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> Abstract. The success of implant-supported prosthetic treatment largely depends on primary stability, a critical
determinant of successful osseointegration. Evaluating implant stability together with the condition of the surround-
ing bone enables clinicians to anticipate the integration process and detect potential complications during healing
and bone remodeling. Modern clinical approaches include instrumental and imaging diagnostic techniques, such as
resonance frequency analysis (RFA) and Periotest measurements; however, their objectivity and applicability in rou-
tine practice remain a matter of ongoing debate. In addition to established methods, experimental and less widely
used hardware-based approaches are actively being investigated, allowing quantitative evaluation of implant-bone
interactions and measurement of stability parameters in physical units. Among these technologies, ultrasound anal-
ysis is considered promising, as it enables comparison with histomorphological data on osseointegration and pro-
vides objective quantitative measures of primary implant stability.

Purpose: to evaluate current methods for determining the primary stability of dental implants and their correla-
tion with objective indicators of osseointegration, specifically bone-implant contact (BIC), as well as to identify the
potential for their clinical application.

Materials and Methods. For this review, a targeted search of scientific publications was conducted in three rec-
ognized international databases: PubMed, Scopus, and Web of Science, covering recent years. The search employed
a combination of keywords related to the topic, including dental implants, primary stability, osseointegration, and
implant stability assessment. Articles were selected based on strict criteria for relevance to the review topic and sci-
entific merit. A total of 21 sources were included in the final analysis, comprising both review articles and original
research. Each publication underwent a qualitative assessment, focusing on relevance, methodological rigor, and the
novelty of the reported findings. This approach provided a comprehensive and up-to-date understanding of current
methods for evaluating the primary stability of dental implants.

Results. Analysis of the literature indicates that resonance frequency analysis (RFA) and Periotest can be used to
assess implant stability at various stages of osseointegration, but their precision is limited, and they do not fully cap-
ture either the mechanical or biological aspects of integration. Experimental methods, including ultrasound diagnos-
tics, electromechanical impedance, and laser testing, provide more objective results expressed in physical units and
demonstrate correlation with bone—implant contact (BIC), making them promising tools for clinical and research
evaluation of both primary and secondary implant stability.

Keywords: dental implants, primary stability, osseointegration, assessment of implant stability, resonance frequency

analysis, ultrasound analysis, experimental approaches.
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Dental implantation is considered one of the most
effective methods for the prosthetic rehabilitation
in patients with partial or complete edentulism [1].
Despite this, routine monitoring of implant stability
is relatively uncommon and often incomplete [2].
Although the literature describes detailed follow-
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up protocols for patients during both the early and
late stages of implant function, these protocols are
frequently applied only partially in clinical practice
[3].

This can lead to delays in dental care when com-
plications occur following implant placement.
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The process of dental implant osseointegration in-
volves a complex series of adaptive and biological re-
sponses to the implanted structure, including protein
cascades, angiogenesis, cellular apposition, and the
formation of new bone tissue around the implant [4].
The quality and density of the alveolar jawbone are
critical for successful integration [5] and are typically
assessed using radiographic methods. In recent years,
particular attention has been paid to instrumental
physical methods for evaluating implant primary
stability. These methods can be applied at any stage
after implant placement, allowing early detection of
potential complications during osseointegration. The
classical concept of osseointegration is defined as the
formation of a structural and functional connection
between the bone and the load-bearing surface of
the implant [6]. Primary integration consists of bone
matrix formation on the implant surface and the
development of bone tissue in direct contact with it,
followed by a prolonged process of bone remodeling,
characterized by alternating cycles of resorption and
formation throughout the lifespan of the implant-sup-
ported restoration [7]. The primary mechanism of
new bone formation around the implant is contact
osteogenesis, which may be supplemented by distant
osteogenesis [8]. One of the key factors for success-
ful osteogenesis and long-term implant function is
the implant’s primary stability [9]. This stability is
defined as the mechanical immobility of the implant,
characterized by the absence of detectable movement
under horizontal and vertical loads of up to 500g, a
condition that is essential for the development of
high-quality osseointegration [10].

Micromovements of an implant as small as 100 pm
may trigger bone resorption at the implant-bone in-
terface, thereby impairing bone remodeling [11]. As
the morphological stages of primary osseointegration
progress, secondary (biological) stability develops;
however, implant loss is most common during the
early stages [12]. Micromovements interfere with os-
teogenesis around the implant, stimulate osteoclast ac-
tivity, increase bone resorption, and hinder the estab-
lishment of full mechanical and biological integration.

Experimental models have shown that osseointe-
gration may occur successfully even without direct
implant-bone contact, emphasizing the critical role
of primary stability [13]. Various methods are used
to monitor implant stability. The most biologically
accurate method is histological analysis of bone-im-
plant contact (BIC), which provides detailed insight
into bone tissue responses at the implant surface,
although it is impractical in routine clinical settings.

In clinical practice, indirect methods are employed
to assess osseointegration and primary stability, in-
cluding clinical examinations and instrumental tech-
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niques such as resonance frequency analysis (RFA),
Periotest, torque testing, and biopotential measure-
ment [14]. In addition, experimental hardware-based
approaches leveraging physical phenomena—ultra-
sound, acoustic, and laser vibrations—are under
investigation. Among these, physical methods evalu-
ating the implant-bone system are regarded as the
most objective.

A key technique is resonance frequency analysis
(RFA), which assesses the relationship between the
vibration frequency of an implant under forced exci-
tation and the stiffness of the surrounding bone. RFA
is applied to analyze the implant-tissue-bone (ITB)
system, which serves as a mechanical analogue of
bone-implant contact (BIC) [20, 22]. Using the Os-
stell device, a metallic magnetic peg (“SmartPeg”) is
mounted on the implant and stimulated by an elec-
tromagnetic pulse. The device records the frequen-
cies of implant vibration and calculates two stability
coefficients—maximum and minimum—representing
the “strong” and “weak” regions of osseointegration
on the implant surface.

This approach enables spatial assessment of im-
plant stability and facilitates identification of areas
with weaker integration.

Measurements in resonance frequency analysis
(RFA) are recorded in hertz but, for clinical conve-
nience, converted into implant stability quotient (ISQ)
units ranging from 1 to 100. The ISQ scale enables
clinicians to compare implant stability across cases
and over time. However, the ISQ values are affected
by multiple variables—implant design, bone density,
and measurement conditions—complicating their in-
terpretation. Despite these limitations, RFA remains
among the most widely employed methods for assess-
ing implant stability in clinical practice. Nevertheless,
the ISQ scale does not yield direct information on
bone-implant contact (BIC), the most objective indi-
cator of osseointegration, which is typically assessed
histologically or via computed tomography.

Animal studies have shown that bone resorption
around implants is not consistently correlated with
RFA values. Despite extensive evidence supporting
the use of Osstell for predicting implant stability and
potential complications, the precision and objectivity
of ISQ continue to be debated. Some authors consid-
er I1SQ a relative measure lacking a direct physical
equivalent [16] and note that it does not directly
correspond to BIC or torque measurements during
implant removal does not correspond directly to
bone-implant contact (BIC) or to torque measure-
ments obtained during implant removal. Changes in
torque within the range of 30-100 Ncm exert mini-
mal influence on ISQ, underscoring the weak correla-
tion between these parameters and limiting the utility
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of ISQ for comprehensive assessment of primary sta-
bility. Furthermore, RFA is not a reliable method for
assessing the stability of mobile implants.

The physical basis of RFA is the measurement of
stiffness within the implant-bone system. Clinically
mobile implants demonstrate low stiffness, thereby
reducing the accuracy of the method [17]. Consider-
ing both the strengths and limitations of RFA, it can
be concluded that this technique enables evaluation
of implant stability at various stages of osseointe-
gration and under functional load, but it cannot fully
substitute for more objective approaches, including
histological analysis or computed tomography.

Another widely used hardware-based method
is Periotest, performed using the Periotest device.
This method relies on mechanical stimulation of the
implant and was originally developed to assess the
damping properties of the periodontal ligament [18].
It is regarded as an objective tool for evaluating tooth
mobility. The device delivers 16 percussive impulses
over 4 seconds, with the response captured by an ac-
celerometer. Results are reported in arbitrary units
ranging from -8 to +50: more mobile structures show
longer contact times and higher readings, whereas
stable implants demonstrate shorter contact times
and lower values.

The method enables assessment of implant me-
chanical mobility and its correlation with the damp-
ing properties of the surrounding tissue. However,
comparing these values with bone density is not
entirely objective, because under normal osseointe-
gration, no connective tissue layer develops between
the implant and the bone. The presence of such a
layer signifies fibroosseointegration, a less favorable
form of integration. Therefore, Periotest is applicable
in both clinical practice and research; however, its re-
sults require cautious interpretation and cannot sub-
stitute for direct methods of stability assessment [19].

Literature data indicate that predicting implant
stability and function on the basis of a single assess-
ment method may be inadequately substantiated. Mo-
bility values obtained via Periotest are expressed in
arbitrary units and lack a direct physical interpreta-
tion. Nevertheless, several studies confirm that these
devices can be objectively employed for the compre-
hensive evaluation of implant stability.

In addition to RFA and Periotest, less common but
sufficiently objective hardware-based methods are re-
ported. Laser testing enables simulation of implant
loading in artificial bone-mimicking materials and
measures the relationship between applied torque
and the implant’s rotation angle. Comparative anal-
yses of laser testing, RFA, and Periotest have demon-
strated both positive and negative correlations among
these methods.
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The electromechanical impedance method relies
on piezoelectric transducers applied to bonemim-
icking materials. Stability is assessed by considering
the mass, stiffness, and damping coefficient of the im-
plant-material system, allowing objective evaluation
of the implant’s frequency characteristics [20].

Computer modal analysis determines the natural
resonance frequency of a structure from its mechan-
ical properties (Young’s modulus, Poisson’s ratio, and
density). This facilitates modeling of the vibrational
behavior of the implant and periimplant bone and al-
lows calculation of stress and strain across different
bone layers. The impact hammer method applies a
brief force to the object, followed by analysis of the
response wave in terms of velocity, acceleration, and
deformation, allowing quantitative evaluation of im-
plant stability [21].

Of particular interest is the quantitative ultra-
sound method, tested in animal models. Ultrasound
evaluation allows measurement of implant biome-
chanical stability in objective physical units (mega-
hertz). This approach was first introduced by De
Almeida et al. (2007) as an alternative approach for
assessing implant integration. Histological evaluation
of bone-implant contact (BIC) was performed in par-
allel to validate the findings. Comparison of results
indicated that the ultrasound response depends not
only on BIC but also on the mechanical properties of
the surrounding bone, making this combination par-
ticularly informative for comprehensive assessment of
both primary and secondary implant stability. Addi-
tionally, ultrasound findings were compared with RFA
results (Osstell), revealing a correlation between the
methods and confirming the potential of ultrasound
as an objective and reproducible tool for evaluating
implant stability [21].

Conclusion

Comparison of different diagnostic systems indicates
that, in addition to traditional methods such as RFA
and Periotest, experimental hardware approaches
show considerable promise. Assessing implant stabil-
ity based on physical characteristics yields objective
quantitative data that can be correlated with reliable
morphological markers of osseointegration and may
be implemented in clinical practice. Hardware-based
monitoring enables measurement of stability in phys-
ical units and comparison with the bone-implant con-
tact (BIC) coefficient. This approach appears promis-
ing among existing methods but requires additional
theoretical refinement and practical validation.
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EkcnepyMeHTanbHi Ta KiiHiYHi iHCTpyMeHTanbHi MeToAMN OLHKWN NepBUHHOI CTabiNnbHOCTI
AeHTaNbHUX iMNNaHTaTIB: MOXKNMBOCTI Ta NepcneKTBM (ornag nireparypu)

Awpados [1. C., Mexmani I. I, Typcbka H. A.

A3epbaiifxaHCbKUN MegnuHNA YHiBepcuTeT, baky, AsepbarigxaH

AHoTaLia. YCnilWwHiCTb NpoTe3yBaHHA 3 OMOPOI Ha AeHTajlbHi iMNAaHTaT 3HaYHOK MIPOI 3anexuTb Bif ix nep-
BUHHOI CTabiNbHOCTI, WO € KUYOBUM GaKTOpPOM AnA YCilWHOT ocTeoiHTerpauii. OuiHKa cTabinbHOCTi iMnnaHTaTa Ta
CTaHy HaBKOJMLIHbLOI KiCTKOBOT TKaHWUHW A03BOMIAE MPOrHO3yBaTK NpoLec iHTerpaLii Ta CBOEYaCHO BUABAATY MOTEHLiNHI
YCKNagHEHHA Mif Yac 3ar0€HHA Ta pemogenioBaHHA KicTku. CyyacHi KNiHiYHi MigXoaM BKIOYAIOTb BUKOPUCTAHHA IHCTPY-
MeHTanbHMUX Ta Bi3yani3auiiHWX MEeTOAIB AiarHOCTMKYM, Takux AK aHani3 pe3oHaHcHoi yactoty (RFA) Ta BUMipIoBaHHA 3a
pornomoroto Periotest; ofHaK X 06'€KTUBHICTb i 3aCTOCOBHICTb Y PYTUHHIN NPaKTUL 3aNMWAoTbCA NPeAMETOM HayKOBUX
ANCKyCin. OKPiM BU3HAHUX MeTOZiB, aKTVBHO AOCNIAKYIOTbCA eKCneprMeHTabHi Ta MeHLU NOLMPEHi IHCTPYMEHTaNbHi
TEXHIKW, WO JO3BONAITH KiNlbKICHO OLiHIOBAaTM B3aEMOZil0 iMnaHTaTa 3 KicTKolo Ta ¢ikcyBaTii napameTpy CTabinbHOC-
Ti y disnuHux BenuumHax. Cepen LyX TEXHONOTI NePCNeKTVBHUM BBAKA€TbCA YNbTPa3BYKOBUIA aHani3, OCKiNbKy BiH
[03BOJIAE MOPIBHIOBATY pe3ynbTaTit 3 FicTOMOPGONOriYHUMY JaHUMI OCTeOoiHTerpaLlii Ta Hafa€ 06'eKTUBHI YnNCeNbHI
XapaKTEPUCTIKN NEPBUHHOI CTabiNbHOCTI iMnaHTaTa.

MeTa: oUiHMTY CyYacHi iHCTPYMeHTasbHi MeToAM BU3HAYeHHA MEPBUHHOI CTabiNbHOCTI AeHTaNbHUX IMNIAHTaTIB Ta
X Kopenauilo 3 06'eKTUBHUMI NoKa3HMKaMK ocTteoiHTerpauii (BIC), a TakoX BU3HAUMTVI NePCNeKTVBU KNiHIYHOMO 3acTo-
CyBaHHA LX METOAIB.

Marepianu Ta metogu. [1na nigrotoBky ornagy 6yno npoBefeHo LinecnpAMoBaHNiA NOLWYK HayKOBMX Mybnikauin y
TPbOX BU3HAHUX MiXHapoaHUx 6a3ax gaHux: PubMed, Scopus Ta Web of Science, oxonniooun ocTaHHi poku. Y moLyky
BUKOPWCTOBYBanacA KOMOiHaLifA KIoYoBMX CNiB Ta TEPMIHIB, WO CTOCYIOTbCA TeMU: AeHTalbHi iMNIaHTaTK, NepPBUHHA
CTabiNbHiCTb, OCTEOIHTErpaLlis, OLiHKa CTabiNbHOCTI iMnnaHTaTtiB. Bigbip cTaTeit 34iMcHIOBABCA 3a CTPOrMMI KpUTERIAMIA
BiAMNOBIAHOCTI Temi ornAfdy Ta HayKoBOi LiHHOCTI ny6nikauiii. B octaTouHmii aHani3 yBiiwno 21 gxepeno, BKIOYHO 3
OrNIALOBUMY CTATTAMM Ta OPUTiHANbHUMK JocnigKeHHAMU. KoxKHa my6nikauia npoiiuna AKicHy OuiHKy 3 akLeHTOM Ha
aKTyasbHiCTb, METOOMOrYHY TOYHICTb Ta HAyKOBY HOBU3HY NpPeACTaBNeHUX AaHVX. Takuid nigxig 4o3BonuB chopmyBaTu
KOMI/IEKCHE Ta Cy4yacHe YsABJIEHHA NPO METOAMN OLiHKM NepBUHHOI CTabiNbHOCTI AeHTaNIbHUX iIMMIAHTATIB.

Pesynbratu. AHani3 nitepatypu nokasas, L0 aHasi3 pe3oHaHcHoi yactoTu (RFA) Ta Periotest fo3BonATb OUiHIO-
BaTW CTabiNbHICTb IMNNAHTATIB Ha Pi3HUX eTanax ocTeoiHTerpaLii, NpoTe MalTb 0OMeXeHy TOYHICTb i He MOBHICTIO
306pakaloTb MexaHiyHy Ta 6ionoriuHy iHTerpadito. EKcneprumeHTanbHi METOAM, BKITIOYaoum YNbTPa3BYKOBY AiarHOCTUKY,
eNleKTPOMEeXaHiuHMIA iMMneJaHC Ta Jla3epHe TeCTyBaHHSA, AEMOHCTPYIOTb 6iflbll 06'€EKTUBHI pe3ynbTati Y Gi3nyHUX Benu-
umHax i kopentoioTb 3 BIC, WwWo pobuTb iX NePCneKTUBHAMM 1A KNiHIYHOT Ta HayKOBOI OLiHK/ NepBUHHOI Ta BTOPUHHOT
CTabiNbHOCTI iIMNAAHTaTIB.

KniouoBi cnoBa: deHmasnbHi iMnaaHmamu, nepsuHHa cmabifibHicme, ocmeoiHmezpauis, oyiHka cmabineHocmi imn-

JlaHMamie, aHasi3 pe3oHaHcHoI Yyacmomu, yibmpassykosuli Memoo, eKcnepuMeHmasnbHi Memoou.
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