Superiore di Sanita (Prot. 30/07/2007- 407
0040488). 408
Informed Consent Statement: Informed consent was obtained from all subjects involved in the 409

study. 410



Appl. Sci. 2022, 12, x FOR PEER REVIEW 11 of 12

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

P. Cortellini and M. S. Tonetti, “Improved wound stability with a modified minimally invasive surgical technique in the
regenerative treatment of isolated interdental intrabony defects,” Journal of Clinical Periodontology, vol. 36, no. 2, pp. 157-163,
2009

M. Aimetti, F. Ferrarotti, G. M. Mariani, and F. Romano, “A novel flapless approach versus minimally invasive surgery in
periodontal regeneration with enamel matrix derivative proteins: a 24-month randomized controlled clinical trial,” Clinical Oral
Investigations, vol. 21, no. 1, pp. 327-337, 2017.

M. Aimetti, F. Ferrarotti, L. Bergandi, L. Saksing, F. Parducci, and F. Romano, “Increase in periodontal interleukin-1{3 gene
expression following osseous resective surgery using conventional rotary instruments compared with piezosurgery: a split-
mouth randomized clinical trial,” International Journal of Periodontics and Restorative Dentistry, vol. 36, no. 4, pp. 489-496,
2016.

S. Sharma, L. F. Schneider, J. Barr et al., “Comparison of minimally invasive versus conventional open harvesting techniques
for iliac bone graft in secondary alveolar cleft patients,” Plastic and Reconstructive Surgery, vol. 128, no. 2, pp. 485491, 2011.
Novy BB, Fuller CE. The material science of minimally invasive esthetic restorations. Comp Cont Educ Dent. 2008;29:338-346.
S. Vertuani, J. Nilsson, B. Borgman et al., “A cost-effectiveness analysis of minimally invasive versus open surgery techniques
for lumbar spinal fusion in Italy and the United Kingdom,” Value in Health, vol. 18, no. 6, pp. 810-816, 2015.

Crespi R., Bruschi G.B., Cappare P., Gherlone E. The utility of the electric mallet

Bennardo F., Barone S., Vocaturo C., Nucci L., Antonelli A., Giudice A. Usefulness of Magnetic Mallet in Oral Surgery and
Implantology: A Systematic Review. Oral Maxillofac Surg 2014 Mar;18(1):59-64. doi: 10.1007/s10006-013-0389-2. Epub 2013 Jan
18

Menchini-Fabris G.B., Toti P., Crespi G., Covani U., Crespi R. Sinus floor elevation magnetic mallet - confronto con le tecniche
classiche

Gianmario Schierano, Domenico Baldi, Bruno Peirone, Mitzy Mauthe von Degerfeld, Roberto Navone, Alberto Bragoni, Jacopo
Colombo, Riccardo Autelli and Giuliana Muzio. Biomolecular, Histological, Clinical, and Radiological Analyses of Dental
Implant Bone Sites Prepared Using Magnetic Mallet Technology: A Pilot Study in Animals

Crespi R., Capparé P., Gherlone E. A comparison of manual and electrical mallet in maxillary bone condensing for immediately
loaded implants: a randomized study

Crespi C., Cappare P., Gherlone E. Sinus floor elevation by osteotome: hand mallet versus electric mallet. A prospective clinical
study

Crespi. R; Cappare, P; Gherlone, E. A comparison of manual and electrical mallet in maxillary bone condensing for immediately
loaded implants: a randomized study

Crespi R., Cappare P., Gherlone E.F. Ectrical mallet in implants placed in fresh extraction sockets with simultaneous osteotome
sinus floor elevation

Crespi R., Cappare P., Gherlone E.F. Electrical mallet provides essential advantages in split-crest and immediate implant
placement

Maggioni M, Attanasio T, Scarpelli F. I Laser in Odontoiatria, Piccin 2009/10.

Caccianiga G, Baldini A, Baldoni M, Tredici G. Application of laser in periodontology: microbiological evaluation with PCR-
Real Time. Mediterranean Dental Implant Congress 2004

Caccianiga G, Paiusco A, Fumagalli T, Cambini A, Giacomello MS. The use of laser diodes superpulses in implantology.
European Journal of Infiammation 2012

Caccianiga G, Urso E, Monguzzi R, Gallo K, Rey G. Efecto bactericida del laser de diodo en periodoncia. Av periodon implantol
2007

Caccianiga G, Rey G, Fumagalli T, Cambini A, Denotti G, Giacomello MS. Photodynamic therapy (association diode
laser/hydrogen peroxide): evaluation of bactericidal effects on periodontopathic bacteria: an in vitro study. European Journal
of Inflammation 2012

Caccianiga G, Rey G, Baldoni M, Paiusco A (2016). Clinical, Radiographic and Microbiological Evaluation of High Level Laser
Therapy, a New Photodynamic Therapy Protocol, in Peri-Implantitis Treatment; A Pilot Experience. BIOMED RESEARCH
INTERNATIONAL, vol. 2016, p. 1-8, ISSN: 2314-6133, doi: 10.1155/2016/6321906

Caccianiga G, Baldoni M, Ghisalberti CA, Paiusco A (2016). A Preliminary In Vitro Study on the Efficacy of High-Power
Photodynamic Therapy (HLLT): Comparison between Pulsed Diode Lasers and Superpulsed Diode Lasers and Impact of
Hydrogen Peroxide with Controlled Stabilization. BIOMED RESEARCH INTERNATIONAL, vol. Volume 2016, Article ID
1386158, p. 1-6, ISSN: 2314-6141, doi: http://dx.doi.org/10.1155/2016/1386158

Caccianiga G, Rey G, Paiusco A, Lauritano D, Cura F, Ormianer Z, Carinci F (2016). Oxygen high level laser therapy is efficient
in treatment of chronic periodontitis: a clinical and microbiological study using PCR analysis. JOURNAL OF BIOLOGICAL
REGULATORS & HOMEOSTATIC AGENTS, vol. 30, p. 87-97, ISSN: 0393-974X

411

412

413

414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468



Appl. Sci. 2022, 12, x FOR PEER REVIEW 12 of 12

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Caccianiga G, Cambini A, Donzelli E, Baldoni M, Rey G, Paiusco A (2016). Effects of laser biostimulation on the epithelial tissue
for keratinized layer differentiation: an in vitro study. JOURNAL OF BIOLOGICAL REGULATORS & HOMEOSTATIC
AGENTS, vol. 30, p. 99-105, ISSN: 0393-974X

Leonida A, Paiusco A, Rossi G, Carini F, Baldoni MG, Caccianiga G (2013). Effects of low-level laser irradiation on proliferation
and osteoblastic differentiation of human mesenchymal stem cells seeded on a three-dimensional biomatrix: in vitro pilot study.
LASERS IN MEDICAL SCIENCE, ISSN: 0268-8921, doi: 10.1007/s10103-012-1067-6

Caccianiga,G.;Rey,G.; Baldoni, M.; Caccianiga, P.; Baldoni, A.; Ceraulo, S. Periodontal Decontamination Induced by Light and
Not by Heat: Comparison between Oxygen High Level Laser Therapy (OHLLT) and LANAP. Appl. Sci. 2021, 11, 4629.
https://doi.org/10.3390/ app11104629

Caccianiga,G.;Rey,G.; Caccianiga, P.; Leonida, A.; Baldoni, M.; Baldoni, A.; Ceraulo, S. Rough Dental Implant Surfaces and Peri-
Implantitis: Role of Phase- Contrast Microscopy, Laser Protocols, and Modified Home Oral Hygiene in Maintenance. A 10-Year
Retrospective Study. Appl. Sci. 2021, 11, 4985. https://doi.org/10.3390/app11114985

Caccianiga, G.; Rey, G.; Caccianiga, P.; Leonida, A.; Baldoni, M.; Baldoni, A.; Ceraulo, S. Peri-Implantitis Management: Surgical
versus Non-Surgical Approach Using Photodynamic Therapy Combined with Hydrogen Peroxide (OHLLT —Oxygen High
Level Laser Therapy). A Retrospective Controlled Study. Appl. Sci. 2021, 11, 5073. https:// doi.org/10.3390/app11115073
Caccianiga,G.;Rey,G.; Caccianiga, P.; Leonida, A.; Baldoni, M.; Baldoni, A.; Ceraulo, S. Laser Management of Peri- Implantitis:
A Comparison between Photodynamic Therapy Combined with Hydrogen Peroxide (OHLLT) and OHLLT + Er:YAG Laser. A
Retrospective Controlled Study. Appl. Sci. 2021, 11, 6771. https://doi.org/10.3390/ app11156771

Seka W, Featherstone JDB, Fried D, Visuri SR, Walsh JT (1996) Laser ablation of dental hard tissues from explosive ablation to
plasma mediate ablation. Lasers in dentistry II. SPIE 2672:144-158

Adel R, Lekholm U et al. A study of osseointegrated implants in the treatment of the edentulous jaws. International Journal of
Oral Surgery 1981; 6:387-399

Buser D, Martin W, Belser UC. Optimizing esthetics for implant restorations in the anterior maxilla: anatomic and surgical
considerations. Int ] Oral Maxillofac Implants. 2004;19 Suppl:43-61. Review.

Evans CD, Chen ST. Esthetic outcomes of immediate implant placements. Clin Oral Implants Res. 2008 Jan;19(1):73-80.

Buser D. Titanium for dental applications: implants with roughened surfaces. In: Brunette DM, Tengvall P, Textor M

Alsaadi et al. Impact of local and systemic factors on the incidence of late oral implant loss. Clinical Oral Implants Research,
2008; 19: 670-6.

Berglundh T, Lindhe J. Dimension of the periimplant mucosa. Biological width revisited. ] Clin Periodontol. 1996 Oct;23(10):971-
3.

Bréagger U, Karoussis I, Persson R, Pjetursson B, Salvi G, Lang N. Technical and biological complications/failures with single
crowns and fixed partial dentures on implants: a 10-year prospective cohort study. Clin Oral Implants Res. 2005 Jun;16(3):326
Etter TH, Hakanson I, Lang NP, Trejo PM, Caffesse RG. Healing after standardized clinical probing of the perlimplant soft
tissue seal: a histomorphometric study in dogs. Clin Oral Implants Res. 2002 Dec;13(6):571-80.

Evian CI, Emling R, Rosenberg ES, Waasdorp JA, Halpern W, Shah S, Garcia M. Retrospective analysis of implant survival and
the influence of periodontal disease and immediate placement on long-term results. Int ] Oral Maxillofac Implants. 2004 May-
Jun;19(3):393-8.

Caccianiga, G.; Caccianiga, P.; Baldoni, M.; Lo Giudice, A.; Perillo, L.; Moretti, N.; Ceraulo, S. Pain Reduction during Rapid
Palatal Expansion Due to LED Photobiomodulation Irradiation: A Randomized Clinical Trial. Life 2022, 12,37.
https://doi.org/10.3390/ life12010037

G. Caccianiga, G. Rey, M. Baldoni, P. Caccianiga, G. Porcaro, A. Baldoni, and S. Ceraulo Bone Regeneration and Wound Healing
by Secondary Intention. Clinical and Radiographic Evaluation: A Pilot Experience .Photobiomodulation, Photomedicine and
Laser Surgery Journal , Received: May 6, 2021. Accepted After Revision: November 22, 2021. (PHOTOB-2021-0062.R2)

469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511



	1. Introduction
	1.1 The Magnetic Mallet
	1.2 Lasers in Dentistry
	1.3 Photodynamic Therapy without dye
	1.4 OHLLT (Oxygen High Level Laser Therapy) Technology
	1.5 Erbium lasers
	1.6 Minimally invasive implant surgery protocols
	2. Materials, Methods and Results
	2.1 Surgical procedure
	Author Contributions: Conceptualization, G.C.; Data curation, P.C.; Formal analysis, A.A.B.; Investigation, G.C.; Methodology, G.C.; Project administration, M.B.; Software, P.C.; Supervision, M.B; Validation, P.C.; Visualization, A.A.B.; Writing – ori...
	Funding: This research received no external funding.
	Institutional Review Board Statement: The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Istituto Superiore di Sanità (Prot. 30/07/2007-0040488).
	Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
	Data Availability Statement: Not applicable.
	Conflicts of Interest: The authors declare no conflict of interest.
	References

