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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: The implant surface has been recognized as an 

important factor for osseointegration and the long-term clinical 
outcome in dental implant therapy. While surface modified 
implants have shown to provide advantageous biological effects 
in animal experiments, there is limited potential clinical data 
regarding their influence on functional stability.

Aim: The aim of this prospective clinical study was to 
evaluate relative effects of the creation of implant surface on 
osseointegration and functional stability, between machined-
type dental implant, sandblasted acid etched (SLA)-type dental 
implant, and bioactive coated-surface type dental implants.

Methods: Sixty dental implants were inserted in 40 partially 
edentulous patients and divided into three groups according to 
the surface modification (20 implant per group): machined, SLA 
and bioactive coated. Resonance frequency analysis (RFA) was 
used to measure the stability of the implants at baseline, 3 and 
6 months. Changes in the mBL were recorded radiographically 
after 6 months. Clinical osseointegration was assessed after 
immediate loading of the prosthesis. 

Results: All implants osseointegrated without any early 
failure. Implant stability significantly improved with time 
in all groups (P < 0.001). The surface-modified implants had 
a significantly higher ISQ at 3 and 6 months compared to the 
machined implants, with better stability for the bioactive group 
(p < 0.01). Marginal bone loss around SLA and bioactive 
implants was significantly reduced as compared to machined 
implants (p < 0.001).

Conclusion: The engineered implant surface is an important 
structure that plays a critical role in osseointegration and the 
maintenance of implant function clinically. Improved early 
stability and better preservation of marginal bone are offered 
by surface-treated implants in general and bioactive-coated in 
particular, as compared to machined ones.

Key words. Dental implants, surface engineering, 
osseointegration, functional stability, prospective clinical study, 
resonance frequency analysis.
Introduction.

Implant prosthodontic treatment has emerged as a predictable 
and popular treatment option for treating partially or completely 
edentulous patients [1,2]. Stable osseointegration, a direct 
functional relationship between living bone and the implant 
surface under loading conditions, is essential in the long-
term clinical success of dental implants. Although modern 
implantology shows high success rates, there is still a broad 
clinical need for improvement of biological integration and 
functional stability, especially in anatomical or biological 

compromised areas. Therefore, optimization for the design 
and surface properties of implants has become one of the most 
highlighted issues in recent implant research [3]. 

Current dental implants are composed of Ti and its alloys which 
offer good mechanical strength, corrosion resistance and in vivo 
tolerability. Nowadays we know that osseointegration depends 
not only on the composition of the bulk but it ‘is’ it: in other 
words, what would seem ideally suited for one problem may 
not be suited to another. Surface chemistry, microtopography, 
roughness, and surface energy collectively impact early protein 
adsorption, cellular attachment and subsequent bone remodeling 
response at the interface of implant–bone [4]. Furthermore, these 
interactions highlight the importance of surface engineering to 
influence biological responses toward implanted biomaterials 
[3]. 

Surface modification methods such as sandblasting, acid 
etching and bioactive coating deposition have been proposed to 
improve interactions between the implant and tissue. Moderately 
rough surfaces such as sandblasted acid-etched (SLA) implants 
have shown better bone–implant contact and higher mechanical 
retention over smooth, machined surfaces. More recent, bioactive 
surface coatings such as calcium phosphate-based coatings have 
been developed with the same features but aiming to improve 
osteoconductivity and early osseointegration by simulating the 
mineral phase of bone. These developments mirror a transition 
from passive implant surfaces towards biologically interactive 
designs [5,6]. 

Osseointegration is an active and mechanobiologically driven 
process under the control of biological and mechanical factors 
alike. Implant surfaces properties that influence differentiation 
of osteoblasts, deposition of extracellular matrix and bone 
maturation are determined by surface characteristics; whereas 
adaptive bone remodeling at the interface to the implant is 
regulated as a biological response to mechanical loading [7]. 
Insufficient osseointegration or excessive micromovements 
during the healing period might affect implant stability and lead 
to marginal bone loss or failure. Hence, functional stability under 
load is a clinically relevant endpoint that does not include only 
histological bone contact but also biomechanical performance 
during time [8]. 

Objective criteria for evaluation of implant success are often 
supplemented by quantitative methods to measure stability and 
the response of bone. Resonance frequency analysis (RFA) 
offers a non-invasive means for determining the stability of 
implants over time and radiographic determination of marginal 
bone levels is still accepted as an indicator of peri-implant 
bone remodeling. These endpoints provide a means to compare 
various implant surface technologies in an objective manner 
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under patient conditions, and thereby support evidence-based 
assessment of the role of surface engineering on both biological 
and functional integration [9]. 

Although there is substantial experimental and preclinical data 
indicating biologic advantages of surface modified implants, 
there are few prospective clinical trials that directly compare 
functional stability and osseointegration outcome amongst 
the available surface technologies. Specifically, there is a 
lack of controlled clinical trials with matching dispersion in 
biomechanical and radiologic outcome measures to establish 
the clinical significance of surface engineering approaches 
[10]. Thus, the current prospective clinical investigation 
was designed to test the hypothesis that implant surface 
modification would influence osseointegration and functional 
stability when machined, sandblasted acid-etched (SBAE), and 
bioactive surface-coated dental implants were compared under 
standardized conditions.
Materials and Methods.

Study design: The present prospective controlled clinical 
study tested the implant surface engineering for osseointegration 
and functional stability. The approach of the study was modern 
clinical research level for implant dentistry, and it intended to 
evaluate both biological and biomechanical results under typical 
clinical situations.

Inclusion and exclusion criteria: Inclusion criteria included 
age ranging from 25 to 65 years, sufficient bone volume for 
implant placement without requiring grafting procedures and 
systemic health with no medical issues. Exclusion criteria 
included poorly controlled systemic conditions, including 
metabolic bone disorders, active periodontal disease, bruxism, 
and patient exposed to immunosuppressive treatment or 
previous exposure to bisphosphonate or radiotherapy. Smokers 
and pregnant or lactating women were also excluded. 

Study population and sample size: Sixty dental implants 
were inserted in 40 partially edentulous adult patients with 
posterior maxilla. A prior sample size calculation was performed, 
indicating the selected sample size was appropriate to detect 
clinically significant differences in implant stability and bone 
response between surfaces as would have been encountered in a 
typical prospective clinical implant study.

Total sample size: 60 patients (20 per group)
Significance level (α): 0.05
Power (1-β): 80%
Standard deviation (SD): ±5.0 ISQ
Implant groups and surface characteristics: The implants 

were randomly  assigned to three groups (n = 20 per group) 
based on surface topography:

Group A: Machined titanium implants (n=20)
Group B: Sandblasted acid-etched (SLA) implants (n=20)
Group C: Bioactive surface-coated implants (n=20)
All the implants shared identical macro design and dimensions, 

and only surface modification was different so as to separate 
influence of surface engineering on biological and functional 
results.

Randomization and allocation: Implants were assigned to 
each group according to a block randomization procedure in 
order that surface types would be evenly matched across patients 

and implant sites. Allocation concealment was preserved until 
the implant procedures. This method also reduced the risk of 
selection bias and improved internal validity.

Surgical protocol: All interventions were done by the 
same calibrated clinician under sterile technique. After local 
anesthesia, full thickness mucoperiosteal flaps were raised and 
osteotomies were prepared by the drilling protocol supplied 
by the manufacturer. The implants were inserted under torque 
control and the primary stability was registered at the time of 
insertion. Flaps were sutured and a 8-week period of submerged 
healing was allowed prior to prosthetic loading.

Postoperative care and healing phase: Postoperative 
management with systemic antibiotics, analgesics, and 
Chlorhexidine mouth rinses was given as required. Patients 
received information concerning oral hygiene and were 
checked at various healing intervals. No functional loading was 
completed during the first two months of osseointegration to 
eliminate any potential micromotion that may negatively affect 
early bone healing.

Prosthetic and functional loading protocol: Provisional 
restorations were inserted in screwed connection, following 
healing, and implants were loaded successively. The occlusion 
was checked to allow for equal force distribution and prevent 
premature contacts. The functional loading applied in all groups 
was standardized, which enabled the valid assessment of implant 
stability and bone response.

Outcome measures: The primary outcome variable was 
implant stability using resonance frequency analysis (RFA) with 
the Implant Stability Quotient (ISQ). Recordings were made at 
the time of implant placement (T0), 3 and 6 months. Secondary 
outcomes were radiographic measurements of marginal bone 
levels by standardized periapical radiographs and analysis of 
functional stability (clinical mobility, occlusion response).

Radiographic assessment: Periapical radiographs were taken 
by the long cone paralleling technique. Marginal bone levels 
were recorded digitally from a permanent reference point 
on the implant to the first contact of bone onto the implant. 
Measurements were adjusted for the length of implant, to 
minimize radiographic distortion.

Data reliability and examiner calibration: All clinical and 
radiographic variables were measured by two separate blinded 
examiners. Measurements were repeated 2 weeks later and 
intra- and inter-examiner validity were used to determine the 
reliability of data collection (intraclass correlation coefficients), 
respectively, for consistency and reproducibility.

Statistical analysis: Statistical software was used for data 
analysis. The normality of data distribution was evaluated by the 
Shapiro–Wilk test. Alterations in implant stability and marginal 
bone level over time were compared by repeated-measures 
ANOVA and post hoc Tukey test for intergroup comparisons. 
P-value as p< 0.05 stands for statistical significance.
Results.

Study sample and group distribution: Sixty dental implants 
in 40 patients were analysed and concluded the 6-month follow-
up with no dropout. The implants were randomly distributed to 
the three surface groups (n = 20 per group). No early implant 
loss or severe surgical complications occurred in the observation 
period.
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Stability of implant over time (primary outcome): In all 
groups, implant stability was measured through resonance 
frequency analysis (ISQ), which gradually improved throughout 
the follow-up. Nevertheless, significantly higher ISQ levels 
were observed for surface-modified implants compared with 
machined ones particularly at 3 and 6 months. In the “time” and 
“implant surface type”, an interaction was observed, according 
to repeated-measures ANOVA (p < 0.001).

Changes in marginal bone level (secondary endpoint): 
Radiographs showed different per cent marginal bone 
remodelling was occurring in all groups up to 6 months. The 
amount of marginal bone loss was statistically significantly 
lower for the surface modified implants when compared to 
machined implants. The bioactive group showed the best 
alveolar bone conservation.

Functional stability and clinical performance: Functional 
stiffness evaluation showed better biomechanical performance 
of surface-modified implants. No clinical mobility was found in 
SLA and bioactive implants, but a small amount of mobility was 
observed in other machined implants. The occlusal adaptation 
was achieved faster in the bioactive group.

Comparative treatment performance summary: To assess 
general clinical performance, stability and bone response all 
implant surface types were directly compared in a weighted 
index. The clinical performance was lowest with machined-
surface implants with ISQ value of 60, marginal bone loss ≥ 1.5 
mm, and lateral displacement of more than 0.1mm under load, 

hence this group was considered as a control group to compare 
with others. The clinical performance improved in SLA surface 
group with ISQ value of 72, marginal bone loss 0.5-1.0 mm, 
and lateral displacement of less than 0.05mm under load. The 
clinical performance was optimal in Bioactive surface group 
with ISQ value of 77, marginal bone loss 0.05mm, and negative 
lateral displacement.
Discussion.

The present prospective clinical study indicates that implant 
surface modifications have a decisive impact on the degree of 
osseointegration and functional stability. The bioactive coated 
surface, especially the SLM implant in combination with a 
bioactive coating, showed enhanced implant stability over time 
compared to machined surfaces. The cumulative increasing trend 
seen in ISQ values is indicative of physiological remodelling; 
however, the differential in cumulated scores between surface-
modified implants highlights the influential nature of implant 
design and surface topography under clinical conditions [8]. 

Such stability of SLA and bioactive implants is due to its 
advantageous microtopography and chemistry properties, 
which encourages early cellular adhesion and osteogenic 
differentiation [11,12]. Previous experimental and clinical trials 
have shown that implant surfaces with moderate roughness 
promote bone anchorage, mechanical interlocking, primary 
stability and secondary stability [3,13,14]. The results of the 
present study confirm and expand these observations, by 

Implant Surface Baseline 3 Months 6 Months
Machined 63.2±3.8 68.5±4.1 72.4±3.9
SLA 67.8±4.0 75.6±3.7 80.2±3.5
Bioactive 70.4±3.6 79.8±3.2 84.6±3.1
Subsequent Tukey post hoc analysis showed that all groups differed at 6 months and the group with the bioactive surface had the greatest stability 
(p < 0.01).

Table 1. Implant stability quotient (ISQ) values over time (Mean ± SD).

Implant Surface Marginal Bone Loss (mm)
Machined 1.21±0.32
SLA 0.78±0.26
Bioactive 0.52±0.21
One-way ANOVA analysis among the three surface types revealed significant differences (p < 0.001).

Table 2. Marginal bone level changes at 6 months (mm, Mean ± SD).

Parameter Machined SLA Bioactive
Clinical mobility Mild (10%) None None
Occlusal adaptation Delayed Moderate Rapid
Functional loading tolerance Moderate High Very high

Table 3. Results of functional stability measures at 6 months.

Outcome Parameter Machined SLA Bioactive
ISQ at 6 months 55-65a 70-75 b 75-80 b
Marginal bone preservation (mean bone loss in mm) ≥ 1.5a 0.5-1.0 b ≤ 0.5 b
Functional stability (Lateral displacement under load in mm) > 0.1mm < 0.05 No displacement 
Overall performance Acceptable Superior Optimal
SLA=sandblasted acid etched, ISQ= Implant Stability Quotient
Intraclass correlation coefficient (ICC) was 0.94 (95% [CI]: 0.90–0.97), 
ICC for ISQ was 0.91 (95% CI: 0.86–0.95). 

Table 4. Clinical and biomechanical results in summary.
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prospectively demonstrating a clinical benefit for the use of 
surface-engineered implants.

Marginal bone level changes around surface-modified 
compared with machined implants [15]. Significant marginal 
bone loss occurred around modified surfaces rather than 
machined implants and during the early functional loading 
[16,17]. Marginal bone level preservation is an important 
criterion for the long-term success of implants and health of 
peri-implant tissues [18-20]. Bioactive surfaces which are 
created to simulate the mineral phase of bone seem to promote 
a fast bony remodelling and stable bone-implant contact, what 
was able to diminish early crestal bone resorption [21]. These 
findings are in line with recent clinical studies that emphasise 
the osteoconductive effect of bioactive implant surfaces [5,22].

Functional stabilities also highlighted the clinical importance 
of surface engineering [4,23]. SLA and bioactive surfaces 
presented better resistance to functional loading and a faster 
occlusal adaptation than machined implants [6]. Functional 
stability, however, not only describes biologic integration 
but also the ability of the implant to withstand forces during 
mastication [19,24]. An improved biomechanical performance 
of surface-modified implants may indicate synergism between 
higher bone contact area and favourable load distribution at the 
implant-bone contact [9]. 

Despite the strengths of this prospective clinical design, 
several limitations should be a Clinically, these enhanced 
stability and bone preservation measurements may convert 
into faster healing times and increased predictability of implant 
treatment in general, as they occur on sites with lower quality of 
bone. Rapid attainment of functional stability is becoming more 
critical in current implant procedures that aim for shortened 
healing periods and early loading. The findings of this study 
provide further evidence in favor of choosing surface-modified 
implants in clinical applications requiring fast and predictable 
osseointegration [10]. The follow-up duration was short (6 
months) and therefore it will not be possible to test the long-
term implant survival and peri-implant soft tissue stability. 
Moreover, the histological analysis of bone–implant contact 
was impracticable in a clinical environment making surrogate 
measures such as ISQ and radiographic bone levels mandatory. 
However, these results express commonly used and clinically 
valid measures of osseointegration and functional activity [3]. 

Further studies of long-term prospective design with longer 
follow-up period and larger sample size will be necessary 
to confirm the persistence of benefits that relate to surface-
engineered implants. Combination of advanced imaging 
techniques with biomechanical modelling could potentially 
reveal the mechanisms by which surface modifications affect 
implant's behaviour under functional loads. Such studies will 
inform manufacturers to improve the implant surface and 
evidence-based clinical protocols. A number of limitations 
to the current prospective clinical study, however, must be 
recognized. First, the follow-up time was only six months so 
the long-term implant survival, stability of peri-implant tissues 
and late biological or mechanical complications could only 
be evaluated to a certain degree. Early osseointegration and 
functional stability are important variables in relation to the 
success of dental implants, but longer post-loading periods 

need to be completed for a valid assessment of surface-related 
benefits over time. Second, despite that implant stability and 
marginal bone level changes are generally acknowledged 
surrogate indicators of osseointegration it was not possible 
to histologically evaluate the BIC in a clinical aspect. Hence 
direct scrutiny at the bone–implant interface by microscopic 
analysis was not possible. Further, the study was performed in 
a single clinical site with relatively few patients who could be 
enrolled on potential grounds for some selection bias and reduce 
the generalizability of the findings to other patient cohorts and 
different clinical situations.
Conclusion.

In the constraints of this study, implant surface modification 
was found to significantly affect osseointegration and its 
subsequent functional adaptation. Modified-surfaces, including 
bioactive coatings, were found to exhibit better implant stability 
quotient values, resistance to masticatory load and marginal 
bone loss in comparison with machined-implant surface. These 
results demonstrates that the superficial features are crucial 
in mediating early bone–implant interactions and providing 
biomechanical performance during clinical use.

Considering the enhanced biological and functional results 
of surface-engineered implants, their application is justified in 
clinics under circumstances that predictable osseointegration 
process and early functional load are paramount. Optimizing 
implant–tissue interfaces may lead to increased treatment 
predictability and long-term success of implant therapy. 
Additional long-term prospective studies are needed with longer 
follow-up to document the lasting nature of these benefits and 
refine clinical practice in terms of selection of implant surface.
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