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Abstract

After the extraction of teeth due to cavities, trauma or periodontal disease, the subsequent healing of postexstraction alveolar socket results in bone irregularities of the
residual alveolar ridge (reduction of height and width). The factors of bone resorption can be divided into: anatomical, metabolic, functional and prosthetic factors.
Postextraction alveolar resorption is significantly higher in the buccal aspects of both jaws. The process of bone remodeling will be more pronounced in clinical cases
with present dehiscence and fenestration of the buccal lamina. The extent of bone resorption of the residual ridge is proportional to the time elapsed after the dental
extraction. Deformities of the residual alveolar ridge are classified according to morphology in three consecutive classes. A case of 50-year-old male patient is pre-
sented with new regenerative protocols with PRF and a sticky bone for socket preservation. Using a combination of a sticky bone and PRF membranes for socket
preservation is a simple and cost-effective source of growth factors that increase the predictability and success outcome of implant supported prosthodontics solutions.
Key words: socket preservation, bone resorption, PRF protocol, immediate loading, dental implants.

AncTtpakT

Mo 3arybata Ha 3abute mopagu kapuec, Tpayma wnu napogoHTanHo 3abonysatbe, NOCMEAOBATENHOTO 3a3paByBatbe HA anBeonata no ekcTpakLyja, pesyntupa co
HEMpaBUMHOCTI Ha Pe3uayanHuoT anseonapeH rpebeH (HamanyBarse Ha KOCKEHVOT KBaHTYM BO BEPTUKANHA W XOpU3OHTanHa Hacoka). GaktopuTe Ha pecopnupja Ha
KOckuTe MOXe Aa Ce Nofenar Ha: aHaToMcKu, MeTabonuTIKi, (yHKLMOHaMHM 1 MPOTETCKI (hakTopy. AnBeonapHaTa pecopruyja Ha NOCTPEKCTPaKLMOHaTa anBeona e
3HAYUTENHO NoW3paseHa BO Mpefien Ha OykanHuTe acmekT Ha ABeTe Bunuum. MpoLecoT Ha pemMoaenvpatse Ha kockata Ke upe nouapaseH BO KIMHIYKUTE Cryvau Ha
MpuCyTHa [exvIcLieHUpia niunn cheHecTpaumja Ha bykanHata namuHa. ObemoT Ha pecopriuja Ha pe3uayanHuoT anseonapeH rpebeH e NponopLvoHaneH Co BpEMETO
MOMMHATO N0 fieHTanHaTa ekcTpakupja. [lechopmuTeTnTe Ha peaupyanHuoT anseonapeH rpebeH ce knacuduumpaart cnopes Mopdornorujata Bo Tpu knacy. Bo Tpyaot e
Npe3eHTUpaH KNMHUYKKA Cyyaj Ha S0-roaMLeH MauveHT kade e MpeTCTaBeHa COBPEMEHA TeXHMKA Ha MpesepBaLyja Ha MOCTEKCTpaKLMOHaTa anseona Co NoMoL Ha
HajHoBY pereHepaTuBHm npoTokonn (PRF MembpaHa 1 T.H.,,iennuBa Kocka” 3a 3a4yByBat-€ Ha KOCKEHIOT BOMyMeH 1 kBanuTeT). KopuctereTo Ha KoMb1HMpaHa TexHuka
Ha ,Jiennuea kocka” 1 PRF membpaHa e egHocTaBeH M eKOHOMIUYEH 13BOP Ha (paKkTopy Ha pacT Kow janogobpyBaaT MporHo3ata v yCrexoT Ha MMMNAHTHO-HOCEHaTa
npoTeTcka pectaspaumja. Knyunu 36o0poBu: npesepBaLija Ha NOCTEKCTPaKLVOHa anBeona, KockeHa pecopniuyja, PRF npoTokon, MMenujaTHo onTepeTyBatbe, AeHTanHN
MMMNHTA.

Introduction

After the tooth extraction resulting from caries, trau-
ma or periodontal disease, the subsequent healing of the
alveolar socket results in bone irregularities of the resid-
ual alveolar ridge (reduction of height and width).
Unfortunately, many routine extractions are performed
without paying attention to the alveolar ridge. Therefore,
while performing the extractions in modern dentistry, an
enormous attention is paid to minimizing trauma during
the oral surgery procedure.

After the extraction, the socket is filled with blood
containing proteins and damaged cells that initiate the
formation of a fibrin network with adhered platelets
(blood coagulum in the next 24 hours). Coagulum is
taken as a physical matrix that initiates the movement of
mesenchymal stem cells with their coagulation factors.
Later in the wound, neutrophils and macrophages digest
tissue debris and bacteria. Afterwards, fibrinolysis of the
blood coagulum occurs. The proliferation of mesenchy-
mal cells leads to a gradual replacement of the coagulum
with granulation tissue (2-4 days). Within a week, the
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vascular network is formed, while in the two weeks the
marginal surface of the extraction wound is covered with
young connective tissue rich in inflammatory cells and
blood vessels. In 4-6 weeks, the majority of the socket is
filled with young bone tissue without a trabecular form,
while the soft tissue is gradually keratinized. In 4-6
months, the mineral tissue in the socket is strengthened
with new layers of lamellar bone'”.

The loss of the alveolar bone can be associated with
various factors, such as endodontic pathology, periodon-
tology, trauma or aggressive manipulation of the thera-
pist during routine extraction. The anatomical pre-exist-
ing conditions, the metabolic status of the patients and
the functional load could also play an important role
considering the bone remodeling patterns. Mechanical
stimulation of the alveolar bone during mastication is
crucial in maintaining the bone volume®.

The resorption pathway is different in the maxilla
and the mandible. As a result, after a few years, the max-
illa progressively becomes smaller while the mandibular
arch becomes wider. There is a tendency to create a class
IIT intermaxillar ratio. Postextraction alveolar ridge
resorption is significantly higher in the buccal aspects of
both jaws. Bone remodeling is of greater significance if
dehiscence and fenestrations are present, resulting in a
larger buccal concavity of the residual alveolar bone.
The extent of bone resorption of the residual ridge is
closely related to the time elapsed after dental extraction.
The loss of tissue contours is higher in the early postex-
traction period (the first 6 months). The wound healing
in the maxilla occurs more rapidly, and therefore, resorp-
tion in the maxilla is faster.

Preservation of the alveolar ridge with the guided
bone and tissue regeneration technique should be carried
out at the time of tooth extraction, in order to control
bone resorption, to preserve the original dimensions and
contours of the alveolar ridge and create conditions
where the implant placement would be easy predictable.

Contemporary trends in regenerative procedures
include using autologous blood derivates (second gener-
ation of platelet rich fibrin -PRF) combined with various
graft materials as a gold standard in postextraction alve-
oli (sticky bone). Sticky bone presents bone graft mate-
rial entrapped in fibrin mesh.

Case description

A 50-year-old male patient, nonsmoking, without
any history of systemic disease was referred to our
Department for oral surgery, after several episodes of
dentoalveolar abscesses related to the tooth 14. The clin-
ical examination presented a remaining, not endodonti-

Figure 1. Retroalveolar rtg evaluation of tooth 14

e i,
Figure 2. Advanced platelet rich fibrin (A-PRF) prepara-
tion

cally treated root. Vitality tests on the tooth were nega-
tive and on vertical percussion, slight pain was present.
Retroalveolar radiographic examination showed a dif-
fuse, radiolucent chronic periapical lesion (Figure 1).
Extraction and socket preservation using ,,sticky
bone“ was planned. A prophylactic antibiotic regimen
was used. Prior to the procedure of socket preservation,
a procedure of ,,sticky bone* preparation was done that
included venepunction and fast drawing of blood into A-
PRF red tubes. Immediate centrifugation protocol for A-
PRF was done according to Dr. Choukroun’s instruc-
tions, 1300 rotations per minute during 8 minutes. At the
end of the spin, tubes were removed from the centrifuge
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and placed in the metal holder. Caps were removed and
after a period of 5 minutes for enhanced clot formation,
clots were removed. A-PRF can be used as a barrier mem-
brane; extraction socket plugs may be cut into pieces and
combined with bone grafts, they can also be punched and
sutured (Figure 2.).

Figure 5. Sticky bone graft material was placed in the
postextraction alveoli

Figure 6. A-PRF membrane placement

Figure 7. Stabilization suture placement

The i-PRF protocol includes using i-PRF orange tubes
for centrifugation with 700 rpm and centrifugation time of
3 minutes. At the end of the spin, an orange supernatant is
formed on the surface. I-PRF remains liquid for about 10-
12 minutes, and then it clots. The aspiration of the super-
natant is done with the needle.

In the PRF box special compartment, the ,,sticky
bone” was created. The fibrin membrane was cut into
small pieces and mixed with a bone grafting material
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Figure 8. Clinical view of healed site after 5 months

Figure 9. Implant placement

Figure 10. Immediate loading and a temporary crown

(xenograft granules). The exudate of PRF was used to
hydrate the graft granules. Afterwards, the i-PRF was
poured drop by drop onto the bone graft material, in order
to avoid overflow of i-PRF from the bone graft (Figure 3).

The extraction was performed completely atraumati-
cally, by using atraumatic elevators (Figure 4). The flap-
less technique was first described by Landsberg and

; -4 ‘ 434
Figure 11. Final implant supported prosthodontic
restoration

Figure 12. Two year follow- up

Bichacho in 1994. This technique does not damage the
papillae; they remain attached to the cement of adjacent
teeth. Atraumatic extraction was carried out without dam-
aging the surrounding remaining bone and the site was
thoroughly debrided by curettes and excessive irrigation
in order to remove any granulated tissue. Then, the sticky
bone graft material was placed in the post-extraction alve-
oli with a slight pressure and adaptation (Figure 5). Above
the graft, the biological membrane (A-PRF membrane)
was applied, whose ends were placed under the previous-
ly created underlying places. The edges of the postextrac-
tion soft tissue were approximated with stabilization
suture using silk suture. (Figure 6,7). After the interven-
tion, anti-inflammatory drugs and analgesics were admin-
istered and frequent rinsing with chlorohexidine solution
was recommended. The postoperative period was
uneventful.

The patient was evaluated after 5 months and an
endosseous implant with immediate loading protocol was
performed (Figure 8,9,10). Three months after the implan-
tation surgery, the patient was recalled for definite
prosthodontic solution (Figure 11, Figure 12).
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Discussion

The bone is a living tissue that is constantly remod-
eling or changing its geometry, density (degree of calci-
fication) and structure (orientation) under different fac-
tors such as biomechanical load, metabolic and hormon-
al effects, nutrition and neuronal influences.

Biomechanical laws defined by Wolff (1892) and
Frost (1983) explain that the bone remodeling process
depends on different characteristics of the masticatory
forces such as the quantum of strength, the change in the
size of the force, the number of cycles (mastication
cycles) and the change in force distribution®.

Canullo et al. claim that the degree of resorption is
individual and depends on the osteoclast activity and
they describe two kinds of individual trends in patients:
individual resorptive and individual anabolic trend. The
latter responds to dental extraction with intense bone
apposition due to individual anabolic constitutions’.

During the first 3 months after tooth loss, vertical
bone resorption is around 2 mm. Horizontal resorption is
3-6 mm in the first 6 months. For a period of 3 years, the
bone volume is reduced by 40-60%. Resorption of the
vestibular lamina in both jaws is greater®.

The resorption pathways described by Carl Misch
and Randolph Resnik (2017) consider that the extent of
bone resorption of the residual ridge is closely related to
the time after dental extraction. The loss of tissue con-
tours is greatest in the early postextraction period (the
first 6 months). After several years, the maxilla progres-
sively becomes smaller, while the mandibular arch
becomes wider. There is a tendency to create a class 111
intermaxilar ratio. The degree of resorption is individual
and depends on the osteoclast activity’.

The Cologne Classification of Alveolar Ridge
Defects (2013) uses three part codes to describe the
effect of the alveolar ridge as comprehensively as possi-
ble with a view to existing therapeutic options®:

Part 1: Orientation of the defect

h: horizontal

V: vertical

C: combined

S (or +S): sinus area

Part 2: Reconstruction needs associated with the defect
L. low: <4 mm

2. medium: 4-8 mm

3. high: > 8 mm)

Part 3: Relation of augmentation and defect region
1: internal, inside the contour

e: external, outside the ridge contour

The simplest and most predictable way to preserve
the width, height, and position of the alveolar ridge is the
preservation of the alveolar ridge at the time of extrac-
tion’. Only two thirds of the alveolar space that sponta-
neously heals after the extraction will be supplied with
new bone". Alveolar ridge preservation is guided bone
regeneration (GBR) application at the time of tooth
extraction to control bone resorption and to preserve
original ridge dimensions and contours (hard and soft
tissues)'.

The first techniques of preserving the alveolar bone
were presented in 1980, using a hydroxyapatite in the
form of a dental root cone'".

The key to successful alveolar bone preservation was
described by Carl Misch that included: atraumatic
extraction; evaluation of the walls of the socket and the
size of the defect; asepsis and complete removal of gran-
ulation tissue; providing adequate blood supply to the
graft; correct selection of graft material and ensuring
adequate recovery time'.

Classical technique for socket preservation is carried
out in the following order: atraumatic extraction, place-
ment of graft material and primary closure of the pos-
textraction wound. It is recommended to raise the
mucoperiosteal flap prior to the extraction. To secure the
graft material, a barrier membrane is used, while the
closing flap is displaced coronary to allow primary clos-
ing”. The potential problems could be associated with
loss of interdental papilla height if the papillary attach-
ment is involved in incision line, a recession of adjacent
teeth, difficulty in coronary displacement of the flap and
sequential inability to achieve primary closure, cicatrix
formation along the vertical incisions, coronal disloca-
tion of keratinized tissue and reduction of the level of
keratinized tissue on the vestibular aspect.

The technique without any flap is also called the
flapless technique. In the original procedure described
by Landsberg and Bichacho in 1994, a small free auto-
genous gingival graft with adequate dimensions is stabi-
lized using suture. Once the graft from the donor site has
been cut off, there is a minimal shrinkage of the soft tis-
sue graft and a reduction in its primary dimensions”.

Future therapies with autologous stem cells and
recombinant growth factors may have the potential to
reduce the need for autologous bone harvesting in the
future. However, until now, these therapies are limited to
designated medical centers®.

The various regenerative biomaterials used for sock-
et preservation are bone grafts, membranes, biologic
modifiers, and platelet concentrates'®. Platelet rich plas-
ma (PRP) and plasma rich in growth factors (PRGF) are
the first generation of platelet concentrates.
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Compared to PRP, PRF has many advantages over
PRP. First, PRF can be squeezed to form a membrane
and can be used as fibrin bandage serving as a matrix to
accelerate the healing of wound edges'®. Second, PRF
does not use bovine thrombin or other exogenous activa-
tors in the preparation process”. Its natural fibrin architec-
ture seems responsible for a slow release of growth factors
and matrix glycoproteins during 7 days'®.Third, the chair
side preparation of PRF is quite easy and fast, and sim-
plifies processing without any artificial biochemical
modification. Fourth, this produces an inexpensive
autologous fibrin membrane in few minutes and elimi-
nates the cost of membrane.

PRF (platelet-rich fibrin) which belongs to a new
second generation of platelet concentrates”?, and was
first developed in France, by Choukroun et al.?' for spe-
cific use in oral and maxillofacial surgery. Fibrinogen is
converted into an insoluble fibrin during enzymatic cas-
cades of coagulation in the presence of thrombin, factor
XII1, fibronectine, and calcium ions*. The polymerized
fibrin gel constitutes the first cicatricial matrix of the
injured site™*.

The biochemical analysis of the PRF composition
analyzes that it consists of an intimate assembly of
cytokines, glycanic chains, and structural glycoproteins
enmeshed within a fibrin network?. The PRF matrix
enmeshes glycosaminoglycans (heparin, hyaluronic
acid) from blood and platelets. Glycosaminoglycans
have great capacity to support cell migrations and heal-
ing processes™.

Platelets are discoidal, anuclear structures formed in
the bone marrow from megakaryocytes. Activation and
degranulation of the platelets releases the cytokines that
stimulate the cell migration and proliferation within the
fibrin matrix.

PRF platelet cytokines remain trapped in the fibrin
meshes, and probably even in the fibrin polymers (intrin-
sic cytokines)®. They stay trapped in the PRF fibrin
matrix even after serum exudation, which necessarily
implies an intimate incorporation of these molecules in
the fibrin polymer molecular architecture. These
cytokines have increased lifespan and they will be
released at the time of initial cicatricial matrix remodel-
ing (long-term effect).

A newly developed product of fabricating PRF-
enriched bone graft matrix (also known as “sticky
bone”) using autologous fibrin glue has been intro-
duced. As an alternative to titanium mesh or block bone
procedure, sticky bone was introduced in 2010 by Sohn
DS*. Sticky bone is a bone graft material entrapped in
fibrin mesh. Particulate bone powders are strongly
interconnected to each other by a fibrin network. Sticky
bone has numerous advantages: 1) It is flexible, well

adapted over various shape of bony defect; 2) The sta-
bility of the grafted bone is granted against any motion
and bone loss during the healing period is minimized.
Since the volume of augmentation is maintained during
the healing period, it reduces the need for ti-mesh
membrane; 3) Fibrin network entraps platelets and
leukocytes to release growth factors, so bone regenera-
tion and soft tissue healing are facilitated; 4) No chem-
ical additives are needed to fabricate the sticky bone?.

Fibrin rich gel is known to release slow growth fac-
tors®™* such as platelet-derived growth factor (PDGF),
transforming growth factor-f (TGF-f), fibroblast
growth factor (FGF), vascular endothelial growth factor
(VEGF) and insulin-like growth factor (IGF), which
stimulate cell proliferation, matrix remodeling, and
angiogenesis®.

PRF poor mechanical properties have resulted in pro-
motion of a new entity “sticky bone” that has found a
place in the regenerative field owing to its advantages
over the solo use of PRF?'.

The “sticky bone* acts like a mineral scaffold for ori-
entation and organized migration of the bone forming
cells. Moreover, it also contains growth factors neces-
sary for the stimulation, differentiation and migration of
cells™. The use of bone substitute with fibrin, platelets
and leukocytes have shown a better histological evi-
dence of hard bone and soft tissue formation than the use
of PRF as a single filling material for the extraction
socket™.

Conclusion

The socket preservation technique conserves the
alveolar architecture and prevents hard and soft tissue
collapse that minimizes the necessity for further aug-
mentation procedures in implant placement. The use of
new innovative PRF autologous products transforms
simple socket preservation into a more effective proce-
dure. Using a combination of a sticky bone and PRF
membranes for socket preservation is a simple and cost-
effective source of growth factors that increase the pre-
dictability and success outcome of implant supported
prosthodontic solutions.
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Abstract

The aim of the research is to analyze the distribution of occlusal vertical forces of the abutment teeth in bridge constructions with slightly shortened dental arches.
Material and method. Subject of research are bridge constructions in slightly shortened dental arches in the mandibula. The Finite Element Method (FEM) was applied,
and the analysis was made with simultaneous both-sided loading on the distal three abutment teeth. The simulated loading forces are with strength between 0.5 to
512N. Distributed occlusal vertical forces are measured at the level of the periodontal ligament (PDL). Results. The results show a symmetrical distribution of forces
on both sides of the bridge structure. The largest forces are distributed on teeth with applied force. The smallest forces are distributed in the apical part of PDL. There
was no difference between the total distributed forces on teeth and the distributed forces on the lateral part of the PDL. The measured strength of the forces and the
percentage are within the known values in the literature. Conclusion. The obtained results of the research are within the level of known functional values of the mas-
tication forces. This means that the biomechanical aspect for bridge constructions with slightly shortened dental arches is not disputable, but the decision to make it
should also be based on other individual and clinical conditions. Keywords: Occlusal vertical forces, bridge construction, shortened dental arches, finite elements
method (FEM), periodontal ligament (PDL).

AncTpakr

Llen Ha TpyaoT e fia ce Hanpasy aHanuaa Ha anctpubyLyjata Ha okiy3anHy BEpTUKaNHW Cuni Ha 3abuTe HOCaYM Kaj MOCTOBHM KOHCTPYKLIW Kaj Marnky ckpaTeHy 3abHiu
Hu3n. Matepujan u metop. lpenmeT Ha UCTpaxyBatse € MOCTOBHA KOHCTPYKLMA Kaj Marnky ckpaTeH 3abeH HM3 BO JonHa BunMUA. [pUMEHET e METOA Ha KOHEYHM
enemenv (MKE) a aHanm3aTa e HanpaBeHa Co CUMETPUYHO ONTOBapYBatbe Ha AUCTanHUTe Tpu 3abu Hocaun. CMynvpaHITe CUNMK Ha ONTOBApYBakbE Ce CO jaunHa of
0.5 po 512N. [uctpubympanuTe cunm ce MepeHn Ha HUBO Ha nepofoHTanHvoT nurameHT (MAJ1). Pesyntatn. Pesyntatute nokaxyBaar cuMeTpuyHa avctpubyuvja Ha
cANUTE W Ha ABETE CTPaHW Ha MOCTOBHATa KOHCTpyKuMja. Hajromemu cunu ce auctpubyvpaar Ha 3abute Ha Kou fenysa annuuvpaHata cuna. Hajmamu cunn ce
Anctpubyvpaar Bo anukanHuoT Aen Ha M. He e HajneHa pasnika nomery BKyNHO AVCTpUOYMpaHuTE cvni Ha 3ab0oT 1 AUCTpUBYMpaHITe CUNK Ha CTPAHUYHKUOT Aen Ha
[10I1. V3mepeHuTe cinm no jaynHa v NpOLEHT Ce BO paMKuTe Ha MO3HaTUTE BPEAHOCTM BO UTepaTypata. 3aknyyok. [JobueHnTe pesyntaTute 04 UCTPaXyBakeTo Ce BO
HIBO Ha NO3HaTTE (YHKLIMOHANHY BPESHOCTY Ha LiBakanHuTe cun. OBa 3Haum feka of GruoMexaHnikv acnekT 3paboTka Ha MOCTOBHY KOHCTPYKLMY Kaj Marky CKpaTeHi
3abHM HU3N He e CnopHa, Ho oanykaTa 3a 13paboTka Tpeba Aa ce AoHece 1 Bp3 Basa Ha ApyrvTe MHAMBIAYANHN W KNMHUYKY yenosu. Knyurn 36oposu: Oknysantm
BEPTVKAMHY CUNM, MOCTOBHM KOHCTPYKLMMW, CKpaTEHM 3aBHM H3W, METO Ha KoHeuHw enemenTyn (MKE), nepvogoHTaneH nurameHt (PDL).

Introduction

Until the seventies of the twentieth century, the goal of
dental treatment was the maintenance of complete dental
arches with 28 teeth. In 1981, the concept of the shortened
dental arch (SDA) promoted by Kéyser, suggesting that
shortened dental arches with at least four occlusal units,
preferably in a symmetrical position, have sufficient
capacity to maintain an adequate oral function'.

This claim caused a series of researches in which the
concept of shortened dental arch was studied from all
aspects, the functions of the masticatory system, the effect
of dental treatment, the quality of life, as well as the eco-
nomic and social aspects®****.

Based on the results of extensive surveys, the World
Health Organization WHO in 1992 set the new goal of
dental treatment, which is a healthy, natural, and function-
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al dental arch with at least 20 teeth without the need for
prosthesis”*.

Anneloes and associates found that shortened dental
arches can stay stable for more than 27 years, which jus-
tifies the dental concept for shortened dental arches’.

However, certain teeth changes can disrupt the stabil-
ity of the shortened dental arches and in that case, a pros-
thetic treatment would be needed. The most frequent
changes are the migration of teeth by separation, aestheti-
cal and functional needs, and especially the loss of bone
support.

According to De Oliveira and associates, teeth in
shortened arches show greater movement than teeth in
intact dental arches'.

According to Kourkout and associates, bridge con-
structions can provide a certain degree of rigidity and
enable a more favorable distribution of the masticatory
forces of all remaining cases in patients with an advanced
degree of progressive changes in the periodont''.

Measuring the the masticatory forces is important in
order to assess the functional state of the masticatory sys-
tem, but it is a complex problem. The values obtained
depend on many factors in the masticatory system, in the
body, as well as of the measurement methods. Therefore,
we find differences in the values obtained in literature.

In the published results, prevailing data suggest that
the occlusal forces in static occlusion range from 100 to
1000N, while the data of the functional masticatory forces
range from 3.5 to 350N".

According to Waltimo and Kononen, the maximal
occlusal forces between Europeans and Americas range
from 600 to 750N, while the functional mastication forces
are much smaller, around 60-100 N*.

Veleski measured the maximal masticatory forces in
intact dental arches in the lower jaw from 176.8 N to
380.9N in women and from 193.7N to 506.9N in men".

Himmlova measured the approximate value of 135 N
in masticatory forces in subjects with natural intact dental
arches”.

Laurell L. measured maximal masticatory forces of
320N in circular dental bridge constructions with a
healthy periodont and 264 N with weakened paradont'.

In his research, Biswas found the mean values of the
maximal masticatory forces for the front teeth to be 193N,
for the canines 223 N, for the premolars 280 N and for the
molars 350 N".

The mean value of the occlusal force is between 39-
66 N for the premolars and 11-33 N for the front teeth'®.

According to Lundgren and Laurell, the maximal
force that occurs during the chewing act is 280N and the
medium functional force is about 100N. He thinks that,
on average, about 37% of the total maximal occlusal force
is used in chewing".

Sato too believes that the dynamic functional momen-
tum is 35-45% of the measured static forces™.

By electromyographic analysis of the masticatory
muscles, Prochechel and Morneburg found a mean func-
tional masticatory force of 220N,

Several authors noted that the strength of the mastica-
tory forces increases in the distal direction of dental arch-
esl(), 22,23, 24,25,26,27, 28.

Kondo measured higher values of the maximal masti-
catory force in slightly shortened dental arches and pres-
sure on PDL on second premolars®.

Guo and associates and André and associates proved
that the deformation forces of the periodontal ligament
increase in proportion to the increase of the loading™-".

According to Apostolov, there are no distinctive dif-
ferences in the values of the maximal masticatory forces
on the left and on the right side of the dental arches™*.

Cai and associates and Zhou Shu-min and associates
found out that in the initial teeth loading, a larger amount
of the masticatory forces are distributed on the cervical
and lateral parts of the periodontal ligament™ .

In Jayam's research, during vestibular, lingual and
incisal loading, the distribution of force in the apical zone
is from 0.75 to 0.80N".

Fratila, Oru¢ and Je J discovered that the greatest con-
centration of the forces is distributed at the site of force
action'® % ¥,

Al-Zarea measured higher values of force on the side
of the natural teeth in comparison to the bridge structure
side, in same subjects, the difference was statistically sig-
nificant (p<0.05)".

According to literature data, the highest influence on
teeth is inflicted by the occlusal vertical forces which are
the largest and the base of mastication. They are one of the
most important conditions for physiologically optimal
occlusion, especially in prosthetic constructions where the
tendency during modeling is to reduce the impact of side
forces™.

From this aspect, the interest of this research is the dis-
tribution of the occlusal vertical forces of bridge con-
structions made in small shortened sequences.

Aim of the research

The aim of this research is to analyze the distribution
of occlusal vertical dental forces of bridge constructions
in slightly shortened dental arches.

Material and methods

The analysis of the distribution of occlusal vertical
forces is made by using the finite element method. The
research was done on a three-dimensional computer

MakenoHcku ctomatonowwku nperned. ISSN 2545-4757, 2019; 42 (3): 106-114.

107



model, the computer analysis and the generation of the
finite element network were done with SOFISTIK soft-
ware package.

The basic model is Kenedy class I edentulous in the
mandibula with end teeth 45 and 35, a slightly shortened
dental arch (Figure 1.).

<€ SOFIsTIK

Figure 1. Model of bridge construction in slightly short-
ened dental arch

The discretization of the model is on finite elements
with six sides and eight nodes.

The values needed for modeling teeth, periodontal lig-
ament, component materials for bridge structures were
taken from literature data.

The analysis was performed by symmetrical loading
on the three distal abutment teeth of the bridge construc-
tion 45, 44, 43, 42, 41, 31, 32, 33, 34, 35 (Figure 2).

Figure 2. Symmetrical loading of the three distal teeth

Simulated vertical occlusal forces with a magnitude of
0.5N to 512N were applied in the research, respectively to
the literature data for maximal and minimal masticatory
forces.

The duration of the load force is not taken as a factor
for the analysis.

The applied finite element method is a recognized and
used method in dental researches, especially in dental bio-
mechanics.

In this research, a three-dimensional (3D) finite ele-
ment method (FME) is applied, based on the deformation
method.

It is a numerical method that performs physical dis-
cretization of space. The continium (independent of its
shape, shape, size) is divided into elements with finite
dimensions. These elements are connected to each other
in discrete points marked as nodes, and that way, a finite
element network is formed. By analyzing the finite ele-
ments, actually the analysis of the continuum as a whole
is carried out.

The data for teeth, periodontal ligament, materials
used for bridge structures are taken from literature*' .

The problem being analyzed in this research is non-
linear. Nonlinearity is due to the anisotropic properties of
the periodontal ligament. According to Kojima, PDL
should be modeled as nonlinear®.

By using the nonlinear analysis, a real response is
obtained for the behavior of bridge structures and the dis-
tribution of forces.

Results

By carrying out the foreseen examinations in the
research, we obtained the following results:

Table 1 shows the obtained values of the distributed
occlusal vertical forces on the abutment teeth during
simultaneous both-sided load of the three distal abut-
ment teeth 45 44 43 and 33 34 35 in bridge construction
at 45 44 43 42 41 31 32 33 34 35 with the slightly short-
ened dental arch.

Table 2 shows the percentage distribution of occlusal
vertical forces on the abutment teeth during simultaneous
both-sided load on the three distal abutment teeth 45 44 43
and 33 34 35 in bridge construction 45 44 43 42 41 31 32
33 34 35 with the slightly shortened dental arch.

Table 3 shows the obtained values of the distributed
occlusal vertical forces in the apical part of PDL of abut-
ment teeth during simultaneous both-sided load on the
three distal abutment teeth 45 44 43 and 33 34 35 in
bridge construction 45 44 43 42 41 31 32 33 34 35 with
a slightly shortened dental arch.

Table 4 shows the percentage distribution of occlusal
vertical forces in the apical part of PDL of abutment
teeth during simultaneous both-sided load on the three
distal abutment teeth 45 44 43 and 33 34 35 in bridge
construction 45 44 43 42 41 31 32 33 34 35 with a slight-
ly shortened dental arch.
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Table 1. Values of the distributed occlusal vertical forces on the abutment teeth during simultaneous both-sided load
of the three distal abutment teeth 45 44 43 and 33 34 35

%\F 0.5N 1N 2N 4N 8N 16N 32N 64N | 128N | 256 N| 512 N
45| -0.17| -0.35| -0..69 -1.39 -2.92 -5.89 | -13.58 | -24.85| -49.91| -94.30 | -186.09
44| -0.13| -0.26| -0.52 -1.05 -1.96 -4.24 -7.20 | -18.52| -35.54 | -79.09|-160.03
43| -0.10| -0.20| -0..40 -0.80 -1.56 -2.97 -6.53 | -t1.27| -25.92| -52.13| -113.78
42 -0.05| -0.11 -0..21 -0.42 -0.84 -1.55 -3.05 -4.74 | -10.24| -18.44| -31.18
41 -0.04 -0.08| -0..17 -0.34 -0.70 -1.32 -2.56 -4.09 -6.78 | -11.80| -16.31
31 -0.04 -0.08| -0.17 -0.34 -0.69 -1.32 -2.56 -4.09 -6.74| -11.76 | -16.28
32 -0.05| -0..11 -0..21 -0.42 -0.84 -1.54 -3.06 -4.74 | -10.28| -18.49| -31.33
33| -0.10| -0.20| -0..40 -0.80 -1.56 -2.96 -5.54 | -11.18| -25.86| -52.02 | -113.56
34| -0.13| -0.26| -0.52 -1.05 -1.96 -4.24 -7.21| -1849| -3550| -79.11|-160.04
35| -0.17| -0.35 -0.70 1.39 -2.92 -5.89 | -13.60 | -24.87| -49.94| -94.37 | -186.18

Total -1.00 -2.00 -3.99 -7.99| -1598| -31.94| -63.88|-126.83 | -256.71 | -511.51 |-1014.78

Table 2. Percentage distribution of occlusal vertical forces on the abutment teeth during simultaneous both-sided
load on the three distal abutment teeth 45 44 43 and 33 34 35

%\F 0.5N 1N 2N 4 N 8N| 16N 32 N 64N| 128N | 256 N| 512 N
45 17.40 17.36 17.40 17.37 18.30 18.44 21.26 19.59 19.44 18.44 18.45

44 13.12 13.10 13.12 13.10 12.29 13.29 11.27 | 14.6.60 13.84 15.46 15.77

43 10.04 10.04 10.03 10.03 9.79 9.31 8.66 8.88 10.10 10.19 11.21

42 5.25 5.27 5.24 5.26 5.27 4.84 4.78 3.74 3.99 3.61 3.07

41 4.20 4.24 4.21 4.24 4.35 4.15 4.01 3.22 2.64 2.31 1.61

31 4.20 4.24 4.20 4.23 4.35 4.14 4.00 3.22 2.63 2.30 1.60

32 5.24 5.26 5.24 5.25 5.27 4.84 4.79 3.74 4.01 3.61 3.09

33 10.03 10.02 10.03 10.02 9.78 9.27 8.67 8.82 10.07 10.17 11.19

34 13.12 13.09 13.13 13.10 12.30 13.27 11.28 14.58 13.83 15.47 15.77

35 17.42 17.37 17.42 17.38 18.30 18.45 21.29 19.61 19.45 18.45 18.35
Total | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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Table 3. Values of the distributed occlusal vertical forces in the apical part of PDL

N 0.5N 1N 2N 4N 8N 16N 32N 64N| 128N | 256 N| 512N

45| -0.001| -0.002| -0.003| -0.006| -0.013| -0.026 | -0.079| -0.151| -0.270| -0.443| -0.817

44| -0.001| -0.001| -0.002| -0.005| -0.009| -0.019| -0.031| -0.110| -0.205| -0.383| -0.704

43 | 0.000| -0.001| -0.001| -0.003| -0.006| -0.011| -0.031| -0.048| -0.126 | -0.230| -0.429

42| 0.000| 0.000| -0.001| -0.002| -0.003| -0.006| -0.011| -0.018| -0.047| -0.091| -0.139

41 0.000 | 0.000| -0.001| -0.001| -0.003| -0.005| -0.009| -0.015| -0.020| -0.053 | -0.074

31 0.000 | 0.000| -0.001| -0.001| -0.003| -0.005| -0.009| -0.015| -0.020| -0.053 | -0.074

32| 0.000| 0.000| -0.001| -0.002| -0.003| -0.006| -0.012| -0.019| -0.049 | -0.095| -0.145

33| 0.000| -0.001| -0.001| -0.003| -0.006| -0.011| -0.020| -0.047| -0.125| -0.228 | -0.425

34| -0.001| -0.001| -0.002| -0.005| -0.009| -0.019| -0.031| -0.110| -0.205| -0.383 | -0.704

35| -0.001| -0.002| -0.003| -0.006| -0.013| -0.027 | -0.079| -0.151| -0.270| -0.443| -0.818

Total 0.00 -0.01 -0.02 -0.03 -0.07 -0.13 -0.30 -0.68 -1.34 -2.40 -4.33
Table 4. Percentage distribution of occlusal vertical forces in the apical part of PDL on abutment teeth

%\F 0.5N 1N 2N 4 N 8N 16 N 32N 64N | 128N | 256 N | 512 N

45 0.08 0.08 0.08 0.08 0.08 0.08 0.12 0.12 0.1 0.09 0.08

44 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.09 0.08 0.07 0.07

43 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.04 0.05 0.04 0.04

42 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.01

41 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01

31 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01

32 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01

33 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.04 0.05 0.04 0.04

34 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.09 0.08 0.07 0.07

35 0.08 0.08 0.08 0.08 0.08 0.08 0.12 0.12 0.1 0.09 0.08

Total 0.42 0.42 0.42 0.42 0.42 0.42 0.47 0.54 0.52 0.47 0.43
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Table 5. Values of distributed occlusal vertical forces on the lateral parts of PDL of abutment teeth during simultane-

ous both-sided load on the three distal abutment teeth 45 44 43 and 33 34 35

Tooth F 0.5N 1N 2N 4N 8N| 16N| 32N| 64N| 128N | 256 N| 512N

45 -0.17 -0.35 -0.69 -1.38 -2.91 -5.86 | -13.50| -24.70| -49.64 | -93.86 |-185.27

44 -0.13 -0.26 -0.52 -1.04 -1.96 -4.22 -717| -18.41| -35.33| -78.70|-159.32

43 -0.10 -0.20 -0.40 -0.80 -1.56 -2.96 -551| -11.22| -25.80| -51.90| -113.35

42 -0.05 -0.10 -0.21 -0.42 -0.84 -1.54 -3.04 -473| -10.20| -18.35| -31.04

41 -0.04 -0.08 -0.17 -0.34 -0.69 -1.32 -2.55 -4.07 -6.76 | -11.74| -16.23

31 -0.04 -0.08 -0.17 -0.34 -0.69 -1.32 -2.55 -4.07 -6.72| -11.71| -16.20

32 -0.05 -0.10 -0.21 -0.42 -0.84 -1.54 -3.05 -4.72| -10.23| -18.39| -31.18

33 -0.10 -0.20 -0.40 -0.80 -1.56 -2.95 -552| -11.13| -25.73| -51.80| -113.14

34 -0.13 -0.26 -0.52 -1.04 -1.96 -4.22 -7.18 | -18.38 | -35.29 | -78.73|-159.33

35 -0.17 -0.35 -0.69 -1.38 -2.91 -5.87 | -13.53 | -24.72| -49.67 | -93.93 | -185.36

Total -1.00 -1.99 -3.98 -7.95| -1591| -31.80| -63.58 |-126.15 | -255.38 | -509.11 |-1010.45
Table 6. Percentage distribution of occlusal vertical forces on lateral parts of PDL in abutment teeth

N 0.5N 1N 2N 4N 8N| 16N| 32N| 64N| 128N | 256 N| 512N

45 17.32 17.28 17.32 17.30 18.21 18.36 | 21.14 19.47 19.34 18.35 18.26

44 | 13.06 13.04 13.06 13.04 12.24 13.23 11.22 14.51 13.76 15.39 15.70

43 10.00 10.01 9.99| 10.00 9.75 9.27 8.63 8.85 10.05 10.15 11.17

42 5.23 5.25 5.22 5.24 5.26 4.82 4.76 3.73 3,97 3.59 3,06

41 4.18 4.23 4.19 4.22 4.34 4.13 3.99 3.21 2.63 2.30 1.60

31 4.18 4.22 418 4.22 4.33 4.12 3.99 3.21 2.62 2.29 1.60

32 5.22 5.24 5.22 5.23 5.25 4.82 4.77 3.72 3.99 3.60 3.07

33 9.99 9.98 9.99 9.98 9.74 9.24 8.63 8.78 10.02 10.13 11.15

34| 13.06 13.03 13.07 13.04 12.24 13.21 11.23 14.49 13.75 15.39 15.70

35 17.34 17.29 17.34 17.31 18.22 18.37 | 2117 19.49 19.35 18.36 18.27

BkynHo | 99.58 | 99.58 | 99.58 | 99.58 | 99.58| 99.58| 99.53| 9946 | 99.48| 99.53| 99.57
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Table 5 shows the obtained values of the distributed
occlusal vertical forces on the side parts of the PDL on
abutment teeth during simultaneous both-sided load on
the three distal abutment teeth 45 44 43 and 33 34 35 in
bridge construction 45 44 43 42 41 31 32 33 34 35 with
a slightly shortened dental arch.

Table 6 shows the percentage distribution of occlusal
vertical forces on lateral parts of PDL of abutment teeth
during the simultaneous both-sided load on the three dis-
tal abutment teeth 45 44 43 and 33 34 35 in bridge con-
struction 45 44 43 42 41 31 32 33 34 35 with a slightly
shortened dental arch.

Discussion

OThe obtained results for the distribution of the
occlusal vertical forces on the abutment teeth of bridge
constructions in slightly shortened dental arches during
simultaneous both-sided loading of the three distal abut-
ment teeth 45 44 43 and 33 34 35 (Table 1) have an
approximately identical distribution of the applied force
to the left and right side. Such results were also obtained
by Apostolov®.

All distributed forces have the same direction of action
identical to the direction of action of the loading force.

The distributed force has a tendency to approximate-
ly double the rise with the increase in the strength of the
applied force. That is in line with the results of Guo and
associates and André and associates™*".

For all applied loading forces, the strongest force is
distributed to the distal abutment teeth that gradually
decrease mesially. Fratila, Oruc and Ye Y. found this
kind of force distribution'®*¥.

On teeth not exposed to direct loading forces, small-
er forces are distributed that reach values of 31.33 N for
the strongest applied force (Table 1).

During the simultaneous both-sided load of the three
distal abutment teeth 45, 44, 43 and 33, 34, 35 in bridge
structures, there is approximately identical distribution
percentage of distributed force on the left and right side.
The percentage of distributed forces is approximately
identical for small and large forces with a tendency of
slight increase by increasing the strength of the applied
force. The highest percentage of force is distributed to
distal abutment teeth that gradually decrease to the
mesial abutment teeth.

On teeth with no force applied, the greatest force is
distributed during small loading forces and gradually
decreases with the rise of loading force (Table 2).

The strength of the distributed forces on the apical
part of the PDL on the abutment teeth is minimal, and is
less than 1 N, which is in accordance with Jayam's
research.37

The percentage of the distributed forces of the apical
parts of the PDL of the teeth carriers is less than 0.5%
(Table 4).

Distributed force on the side parts of the PDL on the
abutment teeth has the same characteristics as the dis-
tributed forces on teeth. This means that the major part
of the force is received by the lateral parts of PDL. This
is consistent with the results of Cai and Associates and
Zhou Shu-min and associates™ *>*.

Over 99.5% of the applied force is distributed to the
lateral parts of PDL of the abutment teeth and has the
same characteristics as on the entire teeth (Table 6).

The greatest difficulty in this research was that there
are many data in the literature, but the results are diffi-
cult to compare because different research methods have
been used. The published clinical trials are often reduced
to periodic analyzes.

Conclusion

Distributed occlusal vertical forces on all abutment
teeth have the same direction of action that is identical
with the direction of action of the loading force.

For all applied loading forces, the strongest force is
distributed to the distal teeth.

The percentage of distributed occlusal vertical
forces on teeth is approximately identical for small and
large forces.

Distributed occlusal vertical forces on the lateral
parts of PDL have the same characteristics as the dis-
tributed forces on teeth.

The strength and percentage of the distributed
occlusal vertical forces on the apical part of PDL on the
abutment teeth is minimal, and is less than 1N or 0.5%.
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