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OPEN VERSUS CLOSED EXPOSURE OF IMPACTED
MAXILLARY CANINES

OTBOPEHA HACIPOTU 3ATBOPEHA (TEXHUKA) HA
EKCMNO3NUnJA HA UMMNAKTUPAHU MAKCUITAPHUA
KAHUHU

Ignatoska V.', Endjekcheva S.', Petrovska J."?, Leveska A.’

'Facultyof Dentistry-Skopje, Ss. Cyril And Methodius University Skopje, Republic of North Macedonia, ?University Dental Clinical Center St.
Panteleimon, Skopje, Republic of North Macedonia

Abstract

This review aims to compare the effectiveness of two different canine exposure techniques (open vs. closed) regarding periodontal outcomes, duration of surgical treat-
ment and canine’s eruption, patient perception, aesthetics, and orthodontic treatment complications. The results indicate no significant difference between the two tech-
niques in terms of periodontal outcomes and aesthetic appearance. However, the surgical procedure is shorter in the open exposure group, and the amount of post-
operative pain during the first day is similar between the open and closed surgical exposure patients. Keywords: impacted maxillary canines, open surgical exposure,
closed surgical exposure.

AncTpakT

LlenTa Ha 0Baj nperreq e fia ja Criopenv edykacHocTa Ha ABE PasnnyHy TEXHKI 3a eKCrIoHMpakLe Ha KaHUHUTE(OTBOpEHa 1 3aTBOpEHa) BO O[HOC HA NEPUOAOHTANHUOT
pe3ynTar, TPaetETO Ha XUPYPLUKMOT TPETMaH W epynumjaTa Ha kaHuHWTE,MepLenuujaTa Ha MauMeHTOT, ecTETCKUOT PeaynTar M OPTOZOHTCKUTE KOMMMMKaLW Of
TPETMaHOT. Pe3ynTatoT e Aeka Hema CUrHUGMKaHTHA paanka NoMery ABETE TEXHUKW OF acmekT Ha NapofOHTONOLLKA W ecTeTCkU peaynTati. MeryToa, Xupyplukata
npoLieaypa e Mokparka Kaj OTBOpeHaTa MeTofa, a nocTonepaTusHara Gonka Bo NPBUOT NOCTONEPATUBEH [IEH € CIIMYHA MOMery OTBOpeHaTa U 3aTBOpeHaTa MeTofa.
KnyuHu 360poBM: MMNaKTVpaHi MaKCMapHK KaHWHI, OTBOPEHO XMPYPLLUKO EKCIOHMPakLE, 3aTBOPEHO XMPYPLLIKO EKCTIOHMPatbE.

Introduction ment. Two surgical methods for exposure are commonly
used: open and closed. There is no general consensus about
An impacted tooth can be defined as a tooth whose the choice of operative technique.
eruption is considerably delayed and for which there is
clinical or radiographic evidence that further eruption may  Search method
not take place'.The incidence of canine impaction is 1.7%".

Impacted canines are palatally positioned in 85% of the A review of the literature was carried out using the fol-
cases’. lowing search methods: PubMed, MEDLINE, EMBASE,

Surgically assisted orthodontic intervention is often  the Cochrane Central Register of Controlled Trials (CEN-
required to guide the canine into occlusion***. TRAL), and the Cochrane Oral Health Group’s Trials

Surgical exposure and orthodontic alignment is indicat-  Register. The search was focused on various keywords

ed in patients beyond the age of interceptive treatment, in  jnclyding: ‘open surgical exposure’, and ‘closed surgical
which the impacted canines are not severely ectopic, and exposure’, as well as manual literature searches.

the adjacent tooth shows no or mild resorption’.
Accommodation of the canine within the arch can
involve procedures of varying degrees of complexity, rang-
ing from a simple interceptive treatment (removal of
retained deciduous canine) or any impediments to exposure
up to surgical reimplantation. A strategy that is commonly
adopted is surgical exposure followed by orthodontic align- 2. Open exposure;

Open and closed surgical exposure techniques

Open and closed surgical exposure techniques

1. Closed exposure;
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Closed Exposure

A full-thickness palatal mucoperiosteal flap is raised,
the tissues overlying the canine crown are removed, and a
low-profile orthodontic bracket with a gold chain attached
is bonded to the canine crown®. The soft tissue covering the
canine is not excised, and bonding is usually placed on the
most accessible surface of the impacted tooth. Then, the
gold chain is applied and passed through the incision. The

Figures 1, 2, 3, and 4. An example of closed exposure
of palatally impacted canine. A full-thickness palatal
mucoperiosteal flap with minimal bone removal (cour-
tesy of Michele Nieri, Aldo Crescini, Robert Rotundo,
Tiziano Baccetti, Pierpaolo Cortellini, and Giovan Paolo
Pini Pratoe -28.08.2008 )cclusal carious lesions on
tooth 85 and 84

free end of the chain can be retained with composite to an
adjacent tooth, sutured to the mucosa, or attached to the
archwire, if present (Figuresl, 2, 3, and 4).

Open Exposure

This procedure can be done either by excising the
overlying mucosa or by elevating the full-thickness
mucoperiosteal flap and removing enough bone to allow
for the placement of an orthodontic attachment, followed
by the repositioning of the flap with a hole (with or with-
out dressing, depending on the vertical position of the
canine). If the tooth does not erupt, surgical removal of
any cicatricle tissue surrounding the crown is recom-
mended.

There are two approaches to consider regarding the
timing of the attachment placement and application of
orthodontic traction, with or without traction.

Open Exposure Without Traction

This involves the surgical exposure of the impacted
canine in the late mixed dentition with no orthodontic trac-
tion*. This is done only when the tooth has a correct axial
inclination assessed from the orthopantomogram®".
Spontaneous attachment is placed on the tooth at the time
of surgical exposure. The main advantage of this approach
is that it avoids the delay in the application of orthodontic
traction. Eruption can take up to 9 months postoperatively.
The main advantage of this technique is that it allows for
spontaneous eruption, thus reducing the time in active

78 Macedonian Dental Review. ISSN 2545-4757, 2024; 47 (3-4): 77-82



¥ &,
Figure 5, Figure 6. An example of open exposure of
palatally impacted canine without traction wheresponta-
neous eruption of the impacted canine is allowed (cour-
tesy of Alessandra Impellizzeri, Gaspare Palaia,
Gerardo La Monaca, Daniele Pergolini, Antonella
Polimeni, Umberto Romeo, Gabriella Galuccio -
23.02.2023)

orthodontic treatment’. However, it should be noted that
spontaneous eruption of the surgically exposed canine
might take longer than active eruption (Figures 5,6). The
main disadvantage of leaving the exposed canine to erupt
passively is gingival regrowth and the need for re-exposure.

Open Exposure With Traction

Surgically exposed canines rarely erupt into a creat-
ed space, without aid, if root formation is complete and
the canine has unfavorable axial inclination, as deter-
mined from the orthopantomogram™'°. Therefore, after
exposing the canine using the open technique, an attach-
ment is bonded to the canine, and traction is applied.
Bonding an eyelet was found to be more successful
(94%) compared to an orthodontic bracket (75%), espe-
cially if it was bonded at the time of exposure'.

Two options are suggested with regard to the timing

of attachment placement':

»  Two-step approach: First, the canine is surgically
exposed. Wound healing usually takes up to 8
weeks. At this point, an attachment is bonded to
the crown of the impacted tooth''?. This
approach can be recommended when bleeding
compromises attachment bonding during surgery.

*  One-step approach: The attachment is placed on
the tooth at the time of surgical exposure. The
advantage of this approach is avoiding the delay
in the application of orthodontic traction.

Factors to consider when choosing open vs.
closed technique

The main factors to consider when exposing using
the open or closed surgical technique is gingival biotype
and amount of keratinization. When the gingiva is
attached,thick, and keratinized, we can do both tech-
niques.

There are four important factors when selecting one
exposure method over the other.

These factors are:

1. Presence of a dentigerous cyst;

2. Age of the patient;

3. The vertical level of impaction; and

4. Resorption of adjacent incisors.

Presence of dentigerous cyst

When we want to preserve the tooth, and there is
presence of a dentigerous cyst, we can enucleate the cyst
and expose and bond the canine at the same visit.

After cyst enucleation, spontaneous eruption can be
anticipated depending on canine eruption potential.

Age of the patient

The root formation of maxillary canines is usually
completed by the age of 13—15. If the impacted canine’s
root is not fully developed, spontaneous eruption using
open exposure without traction might be anticipated. If
the root apex is fully developed, there is little chance for
the canine to erupt. Therefore, the tooth must be exposed
(open or closed) with the application of active traction.

Resorption of adjacent tooth

External root resorption of teeth (especially incisors)
adjacent to the impacted is not uncommon". The inci-
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dence of root resorption of the adjacent lateral incisor
caused by PICs was found in 68% of the cases when
cone-beam computer tomography (CBCT) was used™.
Therefore, CBCT should be considered in cases where
the prognosis of the impacted canine and/or adjacent
incisors is uncertain to justify whether exposure of the
canine or removal of severely resorbed incisors is indi-
cated”. If the impact is associated with severe resorption
of the roots of incisors, then an open exposure method is
contra-indicated since it might endanger the vitality of
the incisors'. In this case, closed exposure is used to pre-
vent the vitality of the impacted canine and incisor.

Vertical level of impaction

The radiographic findings of the position of the
impacted canine can determine the decision of which
method is preferable. Taking the ‘rule of thirds’ into
account, the closed exposure method is recommended
for deeply impacted canines in vertical level III'*. For
canines positioned in level I or II, the open exposure
method can be selected if the other three factors favor
this method.

Outcomes of open versus closed exposure

The advantages of the closed-exposure surgical tech-
nique are patient comfort during the healing process and
better periodontal outcome. The advantages of the open
exposure technique and spontaneous eruption of the
canine are: the ability to observe the impacted tooth
movement during treatment, no need for attachment
bonding at the time of surgery, fewer failures, and less
need to re-expose the impacted canine'. However, the
latest Cochrane review concluded that there is a lack of
high-quality evidence in this area, and further studies are
needed in order to compare the outcomes of the two
techniques'™.

It seems apparent that the evidence is equivocal, and
these factors are less likely to influence the decision
when selecting one exposure method over the other".

Patient comfort and perception of recovery

The latest Cochrane review found a lack of high-
quality evidence to support one technique over the
other in terms of patient-reported outcomes'.
Gharaibeh and Al-Nimri carried out a randomized
prospective trial to compare patient perceptions of pain
one week after having open exposure and closed expo-
sure. It was found that clinically and statistically, there
was no significant difference between the two methods.
However, post-operative recovery seemed to be faster

in the closed exposure group'. Londhe et al. suggested
that the postoperative pain experienced by patients was
similar, but the regression of pain was faster in the
closed eruption technique®. The recovery period with
the closed technique was significantly less than with
the open technique. The perception of pain after surgi-
cal exposure of canines has been investigated in previ-
ous studies, which reported that there is no difference in
the amount of pain between closed and open tech-
niques. A moderate degree of discomfort was observed
after the procedure, which disappeared a few days
later””. A more recent multicenter randomized con-
trolled trial reinforced the previous findings that there
was no statistical difference between the two groups®.
Chaushu et al. prospectively assessed patient percep-
tions of immediate postoperative recovery after the sur-
gical exposure of impacted maxillary teeth with open
exposure and closed exposure techniques. The compar-
ison revealed that patients receiving an open exposure
had a slightly longer recovery time*. However, no pre-
vious qualitative studies exploring patient perception
and experiences with both techniques were found". The
postoperative recovery was longer after open eruption
than the closed eruption technique. The mean recovery
period was 72+4 and 48 +3.5 h for open and closed
eruption techniques, respectively (P=0.000). Postope-
rative pain experienced by patients was similar, but
regression of pain was faster in the closed eruption
technique®.

Periodontal health

Parkin et al. carried out a multicenter, randomized
controlled trial. Periodontal health was assessed three
months after the removal of fixed appliances. More
specifically, the level of attachment, crown height, bone
support, and gingival recession were investigated in
terms of comparisons of mean differences between pre-
viously impacted canines and their normal contra-later-
als for closed and open eruption techniques. The results
showed that there was no difference between canines
exposed with open and closed surgical techniques®.
The other trial involved palatally impacted canines
exposed using open exposure without traction and
closed exposure. A study found that there was no statis-
tical difference in periodontal outcomes in terms of
mean pocket depth, gingival recession, bone support,
and width of keratinized gingiva between the closed
and open exposure technique®. During the assessment
of periodontal pocket depth, it was found that teeth that
were treated with the closed technique had better peri-
odontal health. The distal aspect of the erupted canine
showed increased periodontal breakdown™.
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Duration of the surgical exposure procedure

Gharaibeh, Al-Nimri, and Pearson et al. compared
the operating times required to expose impacted
canines surgically using the closed exposure method
with the operating times required for the open exposure
method. They reported that the closed exposure tech-
nique took longer to complete than the open exposure
method”*. Parkin et al. found the differences between
the operating times not to be statistically significant®.
The mean surgical time for the open eruption technique
was 22.31£1.98 min, compared to 30.87 = 2.38 min. for
the closed eruption technique. The difference in time
required for the two techniques was statically signifi-
cant (P = 0.000)>.

Orthodontic treatment time

Two retrospective studies found that the duration of
orthodontic treatment of impacted canines treated by
the open exposure method or by the closed exposure
technique was not significantly different between the
groups®?’. The time needed for the canine’s eruption,
more specifically the duration from the surgical expo-
sure of the canine until it was well positioned in the line
of the arch, did not differ between the two exposure
techniques®. On the other hand, it was reported that the
eruption of the impacted canine was quicker for the
patient group treated with the open technique. These
researchers assessed the duration from surgery until a
bracket can be bonded on the middle of the canine’s
labial surface™. The total duration of the orthodontic
treatment depends on the level of impaction. Patients
who had Level I impaction required guided eruption by
orthodontic traction for an average period of 3+1.3
months, patients with Level II took an average of 5+1.4
months, while Level III impactions required 7+1.43
months to attain their proper position in the dental
arch®.

Aesthetics

Parkin et al. recently carried out a multicenter ran-
domized clinical trial to compare the aesthetic judg-
ments of orthodontists and laypeople regarding the
appearance of the impaction three months after treat-
ment with either a closed or an open surgical exposure
and orthodontic alignment®. The authors concluded that
there is an aesthetic impact of aligning impacted canines,
but it is mostly minor and unlikely to be detected by
laypeople. Therefore, the aesthetic outcome is unlikely
to affect the selection process of the exposure method.

The results showed that there were no differences
between the closed and open groups. The assessment of
the inclination, shape, and color of the treated canines
did not show any difference between the open and closed
procedures®.

Re-exposure

Concerns exist about the frequency of repeat surgery
with both the open and closed exposure techniques. If
the closed method is used, failure of the bonded attach-
ment usually means that repeat surgery is required to
uncover the impacted canine so that a new bonded
attachment can be placed. When the open exposure tech-
nique is used, overgrowth of the healing wound margins
surrounding the surgical defect can necessitate further
surgery to provide adequate access to the impacted
canine. Pearson et al. compared 52 consecutive cases
treated by the open exposure technique with 52 patients
treated by the closed exposure method”. His study found
that 8 of the patients (15%) treated by open exposure
required repeat surgery as a result of gingival over-
growth or failure to erupt. However, nearly one-third
(31%) of the 52 patients treated by the closed exposure
method required a second operative procedure. Six
patients (12 %) needed repeat surgery as the result of the
failure to erupt; bond failure occurred in 3 patients (6 %),
and in 7 patients (13 %), the wire ligature attached to the
orthodontic bracket fractured. Although repeat surgery
(re-exposure) can be required with both the open and
closed exposure methods, the published evidence
appears to indicate that this problem is more often asso-
ciated with the closed eruption method?'.

Ankylosis - related root resorption

Three main factors can cause trauma to the peri-
odontal ligament or the cementum of the root of the
impacted tooth and lead to ankylosis-related resorption:

1. The low-speed bur during exposure (both open
and closed);

2. Chemical trauma to the periodontal ligament
from the 35% phosphoric acid (this applies to
open exposure as well as closed exposure);

3. Trauma to the periodontal ligament in the cervi-
cal region because of the direction or magnitude
of the orthodontic force”. Thus, cervical root
resorption can be a possible complication associ-
ated with both exposure techniques, especially if
extensive bone removal is carried out beyond the
cemento-enamel junction of the impacted
canines®.
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Conclusions

The surgical procedure was longer in the closed tech-

nique as compared to the open technique.Postoperative
pain experienced by patients was similar, but the regression
of pain was faster in the closed eruption technique. The
recovery period with the closed technique was significant-
ly less than with the open technique. The total duration of
orthodontic treatment depends on the level of impaction;
the deeper the impaction, the longer the duration of treat-
ment. Canines managed with the closed method had better
periodontal health compared to canines managed with the
open method.
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Abstract

Aim of the study: To determine a conditioning protocol of feldspathic restorations in order bonding ceramic orthodontic brackets during fixed orthodontic treatment.
Material and method: 45 ceramic specimens were obtained from feldspathic CAD/CAM blocks which were divided into five groups according to the performed condi-
tioning method: 1. deglazing with a fine diamond bur (control group); 2. etching with 4% hydrofluoric acid (HF); 3. sandblasting with 29 um alumina (Al203); 4. HF acid
etching followed by conditioning with a universal primer - silanization (HF + S) and 5. alumina sandblasting followed by silanization (Al203 + S). A shear bond strength
(SBS) test was performed after storing the samples in a water bath for 7 days. Al of the fractured samples were analyzed with an optical microscope to determine the
mode of fracture. Results: Etching with 4% hydrofluoric acid followed by silanization resulted in the highest bond strength - 9.68+1.19 MPa (95%Cl 8.4-10.9), while
alumina sandblasting followed by silanization — 6.62 MPa, which was non-significantly higher than HF acid etchingalone-5.62 MPa. Adhesive types of fractures were
observed in the samples where only mechanical conditioning methods were used. In contrast, cohesive and mixed fractures were noted in samples treated with
mechanical and chemical methods. Conclusion: Authors suggest that the optimal conditioning method when bonding ceramic brackets to restorations made of Mark
|1 feldspathic ceramic is etching with 4% hydrofluoric acid, which ensures adequate bond strength during the fixed orthodontic treatment and prevents damage to the
restoration during debonding of the brackets at the end of the orthodontic treatment. Key words: Ceramic brackets; Feldspathic ceramic; Conditioning methods;
Hydrofluoric acid; Sandblasting; Silanization; Shear bond strength.

AncTpakr

Llen Ha TpypoT: [NaBHaTa Len Ha TpyZoT e OApefyBat-e Ha MPOTOKON 3a KOHAWLIMOHMPatbe Ha (henpcnaTHu kepaMiuykv pecTaBpaLyy npes GoHAVPaKETO Ha Kepamuyki
OPTOLOHTCKI BPEKETV BO TEKOT HA (OUKCEH OPTOAOHTCKW TpeTMaH. Matepujan u MeTog: 45 kepamuyki npumepoLm fobuenn of denacnatHn CAD/CAM 6nokosu Gea
MOAENeH BO MET rpyni COPEN, U3BPLLEHNOT METOA Ha KOHAMLMOHMPakLe Ha boHampaykaTa nospiunHa: 1. [lernasuparse co v anjamaHTckn bopep (KoHTponHa rpyna);
2. Harpuaysatbe co 4% dnyopoBogopoaHa kucennHa (HF); 3. Mecoderbe co 29 pm anymubuym Tpuokeuphm 3pHa (Al203); 4. Harpusysate co 4% HF kucenuHa
npocnefeHo co cunuHu3aLmja co yHusepaaneH npajmep (HF + S); 5. Mecoyetse co AI203 npocneneHo co cunatmsauuia (Al203 + S). TectoT 3a oppeayBatbe Ha cunata
Ha cmonkHyBare (SBS) Gelue cnpoBefeH Mo cknagupake Ha mpumepounTe Bo BogeHa batba (37°C) Bo Tpaewe of 7 AeHa. Cute GoHAMpayky MOBPLUIMHW MO
peboHaupareTo Ha OpekeTute Oea aHanuavpaHu CO OMTUYKA MUKDOCKOM CO LieN Aa Ce ogpeou TvnoT Ha paktypa. Pesynratu: Harpusysawero co 4%
(hnyopoBOAOPOAHA KUCENWHA MPOCNEAEHO CO CvnaHmM3aLmja 0CTBapy HajBuCOKa jaunHa Ha Bpayeatbe (SBS) - 9,68+1,19 MPa (95%Cl 8,4-10,9), Aoneka necoyereto
npocriefeHo co cunaHmnsaumja - 6,62 MPa, LwTo e HecurHUAMKaHTHO NOBIUCOKO Of HarpuayBareTo co HF kucenuHa - 5,62 MPa. AtxeavBHUOT TUn Ha dhpakTypa Belue
AOMVHAHTEH Kaj MpuMepoLuTe Kade KOHAMLMOHMPAHETO Ce CMpPOBEAe KOPUCTE]KI MCKIYYMBO MEXaHNKV METOAMN, AOAeKa 3roneMeH NPOLIEHT Ha KOXE3WBHW W MeLLaHu
thpakTypy beLue 3abenexaH kaj NPUMEepOLMTE Kaae LUTO Ce KOpUCTea MeXaHnIKI 1 XeMUCKI METOAIV 3a anTepupatse Ha kepamuykuTe GOHAMPaYKM MOBPLLMHM. 3aKMy4OK:
ABTOpUTE Cyrepupaar fexa OnTUMAnHUOT METO Ha KOHAVLMOHWpatbe Ha pecTaepaLm upaboteHn og Mark Il denpcnatHa kepamuka npy GoHANPake Ha Kepamuyky
OpTOAOHTCKN BpekeTy, e Harpusysate co 4% (hnyopoBOAOPOAHa K1cenuHa, To obesbesyBa cooapeTHa jaunHa Ha BoHAMparbe 0A edHa CTpaHa 1 OHEeBO3MOXYBa
OLUTETYBaHE Ha pecTaBpavvjata npu feboHanpate Ha GpekeTuTe Ha KPajoT Of OPTOAOHTCKUOT TPETMaH Of Apyra cTpaHa. KmyuHu 36opoBu: Kepamuyku Gpexety;
denpacnaTHa kepamuka; MeToan 3a KoHANLMOHMPakLE; PryopoBoJOpOAHa kucenvHa; BoaaylwuHa abpasuja; Cunausauuja; Cuna Ha CMOMKHYBatse.
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Introduction

With the increased number of adult orthodontic
patients, clinicians often have to bond orthodontic brackets
to teeth that have different types of restorations. One of the
materials that have particularly presented problems to both
the operative dentists and the orthodontists is ceramic due
to its inert nature. Therefore, many attempts have been
made to determine the conditioning method for altering the
ceramic bonding surfaces, which will enable optimal bond-
ing of orthodontic brackets'. There are different condition-
ing methods, which may be classified as mechanical,
chemical, or mechanical-chemical methods.

In cases of natural teeth, the enamel surfaces on which
the brackets will be bonded are etched using 37% phos-
phoric acid. However, in the presence of ceramic restora-
tions, different protocols are required for etching the
ceramic bonding surfaces due to their greater resistance to
acids’. One of the mechanical methods for altering the
ceramic surfaces is by etching with hydrofluoric acid.
Clinicians should be very cautious when manipulating
doing manipulations with this type of acid due to its corro-
sive and toxic effects on human tissues, including oral
mucosa’. In addition, other conditioning methods can also
be performed: sandblasting with 29 or 50 pm alumina par-
ticles, silicatization - sandblasting with silica-coated alumi-
na particles.

Enhancing the bond between the ceramic brackets and
ceramic restorations can be achieved by changing the
nature of the bonding surface, using coupling agents such
as ceramic primers or universal primers that contain silanes
(chemical method). The silane contains two different func-
tional groups: the hydrolyzable group that reacts with the
inorganic ceramic, whereas its organofunctional group
reacts with the resin, thus enhancing adhesion. Silanes are
also known as adhesion promoters as they are adsorbed
onto, altering the surface of a solid material (in this case
ceramic) by either a chemical or physical process. The por-
tion of the silane molecule that is not adsorbed presents a
free surface that is wetted easily by adhesives. It is found
that the silane coupler actually forms a chemical bond with
both the resin and the porcelain, thus forming a bridge
between the two materials®. In order to achieve a strong
chemical bond with the adhesive resin, the process of
silanization should be performed after altering the porce-
lain surfaces with mechanical conditioning methods’.

The third method provides chemo-mechanical alter-
ation of the ceramic bonding surfaces, which is performed
with silica-coated alumina particles, known as silicatiza-
tion.

The desired outcome of bonding the brackets to teeth
previously restored with ceramic restorations is to provide
an optimal bond that will be able to withstand the forces

produced during the orthodontic treatment, as well as mas-
tication, without displacement/debonding the brackets. On
the other hand, the achieved bond strength should not be
too strong so it can prevent any damage to the ceramic
restoration during the debonding process of the brackets at
the end of the orthodontic treatment when the detachment
is preferred to occur at the bracket—adhesive interface’. The
aim of this study was to determine a conditioning protocol
of feldspathic restorations in order to bond ceramic ortho-
dontic brackets during fixed orthodontic treatment.

Material and method

Feldspathic CAD/CAM ceramic blocks Vita Mark 1II
(VITA Zahnfabrik, Germany) (Fig. 1a) were cut by a pre-
cision cutting machine - Minitom (Struers, Denmark) using
diamond blades, into 2 mm thick ceramic sections (Fig.
1b). Cutting was performed with permanent water cooling
to prevent overheating of the ceramic material that may
cause micro-cracks. The ceramic sections had rectangular
shapes with a flat bonding surface, unlike ceramic restora-
tions’ vestibular surface designed with slight convexities
imitating the morphology of the natural teeth. The anato-
mo-morphology of the restoration may influence the bond
strength due to the unequal contact of the bracket and the
bonding surface.

Figure 1. a) Feldspathic CAD/CAM ceramic blocks;
b) Ceramic sections; c) Prepared acrylic molds with
ceramic samples.
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Figure 2. a) Control group; b) Etching the samples with
4% hydrofluoric acid; c) Sandblasting.

b

Figure 3. a) Prepared samples - group 4; b) Prepared
samples -group 5.

Acrylic molds were prepared in the next step: the
ceramic sections were immersed in the middle of the metal
ring molds (d =30 mm) filled with freshly mixed auto-poly-
merizing acrylate — PoliTEMP (PoliDent, Slovenia), with
an exposed ceramic surface that was used as a bonding sur-
face for the ceramic brackets (Fig. 1c). Before the begin-
ning of the conditioning treatments, the bonding surface of
all samples was grinded using fine diamond burs. The pre-
pared 45 samples were randomly divided into five groups:

1. Control group — no treatment (Fig. 2a).

2. HF - the ceramic samples were treated with 4%
hydrofluoric acid - IPS Ceramic etching gel (Ivoclar
Vivadent, Shaan Liechtenstein) for 60 seconds fol-
lowed byrinsing for 60 seconds with copious water,
and air dried with compressed air (Fig. 2b).

3. ALOs - the bonding surfaces were sandblasted with
29-um Al203 particles — Sandman (Innovative
Micro Dentistry, Poland), perpendicular to the
bonding surface, for 10 seconds, under a pressure of
1 bar and at 10 mm distance (Figure 2c). Surfaces
were cleaned with air blowing for 5 sec.

4. HF+S - the bonding surfaces were etched with 4%
hydrofluoric acid for 60 s, rinsed, and dried. A uni-
versal primer, Monobond Plus (IvoclarVivadent,
Shaan Liechtenstein), was applied in a thin coat and
left to react for 60 seconds (Fig. 3a).

5. ALO3+S - the bonding surfaces were sandblasted
with 29-um A1203 particles using a blasting proce-
dure as in Group 3. After that, a universal primer,
Monobond Plus, was applied in a thin coat and left
to react for 60 seconds (Figure 3b).

Bonding procedure

Ceramic brackets for maxillary central incisors —
Cosmetic 20/40 UR Central (American Orthodontics,
USA) were bonded to treated surfaces using orthodontic
composite luting cement (self-curing adhesive) No
Mix:30TM One step Adhesive — (American Orthodontics,
USA) with a constant vertical load of 1 kg, for 1 min. The
samples were stored in distilled water at 37°C for 7 days
— Biobase Water Tank WT-42 (Biobase Biodustry,
Shandong, China), thus imitating the conditions in the oral
cavity (moisture and temperature) (Fig. 4a).

Shear bond strength test
The shear bond strength test (SBS) was performed

using a universal testing machine — Shimadzu AGS-X
(Shimadzu Co., Japan), at a speed of 0.5 mm/min until

Figure 4: a) Samples stored in a water bath,
b) Performing of shear bond strength (SBS) test.
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fracturing occurred, to determine the bond strength
between the orthodontic brackets and the ceramic sur-
faces (Figure 4b). The SBS was expressed in megapas-
cals (MPa), derived by dividing the imposed force (N) at
the time of fracture by the bonding area of the ceramic
bracket (mm?2) (MPa = N/mm?).

Mode of fracture

The mode of fracture (adhesive, cohesive in luting
cement or ceramic bracket or mixed) for each specimen
was determined using optical microscopy — Levenhuk
Zeno Cash ZC6 (Levenhuk Inc., USA) at a magnifica-
tion of 60x.

Statistical Analysis

The categorical variables were analyzed by determin-
ing the coefficient of relationship, proportions, and rates.
Continuous variables were analyzed using measures of
central tendency (mean, median, minimum, and maxi-
mum values) and by measuring dispersion (standard devi-
ation). Shapiro-Wilk W test was used to determine the
normality of the frequency distribution of the studied vari-
ables. Pearson's chi-squared test was used to determine
the association between certain attributive dichotomous
features. The One-way ANOVA test was used to compare
the Shear bond strength (SBS) values for multiple inde-
pendent continuous variables with correct frequency dis-
tribution. In addition, Tukey post hoc (HSD) was used in
order to determine the size of the effect of the determined
significance between the variables.

Results

The mean values of the shear bond strength (SBS)
after the various treatments of the ceramic bonding sur-
faces are shown in Figure 5, and the percentage values of
the mode of fracture after the debonding areshown in
Table 1.

12

10

8

0 H

Group1l- Group2-
control HF

Group 3 -
Al203

Group 4 -
HF+S

Group 5 -
Al203+S

Figure 5. Mean SBS (MPa) after different conditioning
treatments.

Table 1. Mode of fracture after debonding.

Mode of fracture

Adhesive | Cohesive Mixed
(%) (%) (%)
Group 1 100 / /
Group 2 77.7 11.1 111
Group 3 100 / /
Group 4 / 85.7 14.3
Group 5 22.2 66.6 11.2

The highest mean SBS of 9.68+1.19 MPa (95%CI
8.4-10.9) with min/max values of 8.1/11.5 MPa was
recorded in Group 4 (HF+S), which was significantly
higher compared to all other groups. The mean SBS
value of Group 5 (AI203+S) was 6.62 MPa,which
shows a non-significantly higher value (p=0.6856) than
Group 2 (HF) with a mean value of SBS of 5.62 MPa.
Group 3 (Al203) provided a low mean SBS value of
1.59 MPa, which is not significantly higher (p=0.3629)
compared to the control group.

An adhesive mode of fractures can be observed in the
samples of the first three groups where only mechanical
conditioning methods were used. An increased percent-
age of cohesive and mixed fractures is noted in Groups
4 and 5, where mechanical and chemical methods were
performed to alter the ceramic bonding surfaces.

Discussion

The aim of this study was to investigate the SBS bet-
ween orthodontic ceramic brackets and monolithic
CAD/CAM ceramic Vita Mark II after different condi-
tioning methods of the feldspathic bonding surface and
mode of fracture after debonding the brackets. High SBS
values were achieved in the ceramic samples that were
altered using mechanical and chemical methods (etching
with hydrofluoric acid or alumina sandblasting, with the
additional application of a universal primer) and in the
ceramic samples that were etched with HF acid only.
Lower SBS was observed when sandblasting was the only
conditioning method without the application of a univer-
sal primer, while the lowest SBS values were found in the
control group; that means that if the ceramic bonding sur-
faces are not altered and conditioned, then sufficient bond
strength between the orthodontic brackets and the ceram-
ic bonding surfaces cannot be expected.

When bonding orthodontic brackets to ceramic
restorations, it is necessary to change the inert ceramic
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surface to achieve clinically acceptable bond strength. The
maximum bond strength that may be achieved is not usu-
ally required for orthodontic purposes. The ideal bond
strength should be sufficiently strong to endure a course of
orthodontic treatment and, at the same time, be sufficient-
ly weak so not to cause any damage to the restoration dur-
ing the debonding process when the orthodontic treatment
is finished’. If the SBS exceeds 13 MPa, fracture of the
ceramic surface can be expected. According to Schmage
et al., the SBS value of 6 to 10 MPa is sufficient to ensure
adequate bond strength between the orthodontic brackets
and the ceramic surfaces®.

The results of Tiirkkahraman’s study show that the
highest SBS values are detected when porcelain surfaces
are treated with hydrofluoric acid followed by the appli-
cation of a silane coupling agent. When ceramic materials
are etched with 9.6% HFA, a double reaction occurs: pri-
mary - between the acid and the glassy phase, and sec-
ondary - between the acid and the crystalline phase, leav-
ing the larger crystals intact. This creates an irregular sur-
face with microscopic pores that enable the microme-
chanical retention of the adhesive resin’. There is a greater
resistance of the ceramic to the acid etching when the
crystalline phase is more present than the glassy phase in
the composition of the ceramic material®>. Ajouni et al.
proved that etching with hydrofluoric acid and primer
conditioning provided the strongest bond of orthodontic
brackets to ceramic, but at the same time caused the great-
est damage to the ceramic surfaces during debonding'.
According to Bishara et al., the most reliable bonding pro-
cedure of orthodontic brackets to porcelain surfaces is
micro-etching with hydrofluoric acid and conditioning
with a silane coupler; this combination also produces the
greatest damage to the porcelain surface".

Sandblasting as a method for mechanical alteration
of the bonding surfaces of ceramic restorations causes an
irregular surface required for micromechanical retention
of the adhesive resin. On the other hand, sandblasting
can cause irreversible damage to the ceramic restora-
tions. Therefore, it is recommended that sandblasting
should be performed under low pressure (1-2 bar), using
aluminum oxide grains with a size smaller than 50 pm
and at a distance of 10 mm from the surface being treat-
ed. In Tiirkkahraman’s study, it was concluded that
silane application to sandblasted ceramic provides poor
results in vitro, and clinical trials are needed to deter-
mine its reliability for bonding ceramic brackets to
ceramic crowns’. Also, Zachrisson reported that silane
application to sandblasted ceramic did not provide clini-
cally acceptable bond strength and suggested abandon-
ing this technique''.

The application of a silane coupling agent may pro-
duce such high bond strength with a tendency for cohe-

sive fractures of ceramic surfaces during the debonding
process, especially when the bonding surfaces have been
acid-etched”. Newman reported that the bond strength
between the resin and porcelain, achieved by using a
silane, was sufficient to cause fracturing of the porcelain.
Such an occurrence is undesirable when associated with
the removal of orthodontic brackets from porcelain
crowns on restored teeth?. On the other hand, literature
data show that the use of a silane coupling agent as the
only conditioning method of the ceramic surfaces does
not provide long-term bond strength due to the suscepti-
bility of the chemical bonds to hydrolysis®.

Determining the optimal conditioning treatment for
ceramic restorations is largely dependent on the analysis
of fracture mode after debonding. The adhesive mode of
fracture usually occurs when weaker bond strength is
present between ceramic restorations and orthodontic
brackets. During the optical microscopy analysis of the
ceramic surfaces, no residue of the adhesive resin was
observed on the bonding surfaces. The cohesive type of
fracture, on the other hand, was often present in the sam-
ples that were treated with methods that achieved higher
bond strength with the orthodontic brackets, whereby
residue from the adhesive resin was observed on the
ceramic surfaces. In some cases, parts of the fractured
ceramic brackets that remained bonded to the ceramic
surface could also be observed.

Despite the significance of this topic for the success
of orthodontic treatment, there remains a noticeable gap
in the existing literature. The limited number of studies
addressing this issue highlights the need for further
investigation to develop a more comprehensive under-
standing and guide future research, with an emphasis on
clinical trials.

Conclusions

The authors suggest that the optimal conditioning
method when bonding ceramic brackets to teeth restored
with Mark II feldspathic ceramic is etching with 4%
hydrofluoric acid, which ensures adequate bond strength
and most adhesive modes of fracture during the debond-
ing process.

As an alternative conditioning method, the authors sug-
gest the use of alumina sandblasting followed by chemical
conditioning with a universal primer.

Additional clinical trials are needed to verify which
suggested conditioning method offers an optimal bond.
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Abstract

Aim: The aim of this study is to present the application of piezosurgery in the extraction of an impacted mandibular third molar in a patient with Parkinson’s disease.
The goal is to preserve insufficient bone tissue and maintain the integrity of the mandibular canal contents in a limited surgical field. Material and Method: A 67-year-
old male patient with total toothlessness and Parkinson's disease visited the University Clinic for Oral Surgery and Implantology with signs of acute odontogenic infec-
tion in the lower left quadrant. A CBCT scan revealed the presence of an impacted left mandibular third molar, with close proximity to the apex of the tooth and the roof
of the mandibular canal, which were separated from each other by a 1 mm bone wall. Results: The use of piezosurgery in the treatment of an impacted third molar in
a patient with Parkinson's disease proved to be the most effective and predictable method, minimizing trauma to soft tissue and bone structures. Keywords: impact-
ed mandibular third molar, piezosurgery, Parkinson's disease, surgical extraction.

AncTpakT

KomnosuTHata pecraspavyjata Ha 3abute copakTypa Ha KOpOHKaTae KOH3epBATUBHO, HABPEMEHO 1 EKOHOMMYHO peLleHne npu u3bop Ha TpeTmaH. CoBpemenmTe
Q[IXE3NB M KOMMO3WTM UM OBO3MOXYBAaT HA CTOMATONO3WTe fa rv obHOBAT (HpaKTypupaHuUTe AeHTanHu CTPYKTYpy, Bpakajku ja ecteTvkata v dyHKuMjata Ha
noBpeaeHnoT 3ab. Bo oBaa CTyavja e npukaxaHaeMajnoBOAEHTUHCKaTpayMaTcka NoBpeaa Ha NEBUOT MakcunapeH LigHTpaneH WHLM3NB. MaLveHTnT e Ha 7.5 roguwiHa
BO3PACT YMja NOBPEAA HacTaHana npy nag oA cTon Bo AoMaluky ycnosn. Onuilaxa e Lienata npoLiedypa Of MPUEMOT Ha NaLEHTOT BO CTOMATONOLLKa OpAnHaLvja A0
AEDUHUTUBHO PEKOHCTPYKTUBHO PELLEHVE - pecTaBpaLija co KOMMO3UTHa cmona. Pectaspalivjata co KOMNo3nTHa cMona Ha TpajHuTe 3aby co Tpayma Ha KOpoHKaTa e
eMHOCTaBHa npoLienypa koja Tpeba fa ce nnaHMpa 1 u3sefe 3anasysajiv v aHaToMckuTe ¥ MOPCHONOLLKUTE KapaKTEPUCTVKY Ha (paKTypupaHMoT3ab, HO MCTO Taka i

MOBTOPHO BOCTIOCTaBYBAkLE Ha (hyHKLWMjaTa U ecTeTukata Ha 3aboT. KnyuHu 360poBu: dpakTypa Ha KOPOHKA, KOMMO3UTHY PECTaBpaLyK, AeHTANHA TpayMa.

Introduction

Dental trauma injuries are the most common injuries
in childhood and among schoolchildren. Tooth fractures
mostly involve front teeth in the upper jaw because of
their position in the oral cavity. However, they can also
occur in the lower jaw and posterior teeth.

Boys are affected almost twice as often as girls in the
primary and permanent dentition. Most of these injuries
in both dentitions involve the anterior teeth, especially the
maxillary central incisors. The injuries of the primary
dentition most often happen between the ages of 2 and 4
because at this age, the child is learning to walk by itself,

the coordination and judgement are incompletely devel-
oped, and the majority of injuries are due to falls in and
around the home'. The injuries of permanent dentition are
most often between the ages of 7 and 10, and they are
caused by falls while playing and running some contact
sports. However, bicycling and scooters are the common
accessories of this age*.

According to one research article, on a global scale,
aprevalence of 22 % and 15 % has been observed for
traumatic dental injuries in the primary and permanent
dentition, respectively, along with an incidence rate of
28.2 cases per 1000 per year. Accidental falls, road traf-
fic accidents, and some sports activities are reported as
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the most frequent causes of dental injuries in children
worldwide*.

Trauma to the frontal teeth is one of the most disturbing
conditions for children and parents. Treatment strategies for
immature young teeth should aim to preserve pulp vitality
for continuing tooth maturation and root development, espe-
cially in young patients with incomplete apexogenesis’.

Dental trauma may result in esthetic, psychological,
and functional problems. Also,it can make changes in
speech and chewing and interfere with the child's normal
development. Because of that, it is important that the miss-
ing parts of the teeth are reconstructed®.

Over the past two decades, there has been a significant
rise in the occurrence of traumatic dental injuries. It is like-
ly to increase the incidence rate of traumatic dental injuries
compared to dental caries and periodontitis in the future’.

Children with lip competence coverage and children
with obviously protruding incisors or increased overjet
have a higher risk of injuries to the front teeth.

Dental trauma can be direct or indirect'.

Direct dental trauma refers to an injury to the teeth and
surrounding structures that occurs due to an external force
or impact. This type of trauma typically involves physical
damage to the teeth, gums, or jawbone and can happen due
to various causes, such as falls, sports accidents, car acci-
dents, or physical alterations. Types of direct dental trauma
include chipped or fractured teeth, tooth displacement,
avulsion, intrusion, or root fractures. Direct dental trauma
causes fractures of front teeth, especially in the upper jaw'.

Indirect dental trauma refers to injuries to the teeth and
surrounding structures that occur due to forces transmitted
through the jaw or other parts of the head rather than a
direct impact to the teeth themselves. This type of trauma
can occur when an external force such as a blow to the face,
a fall, or a sudden jolt causes damage to the teeth, gums, or
supporting structures indirectly, without direct contact with
the tooth. Indirect dental trauma causes fractures of the pre-
molars and molars".

Enamel-dentin fractures involve the upper central inci-
sors, upper lateral incisors, or lower incisors. Patients with
this type of fracture don’t feel spontaneous pain. The tooth
is just sensitive to temperature changes or chemical irrita-
tions, and the pain is present due to mastication. Early treat-
ment of a fractured tooth gives the best chance for full
recovery®,

This paper reports a case of a permanent maxillary cen-
tral incisor with crown fracture treated using composite
resin restoration.

Case Report

Parents with a 7.5-year-old male came to the Clinic for
Pediatric and Preventive Dentistry at University Dental

Clinical Center "St. Panteleimon", Skopje with a chief
complaint of tooth enamel dentin fracture without pulp
exposure one day after a fall in his house. The extraoral
examination revealed no laceration or injury of the soft tis-
sue. The surrounding soft tissue was uninjured.

The dental history revealed that he had a trauma as a
result of a fall at home. The patient reported no treatment
until that moment, and the crown fragment had been lost
during the accident.

The patient had an Uncomplicated Crown Fracture
(dentin and enamel): A coronal fracture confined to enam-
el and dentin without pulp exposure in teeth 21. The par-
ents didn’t find the missing tooth fragment. The surround-

Figure 1. Coronal fracture of maxillary central incisors
involving enamel and dentin.

ing soft tissue was not injured. The child and his parents
were visibly upset, and we were not able to do an X-ray.

Clinical examination (Fig. 1) revealed a horizontal frac-
ture with the leftmaxillary central incisor (21) involving
enamel and dentin. An extraoral examination revealed no
significant abnormalities. Soft tissue examination revealed
lacerations of the upper lip. The tooth was tender on per-
cussion and palpation. Periodontal probing depths were
within the normal parameters. The tooth was grade I
mobile and gave an early response to vitality tests.

The intraoralexamination showed that the injury had
caused an uncomplicated crown fracture of the tooth (21)
without pulp exposure (Figure 1). Clinical examination
evidenced a fracture involving only the enamel aspect with
no symptoms. Objective symptoms — there was missing
part of the crown, and the pulp was not exposed.

In order to prevent pain and pulp infection, we made a
temporary restoration with glass ionomer cement (GJC).
The fractured incisor was just covered with calcium-
hydroxide paste and glass ionomer cement becausethe
child was anxious and didn’t cooperate, and the restoration
was scheduled for the next visit.

A check-up was scheduled two weeks after the day they
came.During the second check-up, the child was uncooper-
ative again, and we couldn’t take any photos or x-rays.We
just took the information from the parents that the boy did-
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n’t complain of any toothaches. We scheduled the next visit
for two weeks later.

On the next visit, we checked the pulp vitality, and the
pulp had a normal reaction.The glass ionomer cement was
no longer there. The parents said that two days before the
visit, they noticed that (Figurel). The boy didn’t complain
of any cold or hot sensations or during mastication. Then,
the reconstruction of enamel-dentin injuries with compos-

Figure 3. Radiographic follow-up after composite
restavration

Figure 4a. The restoration was then polished with
FlexiDiscs and Astropol points

Figure 4b. Frontal appearance of the restoration.

ite resin (Tetric Evo Ceram Bulk Fill, Ivoclar Vivadent,
Schaan, Liechtenstein) was done.

The restoration was initiated with a small amount of
composite from the palatal surface of the tooth. After
that,we made the approximal surface using flexible matri-
ces for anatomical anterior proximal restorations. Then,
layer by layer, we reconstructed the labial surface of the
fractured teeth (Figures 2). After that, we finished and pol-
ished the external enamel surface using abrasive disks, si-
licone points, and cups. Then, the occlusion should be care-
fully checked and adjusted to avoid a heavy occlusal load
on the restoration. After the reconstruction, we took x-rays
(Figure 3) and photos (Figures 4 a, b).

The advice given to the parents is regular visits to the
dentist, during which the vitality of the restored teeth will
be monitored. It is necessary to control the vitality of the
pulp after 6-8 weeks, after 1 year, and as needed.

Discussion

The restoration of the front teeth is more challenging in
the practice of esthetic dentistry. Today, there are signifi-
cant improvements in the esthetic materials and techniques.
The changes in composite resins over the years have led to
success in treatment with minimal loss of tooth structure,
short operating time, and minimal cost for parents com-
pared to veneers and porcelain crowns'>'%.

Enamel-dentin fractures are common dental injuries
involving the hard outer enamel and the underlying dentin.
These fractures typically occur as a result of traumatic
impacts such as falls, accidents, or sports injuries. The
severity and treatment of these fractures can vary depend-
ing on the extent of damage to the tooth structure, the loca-
tion of the fracture, and the timing of treatment.

The upper central incisors are the most affected teeth by
trauma because of their position on the dental arch. Also,
they are the most visible in the smile. Because of this, it is
important to reconstruct them with satisfactory esthetic.
Dental trauma of the incisors is a very challenging emer-

MakenoHcku ctomaronoluku npernen. ISSN 2545-4757, 2024; 47 (3-4): 89-93 91



gency situation, especially when the patient is a young
child*".

This situation requires immediate assessment, especial-
ly in young permanent teeth, where the apexogenesis is
incomplete, like the one in this case.

Composite resins provide satisfactory treatments for
young and adult patients.

Aesthetic and functional rehabilitation is the primary
goal of the treatment of crown-fractured teeth. Actually, an
alternative approach, which is becoming more attractive
due to the technology of new dentin bonding agents, is
fragment bonding; however, in cases of absence of the frag-
ment, it becomes essential to preserve the remnant tooth
structure with a composite resin restoration''2,

The current case offers a conservative, time-saving,
inexpensive treatment option for a common type of
esthetic problem following dental trauma. This case
involves direct composite restoration using the layering
technique. This technique is indicated for young patients
because of the fewer clinical appointments, tooth preser-
vation, and satisfying esthetic results.Composite resins
provide satisfactory treatments for young and adult
patients.

In the present case, the patient sustained a fracture to
the maxillary incisor, with the involvement of both enam-
el and dentin. The fracture line extended through the
enamel and into the dentin, leaving the pulp intact. This
type of injury, known as enamel dentin fracture, repre-
sents a moderate level of damage that requires prompt
intervention to prevent further complications such as pulp
exposure or infection.For uncomplicated crown fractures,
as in this case with enamel and dentin involvement with-
out pulp involvement, direct adhesive restorations are the
most common reconstructive treatment'. However,if the
parents have the fractured fragment, that would be the
first choice of treatment. The patient in this case did not
have the fragment, so the reconstruction was planned with
composite resin.

The composite resin restoration of permanent incisors
with crown fractures is a simple procedure that should be
planned and restored with attention to detail. Good results
can be obtained by following a protocol aimed at preserv-
ing the pulp’s vitality and restoring the injured tooth’s func-
tional and esthetic characteristics. The variation of some
characteristics of the composite materials, like translucen-
cy and opacity of composite resins, requires the profes-
sional to know the different esthetic restorative materials
and their optical behavior and may thus replace or correct
color tones during the restorative procedure'*'.

Several variables can affect the longevity of this type of
restoration, including the extent of the crown fracture, the
restoration size, the occlusion of the restored tooth, and the
overall prognosis of the injured tooth''*. The choice of

resin should be focused on aspects related to strength and
aesthetics. The present hybrid resins, due to their high per-
centage of inorganic filler and diversity of colors for enam-
el and dentin, allow satisfactory clinical results in terms of
the longevity of the restoration.

Conclusions

Enamel-dentin fractures are frequent clinical occur-
rences that can be successfully managed with timely and
appropriate intervention. The careful assessment of frac-
ture severity, coupled with the selection of suitable
restorative materials, can significantly affect the long-
term outcomes. The case underscores the importance of
early diagnosis and intervention in minimizing compli-
cations and preserving the function and aesthetics of the
affected tooth.

They must employ minimally invasive therapies, and
an indirect composite resin restoration may be a suitable
option with numerous advantages (i.e., reversibility,
reparability, optimal esthetics, and more economical
than ceramics) and may provide acceptable long-term
success.

The composite resin restoration of permanent inci-
sors with crown fractures is a simple procedure that
should be planned and restored with attention to dental
contours and convexities, facilitating the re-establish-
ment of function and aesthetics.
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Abstract

Aim: The aim of this study is to present the application of piezosurgery in the extraction of an impacted mandibular third molar in a patient with Parkinson’s disease.
The goal is to preserve insufficient bone tissue and maintain the integrity of the mandibular canal contents in a limited surgical field. Material and Method: A 67-year-
old male patient with total toothlessness and Parkinson's disease visited the University Clinic for Oral Surgery and Implantology with signs of acute odontogenic infec-
tion in the lower left quadrant. A CBCT scan revealed the presence of an impacted left mandibular third molar, with close proximity to the apex of the tooth and the roof
of the mandibular canal, which were separated from each other by a 1 mm bone wall. Results: The use of piezosurgery in the treatment of an impacted third molar in
a patient with Parkinson's disease proved to be the most effective and predictable method, minimizing trauma to soft tissue and bone structures. Keywords: impact-
ed mandibular third molar, piezosurgery, Parkinson's disease, surgical extraction.

AncTtpakr

Llen: Llenta Ha oBaa cTyavja € Aa Ce Mpukaxe NpUMeHaTa Ha M1esoxvpyprujata npu ekcTpakuvja Ha UMnakTpaH MaHavbynapeH TpeT Momapkaj MauueHT co
MapkvHcoHoBa 60NECT, €O Lien LUTEAeke Ha MHCYULIMEHTHO KOCKEHO TKMBO W 3a4yBYBatbe Ha BUTANUTETOT Ha COAPXVHATA Of, MaHAVBYNApHUOT kaHan, BO YCMOBM Ha
HenperneaHo pabotHo none. Matepujan n MeToa: 67- roaulueH nauveHT, co ToTanHa 6e3saboct u lMapkuHcoHoBa 6onecr, ja noceTi YHUBEpaUTeTCKaTa KIHIUKa 3a
oparnHa Xxvpypruja U UMNNaHTonorvja Co 3Hauu Ha aKyTHa OJOHTOreHa MHdeKuvja BO OOMHMOT neB kBagpaHT. Ha CBCT-CkeHOT ce deTekTUpalLeumnakTipaH
MaHaubynapeH TpeT Monap Kaj koj anekcot elLie Bo HenocpeaHa bnuanHa co KpoBOT Ha MaHANBYNapHOT kaHan ofBoeHM Mery cebe co 1 MM KockeH sua. VHauLypana
Delue excTpakLja Ha 3aBOT Co NOMOLL Ha NMe3oXVPYPLLKK anapaT. Pesyntatu: YnoTpebata Ha nuesnxupyprvjata BO TPETMaH Ha MMNaKTPaH TPET Monap, Kaj naLyeHT
co [NapkuHcoHoBa borecr, ce nokaxa kako HajethmkaceH W HajmpeABUaANMB METOA, CO MUHAMM3MPat-E Ha TpaymaTta Ha MEKO-TKVIBHUTE W KOCKEHU CTPYKTYpY.

KnyyHu 360poBu: uMnaktpat MaHaubynapeH TpeT Monap, Ne3oxvupypryja, NMapkuHcoHoBa 6ONECT, XMpypLLKa eKCTpaKLvja.

Introduction

Tooth impaction is a pathological condition in which
a tooth fails to reach its normal, physiological position
within the dental arch. The incidence of impaction is sig-
nificantly higher in third molars compared to other teeth.
Impacted mandibular third molars most commonly occur
due to insufficient space between the distal surface of the
second mandibular molar and the anterior border of the
ascending ramus of the mandible'*’.

Third molars are the most frequently associated teeth
with various pathological conditions, making them one of

the most studiedcases in oral surgery. According to the lit-
erature, the prevalence of impacted teeth ranges between
15.2% and 35%**%".

The surgical extraction of impacted mandibular third
molars is one of the most common procedures in oral sur-
gery. This intervention can prevent the occurrence of peri-
coronitis and painful conditions. However, it can also
negatively impact the patient’s quality of life due to post-
operative complications such as pain, bleeding, swelling,
trismus, alveolitis, and mastication difficulties®’.

As a recent innovation in dental technology, piezo-
surgery offers a novel approach to working with bone tis-
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sue. Developed in the early 2000s, piezosurgery utilizes
precisely controlled ultrasonic vibrations to minimize
damage to surrounding soft tissues such as the mucosa,
blood vessels, and nerves while precisely cutting hard
structures like bone. The precision of piezosurgery allows
for a more targeted and atraumatic surgical intervention
compared to conventional burrs and drills, which can
cause trauma to both soft and hard tissues. Due to these
advantages, piezosurgery is increasingly being applied in
oral surgery, including sinus membrane elevation, implant
site preparation, and, more recently, surgical extractions
with a risk of injury to adjacent anatomical structures.

Certain studies suggest that piezosurgery significant-
ly reduces intraoperative bleeding, postoperative pain
and swelling, as well as the risk of complications such as
loss of periodontal tissue of adjacent teeth and alveolar
bone".

Aim

The aim of this case report is to present a piezo-
surgery-assisted extraction of an impacted mandibular
third molar in a patient with Parkinson's disease to pre-
serve the insufficient bone tissue and maintain the integri-
ty of the mandibular canal contents while working in a
limited surgical field.

Case Report

A 67-year-old patient was admitted to the University
Clinic for Oral Surgery and Implantology with signs of an
acute odontogenic infection in the lower left quadrant. The
patient’s medical history indicated Parkinson’s disease and
controlled hypertension, both managed by a specialist
internist and neurologist. The patient was classified as ASA
1.

A2D panoramic radiograph revealed the presence of
an impacted left mandibular third molar with a diffuse
chronic lesion surrounding it (Figure 1). Due to the close
proximity of the impacted tooth to the mandibular canal

Figure 1. Position of the impacted left mandibular third
molar on 2D Panoramic.

Figure 2. Position of the impacted left mandibular third
molar on CBCT

Figure 3. Position of the impacted left mandibular third
molar (buccal view)

Figure 4. Intraoral view of impacted left mandibular
third molar

and the limited vertical bone dimension from the tooth
apex to the lower border of the mandible, a CBCT scan was
performed to further plan the intervention. The scan con-
firmed a 1 mm bony separation between the tooth apex and
the roof of the mandibular canal (Figures 2, 3).

The initial management of the acute odontogenic infec-
tion included incision and drainage of the abscess content,
along with a five-day course of intramuscular antibiotic
therapy (Amp. Neloren 600 mg and Amp. Dexamethasone
4 mg, for 2 days). Significant clinical improvement was
noted at the first follow-up visit, and oral antibiotic therapy
(Caps. Clindamycin 300 mg, 3x1) was prescribed for five
days. Once the acute infection subsided, the patient was
scheduled for surgical extraction of the causative tooth
(Figure 4).

A mandibular nerve block was administered using a
local anesthetic (Amp. Scandonest + epinephrine 2%), and
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Figure 8. Extracted third molar and extirpated distal
pathological tissue
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Figure 9: Histopathological findings

sent for histopathological examination (Figure 7, 8). The
histopathologica lexamination revealed chronic inflamma-
tion conformed with the immunohistochemical findings of
plasma cell populations with specific immunoprofiles:
CD138, Kappa (+), Lambda (+), and CK AE1/AE3(-/+
epithelium) (Figure 9). The mucoperiosteal flap was repo-
sitioned and sutured using 3-0 silk non-resorbable sutures.

Postoperative care instructions were given to the
patient, and antibiotic therapy continued for an additional
Figure 7. Post extraction wound five days, supplemented with anti-inflammatoryand antiox-
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Figure 10: Extracted third molar on 2D

idant medicine (Chymoral 3x2). The sutures were removed
after 14 days, and follow-up visits confirmed adequate
bone and soft tissue healing without pain, swelling, infec-
tion, or damage to adjacent nerve structures. (Figure 10).

Discussion

The extraction of mandibular third molars is frequently
associated with temporary or permanent damage to the
inferior alveolar and lingual nerve. The incidence of this
complication is relatively low but increases when the nerve
is in close proximity to the third molar roots.

Although osteotomy performed with conventional
rotary instruments is faster, the risk of injury to surround-
ing soft tissues is higher, as is the occurrence of osteonecro-
sis due to thermal damage (overheating of the bone), which
can impair tissue regeneration. Piezosurgery is widely used
in oral surgery to minimize the risk of thermal damage, as
it operates with lower pressure and continuous water cool-
ing, creating a micro-protective effect.

Piezoelectric devices are also used in complex surgical
procedures in anatomically challenging areas, such as the
molar region of the mandible, where osteotomy lines are
close to vital structures like nerves and blood vessels.
Ultrasonic vibrations enable selective and precise cutting,
offering greater accuracy and safety while reducing tissue
trauma compared to conventional rotary instruments'-'>".

A study by Demirci A. et al. demonstrated that piezo-
surgery significantly improves patient quality of life by
reducing postoperative swelling and trismus compared to
conventional rotary methods. However, it is important to
note that the overall operative time was longer with piezo-
surgery™.

Similar findings were reported in the study by
Tanaskovic N. and Lucic M., where significant differences
were observed between conventional and piezosurgical
techniques in the postoperative period regarding complica-

tions such as paresthesia, pain, and swelling. These com-
plications were more pronounced in cases treated with con-
ventional techniques. Although the duration of the inter-
vention was longer with piezosurgery, postoperative com-
plications were less severe. This is a crucial fact opposite
the existing belief that prolonged surgical procedures are
directly correlated with postoperative pain intensity".

Parkinson’s disease primarily affects elderly patients
and is characterized by involuntary body movements and
muscle rigidity. The tremors associated with this condition
pose a significant challenge for dentists, as patients strug-
gle to keep their mouths open for extended periods, and
anxiety during treatment can further exacerbate symptoms.
Thus, managing these patients requires a calm, relaxed
environment to maximize their comfort'.

Performing a complex oral surgical procedure that
demands high precision with rotary instruments is particu-
larly challenging in patients who cannot maintain a stable
and visible surgical field during the procedure. In such
cases, the preferred method is using a piezosurgical device.

Conclusions

In our case, surgical extraction of the mandibular left
third molar proceeded without intraoral and extraoral
complications. The use of piezo surgery in the treatment
of impacted third molar in a patient with Parkinson's dis-
ease has proven to be the most effective and predictable
method, minimizing trauma to soft tissue and bone struc-
tures.
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REMOVAL OF A FRACTURED INSTRUMENT FROM
THE ROOT CANAL USING AN OPERATIVE
MICROSCOPE - CASE REPORT

OTCTPAHYBAHE HA ®PAKTYPUPAH MHCTPYMEHT
OO KOPEHCKU KAHAIT CO NMomoLll HA EHOOOOHTCKU
MUKPOCKOI - MPUKA3 HA CITYYAJ

Smilevska A.", Aliu M.z, Bogoeva T.%, Grbovic E.’, Rendzova V.?, Apostolska S.?, Eftimoska M.2

'Oral surgery residents, Clinic for Oral Surgery and Implantology, University Dental Clinical Centre “St. Pantelejmon”, Skopje, Republic of
North Macedonia, 2Department of Oral Surgery, Faculty of Dentistry, Ss. Cyril and Methodius University in Skopje

Abstract

An instrument fracture during endodontic treatment is a common complication that can hinder proper cleaning and disinfection of the root canal, negatively affecting
the treatment outcome. Removing fractured instruments presents a challenge due to their location, size, and the anatomy of the canal system. The aim of this study is
to emphasize the significance of the operative microscope in the conservative removal of fractured instruments from the canal system and the possibility of subsequent
successful endodontic treatment through case studies. In the presented cases, fractured instruments were removed from the root canal with minimal removal of the
surrounding healthy dentin using ultrasonic tips under an operative microscope. Keywords: Operative microscope, ultrasonic tips, fractured instruments.

AncTpakT

®pakTypaTa Ha UHCTPYMEHT 33 BPEME Ha EHAOZOHTCKVOT TPETMaH € YecTa KoMNMMKaLMja LUTO MOXe Ja ro Monpeyu COOABETHOTO YNCTEHE U AE3NHGEKLM]A HA KOPEH-
CKVOT KaHan, LUTO HeraTUBHO BNMjae Ha UCXO[OT Of TpeTMaHoT. OTCTpaHyBatbETO Ha CKPLUEHUTE MHCTPYMEHTY NPETCTaByBa Npean3suk Nopaan HuBHaTa nokaLuja,
ronemuHa 1 aHaToMujaTa Ha kaHanHuoT cuctem. LienTa Ha 0Boj TpyA Hu Belue npeKy npukas Ha cry4au Aa ro MoTeHLpaMe 3HaYebEeTo Ha OnepaTMBHUOT MUKPOCKON
Mpy OTCTPaHyBakse Ha (PpaKTypUpaHi MHCTPYMEHTU OFf KaHAMHUOT CUCTEM Ha KOH3EPBATUBEH HAauMH 1 MOXHOCTA 3a NOCMeAoBaTeNeH YemeLueH eHA0R0HTCKM TPeT-
MaH. Bo npukaxaHuTe cnyyau co NoMoLL Ha MPUMeHa Ha YNTpa3By4HU MPOAOIMKETOLM W NOA ONepaTUBEH MUKPOCKON paKTypupaHuTe MHCTPYMEHTM Bea oTcTpaHe-
I O} KOPEHCKMOT KaHan co MMHAMATHO Ofi3eMatbe Ha OKOMHWOT 3paB AeHTUH. Knyunu 36opoBu: OnepaTvBeH MUKPOCKON,YNTPa3By4HI NPOAOIMKETOLM, CKPLUEHM
VHCTPYMEHTH.

Additional factors may include complex tooth anato-
my (e.g. curved, narrow canals) and possible iatrogenic
errors. Proper coronal visualization is essential to enable
thesuccessful removal of a fractured fragment from the
canal system and to ensure the success of treatment meth-

Introduction

One of the possible complications during endodontic
treatment is the fracture of instruments inside the root
canal'.

This issue is significant both technically and clinically,
as it can affect the treatment outcome, increase the risk of
endodontic failure, and necessitate additional interventions.

Predisposing factors that may lead to instrument frac-
ture include: the instrument's design, its usage dynamics,
the manufacturing process, the canal configuration, the
cleaning and sterilization process, and the frequency of
use’.

ods.

The dental microscope is one of the key factors for
successful endodontic treatment, especially in cases of
fractured instruments in the root canal, as it can magnify
the structure of an object from 0.2 mm to 0.006 mm
(microns), improving visibility*.

There is no standardized procedure for successfully
removing a fractured instrument. Many techniques and
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devices have been tested—mostly on fractured manual
instruments. These techniques are time-consuming, have
limited success,and pose a significant risk to narrow and
curved canals’. One of the most commonly used tech-
niques for removing fractured instruments from the root
canal, both by endodontists and general dentists, is the use
of specialized devices or ultrasonic techniques for the
removal of fractured instruments’.

The aim of this study is to highlight the importance of
the operative microscope in removing fractured instru-
ments from the canal system and the possibility of a sub-
sequent successful endodontic treatment through case
studies.

Case Study

Case 1

A 35-year-old patient presented with pain while
chewing on the lower right molar (tooth 46). Intraoral
examination revealed a large composite restoration with
poor marginal adaptation. A periapical radiograph
showed inadequate endodontic treatment and a fractured
instrument in the mesiolingual canal.

After obtaining informed consent, a rubber dam was
placed, and the patient was positioned for treatment using
a dental microscope (Zumax OMS2350 with six magnifi-
cation levels — 0.33x, 0.5x, 0.8x, 1.22x, 2x, and 3x). After
removing the restoration, the root canal entry was widened
using a Gates-Glidden Drill size 3 for better visualization
of the coronal part of the instrument. Once the instrument
was located (figure 1), ultrasonic tools (Dentsply Sirona
Endo 1 and Endo 5) were used to carefully remove 2-3

Figure 1. Examination of the cavity of tooth 46 using
an operative microscope, visualizing the fractured
instrument under 2x magnification

Figure 2. Instrument for the removal of fractured instru-
ments from the root canal (Loop, Cerkamed Endo
Removal System).

mm of dentin apically around the instrument without
excessive canal enlargement, using 1.22 x magnification.
The ultrasonic tip was positioned around the instrument,
first loosening it from the inner wall to facilitate removal.
During the ultrasonic procedure, continuous irrigation with
5% NaOCl and 17% EDTA was performed to prevent
overheating of the root. After each irrigation, an endodon-
tic probe was used to assess the degree of instrument loos-
ening. Once the instrument was sufficiently loosened, it
was successfully extracted using a Loop from the
Cerkamed Endo Removal System (figure 2).

After the instrument removal, the working length of
the root was determined using a K-file #8 (DiaDent) and
an apex locator (Woodpecker Woodpex III). Retreatment
of the remaining canals was performed by softening the
gutta-percha with orange oil (Cerkamed), determining
the working length of each root canal, and proceeding
with final canal preparation using machine endodontic
instruments (Soco — SC Niti File). The distal canal was
prepared up to size 35/.04, the mesiobuccal canal up to
size 25/.04, and the mesiolingual canal up to size 30/.04.

During the procedure, irrigation was performed
using 5% NaOCl and 17% EDTA, followed by activa-
tion with an endo-activator (Woodpecker Endo 3
Ultrasonic Endo Activator). The irrigation protocol
before obturation was as follows:

|
i

Figure 3. Visualization of activated 5% NaOCI under a
microscope with 2x magnification.

100
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* l-minute activation of 5% NaOCI per canal (5Sml), Case 2

* l-minute activation of 17% EDTA per canal (5ml),

A 30-year-old female patient presented with pain in the
maxillary left lateral incisor (tooth 22). A periapical radi-
ograph (Figure 1a) revealed the presence of a fractured
instrument in the root canal of the left lateral maxillary

incisor, with a peri-apical lesion affecting the lateral inci-
sor and the canine (teeth 22 and 23). Since the lateral inci-
sor was also an abutment for a bridge construction, the
intervention was performed through the crown with the
aid of a dental microscope.

After obtaining informed consent from the patient, a
rubber dam was placed,and a retreatment of the endodon-
tic therapy was performed using a dental microscope
(Zumax OMS2350) with six magnification levels: 0.33x,
0.5x, 0.8x, 1.22x, 2x, and 3x.

The canal access was widened with a Gates-Glidden
Drill #2 to improve visibility and access to the instrument.
In the next phase, removal of the instrument was initiated

* l-minute activation of 5% NaOCI per canal (Sml)
(figure 3), followed by rinsing with distilled water
(5 ml).

Figure 4. Examination of the cavity after the removal
of the fractured instrument, showing the prepared three
root canals under a microscope with 2x magnification.

After the final preparation of all three root canals
(figure 4), they were dried with paper points (DiaDent)
and definitively obturated with gutta-percha cones cor-
responding to the prepared sizes (distal canal with a
35/.04 gutta-percha cone, mesiobuccal canal with a
25/.04 cone, and mesiolingual canal with a 30/.04 cone
— DiaDent), using AH Plus (Dentsply Sirona) as the seal-
er and applying the single cone technique (Figure 5). Figure 1. Radiograph of teeth 22 and 23 before the

start of the intervention.

Cssan
Figure 5. Radiographic view of tooth 46 before and Figure 2. Radiograph of teeth 22 and 23 after 3
after the final obturation. months.
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b
Figure 3. Radiograph of teeth 22 and 23 after 6 years.

using an ultrasonic instrument (Dentsply Sirona Endo 1
and Endo 5). The working protocol was the same as in the
previous case. Once the fractured instrument was suc-
cessfully removed, final canal preparation was per-
formed.

After determining the canal length with an apex locator
(Woodpecker Woodpex I1I) and a K-file #10 (DiaDent), the
canal was prepared using machine-driven expanders (Soco
— SC Niti File) up to size 35/.04.

Final irrigation was performed according to the estab-

lished protocol:

* l-minute activation of 5% NaOCl (5ml),
* l-minute activation of 17% EDTA (5ml),

* 1l-minute activation of 5% NaOCI (5ml), followed
by rinsing with distilled water (5ml).

After thorough cleaning and preparation, the canal
system was dried with paper points (35/.04 — DiaDent)
and definitively obturated with gutta-percha cones (35/.04
— DiaDent) and AH Plus (Dentsply Sirona) as a sealer
using the single-cone technique.

During the same visit, an endodontic treatment of the
upper left canine (tooth 23) was also performed. After
forming an access cavity and entering the root canal, the
working length was determined using a K-file #10
(DiaDent) and an apex locator (Woodpecker Woodpex
III). The canal system was instrumented using machine-
driven expanders (Soco — SC Niti File 35/.04) and an
endo-motor (Dentsply X-Smart Plus Endo Motor).
Irrigation followed the pre-established protocol, with acti-
vation performed wusing an ultrasonic activator
(Woodpecker Endo 3 Ultrasonic Endo Activator).

After the canal preparation and cleaning, the system
was dried with paper points (DiaDent 35/.04) and defini-
tively obturated with gutta-percha cones (DiaDent 35/.04)
and AH Plus (Dentsply Sirona) as a sealer using the sin-
gle-cone technique (Figure 2).

Discussion

Instrument separation is a frustrating and undesirable
complication in endodontics®. Most stainless-steel instru-
ments fracture due to repeated use’. Fractures can also occur
due to aggressive movements, such as rushing through the
canal or applying excessive force to the instrument beyond
its intended working length or around sharp curvatures’.

The ability to safely remove a fractured fragment
depends on the complexity of the canal anatomy, including
the thickness of the root dentin, its curvature, and the dimen-
sion and location of the fragment within the canal.8

Managing a case with a fractured instrument may
involve either an orthograde or a surgical approach. The
three orthograde approaches are:

(a) attempting to remove the instrument,
(b) attempting to bypass the instrument, and
(c) preparing and obturating up to the fractured segment.

Successful retreatment can be performed when these
instruments can be removed. If the instrument can be
removed or bypassed, and the canal can be properly cleaned
and filled, the non-surgical endodontic procedure is the more
conservative approach. While many fractured instruments
can be removed from the root canal, there are cases where
removal is not possible due to limited access, especially
when the fracture occurs around a curvature. The fractured
instrument typically obstructs access to the root apex, which
may impair the operator's ability to properly prepare, disin-
fect, and obturate the entire root canal system’.

The use of ultrasound under magnification is one of the
most conservative techniques for instrument removal com-
pared to alternative methods.l] However, ultrasonic tech-
niques are much simpler and less invasive".

Ultrasonic tips can be used in deeper parts of the canal
due to their contra-angle design and have shown a success
rate of 55%-79%".

The introduction of the dental microscope has truly rev-
olutionized endodontic practice. The microscope improves
theaccuracy of identifying anatomical features of the root
canal, which is crucial for successful treatment and long-
term outcomes.

With the microscope’s magnification and illumination,
clinicians can better observe the coronal aspects of fractured
instruments and remove them without causing perforation'

According to Fors and Berg, the location of the instru-
ment plays a crucial role in managing fractured instruments.
Objects fractured in the coronal third of the canal can be
removed using an instrument extractor or small forceps,
whereas instruments fractured in the middle third of the
canal should ideally be bypassed to prevent excessive
removal of surrounding dentin and weakening of the tooth
root"”.
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Research by Fu et al. has shown that the ultrasonic
removal of instruments from the middle third of the canal
significantly increases canal volume and may lead to the for-
mation of micro cracks, reducing resistance to vertical root
fracture. Therefore, even though the success rate of instru-
ment removal from the middle third of the canal is reported-
ly high, clinicians should make efforts to minimize the
amount of dentin removed around the instrument to improve
the tooth’s long-term prognosis'.

In the first case presented in this study, since the fractured
instrument was located deeper in the middle third of the root
canal, the use of a dental microscope was particularly signif-
icant. The combination of ultrasonic tips and an operative
microscope allowed for controlled dentin removal around
the fractured instrument, loosening it, and ultimately extract-
ing it using an instrument extractor.

In the second case, the instrument fracture was in the
coronal third of the root canal, which led us to opt for its
removal from the canal. The removal of the instrument
enabled proper canal preparation, disinfection, and obtura-
tion, creating favorable conditions for adequate healing and
repair of the surrounding periapical tissues.

Conclusions

Based on the presented cases, we can conclude that the
use of ultrasonic instruments in combination with an oper-
ative microscope allows for the successful removal of frac-
tured instruments from the root canal, whether the fracture
occurs in the coronal or middle third of the canal while
maintaining a controlled removal of surrounding dentin.
However, in cases of fractured instruments in the middle
third, special attention should be given to avoid excessive
removal of root dentin and weakening of the tooth root.
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THE IMPACT OF ARTIFICIAL SWEETENERS

AND SUGARS AS A POSSIBLE RISK FACTOR FOR
INCREASED DMFT INDEX IN CHILDREN
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Abstract

Introduction: A diet rich in sugars and artificial sweeteners has always been the subject of research in determining the factors that directly influence the occurrence of
caries from a young age, mainly due to the connection with increased acid production in the mouth as a result of prolonged presence of sugars that directly affect the
demineralization of tooth enamel. Aim: The aim of this study is to determine the state of oral health by determining sugars as a possible risk factor for the occurrence
of caries. Material and methods: The research included a total of 80 children, aged 9, randomly selected from two primary schools in Skopje, Municipality of Centar
(Primary Schools “KiroGligorov” and “Kocho Racin”), of which 37 were girls and 43 were boys. Results: The results we obtained regarding DMFT in deciduous denti-
tion were 2.6, which, according to WHO, is in the medium DMFT index in relation to the results of the use of products enriched with artificial sweeteners. t Start=7.9356
and p<0.01 confirms sugar as a possible risk factor for the occurrence of an increased DMFT index. The results we obtained for the DMFT in permanent dentition are
0.58, which, according to WHO, is considered a low DMFT index in relation to artificial sweeteners t Start=0.62131 and p<0.01. The result shows that the short-term
presence of permanent dentition and the duration of exposure to carbohydrates represent a reduced risk for an increased DMFT index in the stomatognathic system.
Conclusion: Daily education of children in order to improve their oral hygiene habits and proper and balanced nutrition would contribute to better results in the
dmft/DMFT values. Health education and motivation as a multidisciplinary approach among dentists, teachers, children, and parents should be a basic imperative as
the most important preventive measure. Introducing appropriate controls for the availability of sugars and similar sweeteners in any form near schools will significantly
reduce the risk factor - sugar and caries incidence. Keywords: sugar, dental caries, dmft/DMFT index.

AncTpakT

Bogep: Vcxpatata 6orata co Lekepu W BeLuTaYKM 3acnadyBay of cexorall 6una npegmeT Ha UCTpaxyBarbe BO 0bnacTa Ha AeTepMUHUpate Ha thakTopute Kou
AVPEKTHO BNMjaaT Ha nojasaTa Ha kapuec o4 Hajmana Bo3pact. OcobeHo nopaau NoBp3aHOCTa Ha 3ronieMeHa NpoAyKLmja Ha KUCenuHY BO ycTaTa nopaau NofonroTo
MPVCYCTBO Ha LUeKepuTe koW HEMoCPeAHO BNMjaaT Ha AeMUHepanuaaLja Ha 3abHata rner. Lien: LienTa Ha oBaa CTyauja € yTBpAYyBaHe Ha cocTojbaTa Ha OpanHoTo
30paBje NpeKy AeTEPMUHNPHLE Ha LUEKepUTE Kako MOXeH pu3ik (hakTop 3a nojaa Ha kapuec. MaTtepujan u metoam: Bo ncTpaxysareTo 6ea BKiy4eHu BkynHo 80
fAelia, Ha Bo3pacT of 9 rouHu no cnyyaeH u3bop of fBe 0CHOBHM yyunuiuTa Bo Ckonje, onwtiHa LienTap (0.y. Kupo Mmuropos v o.y.Koyo Pauux), og kon 37 ce
[EBOjUMHba 1 43 MOMumiba. PesynTatu: Pesyntatute ko rv fobusme BO OAHOC Ha Ken Kaj MnevHa AeHTuLMja n3Hecysalle 2,6 wro cnopeg C30 Bnerysa BO cpeneH
Ken MHAEKC BO COO0AHOC CO pesynTaTuTe Ha ynotpebata Ha npou3Boan 36oratenu co BeluTayky 3acnapysayy t Start=7.9356 u p<0.01 Hu ro noTepayBa LLekepoT kako
MOXeH pu3uk chakTop 3a nojaea Ha 3roniemeH KEI uHpeke. PesynTatute kou nak rv fobueme 3a KEN kaj TpajHa aeHTuumja usHecysaa 0.58, wro cnopeg C30 Brery-
Ba BO HM3ok KEI nHpexc Bo coofHoC co BeluTaukuTe 3acnagyBayn t Start=0.62131u p<0,01. PesyntatoT Hi1 nokaxyBa fieka KpaTKOTpajHOTO MPUCYCTBO Ha TpajHaTa
AEHTULM[a W BPEMETPae-eTO Ha M3NOXEHOCT Ha jarnexuapaTtin npeTcTaByBa HamaneH puank 3a sronemeH KEM WHAeKc BO CTOMATOrHaTHUOT cucTeM. 3akmyuok:
CexojnHeBHaTa eayKalja Ha AeLiaTa BO Hacoka Ha nopobpyBarbe Ha HaBukWTe 3a Nofobpa opanHa xureHa v npasunHa 1 banaHcupaxa ucxpaxa 6v npuaoHene 3a
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nogoGpu pesyntatu Ha KEN BpegHocTuTe. 3apaBcTBeHaTa egykalua 1 MOTVBALWja Kako MyNTUAVICLMNNMHAPEH NPUCTan Mery CTOMATomNo3uTe, HacTaBHULMTE, deuara
1 poguTenuTe Tpeba fa GULe OCHOBEH UMNEPATMB KaKo HajBakHa MPeBEHTUBHA Mepka. BoBedyBatbe Ha COOMBETHU KOHTPOMY 33 [OCTAMHOCT Ha LUEKEPUTE 1 CIMYHU
3acnafyBauy Bo Guno kakea hopMa Bo GnuavHa Ha YYMnMLLTaTa 3HAYUTENHO Ke To HamMan punk dhakTopoT-LWeKep U Kapuec HUMaeHLaTa. Knyusn 36opoBu: Lekep,

3abeH kapuec, KEI nHpekc

Introduction

According to the World Health Organization (WHO),
caries is a localized process of exogenous origin, i.e., a
multifactorial disease with a progressive course that
occurs through the interaction of primary (causal) and
secondary (conditional) factors.

The modern way of life, the rapid progress of food
technology, and the wide range of refined food choices
are the reasons for the emergence of an increasing num-
ber of chronic diseases. Since ancient times, the saying
that health enters through the mouth speaks of the impor-
tance of dietary choices. The increase in the production
and implementation of sugars (carbohydrates) in numer-
ous food products is proportional to the increasing inci-
dence of dental caries as a chronic disease from a very
young age in developing countries. The disruption of the
balance, i.e., the increase in the dietary-bacterial balance
on one hand and the host on the other, leads us to the ter-
minal phase of this chronic disease - the carious lesion.

A diet rich in sugars and artificial sweeteners has
always been the subject of research in determining the
factors that directly influence the occurrence of caries
from a young age. Mainly due to the connection with
increased production of acids in the mouth that directly
affect the demineralization of tooth enamel, it was a rea-
son to conduct this research and confirm these factors as
possible risk factors for an increased dmft/DMFT index in
children.

The primary factor is the host, i.e., the tooth substance
with the cariogenic microorganisms (oral microflora)
found on the dental surfaces and the substrate of sugars
that provide the energy and nutritional needs of the cario-
genic bacteria. However, dental caries occurs only if all
three primary factors are present simultaneously over a
long period, which is why the time factor is also included
among the basic factors.

Secondary factors related to the dietary substrate are
the physical and chemical properties of the food, the fre-
quency of sugar intake, the clearance of food, and oral
hygiene habits. Streptococcus mutans is potentially the
most cariogenic bacteria. It is the main initiator of the car-
ious process because it has a high selectivity for sucrose,
which firmly adheres to the tooth enamel, causing caries
in correlation with poor oral hygiene and improper diet. It
forms a water-resistant glucan responsible for creating

dental plaque, which immediately after consuming sugars
has a pH value of less than 5.5, resulting in demineraliza-
tion of the enamel. In addition, Lactobacillus are cario-
genic microorganisms that are most abundant in saliva,
plaque, and dental caries and are responsible for the fur-
ther course of the carious process.

Secondary factors are directly related to the primary
factors and influence the intensity and speed of progres-
sion of the pathological process. Thus, secondary factors
related to the host factor include: the anatomical and mor-
phological characteristics of the teeth and their placement
in the dental arch, heredity, gender, pregnancy and breast-
feeding, hormones and various general diseases.
Secondary factors influencing the causative agents them-
selves are: the composition and properties of the oral
microflora, the quality and composition of saliva, and the
presence of fluorides. On the other hand, secondary fac-
tors related to the suitable substrate where the metabolism
of cariogenic microorganisms takes place are: the physic-
ochemical properties of food, the frequency of meals, the
clearance of food from the oral cavity, and oral hygiene
habits.

Aim

The aim of this study is to determine the state of oral
health by identifying sugars as a possible risk factor for
the occurrence of caries.

In order to achieve the set goal, a total of 80 respon-
dents, children aged 9, were included in the research. For
all respondents, we individually determined:

* The ratio between the values of the dmft/DMFT
index and the values obtained from the question-
naire regarding the diet and oral hygiene of each
child individually;

* The value of the DMFT index compared to the
dmft of the deciduous dentition and the DMFT of
the permanent dentition in all respondents.

Material and methods

The research included a total of 80 children, aged 9,
randomly selected from two primary schools in Skopje,
Municipality of Centar (Primary Schools “Kiro
Gligorov” and “Kocho Racin”), of which 37 were girls
and 43 were boys.
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These examinations were conducted at the Poly-
clinic.

All respondents were provided with:

- Clinical trials,

- Patient questionnaire

- Statistical processing of the obtained results.

The children were examined with appropriate instru-
ments (probe and dental mirror) to determine the condi-
tion of the oral cavity, which was recorded individually
in a chart using the new marking method in accordance
with the new WHO criteria. dmft/DMFT index was
determined individually for each child using the Klein-
Palmer system. The DMFT index is the average number
of decayed, missing, and filled permanent teeth per stu-
dent.

dmft/DMF = total number of decayed teeth+total

number of missing teeth+total number of filled

teeth/examined x100

The data was collected by filling out a questionnaire
regarding the amount and form of sugar, fat, and protein
intake, as well as the way the child maintains their oral
hygiene. The respondents entered them into a question-
naire specially designed for that purpose. In this way, we
attempted to obtain data on the state of dental health and
determine possible risk factors.

The questions were asked in a dental office individu-
ally in the presence of a parent, followed by a clinical
dental examination by a preventive team.

For the statistical processing of the obtained data, a
student's t-test was used to compare numerical data
between corresponding groups, with p<0.01 being con-
sidered significant.

Results

The research included 80 respondents, children aged
9from two primary schools in Skopje.

Graph no.l shows the ratio of male and female
respondents, i.e., out of a total of 80 respondents in the
survey, 43 were male respondents, and 37 were female
respondents.

Graph 1: Display of respondents by gender

Table 1. Presentation of DMFT in permanent teeth and
dmftin deciduous teeth separated by gender.

DMFT | dmft | DMFT | Dmft

Index Index
Male 25 123 0.58139 | 2.86046
Female 22 89 0.59459 | 2.40540
Total 47 212 0.5875 | 2.63293

According to the formula for calculating the DMFT
index, i.e., number of decayed teeth + total number of
missing teeth + total number of filled teeth divided by
the number of respondents, the following values were
obtained (Table 1).

dmft in the primary dentition was 2.6, which accord-
ing to WHO is included in the medium DMFT index,
while DMFT in the permanent dentition was 0.58, which
is included in the low DMFT index according to WHO.

The results of the analysis of dmft by gender show
that dmft in boys is 2.86 and dmft in girls is 2.4, which
is in favor of a better dmft index in girls in the primary
dentition.

The DMFT index of the permanent dentition in boys
was 0.58. In girls, the DMFT was 0.59, with no statisti-
cally significant difference in the values of DMFT in the
permanent dentition in relation to gender.

Table 2. Student's t-test: on two samples representing unequal variances of the dmft index in deciduous teeth in

relation to the type of food consumed by the respondents.

dmft/cookies dmftlgu_mmy dmft/ lollipops O EVEE R
candies value
t Stat 4.8568444 9.25404209 9.696212 7.935699
p 0.0000014 0.0000000 0.0000000 0.0000004
t Critical 1.6545549 1.65455488 1.654555 1.65455492
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According to the Student's t-test,the difference between
the DMFT of permanent teeth and the dmft of deciduous
teeth is statistically significant, t-Stat=7.37203, and p<0.01.

Regarding nutrition, according to the Student's t-test
(Table 2), there is a statistically significant difference
between the DMFT index and the different types of
food, where the alpha value was set to a=0.05 and
p<0.01.

ferent types of food (healthy and cariogenic) consumed
by the respondents in relation to the present dmft index
of the deciduous teeth, F=74.34806 and p<0.01.

Table 3. View of Analysis of Variance - ANOVA between
the dmft index in deciduous teeth in relation to the type
of food (healthy and cariogenic) consumed by the
respondents.

There is a statistically significant difference between SUMMARY
the dmft index in deciduous teeth and the intake of °
cookies, t Stat =4.856 and p<0.01. There is a significant Groups |Count| Sum | Average | Variance
difference between the dmft index in deciduous teeth proteins 80 123 | 1.5375 0.251741
and the intake of gummy candies, t Stat =9.254 and
p<0.01. fast food | 80 171 | 21375 | 0.196044
There is a statistically significant difference between fruit 80 97 1.2125 0.194778
the dmft index in deciduous teeth and the intake of lol- -
lipops, t Stat=9.696 and p<0.01. cookies 80 115 | 1.4375 | 0.274525
If all the obtained values are summed up in relation gummy 80 28 035 0.23038
to the use of sugars and artificial sweeteners, the mean candies ’ ’
value of t Stat=7.9356 and p<0.01 will be obtained. This lollipops | 80 20 0.25 0.189873
value, in correlation with the dmft index in the decidu-
ous dentition, which is 2.6, points to artificial sugars as chocolate | 80 8 0.975 0.024684
one of the risk factors tl}at increase the dmft/DMFT swe?tened 80 45 0.5625 0.249209
index in the stomatognathic system. drinks
According to the Analysis of Variance (ANOVA), dmft 80 212 265 4.711392
Table 3a, there is a statistical difference between the dif- i :
Table 3a. Display of analysis between different types of food
ANOVA
Source of Ss df MS F P-value F crit
Variation
Between
Groups 417.8444 8 52.23056 74.34806 0.00000000 1.951408
Within Groups | 499.4875 711 0.702514
Total 917.3319 719

Table 4. Student's t-test: two samples representing unequal variances of the DMFT index in permanent teeth in
relation to the type of food (healthy or cariogenic) consumed by the respondents..

DMFT/Cookies | CMET/GUMMy | pyer) | ollipops | OVerall average
candies value
t Stat 6.042159828 -1.71229 -2.465922 0.6213159
p 0.00000001 0.044402 0.007367 0.0172563
t Critical 1.654554876 1.654555 1.654555 1.654554
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Regarding nutrition, according to the Student's t-test
(Table no. 4), there is a statistically significant difference
between the DMFT index and the different types of food,
where the alpha value was set to 0=0.05, and p<0.01. There
is a statistically significant difference between the DMFT
index in permanent teeth and the intake of cookies, t
Stat=6.04215 and p<0.01, which is not the case with the use
of gummy candies and lollipops. If all the obtained values
are summed up in relation to the use of sugars and artificial
sweeteners, the average value of t Stat=0.62131 and p<0.01
will be obtained. This value in correlation with the DMFT
index in permanent dentition, which is 0.58, which falls into
low DMFT, is another confirmation that the connection
between the use of artificial sweeteners is closely correlat-
ed with the values of the DMFT index.

Table 5. View of Analysis of Variance — ANOVA
between the DMFT index in permanent teeth in relation
to the type of food (healthy and cariogenic) consumed
by the respondents.

SUMMARY
Groups |Count| Sum | Average | Variance
DMFT 80 47 | 0.5875 | 1.308703
proteins 80 123 | 1.5375 0.251741
fast food | 80 171 | 2.1375 0.196044
fruit 80 97 | 1.2125 | 0.194778
cookies 80 115 | 1.4375 0.274525
T ey | 80 | 28 | 035 | 023038
lollipops 80 20 0.25 0.189873
chocolate | 80 78 0.975 0.024684
svfr?;i';ed 80 | 45 | 0.5625 | 0.249209

According to the Analysis of Variance (ANOVA),
there is a statistical difference between the different
types of food (healthy and cariogenic) consumed by our
respondents in relation to the present DMFT index of
permanent teeth, F=97.59308 and p<0.01.

Discussion

Artificial sweeteners and sugars, as the most com-
monly used products by the food industry, are increas-
ingly posing a risk factor for the occurrence of caries in
people, especially young children.

All this has been an area of investigation in many
countries and studies in which direct correlations were
made between the DMFT index in children and the fre-
quent use of foods and beverages with enriched sweet-
eners'”. Knowing the chronology of pH disturbance in
the oral environment,as a result of these artificial sweet-
eners and sugars, research was conducted in a Belgian
study that included children from 7 years of age, which
proved that those who were exposed to the consumption
of artificial sweeteners had a lower pH value and repre-
sented a suitable environment for the development of
cariogenic bacteria, compared to children who did not
consume artificial sweeteners**.

A study conducted in England among children aged
12-15 found that children who consumed foods and
drinks enriched with artificial sweeteners were more
likely to develop dental caries. However, if these chil-
dren who consumed foods enriched with artificial sweet-
eners were to increase the frequency of drinking water in
fluoridated areas, there was a greater possibility of
reducing the percentage of dental caries. This study
demonstrated a direct connection between the occur-
rence of dental caries and the consumption of artificial
sugars’.

Wang YC, Bleich SN, Gortmaker in a study examin-
ing the intake of 100% fruit juices enriched with artifi-

Table 5a. Display of analysis between different types of food

SUMMARY
Sou.rce_ @7 SS df MS F P-value F crit
Variation

Between

Groups 253.3028 8 31.66285 97.59308 0.00000000 1.951408

Within Groups 230.675 711 0.324437

Total 483.9778 719
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cial sweeteners in children and adolescents found that
children and adolescents in today's modern society
receive 10 to 15% of their total calories from sugar-
sweetened beverages and 100% fruit juice. This analysis
indicates an increased consumption of these supple-
ments across all age groups. Schools are places where
children are most exposed to the intake of beverages
enriched with artificial sweeteners, which would be an
incentive to implement an initiative to limit the sale and
availability of these beverages in and near schools.

In this process, the advice and dedication of pediatri-
cians who can educate parents of children from a young
age that increased sugar intake can have a very harmful
effect on the overall health of children, including the
stomatognathic system®, are of great importance. These
are more frequent examinations and proven impacts on
the overall health of children with their exposure to all
kinds of artificial sweeteners that daily affect the
increasing prevalence of dental caries in children, WHO
has implemented special guides that help dentists and
pedodontistsprovide appropriate guidelines for preven-
tion and early care for excessive consumption of artifi-
cial sweeteners in everyday practice’.

Infants, especially those living in poor socioeconom-
ic conditions, are at high risk for early childhood caries.
The most influential factor in this uncontrolled process
of caries development is the prolonged use of baby bot-
tles, during the day or night, containing highly fer-
mentable sugars (e.g., fruit juice and other sweetened
beverages) and pacifiers dipped in sweet additives (such
as sugar, honey, or syrups). Therefore, during this period
of development, the word of pediatricians is of great
importancein encouraging mothers in a traditional way
to wean their infants from a bottle with a pacifier to a
cup as soon as their first birthday. However, frequent
exposure to sweet liquids, even in a cup, can also
increase the risk of caries. Therefore, drinks (other than
milk or water) in a bottle or cup should be limited and
given mainly during main meals®.

Another study conducted to determine the frequency
of sugar consumption in everyday life showed that most
preschool children consumed sweets daily - an average
of 9.7+6.2 times per week.The most popular were cook-
ies, gummy bears, and chocolate. Sweets consumption
did not show a significant correlation with sociodemo-
graphic factors such as age and gender but was associat-
ed with cultural and contextual factors such as the origin
of the respondents, parental education, and specific lev-
els of knowledge about nutrition and oral hygiene. The
identified consumption patterns are the result of high
availability and parental influence (factors such as
parental knowledge level, interest, and habits regarding
their child's diet)’.

According to a study with saliva samples from three
different types of carbohydrates (banana, chocolate and
white bread), it has been proven that the clearance of
other sugars from the teeth (fructose, sucrose and malt-
ose) is significantly higher in chocolate and banana com-
pared to white bread, which requires more time due to
the breakdown of starch under the action of amylase.
Foods with a high concentration of starch (chips, donuts,
and cakes) remain in the mouth longer and have less
self-cleaning by saliva compared to foods with less
starch (milk chocolate, jelly candies, and caramels).
Donuts and potato chips processed at the highest tem-
perature have the highest starch concentration compared
to the other test products because starch in the mouth
breaks down (into maltose and maltotriose) and has the
highest cariogenic potential®.

The daily intake of sugars per person should be 30g
per day for preschool children and 60g per day for
school children and teenagers'.

According to the study on restriction of sugar intake,
i.e. quantity and frequency, it has been proven that after
sugar intake, a drop in pH in the mouth occurs that lasts
for 30 minutes, which would mean that additional intake
after these 30 minutes is less harmful than in the first 30
minutes.

According to Woodward and Walker", who analyzed
data from the WHO database from a total of 90 coun-
tries, there is a correlation between carbohydrate intake
and caries in 29 developed and 61 developing countries,
with 23 out of 29 countries having 12-year-old children
consuming less than 50 g of carbohydrates per day, the
DMFT value being less than 3.0, and in more than 78%
of countries with lower carbohydrate consumption,
around 10 kg per year, the DMFT is less than 2.0.

The National Strategy for Oral Health Prevention in
children up to 14 was adopted in 2008". The aim is time-
ly education and motivation, raising awareness of the
oral health of the individual by incorporating effective
methods of fissure sealing in school children as well as
implementing fluoride prophylaxis and training in prop-
er oral hygiene from an early age, thus enabling the
improvement of overall oral health and reducing the per-
centage of caries in children. This strategy is a step clos-
er to approaching the standards for quality of life offered
by the WHO worldwide, and with its implementation we
would get a complete picture of the proper growth and
development of the orofacial system as well as success
in reducing caries incidence by controlling the intake of
sugars as one of the main determinants of caries.

The analyses conducted according to the survey
questionnaire and the statistical processing of the tables
and their parallel analysis proved there is a direct con-
nection between the use of artificial sweeteners in the
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daily diet of children and that it represents a high risk
factor for the occurrence of a higher DMFT index in the
analyses. Of course, in everyday practice, it is necessary
to conduct additional parallel analyses, especially in
children with only deciduous dentition, and separately in
children with permanent dentition, to establish age as a
possible risk factor in relation to the control of
dmft/DMFT compared to the intake of sugars, where
greater self-awareness of older children could be expect-
ed, primarily due to the greater availability of informa-
tion about sugars and their harmful effects on teeth.

The results we obtained in terms of dmft in the
deciduous dentition were 2.6, which according to the
WHO is included in the medium DMFT index in rela-
tion to the results of the use of products enriched with
artificial sweeteners t Stat=7.9356 and p<0.01, which
confirms sugar as a major risk factor, while DMFT
index in the permanent dentition was 0.58, which is
included in the low DMFT index in relation to artificial
sweeteners t Stat=0.62131 and p<0.01, which clearly
shows that the reduced intake of sugars represents a
reduced risk for an increased DMFT index in the stom-
atognathic system. The data obtained in this way results
from the age of the students who are in the period of
mixed dentition, which makes the need for visiting a
dentist and providing dental interventions greater. At the
same time, the higher socio-economic status, primarily
the education of the parents, the culture, and the way of
life of this group of students impact the provision of
preventive measures.

Conclusions

From the results obtained, we concluded that educat-
ing children and parents about the daily routine habits
that families have inside and outside the home regarding
nutrition should be a priority for all communities and
societies, in order to influence the reduction of the
occurrence of caries in children from the youngest age.
Numerous epidemiological studies conducted at the pop-
ulation level indicate a direct correlation between the
form, quantity, and frequency of carbohydrate consump-
tion and the development of caries.

Consuming sugars or artificial sweeteners in any
form more than four times a day increases the risk of
dental caries by more than 50%. The recommended daily
intake should be no more than 60 grams per day for
teenagers and adults, and for preschoolers and young
children, the intake should be no more than 30 grams per
day.

Daily education of children in order to improve their
oral hygiene habits and proper and balanced nutrition
would contribute to better results for the DMFT values.

Health education and motivation as a multidisciplinary
approach among dentists, teachers, children, and parents
should be a basic imperative as the most important pre-
ventive measure. Considering the causes that lead to the
occurrence of caries on a global level, one of the most
effective measures is fluoride prophylaxis and its imple-
mentation at an early age. Introducing appropriate con-
trols for the availability of sugars and similar sweeteners
in any form near schools will significantly reduce the
risk factor - sugar and caries incidence. These strategic
measures aim to preserve overall oral health in the most
vulnerable age to ensure proper growth and development
of the stomatognathic system.
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EFFECT OF MYOBRACE APPLIANCES IN MALOCCLU-
SION CLASS Il DIVISION 1 PATIENTS - CASE REPORT

EDEKTU HA MYOBRACE AINAPATU KAJ NAUUEHTU
CO MAJOKITY3UJA KIACA Il OOOENEHUE 1 - NMPUKA3
HA CJTYYHAJ

Stojkoska T.', Kangova D.’, Ivanovska B.", Shoshev Lj.", lzairi A.', Kjurchieva Chuchkova G."

'Department of Orthodontics, University Dental Clinical Center, “St. Panteleimon”, Skopje, Republic of North Macedonia

Abstract

Aim: The aim of this study is to show the effect of the myofunctional appliance in the treatment of Class Il division 1 malocclusion. Material and Method: Eight-year-
old twin boys S.G. and J.G. with Class Il division 1 malocclusion came to our Department of Orthodontics, and clinical, functional, radiographic, and gnatometric exam-
inations were performed. Impressions were taken for studio casts to perform a gnatometric analysis, before and after treatment with myofunctional devices. The patients
were treated with Myobrace K1 step 1 medium and K2 step 2 medium myofunctional appliance. Results: After the treatment, the gnathometric analysis showed cor-
rection of the crowding, a reduction of the overbite and overjet, significant correction of irregular functions of swallowing and breathing, and improvement of the facial
profile. Conclusion: The use of myofunctional appliances Myobrace K1 and K2 in early mixed dentition greatly contributes to the timely correction of the dentoalveo-
lar anomaly. Keywords: Class Il division 1 malocclusion, early mixed dentition, myobrace.

AncTpakT

Llen: Lienta Ha 0B0j TpyA € Aa ce npukaxe edhekToT 0f NpuMeHaTa Ha MUOMYHKLIMOHANHITE anapaTi Bo TpeTMaH Ha Manoknyavja Knaca Il/1. Matepujan u Metop: Ha
KnvHukaTa 3a OpTOAOHLMja M3BPLUEHO € KNMHWYKO, (DYHKLMOHANHO, PEHTTEHrpadicko 1 rHaToMeTpucko ucnuTyBake Ha nauventn C.I. u J.I., 6nusHauy, 8 rogniiHm
MOMuMHba co Manoknyauja Knaca |l onaenetme 1. 3emern ce oTneyaToLy 3a CTyAMOMOAENN 3a THAaTOMETPICKa aHanaa Npes v Mocne TPETMaHOT CO MUOYHKLIMOHAMHM
anapaty. lauueHTuTe ce TpeTupaHu co MuodyHKuMoHaneH anapar Myobrace K1 step 1 medium u K2 step 2 medium. Pesyntartu: Mo cnpoBeaeHuoT TpeTmaH
THAaTOMETpKCKaTa aHanu3a nokaxa 3HayuTenHa kopekumja Ha 361eHocTa, HamanyBake Ha BEPTUKANHIOT MHLM3NBEH MPEKIION Y XOPU3OHTANHaTa MHUM3anHa crananka 1
KopeKLuja Ha HenpaeunHuTe yHKLMN Ha ronTare U AuLerse 1 nopobpyBatse Ha nuUesuoT npodun. 3aknyyok: Ynotpebara Ha MUOYHKUMOHANHUTE anapaTy BO paHa
MeLLOBIUTa EHTMLIM]A BO rofiemMa Mepa A0MpUHECYBaaT BO HABPEMEHO KOpervparse Ha ieHToanBeonapHara aHomanuja. Knyunu 36oposu: Manoknysuja Knaca I1/1, paHa
MeLLOoBUTa AeHTULMja, myobrace.

Introduction

The great challenge for orthodontics is the treatment
of Class II malocclusions in children. Developing class 11
malocclusion is one of the biggest problems in the mixed
dentition stage. Early detection and treatment lead to
decreasing the severity of the malocclusion and the time
and complexity of the orthodontic treatment'.

The main component of Class II division 1 malocclu-
sion is mandibular retrusion, resulting in excessive over-
jet, protruded upper incisors, and a shorter upper lip. The
main cause of the development were parafunctional habits
such as thumb/lip sucking and tongue thrusting®. Class II

dentoskeletal disharmony cannot correct itself with
growth if not treated and can even worsen with time®. The
aim of the treatment of skeletal Class II division 1 is to
correct the dental arch relationship and improve the facial
profile by promoting favorable mandibular growth®.

Part of the orthodontics treatment is the use of func-
tional appliances. They are the first-order choice for early
treatment of Class Il Division 1 malocclusion for many
orthodontists. Functional/myofunctional appliances use
muscle action to adjust skeletal and dentoalveolar growth
to normal occlusion. In pediatric dentistry, Oral
Myofunctional Therapy (OMT) is used to treat malocclu-
sion. Its structure has components built to positively stim-
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ulate the masticatory and tongue muscles activity, chang-
ing the posture of the mandible to a forward position, cor-
recting orofacial habits (chewing and swallowing), and
improving nasal breathing>*’.

One of the functional appliances that is used to correct
malocclusions and bad habits in children is the Myobrace
appliance. It is an intraoral appliance system used in inter-
ceptive orthodontics, and its design is adjusted to treat
malocclusions in the mixed dentition stage (8-12 years).
Adult patients can also use Myobrace but the indication is
limited only for non-extractive cases and mild or moder-
ate malocclusions. The usage of this appliance tends to
correct the balance of the facial muscles and the chewing.
It can also improve tongue posture®. To sum up, the main
goals of the treatment using Myobrace arel) restoring
nasal breathing from mouth breathing, 2) correcting
tongue posture, 3) correctingswallowing, 4) aligning the
teeth and jaw to correct position, and 5) unhindered cran-
iofacial development®'®',

The Myobrace appliance can be classified into six
groups: Myobrace for juniors (aged3-6), for children
(aged 6-10), for teens (aged 10-15), for adults (Aged>15),
and the Myobrace Interceptive Class III, and permanent
dentition Class III.

Myobrace for children (aged 6-10) is a three-stage
appliance system designed to correct poor oral habits
while treating upper and lower jaw development prob-
lems. The peak effect can be reached after the child’s per-
manent front teeth have come through and before all the
permanent teeth have erupted. It is available in three sizes
(K]-K3)5’12’13’14.

The KI is made of soft and flexible silicone, which
offers easy adaptation to any dental arch form and maloc-
clusion. It has small breathing holes to establish continu-
ous nasal breathing and myofunctional features to pro-
mote correct habits. Because of the manufacturing mate-
rial used, this appliance can be used at night and induces
great retention. Patients can move to the K2 when the K/
is staying in overnight and nasal breathing has been estab-
lished.

The K2 provides dental arch development and contin-
uing habit correction and it is ideal for kids aged between
5 and 10. It features a revolutionary Dynamicore™ with
Frankel grid ideal for jaw enlargement and development
and further improvement of habit correction. Patients can
move to the K3 when the K2 has corrected the arch form,
breathing and myofunctional habits.

The K3 focuses on the final alignment of the teeth
while retaining the dental arch form, breathing, and
myofunctional habits. It is the firmest appliance in the
series, made of polyurethane, and designed to provide the
best retention of dental arch form and bad habits. By this
stage of treatment, patients' teeth will be mostly aligned

and, therefore, the K3 can be used to finalize any remaining
mildmalocclusion. Patients can move to the Myobrace® for
Teens series if further treatment or retention is required in
the developing permanent dentition'>'¢.

In order to achieve the best results, the appliance must
be worn regularly for 1-2 hours daily and overnight while
sleeping. If it is not used every day, it is not going to
work. Patients need instruction how to swallow correctly
and to position the tongue in the correct place in the
mouth. It is also of great significance to keep their mouth
closed when not speaking or eating"’.

Myobrace myofunctional devices are advantageous
because of greater patient cooperation. Due to the two-
material technology, once it is removed, the tongue and
lips can align due to the unique reeducation features' of
Myobrace. Any disadvantages of using this appliance
have not been documented in the literature®,

Case Report
Eight-year-old boys S.G. and J.G,, twins, came to our

Department of Orthodontics complaining of protruding
upper incisors and crowding.

g‘

Figure 1. Pretreatment facial photography, S.G.: A)
Front; B) Profile

Figure 2. Pretreatment facial photography, J.G.: A)
Front; B) Profile
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Extraoral clinical examination showed that they both
had leptoprosopic and symmetricalfaces, convex profiles
with a protrusive maxilla, retrusive mandible, an
increased lower anterior facial height, and deep labio-
mental fold. The lips were incompetent and protrusive
(figure 1 and figure 2).

Intraoral clinical examination showed that:

S.G. had Angle’s class II molar relationship bilaterally
and class II canine relationship bilaterally. Protrusion in the
maxillary frontal teeth, crowding in the mandibular dental
arch, irregular swallowing, and oronasal breathing were
found. Increased overjet up to Smm and overbite of 3 mm
were present (Figure 3).

Figure 3. Pretreatment intraoral photography S.G.

J.G. had Angle’s class II molar and canine relationship
bilaterally with a protrusion in the maxillary frontal teeth
and crowding in the mandibular dental arch. Irregular swal-
lowing and oronasal type of breathing were found.
Increased overjet up to 7 mm and overbite of Smm were
present (Figure 4).

Figure 4. Pretreatment intraoral photography J.G.

The panoramic radiograph showed that they both had
the presence of all permanent teeth and no pathology.

Treatment Plan

Our treatment plan was based on the patient's symp-
toms, extraoral and intraoral examination, and roentgeno-
graphic and gnatometric analysis, and it included two phas-
es:

1. The patients were instructed to wear the Myobrace
K1 appliance for 2 hours each day and overnight while
sleeping for a period of 6 months. The K1 contributed to
initial myofunctional improvement. It focuses on establish-
ing nasal breathing and the initial correction of myofunc-
tional disorders in the mixed dentition.

2. After Stage K1, we moved to Stage K2, when the
patients were instructed to wear the Myobrace K2 appli-
ance for 2 hours each day, plus overnight while sleeping.
The design features of the K2 are suited to promote arch
development while correcting breathing and myofunction-
al habits in the mixed dentition.

Results and Discussion

The Schwarz model analysis after 12 months of thera-

py showed that:

1. S.G had an increase in anterior and posterior widths
(anterior upper width from 32 to 38 anterior lower
width from 32 to 39 mm; posterior upper width
from 40 to 48 mm, posterior lower width from 41 to
47 mm) (table 1).

Table 1. Dental cast measurements before, during
treatment, and after treatment, according to Shwartz
(patient S.G.)

Maxillary arch
S.I=7+9+9+7=32mm

Anterior | Posterior | Dental arch

width width height
Before
e 32mm 40mm 21mm
During
T -~ 35mm 45mm 22mm
End
o R 38mm 48mm 20mm
Mandibular arch
S.I=7+9+9+7=32mm
Before
e e 32mm 41mm 19mm
During
e 39mm 44mm 21mm
End
e 39mm 47mm 19mm
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2. J.G. had an increase in anterior and posterior width
(table 2), (anterior upper width from 34 to 43mm,
anterior lower width from35 to 42mm; posterior
upper width from 44 to 52mm, posterior lower

After stage K2, both had correction in occlusion (figure
5 and figure 6), (canine and molar relationship) and reduc-
tion in overjet (S.G. from 5 to 3mm, J.G from 7 to 3) and

width from 44 to 53mm).

Table 2. Dental cast measurements before, during

treatment, and after treatment, according to Shwartz

(patient J.G.)

Maxillary arch
S.I=8+10+10+8=36mm
Anterior | Posterior | Dental arch

width width height
Before
CeelTED 34 mm 44 mm 23 mm
During
o 36 mm 48 mm 21mm
End
e 43 mm 52 mm 22 mm
Mandibular arch
S.I=8+10+10+8=36mm
Before
ST 35 mm 44 mm 18 mm
During
St 38 mm 48 mm 21mm
End
e 42 mm 53 mm 20 mm

Table 3. Dental cast measurements according to Moyers.

overbite (S.G. from 3 to lmm, J.G. from. 5 to 2mm).

W . S,

Picture 5. After treatment intraoral photography A) S.G.

= T

Picture 6. After treatment intraoral photography B) J.G.

Patient S.G. (8 years old)

DSI=7+6+6+7=26 mm

Leeway space

Leeway space

Leeway space

Leeway space

Maxillary arch

Maxillary arch

Mandibular arch

Mandibular arch

right left right left
Measuredspace 3+4+5 22 mm 23 mm 23 mm 21 mm
3+4+5 24.3 mm 24.3 mm 24 mm 24 mm
Difference -2.3 mm -1.3 mm -1 mm -3 mm

Patient J.G. (8 years old)

DSI=6+6+6+6=24mm

Leeway space

Leeway space

Leeway space

Leeway space

Maxillary arch

Maxillary arch

Mandibular arch

Mandibular arch

right left right left
Measuredspace 3+4+5 22 mm 22 mm 20 mm 23 mm
3+4+5 23.1 mm 23.1 mm 22.8 mm 22.8 mm
Difference -1.1 mm -1.1 mm -2.8 mm -1.8 mm
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Table 4. Dental cast measurements according to Lundstrom at the end of the treatment.

Patient S.G. (8 years old)

Maxillary dental arch

Tooth 16 | 15 | 14 | 13 | 12 | 11 | 21 | 22 | 23 | 24 | 25 | 26
Width (mm) 1 7 8 9 |75]|95| 10 | 75|95 |75 ]| 7 10
Segment S1 S2 S3 S4 S5 S6
Required space (mm) 17 17 17 17.5 17 17
Available space (mm) 17.5 17 17 17 16.5 17
Difference (mm) -0.5 0 0 +0.5 +0.5 0

Mandibular dental arch

Tooth 36 | 35 | 34 | 33 | 32 | 31 | 41 | 42 | 43 | 44 | 45 | 46
Width (mm) 12 8 8 8 7 | 55| 6 7 8 8 8 1
Segment S1 S2 S3 S4 S5 S6
Required space (mm) 20 16 12.5 13 16 19
Available space (mm) 19 16 12 12.5 16 19
Difference (mm) +1 0 +0.5 +0.5 0 0

Patient S.G. (8 years old)

Maxillary dental arch

Tooth 16 | 15 | 14 | 13 | 12 | 11 | 21 | 22 | 23 | 24 | 25 | 26
Width (mm) 1M1 |175] 9 8 8 |[95| 10 | 75|85 | 8 8 |115
Segment S1 S2 S3 S4 S5 S6
Required space (mm) 18.5 17 17.5 17.5 16.5 19.5
Available space (mm) 18 16 18 18 16 19
Difference (mm) +0.5 +1 -0.5 -0.5 +0.5 +0.5

Mandibular dental arch

Tooth 36 | 35 | 34 | 33 | 32 | 31 | 41 | 42 | 43 | 44 | 45 | 46
Width (mm) 11 | 85|85 | 8 7 | 55| 6 7 8 | 85| 8 11
Segment S1 S2 S3 S4 S5 S6
Required space (mm) 19.5 16.5 12.5 13 16.5 19
Available space (mm) 19.5 16 13 13 16 20
Difference (mm) 0 +0.5 -0.5 0 +0.5 -1
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Results from Moyer’s analysis in mixed dentition at the
start of the treatment (tab.3) show that the upper maxillary
arch and lower mandibular arch have moderate crowding
(<8), which means that there is not enough space for plac-
ing the permanent teeth in the dental arch.

Picture 8. Dental cast before treatment J.G.

A Lundstrom analysis at the end of the treatment (tab.4)
shows that by wearing K1 and K2 appliances in each seg-
ment, we provided enough space (positive value) for plac-
ing the teeth.

According to the results from this case report, there is
an indication that myofunctional devices, when used in
growing patients with mixed dentition and mild-to-moder-
ate sagittal issues, can improve partial or complete resolu-
tion of Class II division 1 malocclusion. We have also
reviewed other articles where myofunctional devices have
been used and have shown positive results when treating
growing patients.

In our case, with the use of two Class II correction
appliances, K1 and K2, significant differences were docu-
mented. The upper anterior teeth were retroclined, and the
overjet was reduced. The overbite was slightly reduced.
There was a slight increase in the width of both dental arch-
es, suggesting that myofunctional treatment played a role in
promoting the transversal development of the dental arch-
es.

Picture 10. J.G. dental cast at end of the treatment

In a study from Rongo et al. (2019) has been reported
efficient results from the use of myofunctional treatment
for correcting Class II malocclusion. In this study, the
cephalometric analysis showed larger maxillary dimen-
sions for the contemporary group (CG) than the historical
group (HG), while no differences were shown between the
growth rate and direction of the two groups®.

Antonorakis et al. (2019) analyzed fifteen growing chil-
dren with Class II division 1 malocclusion. Results have
been obtained using dynamic 3D recordings of facial
expressions priorto and 12 months after using myofunc-
tional devices. It was concluded that myofunctional appli-
ance treatment has improved the condition of kids with
Class II malocclusion by reducing the overjet™.

The incorrect myofunctional habits such as mouth
breathing, tongue thrusting, reverse swallowing, and thumb
sucking are the real causes of malocclusion according to a
study of Sander FG et al. (2001). Considering the results
from the last 20 years, myofunctional research has devel-
oped orthodontic appliances to improve the dental and
facial development of children from 5 to 15, with the usage
of myofunctional orthodontic techniques instead of tradi-
tional orthodontics. This technique straightens teeth and
also treats the incorrect jaw development"’.

Habashy e tal. (2020) compared the dentoalveolar
effects of the myofunctional trainer T4AKTM versus twin
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block in children with class II division I malocclusion. The
overjet showed a higher significant decrease in the twin
block group compared to T4K (p = 0.03). The mean values
of the overbite were significantly decreased in twin block
than in T4k (p < 0.0001). Both groups showed significant
dentoalveolar improvements toward class I occlusion.
However, the twin block showed significantly better results
than the T4K appliance®.

Conclusions

The use of myofunctional appliances, such as
myobrace K1 and K2, in early mixed dentition greatly
contributes to the timely correction of the dentoalveolar
anomaly by establishing correct orofacial functions of
breathing, swallowing, and mastication, as well as
improving the facial profile of the patients. Widening of
the upper and lower anterior and posterior width of the
arches results with relief of crowding.Moyers' analysis
at the start of treatment (table 3 and figure 7 and 8) and
Lundstrom's analysis at the end of treatment (table 4 and
figure 9 and 10) showed that treatment with Myobrace
K1 and K2 appliances helped in correcting crowding and
provided space for all teeth in the dental arch.
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STRESS DISTRIBUTION OF IMPLANT-RETAINED
OVERDENTURE WITH DIFFERENT ATTACHMENT
SYSTEMS: A FINITE ELEMENT ANALYSIS

ANCTPUBYLUUJA HA HAMNPEFAHBETO
KAJ UMIMJIAHT - PETUHUPAHA NMOKPOBHA MNMPOTE3A
CO PA3JINYMHUA CUCTEMU 3A PETEHLUUJA: AHATIU3A
CO METOO HA KOHEYHU ENNEMEHTW
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Abstract

Objective: The aim of this paper is to analyze the force transmission and stress distribution of an implant-retained overdenture and to assess the influence of the over-
denture retention system in the implants, peri-implant bone, and the posterior regions of the residual alveolar ridge. Material and method: A CBCT scan of the eden-
tulous mandible was used to create a model. The tests were conducted on two models of a mandibular edentulous jaw, on which two implants were positioned in the
interforaminal space. Different retention systems (ball, locator) and an acrylic removable prosthesis were placed in each model. The models were tested under axial
loads of 150N, unilaterally and bilaterally, at the level of the first molar. These models were analyzed by finite element software (SOFIFTIK software package) using
Von Mises stress analysis. Results: The highest stress values were observed at the implant necks and abutments in both models. Regarding the peri-implant bone
and the posterior regions of RAG, the highest stress values were observed in the model with a locator attachment. Conclusion: According to the results of this study,
we can conclude that ball attachments provide a more homogeneous distribution of load forces compared to locator attachments. Keywords: implants, overdenture,
FEM (finite element method), biomechanics, attachments.

AncTpakr

Llen: Llenta Ha 0BOj TpyA € fa ro aHanuaupa NpeHocoT Ha cuna v auctpubyuujata Ha Hamperatbe Ha UMMNaHT PeTMHUpaHa MoKPOBHA MPOTe3a, M fa Ce MpOoLEHN
BMWjaHNETO Ha PETEHLIMCKVOT CUCTEM Ha MOKPOBHATa MpoTe3a, BO MMNMaTUTe, Mepy-MMnNaHTHaTa Kocka 1 MoCTEPUOPHUOT feN Ha Pe3uayanHvoT anBeonapeH rpeeH.
Matepujan n metom: KopucreHo e CBCT ckeHupatbe Ha Ge3sabHata maHaubyna 3a cospaBatbe Ha Mogen. McnutyBakata ce CnpoBefeH Ha [Ba MOZenM Ha
ManpvbynapHa ToTanHo 6e33abHa Bunuua, Ha Koja BO MHTEp(OpaMUHaNHMOT NPOCTOp Ce NO3MLMOHNPaHK ABa MMANaHTK. Kaj cexoj o MoenuTe ce NocTaBeHu pasnuyHmn
PETEHLMCKM CUCTEMU(TOMKA, JIOKATOp) 1 akpunatHa MobunHa npotesa. MogenuTe Gea TecTpaHu nog onToBapyBakbe co akcvanHi cuni o 150N yHunatepnHo u
BunatepanHo Ha HMBO Ha npewoT Monap. OBue Mogenu bea aHanuavpanu of codhTBepoT 3a koHeuHu enemeHTH (SOFIFTIK codhTBepckuOT NakeT) KopucTejky aHanmsa
Ha Von Mises ctpec. Peayntatu: Hajsucoku BpeHoCTH Ha Hanperatbe bea 3abenexaHn Ha BpaToT Ha MMNMaHTUTE U Ha abaTmeHTUTe Bo ABaTa Mogena. Bo ogHoc Ha
nepy-MMNNaHTHa Kocka 1 noctepuopHuoT Aen Ha PAT HajBucoku BpepHOCTM Ha Hanperatba bea 3abenexaty kaj Mogen co nokatop ateumeH. 3aknyyoum: Criopen
pesynTaTuTe Of OBa MCTPaxyBatbe, MOXeME Aa 3aknyyuMe Aeka, Torka aTeumeHuTe obesbeysaar, nopaMHOMepHa AvCTpUOYLMja Ha CUnUTe Ha OMTOBapyBake BO
cropaba co nokatop ateymenuTe. Knyysu 36opoBu: umnnaxTy, nokposHa npotesa, MKE (MeToa Ha koHeuHy enemeHTn), GruomexaHnka, aTeumei.

Introduction bilitation does not meet patient expectationsl. Edentulous
patients often complain about the functionality of conven-

For over a century, conventional dentures have been a  tional dentures, particularly those made for the lower jaw
non-invasive treatment option for complete tooth loss, also  (mandibular dentures). The resorption of the alveolar ridge
known as edentulism. However, in many cases, this reha-  is a crucial factor associated with the loss of stability and
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retention of the lower denture due to the reduction of the sup-
porting tissue beneath the complete denture’. Overdentures
(ODs) are a recognized method for prosthetic treatment of
mandibular edentulism. Relatively affordable cost, simple
clinical management, and significant improvements in reten-
tion and stability make this type of restoration an attractive
treatment option for patients and dentists’. Following the
McGill and York consensus, overdentures supported by two
implants have become the preferred treatment for mandibu-
lar complete edentulism due to the favorable outcomes in
improving orofacial function and patient satisfaction®.
Implant-retained overdentures are usually retained on attach-
ments, which allows for better retention and stabilization of
the prosthesis. Various attachment-retention systems are
used in implant-supported overdentures. Attachments are
rigid or resilient connectors that absorb and orientate
occlusal forces. Their function is to protect and preserve soft
tissue and bones, provide retention, counteract forces that
can dislodge the denture, and participate in transferring
occlusal forces from the denture to the peri-implant tissue in
an axial direction while distributing shear forces. If these
forces are of high intensity or persist for long durations with-
out compensation, exceeding the adaptive capacity of the
affected tissue, they lead to morphological and functional
changes in the least resistant tissues’. The ideal retention sys-
tem for an implant-supported overdenture should be hygien-
ic, easy to use, and ensure uniform and atraumatic transmis-
sion of occlusal loads to the bone®. Clinically, it is still impos-
sible to assess stress distribution in the bone tissue caused by

implant-retained overdentures. Bioengineering studies can
evaluate the biomechanical characteristics of implants and
dentures. Simulation-based methods, such as the finite ele-
ment method (FEM), can be used to assess and quantify
stresses on implants, peri-implant bone, and deformations of
prosthetic components’.

Objective

The aim of this study is to analyze force transmission
and stress distribution in an implant-retained overdenture
and assess the impact of the retention system on the over-
denture, implants, peri-implant bone, and the posterior part
of the residual alveolar ridge in conditions where a narrow
mandibular ridge prevents the placement of standard-dia-
meter implants.

Materials and methods

In accordance with the study’s stated objective, numeri-
cal tests were conducted using a 3D model of a completely
edentulous mandible analyzed through the finite element
method (FEM). The 3D model was created based on CBCT
(Cone Beam Computed Tomography) scans of an edentu-
lous mandible. The study used a CBCT scan from a patient
at the Clinic for Mobile Prosthetics at the Public Health
Institution University Dental Clinical Center "St.

Panteleimon" in Skopje. After obtaining written consent, the
CBCT scan was performed at the University Clinic for

Figure 1. CBCT radiographic images of an edentulous mandible with virtually positioned implants.

@ sOFiSTI

Figure 2. 3D finite element model of a mandible with implants and ball attachments
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Figure 3. 3D finite element model of a mandible with implants and locator attachments.

Maxillofacial Surgery in Skopje. Using the Romexis
Planmeca software database, appropriate implants were
positioned in the interforaminal space of the edentulous
mandible.

The data obtained from the 3D radiography were used to
generate a finite element mesh using the SOFISTIK software
package. The boundary between cortical and cancellous
bone was contoured.The contour data of the profiles were
transformed into x, y, and z coordinate points. Tests were
conducted on models of a completely edentulous mandible
with two narrow-diameter implants (3.3 mm) placed in the
interforaminal region.Each of the models has different reten-
tion systems, acrylic resin overdenture, and acrylic teeth

*  Model 1: Two implants in the canine region with
ball attachments

*  Model 2: Two implants in the canine region with
locator attachments

Material characteristics of the model

To perform finite element analysis, all model compo-
nents must have precisely defined material properties. Most
dental materials analyzed are assumed to be homogeneous,
isotropic, and linearly elastic. The input parameters for all

modeled objects include the modulus of elasticity (E) and
Poisson’s ratio (v), derived from literature sources (Table 1).

Material characteristics of the model

The occlusal load was simulated with an axial force of
150 N, applied unilaterally and bilaterally to the first
molar region. The study did not consider time as a factor
in force application, meaning only short-term forces were
analyzed. The study examined the impact of occlusal
forces on the implants, peri-implant bone, and the posteri-
or part of the alveolar ridge.

Results

The stress analysis conducted using the SOFISTIK
software package provided results in the form of von
Mises stress distribution maps with color-coded bands.
These colors represent different levels of stress distribu-
tion, with red followed by orange, yellow, light green,
green, light blue, blue, and dark blue, indicating the high-
est stress levels. With these different colors, the stress dis-
tribution pattern can be analyzed in different models. The
stress values corresponding to each color are provided in
the images.

Table 1. Input parameters of oral tissues and prosthetic materials.

Material Elastic Modulus (MPa) |Poisson’s Ratio (v)
Implants/Attachments (Ti-6Al-4V)(21) 135,000 0.3
Cortical Bone (21) 13,700 0.3
Cancellous Bone(21) 1,370 0.3
Acrylic Resin(20) 3,000 0.35
Mucosa (20) 1 0.37
Nylon Cap (12) 350 0.40
Stainless Steel 19,000 0.31
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Unilateral axial load of 150 N

Figure 5. Von Mises stress (MPa) results for ball attachment, (a) implant, (b) peri-implant bone, and (c) posterior
part of the RAG.
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c)

Figure 6. Von Mises stress (MPa) results for Locator attachment (a) implant, (b) peri-implant bone, and (c) posterior
part of the RAG.
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Bilateral axial load of 150 N

Figure 8. Von Mises stress (MPa) results for ball attachment, (a) implant, (b) peri-implant bone, and (c) posterior
part of the RAG
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Figure 9. Von Mises stress (MPa) results for Locator attachment, (a) implant, (b) peri-implant bone, and (c) posteri-
or part of the RAG

MakenoHcku ctomaTonowku nperned. ISSN 2545-4757, 2024; 47 (3-4): 119-129 125



Tabular presentation of Von Mises stress values (MPa)

Table 2: Comparison of stress distribution for ball and locator under axial loading forces of 150 N, unilaterally.

- Posterior region
Implant Peri-implant bone
Model P P of RAG
body abutment | cortical | cancellous | cortical | cancellous
Model-1 ball 97.73 99.65 27.07 1.00 31.60 0.62
Model-2 Locator 102.52 86.60 28.42 1.04 41.40 0.70

Table 2: Comparison of stress distribution for ball and locator under axial loading forces of 150 N, bilaterally.

- - Posterior region
Implant Peri-implant bone
Model of RAG
body abutment | cortical | cancellous | cortical | cancellous
Model-1 ball 105.29 142.98 29.39 0.99 39.23 0.69
Model-2 Locator 113.24 151.74 30.50 1.05 52.49 0.76

Graphical representation of Von Mises stress results (MPa)

Von Mises stress(Mpa) for unilateral axial load of 150N
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Figure 10. Comparison of stress distribution between the ball and locator attachment under a unilateral load of 150 N.

Von Mises stress(Mpa) for bilateral axial load of 150N
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Figure 11. Comparison of stress distribution between the ball and the locator attachment under a bilateral load of 150 N.
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Discussion

Despite a high survival rate of dental implants docu-
mented in various clinical studies, early or late failures of
implant therapy remain unpredictable®*. Structural
problems and failures are often observed after prosthetic
treatment. Due to the complexity of the masticatory sys-
tem, numerous in vitro biomechanical studies on implant-
supported restorations cannot fully clarify the mecha-
nisms of osseointegration loss or implant fracture. This
study aims to minimize the risk of clinical failures due to
occlusal loading in the prosthetic treatment of completely
edentulous mandibles by using FEM analysis, which
accurately simulates conditions in the patient's mouth.The
finite element method is a crucial tool in implant dentistry
for studying stress distribution in bone tissue, biomechan-
ics of dental implants and bones, implant-bone interfaces,
and implant fatigue analysis. FEM is increasingly used by
researchers due to advancements in virtual engineering
that enable computer simulations under precise and stable
conditions, reducing errors found in experimental studies®.
Various factors influence stress distribution in implant-
retained overdentures, including implant design, attach-
ment type, loading conditions, and material properties of
the implants, prosthesis, and bone’. This study investi-
gates the effect of these factors on stress distribution to
properly understand the biomechanics of stress transfer
from the prosthesis to the attachments, implant, and sur-
rounding bone in a two-implant overdenture. Data from
related literature suggest that implants withstand axial
forces better than horizontal and oblique forces, which,
over time, may lead to bone loss, loosening, and potential
implant failure. In this study, models were tested under an
axial load of 150 N, as the literature indicates that the
maximum chewing force for implant-supported overden-
ture patients is 150-170 N'.One of the factors influencing
the amount of force transmitted to the implant is the
choice of the attachment system used for overdenture
retention. The type of attachment used for retaining an
implant-retained overdenture (IROD) is considered a cru-
cial factor for implant success regarding the stresses
occurring in the implant during function. Bhattacharjee et
al. highlight the impact of the type of attachment on stress
in the peri-implant bone as a conclusion from their analy-
sis of literature data on this topic". According to El-
Taftazani et al., whenever the retention system is resilient,
the stress in the bone around the implant is subsequently
reduced, and some of the stress is transferred to the poste-
rior part of the alveolar ridge. This results in better stress
distribution, thereby reducing the maximum stress levels.
Ball attachments are more resilient than locator attach-
ments and, therefore, transmit less force. According to the
authors, the resilience of these two attachments is closely

related to the nylon caps used in the attachments. Since
the volume of the nylon cap in the ball attachment is larg-
er than that in the locator attachment, and because the ball
attachment has a single retention mechanism while the
locator has a dual retention mechanism, the ball attach-
ment is more resilient and transmits less stress than the
locator attachment™. This study confirms the same find-
ings. The stress distribution in the model with ball attach-
ments is more uniform, and lower Von Mises stress values
appear in the implant, peri-implant bone, and the posteri-
or part of the residual alveolar ridge (RAR).

Stress Distribution in the Implant

It is suggested that narrow-diameter implants have
lower resistance to mechanical forces compared to stan-
dard-diameter implants. On the other hand, Morneburg et
al. did not report any implant fractures over six years and
two years of follow-up. According to the authors, implant
fractures were avoided due to proper loading protocols,
implant placement in the anterior part of the mandible,
and the use of short attachments"'*.This study showed
that implants experience the highest stress when under
load. Under an axial load, the highest stresses are
observed at the neck of the implant body and the abut-
ments in both models. The highest Von Mises stress val-
ues in the implant are observed in models with locator
attachments. A recent finite element method study by
Varela-Jimenez et al. determined that complications asso-
ciated with narrow implants can be minimized by the
mechanical advantages provided by a bar attachment.
Connecting narrow implants with a bar would protect the
implants from excessive loading and prevent fractures at
the implant/abutment junction. Implant connections are
made to increase the stability of the structure as a whole,
achieve better stress distribution, and increase the total
surface area receiving the load”.

Stress Distribution in the Peri-implant Bone

The results of this study revealed that the stresses
induced in the peri-implant bone upon loading were not
high in the cortical and trabecular bone in the analyzed
models. The highest stresses in the peri-implant bone are
concentrated around the neck of the implants (i.e., in the
cortical bone). Similar results have been reported in stud-
ies by Daas et al. and El-Zawahry et al.'*". A review and
meta-analysis conducted by Keshk et al. in 2017 on the
impact of attachments on peri-implant bone resorption
revealed no statistically significant differences among the
analyzed attachment types regarding marginal bone loss,
bleeding index, gingival index, and plaque index'. This
result was also highlighted in this study. However, the dif-
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ferent geometries of the two retention systems may reflect
different, albeit not significant, stress distribution varia-
tions under a load.

Stress Distribution in the Posterior Part of the Residual
Alveolar Ridge (RAR)

This study found no significant difference in Von
Mises stress values in the posterior part of the RAR
between ball and locator attachments. However, the
model with ball attachments produced better results, with
lower Von Mises stress values. Further in vitro studies
using the finite element method have confirmed that ball
attachments provide a more uniform distribution of load-
ing forces on both sides of the residual alveolar ridge'™.
Menicucci et al. investigated stress distribution in the
bone around the implant and the posterior part of the
mandibular alveolar ridge in two-implant overdentures
retained with ball and bar attachments using the 3D finite
element method. The study suggests that ball attachments
are preferable to bar attachments as they provide better
stress distribution in the posterior part of the mandibular
alveolar ridge®. Bollineni et al. conducted an evaluation
and comparison of stress distribution in the peri-implant
bone and posterior mandibular bone caused by an over-
denture retained on narrow-diameter implants using two
types of ball attachments: rigid and resilient. According to
the author, when narrow-diameter implants are used, the
stress in the peri-implant bone and the posterior part of the
alveolar ridge increases. However, in patients with narrow
ridges where implant placement with a standard diameter
is limited, the precise selection of retention
elements/attachmentsbecomes a critical factor in distrib-
uting masticatory forces. The conclusion is that overden-
tures retained on implants with resilient attachments show
better stress distribution than those with rigid attach-
ments®'.

The loss of implants and retention systems during oral
rehabilitation has negative consequences on denture sta-
bility, mastication, and patient comfort. To prevent com-
plications, a proper analysis of occlusal forces is recom-
mended, along with an adequate number of implants, their
optimal topographical placement, the selection of an
appropriate prosthetic restoration, and continuous medical
care for the patient to ensure timely and appropriate inter-
ventions to eliminate any deficiencies that may arise.

Conclusions

According to the results of this study, we can con-
clude that:

1. The highest stress values were observed at the
implant necks and abutments in both models.

2. Regarding the peri-implant bone and the posterior
part of the RAG, the highest stress values were observed
in the model with a locator attachment.

3. Ball attachments provide a more even distribution
of load forces compared to locator attachments.

Reference

1. Sharma S, Makkar M, Teja SS, Singh P. Implant-supported
overdenture: a review. J Pharm Biomed Sci 2017; 07(7):270-277.

2. Kobayashi M, Srinivasan M, Ammann P, Perriard J, Ohkubo C, Miiller
F, Belser UC, Schimmel M. Effects of in vitro cyclic dislodging on
retentive force and removal torque of three overdenture attachment
systems. Clin Oral Implants Res. 2014 Apr;25(4):426-34. DOI:
10.1111/clr.12156. EPUB2013 Apr 9. PMID: 23566266.

3. Schmidt MB, Rauch A, Schwarzer M, Lethaus B, Hahnel S.
Combination of Digital and Conventional Workflows in the
CAD/CAM-Fabrication of an Implant-Supported Overdenture.
Materials ~ (Basel). 2020 Aug 20;13(17):3688. DOL:
10.3390/ma13173688. PMID: 32825488; PMCID: PMC7503874.

4. Geckili O, Cilingir A, Erdogan O, Kesoglu AC, Bilmenoglu C, Ozdiler
A, Bilhan H. The influence of momentary retention forces on patient
satisfaction and quality of life of two-implant-retained mandibular
overdenture wearers. Int J Oral Maxillofac Implants. 2015 Mar-
Apr;30(2):397-402. DOI: 10.11607/jomi.3774. EPUB2014 Dec 5.
PMID: 25506644.

5. Stamenkovi¢ D, Nasti¢ M. Stomatoloska protetika: parcijalne proteze.
Beograd: Zavod za udzbenike i nastavna sredstva; 2000.

6. Ozan O, Ramoglu S. Effect of Implant Height Differences on Different
Attachment Types and Peri-Implant Bone in Mandibular Two-Implant
Overdentures: 3D Finite Element Study. J Oral Implantol. 2015
Jun;41(3):¢50-9. DOI: 10.1563/AAID-JOI-D-13-00239. EPUB2014
Jan 28. PMID: 24471769.

7. Pammer D. Evaluation of postoperative dental implant primary
stability using 3D finite element analysis. Comput Methods Biomech
Biomed Engin. 2019 Feb;22(3):280-287. DOI:
10.1080/10255842.2018.1552682. EPUB 2019 Jan 24. PMID:
30676075.

8. Tlanuescka C. TpuauMeH3MOHANHA aHAM3a Ha JIUMCTpUOyLMjaTa Ha
OKJTy3QJIHUTE CHJIM Kaj MapLMjATHU TIPOTE3H CO AUCTAIHO CIOOOIHU
ceina Cropel METOAOT Ha KOHCYHM CNEMEHTH. (JOKTOpCKa
Jwmcepranmja) Cromje, 2010.

9. Satheesh Kumar P, Satheesh KK, John J, Patil G, Patel R. Force
transfer and stress distribution in an implant-supported overdenture
retained with a harderbar attachment: a finite element analysis. ISRN
Dent. 2013 Dec 26;2013:369147. DOI: 10.1155/2013/369147. PMID:
24459589; PMCID: PMC3888690.

10. Helmy, M.A. Kothayer, M. Effect of two different overdenture
attachments on the biting force and occlusal force distribution.Egypt.
Dent. J. 2019, 65, 1723-1732.

11. Bhattacharjee B, Saneja R, Singh A, Dubey PK, Bhatnagar A. Peri-
implant stress distribution assessment of various attachment systems
for implant-supported overdenture prosthesis by finite element
analysis - A systematic review. J Oral Biol Craniofac Res. 2022 Nov-
Dec;12(6):802-808. DOI: 10.1016/j.jobcr.2022.09.002. EPUB 2022
Sep 7. PMID: 36159066; PMCID: PMC9490590.

12. El-Taftazani I, Moubarak A, El-Anwar M. Locator attachment versus
ball attachment: 3-Dimensional finite element study. Egypt. Dent. J.
2011;57(2)

13. Mommeburg T. R. Success rates of microimplants in edentulous patients
with residual ridge resorption. The International Journal of Oral &
Maxillofacial Implants. 2008;23(2):270-276.

14. S. Storelli, A. Caputo, G. Palandrani, M. Peditto, M. Del Fabbro. Use
of Narrow-Diameter Implants in Completely EdentulousPatients as a
Prosthetic Option: A Systematic Review of the Literature.

128

Macedonian Dental Review. ISSN 2545-4757, 2024; 47 (3-4): 119-129



15.

16.

17.

18.

Valera-Jiménez JF, Burgueio-Barris G Gomez-Gonzalez S, Lopez-
Lopez J, Valmaseda-Castellon E, Fernandez-Aguado E. Finite element
analysis of narrow dental implants. Dent Mater. 2020; 36:927-935.
Daas M, Dubois G, Bonnet AS, Lipinski P, Rignon-Bret C. A complete
finite element model of a mandibular implant-retained overdenture
with two implants: comparison between rigid and resilient attachment
configurations. Med Eng Phys. 2008 Mar;30(2):218-25. DOI:
10.1016/j.medengphy.2007.02.005. EPUB 2007 Mar 26. PMID:
17383925.

El-Zawahry MM, Ibraheem EM, Nassani MZ, Ghorab SA, El-Anwar
ML. Stress analysis of mandibular implant overdentures retained with
one, two, or four-ball attachments: A finite element study. Dent Res J
(Isfahan). 2018 Nov-Dec;15(6):437-443. PMID: 30534172; PMCID:
PMC6243807.

Keshk AM, Alqutaibi AY, Algabri RS, Swedan MS, Kaddah A.
Prosthodontic maintenance and peri-implant tissue conditions for
telescopic attachment-retained mandibular implant overdenture:

19.

20.

21.

Systematic review and meta-analysis of randomized clinical trials. Eur
J Dent. 2017 Oct-Dec;11(4):559-568. DOIL: 10.4103/ejd.¢jd 23 17.
PMID: 29279687, PMCID: PMC5727746.

Menicucci G, Lorenzetti M, Pera P, Preti G Mandibular implant-
retained overdenture: finite element analysis of two anchorage
systems. Int J Oral Maxillofac Implants. 1998 May-Jun;13(3):369-76.
PMID: 9638007.

Unsal GS, Erbasar GNH, Aykent F, Ozyilmaz OY, Ozdogan MS.
Evaluation of Stress Distribution on Mandibular Implant-Supported
Overdentures With Different Bone Heights and Attachment Types: A
3D Finite Element Analysis. J Oral Implantol. 2019 Oct;45(5):363-
370. DOIL: 10.1563/aaid-joi-D-19-00076. Epub 2019 Sep 19. PMID:
31536445.

Bollineni U, Shetty R, Singh I, Gopalakrishna S.Influence of
Attachment Configuration on Stresses in Completely Edentulous
Mandibular Ridge with an Implant-retained Overdenture: A Finite
Element Analysis.WorldJ Dent 2018;9(3)208-214

MakenoHcku ctomaronowuku nperned. ISSN 2545-4757, 2024; 47 (3-4): 119-129

129









	Page 1
	Page 2
	korica 1 2024 North nn Zadna.pdf
	Page 1
	Page 2




