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Abstract

AIM. The objective of this study is to review possible methods of fixed prosthesis for patients with complete
edentulousness using 4 dental implants.

RESULTS. Patients with complete edentulousness and significant alveolar bone atrophy often complain about
unsatisfactory fixation of complete removable dentures. Dental implantation is used to make prostheses
with stable fixation. Full fixed prostheses supported by 6—8 dental implants have the greatest stability and
strength indicators, however, in some cases, with significant bone atrophy, the placement of a large number
of implants is impossible. The “All-on-4” technique was proposed to accelerate the rehabilitation of elderly
edentulous patients, which allows making fixed prosthesis supported by 4 dental implants without bone
grafting procedures. This treatment method involves the installation of distal implants at an angle to the frontal
plane in order to position the prosthetic platforms in the premolar area, which reduces the length of the distal
console elements and distributes the occlusal load more evenly.

CONCLUSIONS. The “All-on-4” technique has become widespread among dentists due to its relative ease
of performance, low cost and quick rehabilitation of edentulous patients. This treatment method shows high
survival and success rates, and thus can be an effective alternative to placing more implants. However, this
method of treatment requires further study from the point of view of functional changes of the dento-alveolar
system in patients with complete absence of teeth and justification using the methods of electromyography of
masticatory muscles and digital analysis of occlusion, as well as determination of critical values of angles of
inclination of distal implants using the method of mathematical modeling.
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Pesiome

LIEJTIb. O630p MeTOO4a HECLEMHOIO NPOTE3NPOBAHNSA NALMEHTOB C NOMHBLIM OTCYTCTBMEM 3yOOB C MCMOb30-
BaHmem 4 AEHTaJIbHbIX UMMNJ1AHTATOB.

PE3VYJIbTATbI. MauneHTbl ¢ NOAHBIM OTCYTCTBMEM 3yOOB 1 BbIpaXEHHOV aTpoduer anbBeonsapHON KOCTU
NP NCNos1b30BaHUU MOJTHbIX CbEMHbLIX MPOTE30B YaCTO NPeabABAIOT XanooObl Ha KX HeynoBneTBopuTesb-
Hylo dukcaumio. C uenbio ynydweHns dukcaunm npoTe3oB NPUMEHSAETCS METOA AeHTallbHOM MMMNNaHTa-
umn. Hanbonblueit yCTOMYMBOCTBIO M MPOYHOCTHBLIMUW CBOMCTBaMY 06/1a4at0T NOJIHbIE HECbEMHbIE NPOTE3bl
C OnopoW Ha 6-8 AeHTaNbHbIX UMMNIAHTATOB, OAHAKO B PSAE ClyyYaeB MpPu BbIPaXeHHOW atpoduin KOCTHOMN
TKaHM ycTaHoBKa 60/bLLIOIro KoIMYecTBa MMNaHTaToB HEBO3MOXHAa. C Lenblo 6onee 6bIcTpon peabunuta-
umm 6e33y0Obix NALMEHTOB C BblpaXXeHHOW aTpodunen anbBeoNsiPHOM KOCTHY, a TakXKe NauuMeHTOB C coMaTuye-
ckow natonoruen, bbina npeanoxeHa metoanka «All-on-4», N03BoNAIOLLAS U3BrOTOBUTb HECbEMHbIV NPOTE3
C ONOpoW Ha 4 geHTanbHbIX UMMNNaHTaTa, He npuberas K O6LWMPHBIM KOCTHO-MIACTUYECKUM ONMEpPaLLUsM.
[aHHbIn MeToa, NedYeHnsa nNpennosaraeT yCTaHOBKY AUCTalIbHbIX UMMIAHTATOB NOJA, YIIOM K GPOHTaNIbHOMN
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MOCKOCTU C LEeNbio pacnosioxeHus optoneanyeckmx nnatdopm B 061aCTv NPEMONISPOB, YTO NO3BONSET
YMEHbLNTb AJIMHY ONCTaNbHbIX KOHCOJbHbIX 3JIEMEHTOB 1 6051ee paBHOMEPHO PaCNpPenennTb OKKTIO3NOH-
HYIO Harpysky.

BbIBOAbl. Metoaunka «All-on-4», nonyynna wmnpokoe pacnpocTpaHeHne cpean ctoMmaTosioros BcneacTeme
OTHOCUTEJIbHO MPOCTOTbI BbINOJIHEHUS, OeleBU3Hbl U ObICTPOThI peabunutaunm 6e33yOblx NauneHTOoB.
OTOT METOS, NNeYEeHUs AEMOHCTPUPYET BbICOKME MOKA3aTENN BbIXXMBAEMOCTM N YCAELWHOCTU, @ 3HAYUT, MO-
XeT O6bITb 9dDEKTUBHOM anbTePHATUBON yCTaHOBKEe 60JbLUEro konnyecTsa uMmnnaHtTatos. OgHako, AaHHbIN
MeTon neveHus TpedyeT ganbHenLwero n3y4eHns ¢ To4Ku GYHKLNOHAIbHbIX U3BMEHEHUIM 3y604eNtioCTHOM CU-
CTEMbI Yy MaLUNEeHTOB C MOJIHbIM OTCYTCTBMEM 3yOOB M 0BG0OCHOBAHNS C UCMOJIb30BAHNEM METOLOB 3JIEKTPO-
Munorpadum XeBaTesbHbIX MbILL, M LMPPOBOro aHann3a OKk3nn, a Takxke onpeaeneHns KpUTU4ECKnX 3Ha-
YEeHW YrNoB HaKIOHa ANCTaNIbHbIX MMMIAHTATOB C MOMOLLbIO METO4A MAaTeEMaTMYECKOro MOAENNPOBAHUS.

KnioueBble cnoBa: uMnnaHTar, aaeHTma, atpodus, npote3mposaHue, All-on-4

UHdopmauuma o ctaTbe: noctynuna — 14.05. 2025; ncnpasnena — 29.05.2025; npuHata — 10.06.2025
KoH®AUKT nHTepecos: aBTOPbl COOOLLAIOT 06 OTCYTCTBUMN KOHPNNKTA UHTEPECOB.

BnaropgapHocTu: GUHAHCUPOBAHME U MHANBMOYaNbHbIE 611arofapHOCTY AN AEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana uutuposanuma: HynaHos B.C., MaHuH A.M., Ununawsnnmn A.M., XopryaHun A.M. BO3MOXHOCT HECbEMHO-
ro NPOTEe3MPOBaHMS MNALMEHTOB C MOSIHLIM OTCYTCTBMEM 3yOOB C ONOPON Ha 4 AEHTasbHbIX UMMAaHTa. SH40-
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INTRODUCTION

According to the World Health Organization, 29% of
individuals aged 65-74 worldwide suffer from complete
edentulism. This condition can be addressed through
two principal prosthetic options: the fabrication of
complete removable mucosa-supported dentures or
the placement of prosthetic constructions supported
by dental implants. The absence of teeth may lead to
difficulties or inability to chew food, impaired social in-
tegration, and psycho-emotional discomfort due to
compromised speech and esthetic deficiencies. Fur-
thermore, long-term edentulism results in functional
disturbances of the stomatognathic system, includ-
ing temporomandibular joint dysfunction and altered
masticatory muscle activity. The most significant di-
sadvantage of removable mucosa-supported dentures
is their inadequate retention, particularly in cases of
pronounced alveolar ridge atrophy [1]. This can lead not
only to mechanical damage of the prosthesis—such as
fracture or increased wear of artificial teeth—but also to
exacerbation of functional impairments. Nevertheless,
the relatively low cost of such prostheses and the ab-
sence of additional surgical interventions make them an
attractive solution, although every prosthetic method
presents both advantages and significant limitations.

In contemporary dental practice, dental implants
are widely used for the replacement of missing teeth to
provide support for both removable and fixed prosthetic
constructions. This has greatly expanded treatment
possibilities for patients with complete edentulism [2].
Numerous studies have been published to determine
the optimal number of dental implants required for ful-
I-arch rehabilitation. In a 2010 study, V.V. Korkin con-
ducted a comparative analysis of the survival of pros-
thetic constructions with different numbers of suppor-
ting implants using the Schileicher-Nadan criterion,
which evaluates the combined effects of tensile, com-
pressive, and shear stresses. The highest biomechani-
cal strength in the “fixed prosthesis—endosseous im-
plants—alveolar bone” system was observed when six to
eight vertically placed implants were used [3].

However, several anatomical characteristics of the
makxilla, such as extensive pneumatization of the ma-
xillary sinus and bone atrophy due to periodontitis and
long-term tooth loss, often result in insufficient bone
volume for the placement of six to eight dental implants,
necessitating sinus augmentation procedures. On the
mandible, vertical alveolar bone resorption progresses
at an average rate of 0.2 mm per year. When combined
with periodontal bone defects, this often requires bone
grafting before implant placement. Performing exten-
sive bone augmentation procedures in elderly patients
with comorbidities carries an increased risk of compli-
cations. Moreover, in many cases, the actual bone vo-
lume gain after augmentation is minimal, which may ne-
cessitate repeated surgical intervention. For example,
I. Urban, the author of the guided bone regeneration
technique known as the “Sausage technique”, reports
that additional augmentation is often required at the
stage of implant placement within the previously rege-
nerated area to ensure long-term volume stability [4].

Given these considerations, alternative treatment
options to the placement of six to eight dental implants
should be explored in specific clinical scenarios — one
such alternative being the use of fourimplantsin regions
with favorable anatomic conditions. The fabrication of
afixed prosthesis supported by dental implants in cases
of severe alveolar ridge atrophy requires careful plan-
ning of implant positioning and prosthetic design. One
of the complications associated with fixed prostheses
supported by four implants in fully edentulous patients
is bone resorption around the implants caused by ex-
cessive loading resulting from altered stomatognathic
function. According to D. Wismeijer, P. Casentini, G. Gal-
lucci, and M. Chiapasco, the majority of cases of bone
resorption and implant failure occurred in the distal
segments, underscoring concerns regarding the long-
term survival of fixed full-arch prostheses supported by
only four dental implants [5].

Since the 1960s, standard Toronto-type implant-
supported prostheses have been widely used in the
treatment of edentulous patients, particularly in cases
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of severe jaw atrophy. When four dental implants are
used to support a fixed prosthesis, they are typically
placed vertically in the anterior region of the mandible
between the mental foramina. To avoid implant place-
ment in the molar area, the distal cantilever extensions
of such prostheses often reach lengths of up to 20 mm.
However, cantilever lengths exceeding 15 mm are as-
sociated with a higher risk of complications, such as
screw loosening, chipping of the veneering ceramic,
framework fracture, significant bone resorption around
the implants, and loss of osseointegration.

In his monograph, E. Agliardi cites Tulasne et al.,
who in 1989 proposed a protocol for placing 20-22 mm
long implants into the pterygoid process of the sphe-
noid bone at an angle of 35-55 degrees. This approach
was later modified: implants were instead placed in the
pterygoid-maxillary region, parallel to the distal wall of
the maxillary sinus, often without engaging the ptery-
goid process itself.

In 2000, Krekmanov et al. analyzed the effect of ex-
tending the prosthetic span of full-arch fixed restora-
tions on both jaws by tilting the distal implants. This an-
gulated implant placement allowed for better distribu-
tion of occlusal forces, reduction in the length of distal
cantilevers, and improved implant survival rates within
fixed prosthetic constructions. The survival rate of tilted
implants reached 95.7%, compared to 90.2% for verti-
cally placed implants, with no significant differences
found in force and bending moments at the level of each
implant [6]. As a result, tilted implant placement has be-
come a well-established clinical practice and a viable
alternative to bone augmentation procedures.

AIM

To review current approaches to fixed prosthetic re-
habilitation in completely edentulous patients using four
dental implants, including protocols involving the place-
ment of tilted implants.

RESULTS

Between 2003 and 2005, P. Malo introduced the “All-
on-4” protocol, which allows for the fabrication of a fixed
full-arch prosthesis supported by four dental implants.
In this technique, the two anterior implants are placed
vertically in the region of the central or lateral incisors,
while the two posterior implants are tilted at an angle of
30-45 degrees to the frontal plane in order to position
the implant platforms in the region of the first or second
premolars. This configuration avoids the need for bone
grafting procedures and minimizes the risk of injury to
critical anatomical structures. Tilting the posterior im-
plants significantly reduces biomechanical forces and
distributes occlusal load more efficiently than the use of
five vertically placed implants. The prosthetic structure
typically consists of a 12-unit acrylic prosthesis rein-
forced with a titanium framework, screw-retained onto
multi-unit abutments.

In 2019, P. Mal6 published a retrospective long-term
follow-up study on the “All-on-4” concept with an ob-
servation period ranging from 10 to 18 years. The study
included 471 patients who received 1884 implants and
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471 fixed prostheses. The primary outcome measu-
res were prosthesis and implant survival rates, while
secondary outcomes included marginal bone loss at
10 and 15 years, as well as biological and mechanical
complications. A total of 176 patients (37%) were lost to
follow-up. The cumulative prosthesis survival rate was
98.8%, and implant survival and success rates were
93% and 91.7%, respectively, over the 18-year obser-
vation period [7].

The relative simplicity of the procedure, reduced
cost due to the absence of bone grafting materials, and
growing global adoption of the “All-on-4" technique
have inspired continued research. In a 2014 study by
M. Taruna, B. Chittaranjan, and colleagues, which
focused on the prosthetic success of the “All-on-4”"
method, particular attention was given to the angula-
tion limits of distal implants, the length of cantilever ex-
tensions, and the importance of prosthetic framework
reinforcement. When an implant is part of a splinted
multi-implant framework, the rigidity of the prosthesis
helps reduce implant bending. A more distal position of
the posterior implant and a shorter cantilever can re-
duce stress on the implant. Theoretical models suggest
that angulated implants allow for a longer prosthetic
framework, which in turn reduces the forces acting on
implants. From a biological perspective, the position of
the prosthetic platform may be more critical than the
actual angle of implant insertion.

Cantilever loading can create a hinge effect, gene-
rating high stress levels on the implants closest to the
load. Excessive cantilever length may lead to defor-
mation of the prosthetic framework and subsequent
complications such as screw loosening, fracture of
acrylic teeth, or even framework fracture. Splinted
tilted implants demonstrate lower stress levels com-
pared to vertically placed implants supporting a can-
tilever. Therefore, reducing prosthesis-induced stress
may improve the longevity of full-arch fixed prostheses
relative to traditional implant positioning. When verti-
cal force is applied to the first premolar area of a tilted
implant, adjacent implants share the load. Since the
prosthesis is loaded between the anterior and pos-
terior implants, the stress is distributed across both,
without overloading the tilted implant.

Long-term studies have shown no significant diffe-
rences in implant survival between maxillary fixed pros-
theses supported by four versus six implants. Stress
distribution and loading patterns were comparable in
four- and six-implant models. Cantilever length should
be minimized, as long extensions significantly increase
stress on distal implants regardless of the number of
supporting implants. Finite element models examined
deformation around distal implants angled at 0°, 15°,
30°, and 45°. No substantial differences were observed
between the 0°, 15°, and 30° groups, although defor-
mation increased at 45°. The recommended maximum
cantilever length is 10-12 mm in the mandible and no
more than 6-8 mm in the maxilla due to lower bone
density [8].

Modern implant systems offer various implant-abut-
ment connection designs, with the most common
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being conical, internal flat-to-flat, and external hexa-
gonal connections. In a 2023 study, Pei-Shuang Wang,
Ming-Hsu Tsai, and colleagues performed a biome-
chanical evaluation of full-arch prostheses supported
by four implants with different connection types. The
implant—-abutment connection type was identified as
a factor influencing occlusal load distribution. Two
groups were compared: one using implants with an ex-
ternal hex connection (4.0 mm diameter) and the other
using conical connections (4.3 mm diameter). All com-
ponents of the “All-on-4” protocol was included in the
analysis—custom titanium frameworks, multi-unit abut-
ments, fixation screws, and implants.

Precise measurements were taken using cali-
pers and a digital microscope, and the models were
additionally scanned with a 3D optical system (Ai-
con SmartScan-HE). CAD software and finite ele-
ment analysis tools were used to create 3D mo-
dels, which were embedded into a bone block model
(50 mm x 30 mm x 40 mm) designed to mimic human
bone, with a 3 mm dense outer cortical layer and an
inner trabecular core. A vertical force of 190 N was ap-
plied at the distal cantilever of the framework.

Both groups showed similar stress levels and dis-
tribution on distal implants under identical load condi-
tions. The highest von Mises stresses were recorded
in the fixation screws, followed by the multi-unit abut-
ments, indicating that these components are the most
vulnerable in the distal implant zone. The lowest stress
values were consistently found in the bone, with slightly
higher bone stress in the external hex group compared
to the conical group. Both groups showed a gradual de-
crease in von Mises stress from the multi-unit abutment
to the implant collar. In the external hex group, stress
was mainly concentrated on the screws and abutments,
whereas in the conical group, the stress was more even-
ly distributed and slightly lower across the framework,
screws, abutments, and bone tissue. Marginal bone re-
sorption was higher in the external hex group, though
the difference was not statistically significant. There-
fore, both connection types are considered clinically
suitable for the “All-on-4" protocol [9].
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Despite the numerous studies devoted to the “All-
on-4” technique—many of which emphasize its versati-
lity and high clinical success—not all meet the criteria for
methodological rigor and objectivity. This concern was
highlighted by David Soto-Pefaloza, Regino Zaragozi-
Alonso, Maria Pefarrocha-Diago, and colleagues in
their 2017 systematic review of the “All-on-4” concept.
An initial screening yielded 728 articles, of which only
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riods generally included small sample sizes — a limi-
tation that may introduce bias and lead to misleading
interpretations. The reported implant survival rate be-
yond 24 months was 99.8%. However, current evidence
remains limited due to insufficient methodological de-
tail, lack of long-term follow-up, and small participant
cohorts. Biological complications, particularly peri-
implantitis, were reported in a minority of patients after
an average follow-up period of two years. Therefore,
the authors emphasized the need for clearer success
and survival criteria, given the high prevalence of peri-
implant diseases [10].

CONCLUSION

The “All-on-4” technique — which involves the place-
ment of four dental implants (including tilted posterior
implants) and the fabrication of a screw-retained, rein-
forced fixed prosthesis — represents an effective alter-
native to the placement of a greater number of implants
with bone grafting procedures in cases of significant
alveolar bone loss. This protocol substantially reduces
treatment time, facilitates postoperative recovery, and
lowers patient costs by eliminating the need for grafting
materials. However, in our view, this method requires
further investigation concerning the functional changes
of the stomatognathic system in fully edentulous pa-
tients. Specifically, it warrants evaluation using elec-
tromyographic analysis of masticatory muscles, digital
occlusion analysis, and mathematical modeling to de-
fine the critical angulation thresholds for distal implant
placement.
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