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> Abstract. The use of CAD/CAM technology in the fabrication of bar-supported implant structures provides
exceptionally high precision (up to 5 um compared to 50-70 pm in casting), ensuring ideal fit, reducing production
time (to as little as one day), and enabling the creation of complex, customized designs from high-strength materials
(such as zirconia) that consider anatomy and biocompatibility. This approach minimizes the risk of peri-implantitis and
ensures superior aesthetics and functionality that are unattainable with traditional methods.

For cast bar-supported implant structures, the microgap between the implant and the prosthetic structure is
390+ 70 pm for cobalt-chromium alloy and 800 + 40 um for titanium alloy, which necessitates the use of additional
corrective technologies. To improve the accuracy of implant-supported bar structures, CAD/CAM milling from solid
blocks of various materials is employed.

The study aimed to evaluate the precision of CAD/CAM-milled bar structures supported by dental implants
used in prosthetic treatment, as a function of the material employed and the number of supporting implants.

Materials and methods. A total of 20 patients were examined, including 12 women and 8 men aged from 35
to 77 years, all of whom had 4 or 6 dental implants previously placed in the mandible. Using CAD/CAM systems
and 5-axis milling machines, 20-bar constructs supported by 4 or 6 implants were fabricated from either titanium or
cobalt-chromium alloy. The total number of supporting implants was 100.

Conclusions. Based on the data obtained in the course of the study, the following clinical recommendations can

be formulated for the fabrication of implant-supported bar constructions:
1. Both titanium and cobalt-chromium alloys may be used as suitable materials.
2. In prosthetic treatment supported by either 4 or 6 dental implants, CAD/CAM milling enables the fabrication

of high-precision constructions.

3. CAD/CAM milling allows for the production of constructions with consistently acceptable accuracy.
Thus, the fabrication of implant-supported bar constructions using 5-axis milling machines is recommended as
the method of choice for the prosthetic rehabilitation of patients with complete edentulism.
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Introduction

Modern dentistry offers patients with complete
edentulism a range of treatment options that were
not available in the recent past. The use of dental
implants provides additional support for prosthetic
restorations. Classical complete removable dentures
supported solely by soft tissues in the mandible
have numerous disadvantages and often fail to per-
form their intended functions adequately, particular-
ly in cases of significant bone atrophy. Such dentures
may shift by more than 10 mm within the oral cavity,
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titanium alloy,

cobalt-chromium alloy.

particularly during contraction of the mylohyoid and
buccal muscles during mastication or speech, result-
ing in unstable occlusal contacts [1]. The primary
patient complaints include denture mobility, pain
during chewing, speech disturbances, unsatisfactory
aesthetics, and difficulty eating.

Differences in proprioceptive activity are ob-
served among various prosthetic constructions.
Patients with natural teeth can perceive a gap of
20 um, those with implants about 50 um, and those
with complete removable dentures approximate-
ly 100 um [2]. Patients with complete edentulism
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demonstrate reduced psychosocial status even when
well adapted to conventional removable dentures
[3]. Comparative studies of prosthetic treatment
methods for completely edentulous mandibles
show higher patient satisfaction with implant-sup-
ported prostheses than with traditional removable
dentures [4]. Implant-supported complete dentures
also demonstrate higher functional efficiency in food
grasping and mastication, reduced pain and discom-
fort, and improved ability to lead a more active and
socially engaged lifestyle [5].

Implant-supported prosthetic treatment in com-
pletely edentulous patients improves neuromuscular
activity and adaptation, enhancing masticatory func-
tion. A special category includes implant-supported
bar constructions with a counter-bar incorporated
into the denture. In these systems, the prosthesis
is supported by implants splinted with a bar in the
anterior region and by the mucosa in the posterior
region of the jaw. Under vertical loads, the implants
function as the primary support, while in the distal
areas, pressure is distributed over the mucosa. Re-
tention in this type of prosthesis counteracts lateral
and tipping movements.

Among the advantages of removable implant-sup-
ported constructions is the relative ease with which
patients can perform oral hygiene compared to fixed
prostheses. Additionally, removable implant-support-
ed dentures for completely edentulous patients may
include more voluminous labial flanges, creating a
favorable aesthetic effect by supporting soft tissues.
Disadvantages include psychological factors and pro-
gressive tissue atrophy beneath the prosthesis.

One of the most critical factors for the success
of implant-supported prosthetic treatment is the
precision of fit of the fabricated prosthetic structure
[6]. Mechanical and biological complications result
from inadequate fit of implant-supported prostheses.
The most common mechanical complications include
loosening or fracture of prosthetic screws, fracture
of abutments, or fracture of the prosthesis itself.
Furthermore, the microgap between the implant and
the prosthesis may be colonized by bacteria, which
can contribute to the destruction of peri-implant
tissues [7].

Studies have examined the effects of varying levels
of deformation on bone tissue. It has been noted that
bone tissue is prone to fracture at deformation levels
of 1-2%, while deformation ranging from 2% to 40%
results in bone lysis or the formation of fibrous tissue
in the load-bearing area. One of the earliest theories
of bone remodeling under stress was formulated by
Kummer. When deformation exceeds physiological
limits, microfractures in bone tissue and resorption
may occur [8]. Impaired trophism of bone tissue due

to compression can also lead to bone lysis and expose
this area to increased destructive effects of anaerobic
bacteria. Thus, until the permissible level of inaccura-
cy is clearly defined, clinicians should strive to max-
imize the precision of fit of prosthetic constructs to
reduce the risk of adverse force-related effects and
the development of complications.

To assess the accuracy of fit of implant-support-
ed prosthetic constructions in both clinical and lab-
oratory settings, the Sheffield test is used. This test
is performed for one-piece prosthetic constructions
supported by multiple implants. The methodology is
as follows: if, during placement of the construction
and tightening of the screw on one of the most dis-
tal implants, no significant gap is observed between
the construction and the remaining implants, the fit
is considered clinically acceptable.

Digital microscopy and special impression mate-
rials are used to measure the microgap. Measure-
ments obtained by digital microscopy are performed
at the implant-prosthetic construction interface,
with the resulting values recorded in micrometers.
A special impression material is placed between
the prosthetic construction and the implant, and its
thickness is then measured. However, this method
has not gained widespread acceptance due to its
limited accuracy and high error rate.

Unlike natural teeth, which generally exhibit
mobility within the socket due to the periodontal
ligament, implant micromobility is minimal. Con-
sequently, errors in implant-supported prosthetic
treatment may increase the risk of complications. In
studies evaluating the fit accuracy of cast bar struc-
tures on implants, the marginal gap was assessed
using digital microscopy. For cast implant-sup-
ported bar structures, the microgap between the
implant and the prosthetic construction is approx-
imately 390 # 70 um for cobalt-chromium alloy and
800 + 40 um for titanium, which necessitates the use
of additional corrective technologies [9].

At present, CAD/CAM milling from solid blocks of
various materials is widely used to improve the pre-
cision of different prosthetic constructions, including
implant-supported bar structures. While the accu-
racy of fit of cast bar constructions has been well
studied, depending on the number of supporting
implants and the material used, this relationship has
been insufficiently investigated for CAD/CAM-milled
constructions of this type.

Therefore, a comparative analysis of the fit accu-
racy of CAD/CAM-fabricated bar structures support-
ed by dental implants is both relevant and valuable
for determining the optimal fabrication methodology,
improving quality, and predicting long-term out-
comes of prosthetic treatment.

136 ISSN 1992-576X (PRINT) « ISSN 2786-7641(0ONLINE) « CYYACHA CTOMATOJIOT I — 6/2025



IMPLANT-SUPPORTED PROSTHODONTICS - MPOTE3YBAHHA HA IMIMJIAHTATAX

The study aimed to evaluate the precision of
CAD/CAM-milled bar structures supported by dental
implants used in prosthetic treatment, as a function
of the material employed and the number of sup-
porting implants.

Materials and methods

A total of 20 patients were examined, including 12
women and 8 men aged from 35 to 77 years, all of
whom had 4 or 6 dental implants previously placed
in the mandible. Using CAD/CAM systems and 5-axis
milling machines, 20-bar constructs supported by 4
or 6 implants were fabricated from either titanium
or cobalt-chromium alloy. The total number of sup-
porting implants was 100.

To assess the fit of the bar constructions on den-
tal implant analogs, digital microscopy was used.
Measurements were performed in accordance with
the Sheffield test methodology. The microgap that
occurred when tightening the fixing screw on the
opposite side of the construction—between the
terminal supporting the dental implant analog and
the bar construction—was measured. Fixation was
carried out using a torque wrench with a tightening
torque of 25 N-cm.

The study was conducted from the vestibular
surface, perpendicular to the junction between the
implant analog and the bar construction. The images
obtained using the digital microscope were processed
using Micro Capture software, which included scale
calibration. The mean microgap value was measured
in micrometers, and measurement accuracy was as-
sessed. A comparative analysis of measurements ob-
tained before and after tightening all screws of the
bar construction was performed.

The objectives of this analysis were to test the
null statistical hypothesis regarding equality of dis-
tributions between the groups and to identify pa-
rameters for which the null hypothesis was rejected
in favor of the alternative hypothesis, confirming
the presence of statistically significant differences
between groups. For comparisons of quantitative
variables, the nonparametric Mann-Whitney test was
used, while Pearson’s y* test was applied for binary
and nominal variables.

Statistically significant differences between con-
structions supported by 4 versus 6 implants were
found only in the accuracy of the Sheffield test:
1.57+0.26 pum versus 1.27 #0.18 um, respectively
(p=0.0095). Statistically processed data on microgap
values obtained by digital microscopy in the contact
areas between dental implant analogs and milled
bar constructions, depending on the material used
for fabrication.

According to P.I.Branemark, the permissible
microgap between an implant and a prosthetic con-
struction should not exceed 10 um [24]. The results
of this study demonstrated acceptable microgap val-
ues in the contact area between implants and CAD/
CAM-milled bar constructions. CAD/CAM milling en-
abled the fabrication of highly precise implant-sup-
ported bar constructions regardless of the number of
supporting implants (4 or 6) and the material used
(titanium or cobalt-chromium alloy).

Conclusions

Based on the data obtained in the course of the study,
the following clinical recommendations can be for-
mulated for the fabrication of implant-supported bar
constructions:

1. Both titanium and cobalt-chromium alloys may
be used as suitable materials.

2. In prosthetic treatment supported by either 4
or 6 dental implants, CAD/CAM milling enables the
fabrication of high-precision constructions.

3. CAD/CAM milling allows for the production of
constructions with consistently acceptable accuracy.

Thus, the fabrication of implant-supported bar
constructions using 5-axis milling machines is recom-
mended as the method of choice for the prosthetic
rehabilitation of patients with complete edentulism.
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3acrocyBanHs cucteM CAD/CAM y BUTOTOBJ/IEHHI 6a/I0YHO-ONMOPUCTHX KOHCTPYKILLii
Ha 3yOHUX iMIJIaHTaTax

I'yceiinni Pygham
Azep6aiipkaHCbKUU MeAUYHUH YHIBepCUTET, M. baky, A3ep6aiimkaH

AHorTauis. BukopucrahHa texHonorii CAD/CAM y BUroToBneHHi 6ano4Ho-onopucTIX KOHCTPYKL iMniaHTaTiB 3abe3neyye BUHAT-
KOBO BMCOKY TOYHICTb (40 5 MKM MOPIiBHAHO 3 50—70 MKM Y NITTi), rapaHTyoun ifeanbHe NpuiAraHHA, CKOpoUyiour Yac BUPOOHMLITBA
(B0 ogHOro AHA) Ta Aalouy 3MOry CTBOPIOBATY CKNafHi, iHAMBIAYanbHi KOHCTPYKLIT 3 BUCOKOMILIHUX MaTepianiB (Takux AK Biokcng
LIMPKOHit0), L0 BPaxoBYyOTb aHaTOMito Ta 6iocymicHicTb. Takumii nigxig MiHiMi3ye pr3nk nepiiMnaaHTMTy Ta 3abe3nevye YynoBy ecTe-
TUKY Ta OYHKLIOHANbHICTb, AKUX HEMOXNMBO AOCArTW TPaAULiiHUMU MeToAaMu.

[na nuTnx 6anoyHoO-oNOPUCTUX KOHCTPYKLiI iMINaHTaTiB MiKpO3a30p Mix iMMIaHTaTOM Ta MPOTE3HOI0 KOHCTPYKLED CTaHOBUTD
390+ 70 MKM Ans KobanbT-xpomoBoro cnnasy Ta 800 + 40 MKM Ansl TUTAHOBOFO CMJIaBY, LLO BUMAarae BUKOPUCTAHHA JOLATKOBUX KOPU-
ryBasibHUX TEXHOMOriN. [1nf NiABULIEHHA TOYHOCTI 6aNIOYHO-OMOPUCTIX KOHCTPYKLi iMMaHTaTiB BUKOPUCTOBYETbCA dpe3epyBaHHA
CAD/CAM 3 uinbHUX 6MOKIB pi3HMUX MaTepianis.

MeTol0 AOCNIAMKEHHA € OLiHUTY TOUHICTb 6aNOYHO-MOAYNIbHUX KOHCTPYKLIiN, dpe3epoBaHux 3a gonomorot CAD/CAM, wo nia-
TPUMYIOTbCA 3yOHUMI iMMIAaHTaTaMy, WO BUKOPUCTOBYIOTbCA B MPOTE3HOMY NiKyBaHHi, 3aN1€XHO Bifj BAKOPUCTAHOTO Matepiany Ta
KiNbKOCTi OMOPHMX IMMIAHTaTIB.

Martepianu Ta metoau. 3aranom 6yno obctexkeHo 20 nauieHTiB, 30KpeMa 12 XiHOK Ta 8 YonoBiKiB Bikom Big 35 4o 77 pokis,
yCiM 3 AIKMX paHille 6yno BCTaHOBEHO 4 ab0 6 3y6HMX iIMMNAHTaTIB y HKHIO LWenerny. 3a gonomoroio cuctem CAD/CAM Ta 5-0cboBuX
dpe3epHux BepcTaTiB Oyno BUrotoaeHo 20 CTPUKHEBMX KOHCTPYKLl 3 TUTaHy abo KObanbT-XpOMOBOTo ChaBy, WO MiATpUMYyBanuca
4 260 6 imnnaHTaTamu. 3arasibHa KiflbKiCTb OMOPHUX iMMIaHTaTiB cTaHoBMAa 100.

BucHoBKu. Ha 0CHOBI AaHuX, OTPUMaHWX Y XO4i AOCNiAXKEHH:A, MOXHa chOpMynoBaTU Taki KNiHiYHI pekomeHaauiil Wwoao Buro-
TOB/EHHA 6aNOYHO-IMMNAHTHUX KOHCTPYKL|il:

1. fIK TMTaHOBI, TaK i KOGANLT-XPOMOBI CMNAaBM MOXYTb OyTI BUKOPUCTaHi AK BiAMOBiAHI MaTepianu.

2. MNpu npoTe3yBaHHi 3 onopoto Ha 4 abo 6 3y6Hux imnnaHTaTie, CAD/CAM-dpe3epyBaHHsA A03BOJIAE BUTOTOBNIATA BUCOKOTOUHI
KOHCTPYKLIiI.

3. CAD/CAM-dpe3epyBaHHA [O3BONAE BUTOTOBAATN KOHCTPYKLT 3 MOCTINHO MPUIAHATHOK TOYHICTIO.

TakuM YMHOM, BUFOTOBJIEHHA 6ANOYHO-IMNIAHTHNX KOHCTPYKLI 3 OMOPOI0 HA IMMIAHTATL 33 OMOMOro 5-0CbOoBUX pe3epHIX
BEPCTaTiB MOXHa PEKOMEHAYBATU AIK METOA BMOOPY B NPOTe3Hiil peabinitauii naLieHTiB 3 NOBHOK afeHTiE.

KniouoBi cnoBa: cmpuxHesa kKoHcmpyKkuyis 3 onopoto Ha imnnaimamu, CAD/CAM, mumarosuli cnnas, kob6asnem-xpomosuti cnias.
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