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Application of the method of frequency-resonance analysis of 
implants installed after autogenous bone transplantation

Abstract

Background: Purpose of study determine the timing of prosthtic 
rehabilitation of patients after autograft and dental implantation of 
the jaw bone using resonance-frequency method (RFA).

Methods: The analysis of the treatment of 26 with vertical re-
sorption of the lower jaws, and dental implant prosthetic rehabilita-
tion performed for the period 2017-2021.

All patients underwent a complex clinical, laboratory study, com-
puted tomography (CT). At the first stage, the autogen bone grafting 
procedure, at the second stage, 4 months after autogen bone graft-
ing implants were installed. 3 months later, after implants inserted 
to determine the timing of optropedic rehabilitation, the method 
of RFA-Resonance Frequency Analysis method was used, if normal 
results were recorded, the prosthodontic phase began.

Postoperative clinical and radiological monitoring was regularly 
conducted, and criteria for the success of implantation and success 
of prosthetics of implant-supported reconstructions were evalu-
ated. Change in marginal bone levels was assessed by taking digital 
x-rays immediately after restoration fixation (base line for compari-
son), after 1 and 3, 5 years  post operatively.

Results: No intra-operative or immediate post-operative compli-
cations were noted after autografting procedure. The postoperative 
of the patients was favorable, with the integration of the autografts. 
3 months after autogenous bone grafting, the resorption of the 
graft in some transplant recipients is up to 10%. All of the patients 
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Introduction

The problem of orthopedic rehabilitation of patients with 
maxillofacial defects of the jaws is one of the most pressing 
problems of modern reconstructive maxillofacial surgery.

Acquired maxillofacial defects are usually accompanied by 
severe functional and aesthetic impairments, impaired socio-
psychological adaptation of this category of patients [1].

These can be defects of a traumatic and inflammatory na-
ture, flaws that arise as a result of the removal of pathological 
purulent foci.

Long-term tooth loss leads to significant bone resorption, 
which makes implant placement difficult, causing functional 
and aesthetic problems [2-4]. Particularly difficult problems 
arise with pronounced vertical bone resorption, since the use 
of osteoplastic materials does not provide the necessary resto-
ration of bone tissue parameters [5-8].

In case of insufficient quantitative parameters of the jaws in 
patients, various bone-growth operations are performed to pre-
pare for implantation [9-12].

The use of bone grafts is the standard for atrophied bone 
repair, as they contain both osteogenic cells and an osteocon-
ductive mineralized extracellular matrix where they can grow.

For the restoration of bone tissue in such clinical situations, 
the use of autogenous grafts is highly effective in comparison 
with other methods [11-14].

According to many authors, the two-stage method is more 
predictable and reliable, since during this period the autograft 
matures and has good blood circulation,

In the case of serious defects, there is a risk of resorption of 
the autograft volume before implant placement or after ortho-
pedic reabilitation [15,16].

Radiographic diagnostic data assessing the condition of bone 
tissue after reconstructive surgery show that the bone tissue 
undergoes changes over time after surgery, gradually increasing 
in density, reaching a maximum within six months [17]. Based 
on the above, it should be noted that this period is the most 
expedient for the placement of implant.

Usually, implant stability and osseointegration have been 
assessed using various techniques, including insertion torque, 
percussion testing and radiographic analysis [18,19]. Loading 
protocols and healing time for individual patients are often em-
pirically calculated based on clinical research studies evaluating 
implant stability and osseointegration over time.

Analysis of scientific publications shows that the most mod-
ern and reliable clinical method for assessing the stability of 
dental intraosseous implants is the method of resonance fre-
quency analysis (RFA) [20].

The method is based on the registration of resonant elec-
tromagnetic oscillations of the implant surrounding the bone 
when exposed to an electromagnetic field by means of an elec-
tronic sensor. RFA-Resonance Frequency Analysis developed by 
N. Meredith [21] is widely used to objectively assess the quality 
of bone tissue.

This test records the resonant spectrometric vibrations of a 
Smart peg post attached to an implant under the influence of an 
electromagnetic field. Performed by the device Osstell-mentor 
ISQ (Integration Diagnostics, Gothenburg, Sweden) is an objec-
tively informative method for assessing the osseointegration of 
an implant. RFA allows you to determine the timing of the load 
on the implant and for the early diagnosis of complications. The 
Implant Stability Index (ISQ) is recorded on the screen of the 
device, the higher the index, the stronger the implant fixation. 
Higher bone density has been positively correlated with higher 
RFA values. According to N. Meredith, the index of primary sta-
bility of the implant in the upper jaw is -58 ISQ, and in the lower 
jaw - 66 ISQ [22].

Despite numerous scientific studies using this method, there 
are few publications in which the method of resonance fre-
quency analysis is used to determine the time of the functional 
load of implants installed in an autologous bone graft [23].

Considering the above, this method was included in our 
study, among other diagnostic methods, for an objective as-
sessment of the stability of the implant and to determine the 
optimal timing of orthopedic treatment in the area of bone re-
generation. All of the above confirms the urgency of the prob-
lem and determined the purpose of this study.

presented with healthy soft tissue. Marginal bone loss data were 
recorded, mean marginal bone loss (MBL) was 1.2 ± 0.25 mm after 
3 years. The mean RFA recordings of all 104 implants were 65 ISQ 
at implant placement respectively 73 ISQ after 3 months. The func-
tional load on dental implants was performed with ISQ values above 
65 (dental prosthetic rehabilitation was performed after 3-4 months 
of submerged healing). A total of 8 implant failures were recorded. 
After 5 years show survival rates 97.6%.

Conclusions: RFA could serve as a noninvasive diagnostic tool for 
detecting implant stability during healing stages and subsequent 
routine follow ups. The method of resonance-frequency analysis al-
lows us to determine the timing of the beginning of the prosthetic 
stage in each specific case.



www.jclinmedimages.org              Page 3

Purpose of study determine the timing of orthopedic reha-
bilitation of patients after autograft reconstructive operations 
on the jaw using the method of dental implantation using reso-
nance- frequency method.

Materials and research methods

The analysis of the treatment of 26 patients (men-14, wom-
en- 12, age from 28 to 63 years) with vertical resorption of the 
lower jaws, performed for the period 2017-2021. The following 
criteria were with drawn from this study the presence of somat-
ic, endocrine, oncological, infectious diseases, blood diseases, 
pregnancy.

All patients provided written consent to be included in this 
study and to use facial images for the purposes of the study. All 
patients underwent a complex clinical, X-ray, laboratory study, 
computed tomography (CT). The treatment was planned tak-
ing into account the parameters of the bone tissue in the area 
of the missing teeth. After research and diagnosis, a treatment 
plan was drawn up, including an implant surgery followed by 
prosthodontic treatment.

At the first stage, autotransplantation was carried out in the 
chewing areas of the lower jaw, at the second stage, after four 
months - further implantation. The treatment plan was agreed 
with the patient. The autograft was taken from the chin or ret-
romolar areas of the mandible. The operation was performed 
under premedication and local anesthesia. The autograft was 
adapted and fixed in the donor area with titanium screws, the 
empty space in the donor area was filled with bone material and 
then closed with resorbabale membrane Bio Oss. After reposi-
tion of the mucous membrane, sutures were applied. Prophy-
lactic anti-inflammatory therapy and local antiseptic measures 
were carried out. The postoperative period was calm, without 
complications.

104 Dental implants were installed in the edentulous arches 
using surgical guides. Implants were installed 3 months after 
autogenous bone grafting. After implant insertion, preventive 
complex anti-inflammatory therapy was performed, the patient 
was under dynamic control. 4 months later, the implant clo-
sure screws were removed, the smart peg pin was fixed to the 
implantand determine the timing of optropedic rehabilitation, 
the method of RFA-Resonance Frequency Analysis method was 
used, if normal results were recorded, the prosthodontic phase 
began.

Digital technologies were included in the workflow with the 
laboratory scanning of the master casts and CAD/CAM manu-
facturing software. The orthopedic treatment was performed 
using metal-ceramic implant-based fixed orthopedic structures.

Figure 1 (a,b): CT scan before autograft.

Figure 2: The autograft was taken from the chin areas.

Figure 3: Recipent area before autograft surgery with rownd bor.

Figure 4: The autograft was adapted and fixed in the donor area 
with titanium screws.

Figure 5: Intraoral clinical view,the empty space in the donor area 
was filled with bone material Bio Oss and then closed with resorb-
abale  membrane.

Figure 6: CT scan after autograft surgery, the autograft was adapt-
ed and fixed in the donor area with titanium screws.
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Figure 7: CT scan after implants insertion.

Figure 8: CIntraoral clinical view before implant screws removed.

Figure 9: Intraoral clinical view, the smartpeg pin was fixed to the 
implant, and the resonance spectrometric fluctuations of the pin 
were recorded by the resonance-frequency method.

Figure 10: Intraoral view after prosthetic rehabilitation.

Figure 11: CT scan after prosthetic rehabilitation

n M σ m t

Befor autograft 26 6.2 0.13 0.04

t=130.2
After 4 monthe 

autograft 26 12.8 0.12 0.03

Table 1: The height of the alveolar process in the area of verti-
cal atrophy after restoration with an autograft.

ISQ Implant Stability Quotient

n M σ M

Patients N 26 26 62,3 0,23 0,06

Table 2: ISQ Implant Stability Quotient beforte loading.

Time Patients 
N 26

Mean 
marginal 
bone loss 

(MBL

Befor implants loading 26 0,3 ± 0.12

After 1 years implants loading 26 0,8 ± 0.21

After 5 years implants loading 26 1.2 ± 0.25

Table 3: Marginal bone loss data were recorded, mean mar-
ginal bone loss (MBL).

Postoperative clinical and radiological monitoring was reg-
ularly conducted, and criteria for the success of implantation 
and success of prosthetics of implant-supported reconstruc-
tions were evaluated. Outcome measures were: graft success, 
implant success; complications and marginal bone levels, pros-
thesis success. Change in implants marginal bone levels was 
assessed by taking digital x-rays immediately after restoration 
fixation (base line for comparison), after 1,3 and 5 years post 
after one and three years post operatively.

Statistical analysis

Statistical analysis was performed using the statistical soft-
ware package SPSS 23 (Statistical Package for Social Science 23).

Results

No intra-operative or immediate post-operative compli-
cations were noted and no flap failure occurred. The postop-
erative of the patients was favorable, with the integration of 
the autografts. Complete engraftment of bone autografts and 
wound healing was obtained in all observations. 3 months after 
autogenous bone grafting, the resorption of the graft in some 
transplant recipients is up to 10%. 6 month follow-up period 
evaluation of CT scan revealed implants demonstrated to inte-
grate normally. All of the patients presented with healthy soft 
tissue. Marginal bone loss data were recorded, mean marginal 
bone loss (MBL) was 1.2 ± 0.25 mm. After 5 years show survival 
rates 97.6%



The mean RFA recordings of all 104 implants were 65 ISQ 
at implant placement respectively 73 ISQ after 3 months. The 
functional load on dental implants was performed with ISQ val-
ues above 65 (dental prosthetic rehabilitation was performed 
after 3-4 months of submerged healing) (Figure 1-11).

According to the given computed tomography, patients, who 
underwent autograft surgry of the vertical resorption, had an 
average height of 6.2 mm and after graft surgery 12.8 mm.

Disscussion 

Dental implants are a predictive and reliable treatment op-
tion, provided there is a sufficient quantity and quality of bone 
to achieve the desired functional and aesthetic results [24]. 
When using implants, jaw atrophy is sharply slowed down to 
the physiological level, which undoubtedly plays an important 
role in implant placement. For effective implantation, sufficient 
parameters of the bone tissue in the implantation zone are re-
quired. However, unfavorable conditions, due to oral infections, 
bone atrophy after dental extractions, and long term edentu-
lism, may result in insufficient available bone, making implant 
placement impossible. In case of bone deficiency, bone graft-
ing is performed using Guided bone regeneration, autogenous 
bone grafting, distraction osteogenesis, ridge- split. Autogenous 
bone transplants are the gold standard for bone grafting, but 
the difficulty of obtaining the graft and the soreness of the do-
nor part of the jaw hinders their use [25-32].

Currently, after bone grafting, however resorption of bone 
materials after surgery and complications limits their use, which 
is especially important for vertical resorption, in which vertical 
bone augmentation is effective only during autogenous plastic 
surgery [33,34].

The timing of implant insertion after bone grafting is impor-
tant for the effectiveness of osteintegration in the area of bone 
grafting, taking into account the risk of resorption of the graft 
and according to numerous reports, the percentage after autog-
enous grafting is 20-30 percent [35-37].

The degree of maturity of the autograft and the readiness 
of implant insertion in the area is determined according to the 
data of the catheter and according to certain bones [37,38].

In the literature, there are few publications on the determi-
nation of the timing of the functional load of implants installed 
in the area of bone grafting, which prompted this study [39].

ISQ readings can be used to determine different healing 
phases and the stability of dental implants [40,41].

The results of a clinical study prove the reliability of autol-
ogous bone grafts for pre-prosthetic reconstruction of the al-
veolar ridge before implant placement. High graft success rate 
(95.6%) and implant failure rate (2,4% periimplantitis). Our ob-
servations of patients treated with this technique prove that 
intraoral and extraoral autologous bone grafts should be con-
sidered the gold standard for preprosthetic dentoalveolar re-
construction. This study demonstrates that the reconstruction 
of atrophic jaws using bone grafts from intraoral donor sites 
is a predictable technique for the dental rehabilitation of pa-
tients with crestal atrophy associated with high bone survival 
and implantation success. Currently, despite the fact that there 
are many bone substitutes, autologous bone is considered as 
the most effective material for two-stage preprosthetic aug-
mentation for oral implantation. Intraoral autologous grafts can 

be a reliable option for restoring the resorbed mandible with 
further implant placement. Autologous overhead grafts from 
the ramus of the mandible, symphysis, offer sufficient bone 
volume to restore an atrophic jaw and are excellent treatment 
alternatives for patients when reconstruction is required prior 
to implant placement. In addition to the successful reconstruc-
tion of the alveolar ridge with the correct choice of the donor 
site, the pain of the procedure should be minimal, This study 
presents results of treatment effectivens 26 patients with lower 
jaw edentulous and with vertical atrophy. 104 implants were 
installed for arch reconstructions after autograft and denatl 
implant and 4 months later, the implant closure screws were 
removed, the smart peg pin was fixed to the implant. The reso-
nance frequency analysis method (RFA-) use to determine the 
timing of the beginning of the prosthetic stage, if normal results 
were recorded, the prosthodontic phase began. ISQ gradually 
increases after implant placement, and in case of a decrease 
in the index due to implant overload, timely therapeutic and 
preventive measures are taken to prevent loss of the implant.

Conclusion

The results of this study indicated the prosthtic rehabilitation 
of patients after autograft and dental implant at prosthetic rea-
hibilitation of the jaw bone can provide good esthetic and func-
tional results. RFA could serve as a noninvasive diagnostic tool 
for detecting implant stability during healing stages and subse-
quent routine follow ups. The method of resonance- frequency 
analysis allows us to determine the timing of the beginning of 
the prosthetic stage in each specific case.
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