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PURPOSE. To compare implant survival and success rates and implant stability quotient
(1SQ) values of early-loaded single implants with sandblasted acid-etched (SA, control
group) surface versus implants with SA surface modified with pH buffering agent (SO,
test group).

MATERIALS AND METHODS. This study was designed as multicentre, split-mouth, rando-
mized controlled trial to evaluate implant and prosthesis survival rates, complications,
and implant stability quotient (ISQ) in any partially edentulous subject requiring at least
two single implant-supported crowns. A one-stage implant placement procedure was
used, and implants were randomized after implant site preparation. ISQ values were eva-
luated for each implant, at baseline and then every week up to 8 weeks after surgery, and
finally at definitive crown delivery (12 weeks after implant placement].

RESULTS. Overall, 62 patients from 9 centres were enrolled in this study. One patient
dropped out from the study at 8 weeks. In the first 12 weeks of observation, 2 implants
failed, both in the SA group, the difference not being statistically significant (P = 0.5). No
prosthesis failure occurred up to 4 months after fitting. Five complications were expe-
rienced, 3 in the SA group and 2 in the SOI group. The difference between groups was not
statistically significant (OR = 0.66, 95% Cl: 011 to 4.07; P = 0.650). Of these complications,
loss of stability without rotation was observed in 2 implants from the SOl group and 2
implants from the SA group, all in the third and fourth weeks of measurements. All the
implants were submerged and successfully osseointegrated at the twelfth week. The last
complication was an SA implant screw loosening, which was resolved chair-side. The
baseline mean 1SQ values were 76.57 + 7.54 (95% Cl 74.69 to 7844) in the SA group and 75.92
+ 769 (95% Cl 73.89 to 77.73) in the SOI group. The mean I1SQ values at 12 weeks were 7917
+7.83 (95% CI 77.03 to 81.29) and 78.82 + 8.80 (95% C| 7642 to 81.21) in the SA and SOI groups,
respectively. Mixed-effects modelling revealed a statistically significant difference
between groups over time, with slightly lower 1SQ values for the SOI group (-0.65; 95% Cl
-114 to -015). Statistically significant differences were also estimated among centres (P
<0.001).

CONCLUSIONS. Within the limitations of the present preliminary report, it is possible to
conclude that both implants can be successfully loaded early.
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INTRODUCTION

Dental implants are considered a reliable tool for oral rehabilitation, and several recent stu-
dies have sufficiently proven their longevity and stabhility™. Various techniques have been tried
to enhance the appeal and acceptance of implants by patients. Among these, a shortened
healing time has become one major focus of implant research. Different surgical approaches
have been attempted to provide immediate aesthetic and functional rehabilitation*®. Althou-
gh a Cochrane systematic review has failed to find any convincing evidence of a clinically si-
gnificant difference in implant and prosthesis failures associated with different implant loa-
ding times®, as compared with the conventional procedure, immediate implant placement into
fresh extraction sockets has been associated with a higher incidence of implant failures®™.
Hence, over the years different implant macro and micro designs have been introduced in the
attempt to increase the bone-to-implant contact during healing time, making osseointegra-
tion faster. Modification technigues have experienced constant development in recent years,
the purpose being to alter the roughness of the implant surface in order to create a favou-
rable environment for osseointegration. Surface modification techniques can be divided into
three categories, physical and chemical utilized individually, or a combination of both. Chemi-
cal surface modification techniques tested to date include micro-rough sandblasting and
large-grit acid-etching", coating the titanium surface with a resorbable nano-layer of hy-
droxyapatite® and coating with a pH buffering agent®". A combination of physical and chemi-
cal technigues, respectively grit blasting with alumina followed by acid etching, produces one
of the best documented implant surfaces in the dental field, with successful long-term fol-
low-ups?®. However, a Cochrane review failed to show any relevant clinical difference betwe-
en different implant types®.

Nonetheless, Tallarico and co-authors have demonstrated that the physiological implant sta-
bility quotient (ISQ) diminishes less during the bone remodelling phase with sandblasted acid-
etched implants with a bioabsorbable apatite nanocoating than with solely sandblasted acid-
etched implants®™.

Recently, Osstem (Osstem Implant, Osstem Global, Seoul, South Korea) introduced a new sur-
face, modified with pH buffering agent to improve osseointegration. This has shown promi-
sing basic research results®™*, but despite the positive preliminary findings achieved by one
independent randomised controlled trial (RCT)”, a systematic review found little difference
between sandblasted and acid-etched dental implants and the pH-buffered surface™®.

In order to provide further useful data, this split-mouth, multicentre randomized controlled
trial was designed to compare implant survival, success rates, and I1SQ values of early-loaded
TSI (Osstem Implant) implants with sandblasted acid-etched (SA) surface versus an SA sur-
face modified with pH buffering agent (SOI) in the rehabilitation of single implant-supported
crowns. The two implants used were identical in terms of shape, dimensions and geometry,
the only difference being the surface preparation: the SOI implant surface is hydrophilic,
while the SA surface is hydrophobic (FIG. 1). The null hypothesis tested was that there would
no difference between groups against the alternative hypothesis of a difference. The manu-
script was prepared according to the CONSORT statement guidelines for improving the quali-
ty of reports of randomized trials (http://www.consort-statement.org/).

MATERIALS AND METHODS

This study was designed as a spilt-mouth, multicentre, randomized controlled trial with blind
outcome assessment, with the exception of complications and failures, which were reported
by the treating dentists. This study was conducted in accordance with the principles outlined
in the Declaration of Helsinki for Biomedical Research Involving Human Subjects, as amended
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FIG. 1: Implants with SOI (left] and SA [right] surfaces. The SOl implant has a hydrophilic surface [darker]
whereas the SA implant has and idrophobic surface.

in 2018, and was registered with clinicaltrial.gov as number NCT04073654. The research proto-
col received ethical approval from the coordinating centre, located in Albania (protocol num-
ber 1/2018). Before starting treatment, all the patients were duly informed about the nature
of the study, and signed an informed written consent form for surgical and prosthetic proce-
dures. Patients were to be enrolled and treated in 10 public and private centres in Europe and
South Africa between September 2019 and June 2021.

Inclusion/exclusion criteria

Any partially edentulous subject requiring at least two single implant-supported crowns,

being at least 18 years old and able to sign informed consent, was screened for eligibility.

Broad inclusion criteria were used, including any type of bone, location, smaoking habits, etc. A

minimal bone volume was required to allow the placement of implants at least 8.5 mm long

and 3.5 mm wide, with a minimal insertion torque of 30 Ncm. Post-extraction sockets or aug-

mented bone were allowed if at least four months had passed from the extraction or aug-

mentation procedures. Smokers were categorized as either moderate (up to 10 cigarettes/

day) or heavy smokers (more than 10 cigarettes/day), according to their declaration.

Patients were not admitted to the study if any of the following exclusion criteria were present:

— General contraindications to implant surgery;

— Less than 4 mm of keratinized gingiva at the implant sites;

— |mmunosuppression or compromise;

— Irradiation of the head and/or neck in the previous 5 years;

— Uncontrolled diabetes;

— Pregnancy or lactation;

— Untreated periodontal disease;

—— Poor oral hygiene and motivation (full mouth bleeding and full mouth plague index higher
than 25%):;

— Addiction to alcohol or drugs;

— Psychiatric problems and/or unrealistic expectations;

— Acute infection or suppuration at the site intended for implant placement;

— Any form of tissue augmentation required at implant placement;
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— Immediate post-extraction (implants could be placed after a 4-month healing period);
— Previous or ongoing treatment with intravenous aminobisphosphonates;

— Referral for implant placement alone (no follow-up possible at the treatment centre);
— Participation in other studies, if the present protocol could not be fully adhered to.

Preoperative radiographs (periapical radiography and/or cone-beam computed tomography)
were obtained for every potentially eligible patient to quantify bone volumes at the planned
implant sites. Patients having sufficient bone volumes to receive two single implants were
invited to join the trial and were informed of its nature. Only after they fully understood the
nature of the trial (including procedures, follow-up evaluations, and any potential risks invol-
ved) were they asked to join and signed informed written consent. For patients with more
than two suitable implant sites, operators were free to choose those sites with the most si-
milar characteristics at the screening visit, preferably non-adjacent. The selected implant
sites were then coded as number 1 (the lowest according to the FDI World Dental Federation
notation) and number 2 (the highest).

Clinical procedures

About 10 days prior to implant placement, all patients underwent a professional oral hygiene
session. All patients received prophylactic antibiotic therapy: 2 g of amoxicillin 1 hour prior to
the intervention, or clindamycin 600 mg 1 hour before implant placement if allergic to penicil-
lin. All patients rinsed with chlorhexidine mouthwash 0.2% for 1 minute prior to any surgical
procedure, and were treated under local anaesthesia using articaine with epinephrine
1:100,000. Depending on the anatomy of the site and the clinician's preference, flapless or
miniflap (crestal flap without vertical incisions) access was obtained (the same technique in
each patient). Implant sites were prepared simultaneously using taper drills (800-1200 RPM)
with copious saline irrigation, according to the drilling protocol recommended by the manu-
facturer (122 Taper kit, Osstem Implant) and bone density. This was assessed during the dril-
ling phase, and classed, based on the clinician's experience as: "hard”, “normal” or “soft". Ope-
rators were free to choose implant lengths according to the clinical indications and their
preferences. If possible, two implants of the same length and diameter were to be chosen for
each patient. Tapered TSIl implants with sandblasted acid-etched (SA) surface (SA group) or
SA surface modified with pH buffering agent (SOl group) were placed via a one-stage protocol
at bone level or slightly subcrestally, with a minimum insertion torque of 30 Ncm. Implants
inserted with lower torque were to be excluded from further ISQ measurements and left to
heal undisturbed for 4 months before crown fitting. The treatment sequence is reported in
FIGS. 2A-H.

After implant placement, appropriate multipegs (Hiossen, Englewood Cliffs, NJ, USA) were con-
nected to the implants one at time, and the implant stability quotient (ISQ) was measured
using resonance frequency analysis by means of 1S3 Monitor device (Hiossen). Healing abut-
ments were connected to the implants using a finger driver, and any flaps were closed with
sutures. Post-surgical analgesic treatment with ibuprofen 600 mg as needed was advised.
Antibiotics (1 g of amoxicillin, or clindamycin 600 mg if patients were allergic to penicillin) were
administered twice a day for 5 days. The ISQ measurements were continued weekly for 8
weeks after implant placement, and then at the twelfth week, as per a previously published
report®. At each time-point, the healing abutments were unscrewed, appropriate multipegs
were attached to the implants, one at time, and two measurements were made: buccopalatal
and mesiodistal. Finally, the healing abutments were screwed back in place using a finger
driver, after cleaning and disinfection with chlorhexidine 0.2% and an ultrasonic cleaner. Defi-
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FIGS. 2A-H: From A to D: sequence of treatment in the SOI group, implant placement [A]: prosthesis delivery 12 weeks after implant placement [BJ: periapical
radiograph at prosthesis delivery [C]: 4-month follow-up (D). From E to H: sequence of treatment in the SA group implant placement [E]: prosthesis delivery 12 weeks
after implant placement (FJ: periapical radiograph at prosthesis delivery (GJ; 4-month follow-up (H).
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nitive impressions were taken eight weeks after implant placement, and definitive crowns
were delivered twelve weeks after implant placement. Implants were to be restored as single
units. Investigators were free to fit definitive metal-ceramic or full ceramic crowns, which
could be either cemented or screw-retained. Nevertheless, identical procedures and mate-
rials were to be used for implants from both groups in the same patient. Definitive crowns/
abutments were screwed twice at 20 or 30 Ncm (according to the manufacturer's instructions
and considering the implant platform), with an interval of 10 minutes. Occlusion was checked,
and oral hygiene instruction reinforced if necessary. Periapical radiographs and intraoral pi-
ctures were taken at implant placement and definitive crown fitting.

Primary outcome measures were implant and prosthesis failures, and any complications

were recorded.

— Implant failure was defined as an implant rotating during abutment screw tightening/
loosening, fracture, and/or any infection dictating implant removal or other mechanical
complication rendering the implant unusable.

— Crown replacement for any reason was considered a prosthesis failure.

— Any biological (pain, swelling, suppuration, etc.) and/or mechanical (screw loosening,
chipping of the ceramic materials, etc.) complication was recorded.

The secondary outcome measure was the implant stability quotient (ISQ), as recorded by blind
outcome assessors using resonance frequency analysis. Buccopalatal and mesiodistal mea-
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surements were taken and averaged, with the result being displayed by the device in ISQ
units ranging from 1 to 100. The ISQ values were recorded at the time of implant placement
(baseline) and then weekly up to the eighth week, and finally at the twelfth week after implant
placement during definitive crown fitting.

The following secondary outcome measures will be assessed at one year of follow up: margi-
nal bone levels (MBLJ; probing pocket depth (PPD), bleeding on probing (BOP), plague index (PI);
and pink aesthetic score (PES). A blind outcome assessor from each centre will collect the
data, and a single blind assessor will evaluate MBL and PES.

Data analysis

The appropriate sample size was estimated as 65 implants in each group, to be enrolled
across 10 different centres, given an effect size d = 0.6383489, B err prob 0.05, and power (1-B
err prob = 0.95). Effect size was determined based on a previous similar study reporting 1SQ
values of 71.2+ 4.07 for conventional surface implants and 74+ 4.68 for those with the modified
surface”. Due to the split-mouth design of the trial, each patient provided both test (SOI) and
control (SA) implants. In order to avoid underpowered results (<95%) due to possible drop-
outs, 35 patients were added, making a total planned sample size of 100 patients (200 implan-
ts). To this end, each centre was to place 10 test implants (SOI) and 10 control implants (SA) in
10 enrolled patients.

Accordingly, ten computer-generated restricted randomization lists were created. Only one
person, not involved in the research, was aware of the randomization sequence and had ac-
cess to the randomization lists, which were stored on a password-protected laptop. The ran-
domization codes were enclosed in sequentially numbered, identical, opaque, sealed envelo-
pes, which were opened sequentially after both implant sites had been prepared.

All data analysis was carried out according to a pre-established analysis plan by two of the
investigators [MC and JB) without knowing group allocation. Patient data was recorded on an
Excel spreadsheet (Microsoft Corporation, Redmond, Washington, USA). Implant and prosthe-
sis failures, as well as complications were noted (dichotomous outcomes). The I1SQ values
(continuous outcome) were analysed at all time-points (0, 1,2, 3, 4,5, 6,7, 8 and 12 weeks). The
McNemar test was conducted on implant failures. Mixed-effects models were created for the
continuous dependent variable (ISQ), and generalized mixed models for dichotomous depen-
dent variables (complications), considering patients as random effects and time and group as
fixed effects. A further mixed-effects model was created to estimate differences among
centres, considering patients as random effects and time and centre as fixed effects. Post-
hoc analyses and effects plots were produced. Jamovi Version 1.8.0.0 (Jamovi Project, Sydney,
Australia) statistics software was used for all the analyses. The data are presented as mean
+ standard deviation with 95% confidence interval (Cl) and frequency and percentage for di-
chotomous variables. P-values of <0.05 were considered statistically significant.

RESULTS

Patients were to be recruited and treated using similar procedures in 10 different centres,
and each centre was supposed to recruit and treat 10 patients (20 implants). However, one
centre failed to recruit any patient. The 9 remaining centres were located as follows: three in
Italy (MT, FG, LM), and one each in Albania (EX), Bulgaria (DE), Romania (MG), Switzerland (NW),
South Africa (AdW) and Poland (LZ). Patients were assessed to establish their eligibility for the
trial, and only 2 centres (MT and EX) recruited 10 patients, while 1 centre (MG) recruited 9 pa-
tients, 2 centres (NW and AdW) 8 patients, 2 centres (LM and LZ) 6 patients, and the remaining
2 centres recruited 3 (DE) and 2 (FG) patients, respectively. Ninety-one patients were original-
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ly screened for eligibility, but only 62 participants (23 men and 39 women) were consecutively
enrolled in the trial by the nine participating centres. Reasons for not including 29 patients
were: frequent check-up visits (18 patients), need for guided bone regeneration (11 patients).
One patient dropped out of the trial at the eighth week having lost one implant, although this
was replaced, the patient preferred to withdraw from the trial. Twenty-two deviations from
the original protocol occurred in 6 centres, as reported in TABLE 1.

The mean age of the patients was 521+14.3 years, 66.1% of whom were non-smokers, while
274% smoked up to 10 cigarettes per day and 6.5% smoked more than 10 cigarettes per day. A
total of 124 implants were placed, distributed equally between SA and SOI groups. The number
of different implant sizes used are reported in FIG. 3. All centres fitted same type of prosthe-
sis at both sites in all patients, with one exception (Patient 2 at Centre 3 received one screw-
and one cement-retained crown). Materials were similar in both groups. In particular,
screwed-retained protheses were in the great majority in both SA and SOI groups (694% and
681%, respectively] and 56.5% of crowns were metal-free in both groups.

Two implants from the SA group were lost, while no implant failed in the SOI group. Both of the
former were lost (mobility without pain) between the 3 and 4" week, and immediately repla-
ced; the remaining SOI implant in the patient from Centre 7 was continuously followed up,
while the patient from Centre 10, withdrew from the study at the 8" week. The difference in
implant failures between groups was not statistically significant (P = 0.5). No prosthesis failu-
re occurred in either group in the 12-week study period.

TABLE 1 DEVIATIONS FROM THE ORIGINAL PROTOCOL

Centre ‘ Deviations from the original protocol
Centre 1 Patient 2: Measurements at SA implant were stopped at 4" week (up to 12" week) due to implant mobility (ISQ lower than 55).
Patient 7: Measurements at SOl implant were stopped at the 3/ week (up to 12" week) due to implant mobility (ISQ lower than 55).
Patient 9: Measurements at both implants were stopped at the 2" week for 6 weeks as patient was unavailable due to Covid-19 quarantine.

Centre 2 None

Centre 3 Patient 2: Received one screw- and one cement-retained crown.

Patient 5: Measurements at both implants were stopped at the 2" week for 6 weeks as patient was unavailable due to Covid-13 quarantine.
Patient 6: Measurements at both implants were stopped at the 2" week for 6 weeks as patient was unavailable due to Covid-19 quarantine.

Centre 4 None

Centre 5 No patients recruited

Centre 6 None

Centre 7 Patient 6: Measurements at SOl implant were stopped at 15 week (up to 12" week] due to implant mobility (ISQ lower than 55).

Patients 1, 2, 3,7 and 8: Measurements at 12" week were not taken as prostheses had already been fitted.

Patient 2: Measurements were not taken at 2" and 5" weeks due to holidays.

Patient 4 and 6: Measurements were stopped at 3" and 15 weeks as patient was unavailable due to Covid-19 quarantine.
Patient 5: Measurements were stopped at 1%t week due to 1S3 malfunction.

Centre 8 Patient 6: Measurements at SOI group were stopped at the 3 week (up to 12t week] due to implant mobility (ISQ lower then 55).

Centre 9 Patients 1to 7: Missed at least one appointment for various reasons unrelated to the study (e.g., forgetting the appointment, general health
status, Covid-19 quarantine).

Patients 5 and 6: Received splinted implant-supported restorations instead of single crowns.

Centre 10 Patient 2: Measurements at both implants were stopped at the 4™ week for 2 weeks as patient was unavailable due to Covid-19 quarantine.
Patient 4: Measurements at both implants were stopped at the 6" week due to Covid-19 lockdown. Prostheses were fitted 9 months from
implant placement.

[ ] [ ]
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FIG. 3: Distribution of implant size and diameter per group.
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Overall, five complications were experienced, three in the SA group and two in the SOI group.
At Centres 1,7 and 8, 4 implants (2 from each group) manually displayed slight horizontal
mobility but no implant rotation. Implants were submerged and successfully osseointegrated,
and then loaded at 12 weeks in line with the trial protocol. A later complication occurred 8
weeks after crown fitting, specifically a screw loosened at one implant-supported crown in
the SA group (Centre 3). As estimated by a mixed-effects model, the difference in complica-
tions between groups was not statistically significant, being OR = 0.66, 95% CI 011 to 4.07,
P=0.650.

The distribution of ISQ measurements is reported in TABLE 2. The baseline mean ISQ values
were 76.57 +7.54 (95% Cl 74.69 to 7844) at SA implants and 75.92 +7.69 (95% CI 73.89 to 77.73) at
SOl implants. The mean 1SQ values at 12 weeks were 7917 +7.83 (95% Cl 77.03 to 81.29) and 78.82

TABLE 2 DISTRIBUTION OF ISQ DATA OVER TIME

N 62 62
P Mean 1SQ (SD) 76.57 (754) 75.92 (7.69)
N 60 59
Week 1 Mean ISQ (SD) 75.63 (8.96) 75.24 (8.52)
N 57 57
Week 2 Mean 1SQ (SD) 75.05 (8.75) 74.22 (910)
N 51 49
Week 3 Mean 1SQ (SD) 75.35 (9.63) 74.97 (9.21)
N 53 52
Week 4 Mean 1SQ (SD) 7478 (9.30) 74.27 (844)
(continues]
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N 48 48
Week 5 Mean 1SQ (SD) 76.04 (9.78) 75.59 (8.30)
N 49 49
Week 6 Mean 1SQ (SD) 76.89 (9.34) 7613 (9.36)
N 47 48
Week 7 Mean 1SQ (SD) 7747 (9.95) 7717 (9.97)
N 53 53
Week 8 Mean 1SQ (SD) 78.79 (8.51) 7840 (9.00)
N 52 52
Week 12 Mean 1SQ (SD) 7917 (7.83) 78.82 (8.80)

IP = implant placement; ISQ = implant stability quotient; SD = standard deviation

+8.80 (95% Cl 7642 to 81.21) in the SA and SOI groups, respectively. The mixed-effects model
revealed a statistically significant difference between groups over time, with lower 1SQ va-
lues in the SOI group (-0.65; 95% CI -1.14 to -0.15; TABLE 3). The effects plot over time is shown
in FIG. 4.

The mixed-effects model for between-centre differences is reported in TABLE 4. Statistical-
ly significant differences were estimated among centres (P <0.001). In particular, Centre 4
displayed significantly lower 1SQ values (P <0.001) than all other centres. All pair-wise diffe-
rences from post-hoc analysis are reported in TABLE 5. The effects plot over time is shown
in FIG. 5.

TABLE 3 MIXED-EFFECTS MODELLING OF BETWEEN-GROUP DIFFERENCES IN ISQ OVER TIME (FIXED EFFECTS PARAMETER ESTIMATES)

95% Confidence
interval

omes | oot | cotmew | 5 | tower | e | o | 7|
(Intercept) (Intercept) 76.37 0.97 447 78.27 6148 78.85 <.001
Group SOl - SA -0.65 0.25 -114 -015 989.84 -2.56 0.0m
Timel 1-0 -0.80 0.53 -1.84 0.23 991.51 -1.52 0129
Time2 2-0 -1.64 0.54 -2.69 -0.59 992.32 -3.07 0.002
Time3 3-0 -142 0.56 -2.52 -0.33 992.68 -2.55 0.01
Time&4 4-0 -1.57 0.55 -2.64 -049 992.61 -2.85 0.004
Time5 5-0 -0.35 0.56 -146 0.76 992.65 -0.62 0.535
Time6 6-0 0.27 0.56 -0.83 1.37 992.66 048 0.631
Time7 7-0 0.95 0.57 -016 2.06 992.56 1.69 0.092
Time8 8-0 240 0.55 1.33 347 992.37 4.39 <.001
TimeS 12-0 344 0.55 2.37 452 992.37 6.26 <.001
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FIG. 4:. Effects plot for ISQ values over time split by group.

TABLE 4 MIXED-EFFECTS MODELLING OF BETWEEN-CENTRE DIFFERENCES IN ISQ OVER TIME (FIXED EFFECTS PARAMETER ESTIMATES)

95% Confidence
interval
| Effect | Estimate | SE_ lower | Uppr | DF | T
(Intercept) (Intercept) 74.84 0.60 73.65 76.02 5242 123.88 <.001
Timel 1-0 -0.78 0.53 -1.82 0.26 994.36 -148 0140
Time2 2-0 -1.60 0.54 -2.66 -0.55 995.99 -2.99 0.003
Time3 3-0 -1.39 0.56 -249 -0.30 996.86 -2.50 0.013
Time& 4-0 -1.54 0.55 -2.62 -046 996.92 -2.80 0.005
Time5 5-0 -0.32 0.57 -142 0.79 996.98 -0.56 0.575
Time6 6-0 0.30 0.56 -0.80 140 997.28 0.53 0.594
Time7 7-0 0.98 0.57 -013 2.09 99710 173 0.084
Time8 8-0 243 0.55 1.36 3.50 996.05 443 <.001
Timeg 12-0 348 0.55 240 4.56 994.08 6.31 <.001
Centrel 2-1 2.00 319 -4.24 8.25 5143 0.63 0.532
Centre2 3-1 -6.61 214 -10.80 =242 52.66 -3.09 0.003
Centre3 4-1 -27.06 2.7 -32.37 -21.75 51.50 -9.99 <.001
Centre4 6-1 2.96 1.90 -0.75 6.68 51.94 1.56 0124
Centreb 7-1 213 2.00 -1.80 6.06 5619 1.06 0.292
Center6 8-1 -1.94 1.84 -5.55 1.68 51.88 -1.05 0.299
Centre7 9-1 -4.60 197 -845 -0.74 53.01 -2.34 0.023
Centre8 10-1 243 213 -1.75 6.61 52.30 114 0.260
] ]
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TABLE 5 POST-HOC COMPARISONS BETWEEN CENTRES OF ISQ OVER TIME (POST HOC COMPARISONS - CENTRES]

s | cows | oveses | st |1 | o |
1 - 10

P Bonferroni

-243 213 114 5213 1.000
1 - 2 -2.00 319 -0.63 51.27 1.000
1 = ¥ 6.61 214 3.09 5249 0115
1 - 4 27.06 2. 9.99 51.33 <.001
1 - 6 -2.96 190 -1.56 51.77 1.000
1 - 7 -213 2.00 -1.06 56.01 1.000
1 - 8 1.94 1.84 1.05 51.72 1.000
1 - 9 4.60 197 2.34 52.84 0.836
2 = 10 -043 5156 -013 91.35 1.000
2 - 3 8.61 3.36 2.56 51.51 0484
2 - 4 29.06 3.7 175 51.09 <.001
2 - 6 -0.96 3.21 -0.30 5116 1.000
2 - 1 -013 3.28 -0.04 52.69 1.000
2 - 8 3.94 318 1.24 5113 1.000
2 - 9 6.60 3.26 2.03 51.57 1.000
3 - 10 -9.04 2.39 -3.78 5244 0.014
3 - 4 2046 2.91 702 51.65 <.001
3 - 6 -9.57 218 -4.39 52.22 0.002
3 = 7 -8.74 2.21 -3.84 5547 0.01
3 - 8 -4.67 213 -219 52.20 1.000
3 = 9 -2.01 2.24 -0.90 53.01 1.000
4 - 10 -2949 291 -1013 5144 <.001
4 = 6 -30.03 2.7 -10.95 5118 <.001
4 - 7 -2919 2.82 -10.36 53.27 <.001
4 = 8 -2513 2. -9.28 5114 <.001
4 - 9 -2246 2.79 -8.05 5174 <.001
6 = 10 0.53 217 0.24 51.86 1.000
6 - 7 0.83 2.05 oM 55.51 1.000
6 = 8 4.90 1.89 2.59 5138 0448
6 - 9 156 2.01 3.76 52.51 0.015
7 = 10 -0.30 2.21 -013 55.08 1.000
7 - 8 4.07 2.00 2.03 55.65 1.000
7 = 9 6.73 2n 318 56.29 0.086
8 - 10 -4.37 213 -2.05 51.82 1.000
8 = 9 2.66 1.96 1.36 52.50 1.000
9 - 10 -1.03 2.24 =314 52.70 0.099
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FIG. 5: Effects plot for ISQ values over time split by centres.

DISCUSSION

This randomized controlled trial was designed to provide preliminary data on the clinical per-
formance and implant stability quotient of Osstem TSIl implants with SA surface modified
with a pH buffering agent (SOI) used for the rehabilitation of single implant-supported crowns,
as compared to the conventional SA surface. This split-mouth trial revealed a statistically si-
gnificant difference in favour of the SA group, allowing the null hypothesis of no difference in
ISQ between groups to be rejected. However, it should be noted that the difference was only
0.65, which is not clinically significant.

Furthermore, when comparing ISQ values among centres, there were also some statistically
significant differences in some pairwise comparisons. One possible explanation for these
differences could be the different numbers of patients treated at each centre. Alternatively,
the discrepancies noted could also reflect differences in primary implant stability and proce-
dures used by the dentists at the different centres. In this regard, even though the same
implant designs and drilling protocols were applied, there are several other factors that may
affect ISQ measurement data, including but not limited to bone quality and quantity. This rai-
ses some doubts as to the clinical relevance of ISQ values for the purposes of rapid implant
stability assessment?,

Nonetheless, only two out of the entire sample of implants failed, both in the SA group betwe-
en the third and fourth weeks, while all the implants in the SOI group integrated successfully;
this difference was not statistically significant, and indicates that both types of implant tested
can be loaded early. That being said, it should be noted that four other implants, 2 per group,
presented clinically detectable mability during the third and fourth weeks, and were therefo-
re submerged, eventually osseointegrating without failing. Even though the submerged tech-
nique is not a prerequisite for osseointegration?, it is the authors' opinion that repeated un-
screwing of the healing abutment should be avoided during the early weeks of this process.
This procedure was included in the trial protocol for research purposes only.

One of the main limitations of this study is the small sample size; the planned sample size was
not achieved so the study may be underpowered for the purposes of testing the hypothesis.

[ ]
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Furthermore, several measurements were discontinued due to the COVID-19 quarantine.
However, it is worth noting that the measurements were discontinued in both groups due to
the split-month design of the study. Another limitation of the present research is the short
follow-up. However, the main aim of this paper is to report the trend in stability of both types
of implant during the osseointegration period.

Indeed, although a large part of research in implant dentistry is currently focused on the
study of bioactive surfaces, only a few reports of human trials are available, with most of the
literature being based on animal research. Ethical restrictions do not allow for histological
analysis in humans, but there is a general opinion generated from animal and in-vitro studies
that implant surface modification may improve early osseointegration?. Nonetheless, the
results of this preliminary study are in agreement with the conclusions drawn from a previous
systematic review and randomized controlled trial in humans, which both failed to find any
statistically significant difference between conventional and modified implant surfaces®?.
The purpose of modified surfaces is to enhance contact osteogenesis around dental implan-
ts, accelerating osseointegration in the early healing phase. In the present study, implants
were placed in healed bone, with a direct bone-to-implant contact, with high primary implant
stability. Even though histological analysis around implants placed in humans are not feasible
for ethical reasons, further randomized controlled trials are needed to evaluate the perfor-
mance of implants with modified surface in cases with a gap between implants and bone or
poor bone quality.

CONCLUSIONS

Despite the limitations of the present trial, it appears that implants with a surface mo-
dified with pH buffering agent (SOI) can be safely used for the early rehabilitation of
single implant-supported crowns, but that these offer no advantages over implants with
a conventional sandblasted acid-etched (SA) surface. Further studies are needed to
confirm or refute these preliminary results.
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