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Resonance frequency analysis - indicator of post-implantation
morphology of mandibular bone tissue
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This article describes the role of resonance frequency analysis (RFA) as an indicator of the quality of primary
implant stability, which is the basis of the goal and confirmed by the results of a clinical case — odontological
implantation on edentulous segments of atrophied bone tissue on the right side of the mandible, taking into
account the topographic features of its canal, using ultra-short (h = 5.5 mm) implants.

Aim. To highlight the role of resonance frequency analysis during surgical interventions using short (ultrashort)
implants in predicting their primary stability and preserving the normal morphology of the mandibular bone tissue.

Materials and methods. The primary stability of 17 dental implants in seven patients was determined using
the Penguin Instruments (RFA) technique in declarative units of measurement — the implant stability quotient
(1SQ). Values in the range of 75 ISQ meant that the implant had adequate primary stability and could receive
and distribute the immediate load on the bone tissue of the edentulous segment.

Results. Following the stages of preparation, 17 ultra-short (h = 5.5 mm x b = 4.0 mm) implants were placed
on the edentulous segments of the mandible without an incisional osteotomy path according to the patient
rehabilitation protocol. We used the method of resonance frequency analysis to obtain a value of high primary
stability of two short subcortical implants in the projection of tooth 4.7 — 92 ISQ and the projection of tooth
4.6 - 90 1SQ. On the 3rd day of the clinical stage of fixation of the supraconstruction, RFA measurements were
performed, the values of which showed a significant decrease in the stability quotient of the installed implants
in the projection of tooth 4.7 — 61 I1SQ and in tooth 4.6 — 74 ISQ. This result made it necessary to revise the
rehabilitation plan, adjust the medical prescription sheet and decide to postpone the placement of the all-milled
restorative structure on the implants.

Conclusions. The RFA study indicates not only the primary stability of implants but also a full-fledged stage-by-
stage clinical prognosis of the further functionality of a prosthetic structure based on short implants with proper
preservation of the morphological functionality of bone tissue.

Modern medical technology. 2023;(4):70-75

Pe30HaHCHO-YaCTOTHWH aHaAI3 - IHAMKaTOp nocTiMnAaHTauiiHoi Mopdonorii
KiCTKOBOi TKAHUHU HWXHbOI LLeAenu

A. 1. Owypko, I. KO. OniliHuk, H. B. Ky3Hsik, A. M. Tepacum

OnwcaHo porb pe3oHaHCHO-4acToTHOro aHanidy (PYA) sik iHaukaTopa skocTi NepBUHHOI CTabiNbHOCTI iMNNaHTaTis,
LLIO MOKMafeHo B OCHOBY METY Ta NiATBEPAXKEHO pe3yrnbTaTaMi aHani3y KMiHiYHOro BUNaaKY: BUKOHAHHS OAOHTO-
noriyHoi imnnaxTauii Ha 6e33ybux cermeHTax aTpodhoBaHoi KiCTKOBOI TKaHWHM NPaBoro 60Ky HUXKHBOI Lieneny,
BpaxoBytouM TonorpadivyHi 0co6nMBOCTI ii kaHany Ta BUKOPUCTOBYHOUM yrbTpakopoTki (h = 5,5 mm) iMmnnaxTatw.

MeTa po60oTH — BUCBITAINTM POSb PE30HAHCHO-4aCTOTHOTO aHaniay Npu XipypriYHnNX BTPYHaHHSIX i3 BUKOPUCTaH-
HAM KOPOTKUX (YNbTPaKOPOTKVX) iMMMAHTaTIB Y NPOrHO3yBaHHI iXHbOI NEPBUHHOI CTABINBHOCTI Ta 36epexeHHi
HOpMaribHOi MOPONOrii KICTKOBOT TKAHVHW HXKHBOT LLeneny.

Matepianu Ta metogu. MepBrHHY cTabinbHICTb 17 AEHTANbHUX iIMNNAHTATIB y CeMW NaLieHTiB BU3HaYanm 3a
[0noMororo TexHiku Penguin Instruments (PYA) y geknapaTvBHUX OAMHULSX BUMIPIOBaHHS — KOediLieHT cTa-
6inbHocTi imnnanTarta (KCI). 3HaueHHs B gianasoni 75 KCI BkasdyBanw, Lo iMNaHTaT Mae HanexHy NepBuHHy
CTabinbHICTb, MOXeE OTPUMYBATM i PO3NOINSATY HEraiHe HaBaHTaXeHHS Ha KICTKOBY TkaHWHy 6e33yboro cermeHTa.

Pesynsratu. [loTprMylounch eTanis npenapyBaHHs Ta 6e3 nMpoBefeHHs! Hapi3HOTO OCTEOTOMIYHOTO LUMAXY,
iHcTanboBaHo 17 ynbrpakopotkux (h = 5,5 Mmm x b = 4,0 mm) imnnaHTatiB Ha 6€33ybux CermeHTax HKHbOI
Lenenu, BIANOBIAHO [0 NpoTokony peabinitavii nauieHTiB. 3acTocyBanu MeTOAMKY PE30HAHCHO-4aCTOTHOTO
aHaniay, oepxanm 3Ha4eHHs BUCOKOT NEPBUHHOI CTabiNbHOCTI 1BOX KOPOTKWX CyBKOPTUKANbHIUX iMMNaHTaTiB y
npoexuii 4.7 3y6a — 92 KCI, y npoexuii 4.6 — 90 KCI. Ha Tperiit AeHb kniHiyHOro etany dikcauii cynpakoHCTpyKuji
BuMipsinu PYA, o noka3ano cyTTeBe 3HWXEHHS koedillieHTa cTabinbHOCTI y BCTAHOBMNEHWX iMMMaHTaTax: y
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npoexwii 4.7 3yba — 61 KCI, 4.6 — 74 KCI. Takuit pesynbrat cnpuinH1B HeoOXigHICTb NepernsiHyTh nnaH peabi-
niTauji, ckoperyBaTy NUCTOK MiKapCbKWX MPU3HAYEeHb; KPiM TOr0, yXBarnunm piLleHHs Npo BiATEPMiHyBaHHS eTany
BCTAHOBMEHHS pecTaBpaLiiHoi CyLinbHO dpe3epoBaHOi KOHCTPYKLII Ha iMAnaHTaTw.

BucHoBku. JocnimkeHHs PYA — iHankaTop He NuLwe nepBrHHOI CTabinbHOCTI iMnnaHTaTiB, ane i MOBHOLIHHOM
€TanHoro KNiHiYHOro NPOrHO3y HaCTYMHOI (YHKLIOHANbHOCTI MPOTE3HOI KOHCTPYKLIT 3 OMOPOI0 Ha KOPOTK iMn-
NaHTaTh 3 HaNeXHUM 36epexeHHsM MOPEONOriYHOT (hyHKLOHANBHOCTI KICTKOBOI TKaHWHU.

CyuacHi MeauuHi TexHonorii. 2023. Ne 4(59). C. 70-75

With the development of science and technology, minimally
invasive research methods are becoming available. The imple-
mentation of these methods in practical medicine is taking place
to rehabilitate patients with severe bone atrophy, taking into ac-
count its morphological characteristics and the laying of important
anatomical structures. While earlier there were discussions about
the feasibility of using short implants [1] to reduce the amount
of surgical intervention and possible iatrogenic effects on the
structures of the mandibular canal(s) [2,3,4], today ultra-short
implants are widely used, which can receive loads with their
distribution to bone tissue and fully restore the chewing efficiency
of edentulous jaws [5,6,7].

In order to use the immediate loading technique, especially
on short (h = 5.5 mm) implants, it is necessary to understand
their primary stability in the morphological environment, which
can change dynamically under the influence of factors of internal
and external space. This implies that bone density, studied using
computed tomography software, is not a stable phenomenon, i.
e., itis also dynamic [8,9]. Although this method is characterized
by its minimally invasive nature, it does not provide adequate pre-
dictions for determining the primary stability of the implant, even
with high bone density in both layers. After all, high density can
be provided by an auto-, allo-, or xenograft whose augmentation
is formed from a solid base and has not undergone remodeling
stages in time or for other reasons. Densitometric analysis can
give a false impression of primary stability. This is unacceptable
in the choice of rehabilitation methods with short and ultra-short
implants taking into consideration the topographic features of the
mandibular canal(s).

One of the reliable diagnostic methods is resonance frequen-
cy analysis (RFA). For the first time after many years of work, it
was described by the progressive researcher Meredith in 1996
(Integrative Diagnostics, Sweden) for odontological intraoral use.
The gradual improvement of resonance frequency analysis tech-
niques has created modern diagnostic systems that have become
a priority for dental surgeons to determine the primary stability
of implants. The RFA study provides a prognosis not only for the
further functionality of the implant-supported prosthetic structure
but also for the proper physiological processes in the bone tissue
with the preservation of its morphological functionality [10].

Aim
To highlight the role of resonance frequency analysis during
surgical interventions using short (ultra-short) implants in predict-

ing their primary stability and preserving the normal morphology
of the mandibular bone tissue.

Materials and methods

The post-implantation stability of seventeen short and ul-
tra-short implants was analyzed in seven patients with loss of
the masticatory group of teeth, with mixed bone atrophy of the
collar part and the body of the mandible acquired in different time
intervals. The obtained values of high (92 ISQ) primary stability of
two short subcortical implants placed on the edentulous segment
of the human mandible on the right side of seven subjects did not
provide a prognosis of its rehabilitation, taking into account the
individual anatomical and topographic features of the canal(s),
which we present in a detailed description of the clinical case as
the results of this work.

The primary stability of implants was determined using the
Penguin Instruments resonance frequency analysis (RFA) tech-
nique in declarative units of measurement — the implant stability
quotient (ISQ). Values in the range of 75 ISQ meant that a short
6.5 mm implant (ultra-short 5.5 mm) was already so stable that
it could receive and distribute the immediate load on the bone
tissue of the edentulous segment. The evidence of such stability
is the absence of a drop in ISQ within 14 days or a change in the
range no more than 1-5 I1SQ in the initial rehabilitation period.

Resonance frequency analysis was performed following the
stated instructions of the above technique, with strict adherence
to the methodological sequence, which requires attachment of
the MulTipeg™ to the implant and its subsequent vibration due to
the received wave of magnetic pulses generated by the device.
The device measures the vibration frequency due to the rigidity
in the contact zone between the bone and the implant surface
and converts it into a scale value from 1 t0 99 ISQ. The higher the
ISQ is, the better its stability is. RFA measures implant stability
as a function of boundary rigidity, which correlates with implant
displacement, i.e., micro-mobility.

This work is a fragment of a clinical experiment of the planned
research topic “Substantiation of rehabilitation of patients with
bone atrophy complicated by topographic and anatomical features
of the mandibular canal”, with mandatory review by the Biomedical
Ethics Commission of Bukovinian State Medical University and
approval in the form of Protocol dated 21.10.2021 No. 2. The
clinical experiment was conducted after patients familiarized
themselves with and signed informed consent to participate in
research in compliance with the main provisions of the GCP
(1996), the Council of Europe Convention on Human Rights and
Biomedicine (dated 04.04.1997), the World Medical Association
Declaration of Helsinki on ethical principles for conducting scienti-
fic medical research involving human subjects (1964—-2013), order
of the Ministry of Health of Ukraine dated 23.09.2009 No. 690.
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Average: 1274

Min: 405

Average: 1323

Fig. 1. Densitometric analysis of the bone tissue of the edentulous segment of the mandible on the right side at the stage of planning
surgical interventions. A: projection of tooth 4.7; B: projection of tooth 4.6.

2A

Fig. 2. Computed tomographic analysis after subcortical implant placement. A: Sagittal section showing the placed implant and gingival
former in the projection 4.7 of the missing tooth with the marking of the mandibular canal; B: 2D image of the upper and lower jaws
with the reconstruction of the mandibular canal and design of occlusal relations of the supraconstructions; C: Sagittal section showing
the implant and gingival former in projection 4.6 of the missing tooth with the marking of the mandibular canal.

Results

Preliminary studies of the bone density of the acquired defect
of the dentition on the right side of the mandible in projections
4.7 (Fig. 1A) and 4.6 (Fig. 1B) of the missing teeth showed high
values with average values of 1274 conventional gray units (CGU)
and 1323 CGU. The lowest mineralization in the trabecular layer
was 4.7 + 332 CGU in the projection and 4.6 + 405 CGU in the
projection. Such indicators give the right to draw up an initial plan
for using the immediate loading protocol on implants.

To choose the implantation method, it is necessary to under-
stand the topographic features of the mandibular canal and take
into account its possible morphological variants, which deter-
mine the use of the proper size of the implants themselves and
their positioning in the jaw body with the subsequent functional
reproduction of the occlusal relations of the dentition, due to the
superstructural elements.

Considering the above analysis, we chose a protocol for
rehabilitating patients using subcortical implants with dimensions
h =55 mm x b =4.0 mm. Carefully observing the stages of
preparation, without performing an incisional osteotomy path,
these implants were placed on the edentulous segment on the
right side of the mandible, and we used the method of resonance

frequency analysis to obtain a value of high primary stability of
two short implants, in the projection of the 4.7 tooth — 92 1SQ
and the projection of the 4.6 — 90 ISQ. Before the end of the
operation, gingival formers of the corresponding standard system
with a force of 15 N were installed, which were moved out of the
occlusal relationship by 4-6 mm (Fig. 2).

On the 3 day, a repeated resonance frequency analysis was
performed, which showed a significant decrease in the stability
quotient of the implants in the projection of tooth 4.7 — 61 I1SQ
and in tooth 4.6 — 74 1SQ. This result made it necessary to revise
the rehabilitation plan, adjust the medical prescription sheet and
decide to postpone the placement of the all-milled restorative
structure on the implants.

Taking into account the subjective and objective history of
the patient on day 7, after a clinical examination, the implant was
found to be luxated in the projection of the 4.7 tooth, which was
removed on the same day. The RFA in projection 4.6 dropped to
63 1SQ, which became a vector of alertness to the development
of destructive changes. These assumptions were confirmed by
the obtained values of densitometric analysis, which also differed
significantly in the direction of a sharp decrease, indicating a vio-
lation of the structural organization of bone tissue compared to the
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Fig. 3. Densitometric analysis of the bone tissue of the edentulous segment of the mandible on the right side, after and at the stage of
implant removal. A: projection of tooth 4.7; B: projection of tooth 4.6.
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Fig. 4. Radiographic control after fixation of supraconstructions on implants installed at the level of the cortical layer of atrophied bone
tissue. A: Parallel placement of two implants and cemented prehensile fixation to analog (preparation) abutments on the left side of
the mandible; B: Bilateral rehabilitation of a patient with final dentition defects, short and ultra-short implants, taking into account
the topographic features of the mandibular canal; C: Divergent placement of two implants and cement prehensile fixation to analog

(preparation) abutments on the left side of the mandible.

primary. In area 4.7 of the removed implant, the minimum density
value was negative (-199 CGU), and on the proximal side of the
bone implant bed 4.6, which corresponds to the largest zone of
the lumen, it was (-964 CGU), indicating the active development
of destructive processes in the distal direction of the edentulous
segment of the mandible body (Fig. 3).

Due to complications and the lack of effect of anti-inflammato-
ry and antibacterial therapy, based on the indicators of a decrease
in the implant stability quotient (ISQ), the implant was removed in
the 4.6 tooth projection with subsequent extraction of destructive
trabecular islands, according to the operation protocols.

Discussion

ISQ values determine localized bone density and depend on
clinician’s compliance with implant placement techniques, implant
design, and post-implant wound healing time. Implants with low
and/or decreasing ISQ values pose an increased risk of rejection
compared to implants with high and/or increasing values, as stat-
ed by the product manufacturer and, accordingly, the developer
of this resonance frequency analysis (RFA, Meredith) technique.

Following the recommendations of the developer of the RFA
technique, when determining the stability of an implant with values

above 701SQ, itis recommended that the clinical choice be made
to use the one-stage or immediate loading technique. However,
we did not take into account the design of the implants, which have
a sloping shoulder, designed for subcortical crosslinking and the
creation of a reliable rigid tissue barrier that provides long-term
and stable protection not only from the external environment but
also provides long-term and reliable stability of the implant, due
to the high mineralization of the cortical layer.

Of course, medium and long implants h >7.0 mm have an
additional intercostal contact area, which compensates for the
above-mentioned characteristic of the implant design. After all,
ensuring osteointegration processes over time adds complete
stability and functionality to the implant structure, which is inef-
fective for short subcortical implants h = 5.5 mm.

The preparation protocol provides a suitable cylindrical-con-
ical implant bed concerning the size of the selected implant, and
the formed space (distance) between its shoulder and the cortical
layer of bone tissue significantly reduces stability during functional
action, which cannot be stated in our case. After all, the implants
have not yet been subjected to immediate loading.

Implants placed at the cortical layer’s level are characterized
by an extended external cone design and have an additional
high primary stability due to their resistance to remodeling the
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cortical layer of bone tissue. We prove this statement in the
application of clinical protocols for the installation of (ultra-short)
implants at the level of the cortical layer as a method of choice,
taking into account the topographic features of the mandibular
canal(s) in the case of bone atrophy and rapid (immediate)
rehabilitation of patients, up to seven days, with the loss of the
masticatory group of teeth, as shown in the images in Fig. 4.
Their values were stable at all stages of the rehabilitation period
and ranged from 7 1SQ.

The development of modern artificial intelligence technolo-
gies makes it possible to successfully implement a preclinical
plan during controlled surgical interventions, including dental
implantation, with proper primary stability [11]. However, it is
programmatically impossible to determine the stability of implants
as an indicator of their further functionality at the clinical stages —
before fitting and fixation of the supraconstructions.

Presented as an electronic poster at the 2019 Annual Session
of the American College of Orthopedic Surgeons in Miami, Flo-
rida, the authors’ work was awarded second place for innovative
research and offered a universal, non-odontic, open source pro-
gram, 3D Slicer/Blender, which can be used to plan and perform
a controlled implant placement operation taking into account the
morpho-topographic features of the jaw structures, minimizing
errors in the formation of the implant bed and, in fact, their an-
gulation [12]. However, the lack of the possibility of applying it in
the staged clinical analysis of implant stability requires additional
paraclinical targeted research methods.

Modern original research aimed at achieving implant position-
ing accuracy, especially angular deviation, through introducing
the THETA robotic system indicates that such achievements
may become promising tools in dental implantation in the future.
Nevertheless, further clinical analysis and research are needed
to evaluate the current results [13].

Anew view of the implementation of digital surgical templates
provides a prediction of the primary stability of implants. It negates
the use of navigation sleeve systems designed to create accurate
osteotomy paths and, accordingly, the primary stability of implants.
It lacks further clinical analysis of the course of early dynamic
processes of bone tissue that may affect their functionality [14,15].

Another factor for studying the subject of resonance frequency
analysis and its application in odontological clinical practice is the
overall ergonomic efficiency, simplicity of the technique, lack of
consumables, and seconds of analysis time.

Conclusions

1. The pressure created during implant placement in
high-density bone tissue, without an incisional osteotomy path,
increasing the force from 75 N to “=” from the value of the primary
implant stability of 92 £ 8 ISQ, can lead to a temporary cessation
of even diffuse nutrition and promote phagocytic activity in the
dense trabecular layer of bone tissue and be considered as a
patho-etiological factor.

2. Resonance frequency analysis is a priority and reliable
technique, an effective indicator of the primary stability of short
(ultra-short) implants at all stages of clinical rehabilitation of
patients.

Prospects for further research include the study of possible
morphological and histological changes in bone tissue around
the installed short and ultra-short implants using the immediate
loading technique.
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