Primary and Secondary Stability of Implants with Hydrophilic
Surfaces in the Posterior Maxilla: A Split-Mouth Randomized
Controlled Clinical Trial
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Purpose: The aim of this split-mouth randomized clinical trial was to evaluate the primary and secondary stability of
implants with hydrophilic surfaces in comparison to implants with conventional surfaces in the posterior region of the
maxilla. Materials and Methods: Twenty patients with a bilateral edentulous ridge in the posterior area of the maxilla
randomly received implants with two types of surfaces: (1) implants with the surface modified by double acid-etching and
sandblasting (DAS, n = 20); and (2) implants with the surface modified by double acid-etching and sandblasting, stored
in 0.9% saline solution to confer highly hydrophilic properties (DAS-H, n = 20) on the surface. The implants presented
the same macrostructure with a hybrid design. The resonance frequency analysis was performed in order to obtain

=]

the implant stability quotient (ISQ) using Osstell. The I1SQ analyses were performed just after placement of the implant
(primary stability) and at 28, 40, and 90 days after the surgical procedure (secondary stability). Results: There were no

differences between the DAS and DAS-H surfaces in the primary stability or during the conversion of the primary to the
secondary stability; however, there was a reduction in the stability of the implants at 28 days, which increased significantly
at 40 and 90 days in both surfaces. Conclusion: It can be concluded that the surface wettability of implants with a hybrid
macrostructure did not increase the primary and secondary implant stability in the posterior region of the maxilla. Int J
Oral Maxillofac Implants 2021;36:787-792. doi: 10.11607/jomi.8636
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he modification of implant surfaces has been pro-
posed to enhance the osseointegration process in
native bone'-3 or improve it in grafted areas,* aiming
to reduce the time to perform prosthetic procedures,’
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as well as increase the predictability of treatment with
osseointegrated implants in challenging clinical condi-
tions, such as low-density bone, smokers, and/or un-
controlled diabetic patients.®’

Modifications proposed to improve the physical
property of wettability of the implants should be con-
sidered,® since these surfaces may improve the adhe-
sion, proliferation, and osteoblastic differentiation,®'°
which could accelerate the process of bone formation
and mineralization.3°®

Double acid-etched and sandblasted surfaces stored
in 0.9% saline solution present highly hydrophilic prop-
erties (DAS-H).'® Some preclinical findings in animals
showed that implants with a hydrophilic surface in-
creased the removal torque, bone apposition, and heal-
ing during the early stages of osseointegration,’ "2
and osseointegration was improved in grafted areas
with different osteoconductive bone substitutes in re-
lation to implants with unmodified surfaces.* A clinical
study has also shown that the degree of osseointegra-
tion was superior with hydrophilic surfaces in the early
phase in humans.?

The implant stability quotient (ISQ) is an indirect
method of analysis to verify the primary and secondary
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Fig 1 Study design.

stability of implants.>'3-'7 However, results have been
controversial, since some authors verified higher and
faster stability during the healing period for hydrophilic-
surface implants,’”” while other findings did not evi-
dence better results for clinical stability.®

The posterior region of the maxilla is considered crit-
ical for the obtention of primary stability due to its low-
er bone density compared with the other regions of the
oral cavity, eg, mandibular bone, and this area is more
likely to have greater impacts due to the effect of dif-
ferent implant surfaces to achieve bone healing.3 Thus,
this area is considered more challenging in obtaining
the osseointegration process.'®'® Therefore, the aim of
this split-mouth randomized controlled clinical trial was
to evaluate the primary and secondary stability of DAS-
H dental implants compared with double acid-etching
and sandblasting (DAS) surfaces in the posterior region
of the maxilla.

MATERIALS AND METHODS

Ethical Considerations

This study was submitted to and approved by the ethi-
cal committee for human research of the University
Center of the Educational Foundation of Barretos under
protocol 1.765.515.

Study Design and Sample

This split-mouth randomized clinical trial consisted of
preoperative preparation of all patients through non-
surgical periodontal treatment, biofilm controls, and
restorations performed and completed 15 days before
the surgical procedure. A tomographic examination
was also performed at the same time for planning the
surgical procedure.

Twenty patients who had undergone a bilateral
edentulous ridge in the posterior region (premolars and
molars) of the maxilla participated in this study after
signing the informed consent form, and were allocated
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to two groups: (1) implants modified by double acid-
etching and sandblasting (DAS; Neoporos surface,
Neodent), and (2) implants modified by double acid-
etching and sandblasting and stored in 0.9% saline so-
lution to confer highly hydrophilic properties (DAS-H)
to the surface (Acqua Surface, Neodent). The implants
presented the same macrostructure, were the same size
(3.75 mm x 9.0 mm), and had the same prosthetic con-
nection (Morse taper) and design (hybrid—cylindrical
in the cervical and middle portion and conical at the
apex portion; Titamax EX CM, Neodent). The selec-
tion of the implants to be placed in each surgical site
was defined randomly by lot at the time of the surger-
ies. The program Research Randomizer (https://www.
randomizer.org/) was used to draw the implant place-
ment in the first or second quadrant of the posterior
region of the maxilla (premolars and molars). The place-
ment sites were drawn bilaterally in a split-mouth de-
sign, with a DAS-H implant in the first quadrant and
DAS in the second or opposite depending on the draw
(Fig 1).

Inclusion and Exclusion Criteria

To be included in this study, the patients were required
to be older than 18 years of age, with at least one bilat-
eral missing tooth in the posterior region of the maxilla,
and the edentulous region was required to present a
residual bone border with a minimum width of 5 mm
and a minimum height of 9 mm. The patients with
the following characteristics were excluded from the
study: dental extractions performed less than 6 months
before the placement of the implants, presence of se-
vere atrophy of the alveolar ridge, presence of a bone
grafting area, presence of a cystic lesion in the alveo-
lar ridge, presence of a tooth included in the alveolar
ridge, smokers, decompensated diabetics or with an
altered glycemic rate, users of medications that altered
the bone metabolism, patients with active periodontal
disease, and patients with poor oral hygiene.

Sample Size Calculation

A pilot study was performed to analyze six patients who
had undergone at least one bilateral implant in each
posterior region of the maxilla with DAS and DAS-H im-
plants. The I1SQ was evaluated in each implant on the
mesial, vestibular, distal, and palatal surfaces. The data
from this pilot study were normally distributed using
the Shapiro-Wilk test, and the mean and standard de-
viation were calculated considering the 90th day after
the implant placement. The sample size was calculated
by the t test considering DAS (80.0 + 3.56) and DAS-H
(77.0 £ 3.23) implants. The proportion was 1:1, power
0.80, and significance .05. The results showed a sample
size of 20 implants per group. Thus, as a split-mouth de-
sign was used, 20 DAS implants and 20 DAS-H implants
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Fig2 Median and quartiles (minimum and maximum). Different letters indicate statistically significant differences among periods within each

group (Friedman test; P <.0001).

(n = 40) were placed, considering the right and left pos-
terior region of the maxilla.

Surgical Procedure

The patients were locally anesthetized with articaine
4% combined with epinephrine 1:100,000, using the
infiltrative technique. The incision was made linearly
over the alveolar ridge, and a mucoperiosteal flap was
performed to expose the bone tissue. The acrylic surgi-
cal guides were used to facilitate the correct position-
ing of the implants. The posterior region of the maxilla
was selected to place the implants of both groups. The
S-max SG20 contra-angle (NSK) was used, mounted on
the NSK Surgic Pro surgical engine (NSK), for bone per-
foration and implant placement. The perforations were
performed at 1,000 rpm with 45 Ncm of torque using
the manufacturer’s surgical kit. The following sequence
of drills was used: Spear drill (9 mm deep); 2.0-mm drill
(9 mm deep), 2/3 drill (pilot), and 2.8 drill (7 mm deep).
All the implants were placed with the connection po-
sitioned 2 mm below the bone crest. The insertion
torque values were obtained during the implant place-
ment. The sites were sutured with nylon 5.0 threads,
and the following postoperative medications were pre-
scribed for all patients: amoxicillin 500 mg (8/8 hours
for 7 days), nimesulid 100 mg (12/12 hours for 3 days),
and dipyrone 500 mg (6/6 hours for 3 days). The sutures
were removed 7 days after the surgical procedure.

ISQ Analysis

Resonance frequency analysis was performed in order
to obtain the ISQ using Osstell (Osstell). The ISQ analyses
were performed immediately after the implant place-
ment and 28, 40, and 90 days after the surgical proce-
dure. In all the follow-up visits, the healing abutments
were removed, and a smart peg was connected under
the implants. The ISQ measurements were performed

on the mesial, vestibular, distal, and palatal surfaces
of each placed implant, and a mean was calculated.
The 1SQ and insertion torque assessments performed
at baseline were considered together as the primary
stability, while the assessment of the I1SQ during the
follow-up until 90 days was considered as the second-
ary stability of the implants.

Statistical Analysis

The data obtained on the insertion torque and ISQ
analysis did not present normal distribution according
to the Shapiro-Wilk test. The nonparametric Wilcoxon
test was used to compare the insertion torque (Ncm)
and the 1SQ data of the primary and secondary stabil-
ity between the groups of implants (DAS vs DAS-H). The
Friedman nonparametric test complemented by the
Dunn test was used to evaluate the 1SQ scores within
each group comparing the different periods of follow-
up. The software GraphPad Prism 6 was used to perform
the statistical analysis, and all the statistical tests were
applied with the significance level set at .05.

RESULTS

There were no statistical differences between the DAS
and DAS-H groups for the primary stability measured
by insertion torque (DAS: 26.27 + 12.22 Ncm; DAS-H:
23.36 = 14.46 Ncm; P > .05) and ISQ (DAS: 74.6 + 6.0;
DAS-H:72.7 £ 6.0; P > .05).

Figure 2 shows the comparisons among periods
within the groups. The ISQ median of the secondary
stability was reduced significantly in both groups at the
28th day in comparison to the baseline (DAS: from 75
to 72; DAS-H: from 74.5 to 70; P < .05). At the 40th day,
there was an increase in the 1ISQ median values for the
DAS (75) and DAS-H (76) groups, with similar medians
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compared with baseline data (immediate vs day 40;
P > .05). The highest ISQ median values were obtained
at the 90th day for both groups (DAS: 80; DAS-H: 80),
with a statistically significant difference compared to
the other periods (P < .05). In general, the ISQ values
in both types of implants were reduced at 28 days and
then increased at 40 and 90 days.

Figure 3 shows that both groups (DAS and DAS-H)
showed similar median values at baseline (immediate)
and at 28, 40, and 90 days, with no statistical significant
difference between groups (P > .05).

DISCUSSION

The surface of implants with higher wettability proper-
ties has been shown to improve osseointegration with
greater bone area and bone-to-implant contactin histo-
morphometric analyses’2'"2; however, some findings
did not demonstrate differences between hydrophilic
implants compared with the control group measured
by indirect methods such as the I1SQ analysis.® These re-
sults are in agreement with the present findings, which
also did not demonstrate a higher degree of primary
and secondary stability by the ISQ method in relation
to implants with the DAS surface.

It could be seen that the ISQ analysis was not directly
correlated with the bone-to-implant contact analysis
performed by histometry'> and with other mechanical
analysis such as the insertion torque.?° This fact could
be the reason for the inconsistent data with respect to
implant surfaces that promote greater bone-to-implant
contact through voids not demonstrating an effect on
1SQ values.? A preclinical study conducted on minipigs
demonstrated that there were no differences between
DAS-H and DAS implants in relation to the ISQ values;
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however, DAS-H implants showed greater bone-to-
implant contact than DAS implants 2 weeks after the
surgical procedure.’”> Regarding the distinct values
between the insertion torque and ISQ values, previous
studies showed that the correlation of these analyses
are not significant since the insertion torque measures
the locking of the implants at the recipient site, while
the ISQ measures the micromovements of the implants
at the bone.22" The higher values of the ISQ compared
with the insertion torque may mean that the implants
presented good stability with a low degree of micro-
movement despite the low density of the maxillary
bone where the implants were placed.

An important finding of this study was the reduction
in 1SQ at 28 days in both types of implants, a common
finding in other studies that place this period as critical
in the establishment of the osseointegration process.>¢
However, this finding disagrees with clinical studies
that show that DAS-H implants placed in the posterior
region of the mandible do not present a reduction in
ISQ during the healing phase.’®'” In the present study,
the implants were placed in the posterior region of the
maxilla, which is a region with lower bone density than
the mandible.’® It is probable that the low bone densi-
ties located in the posterior region of the maxilla jeop-
ardize the transition of the primary to the secondary
stability and could be the reason for the 1SQ reduction
at 28 days for the DAS-H implants. However, the reduc-
tion in the 1SQ noted in both types of surfaces in this
study may not influence the clinical outcomes since the
values of the ISQ presented at 28 days were higher than
65, which is considered to be a value of implants with
good stability."3

Good primary stability has been related as an impor-
tant factor to obtain success for the establishment of
osseointegration.'® Indeed, implants with good prima-
ry stability have been shown to present a better bone
healing process than implants with reduced primary
stability.?? It is probable that the good primary stabil-
ity obtained in the present study could explain the
absence of differences between the DAS and DAS-H
surfaces in the 1SQ analysis. Indeed, a clinical study that
compared the stability of implants with similar surfaces
tested in this study (SLActive vs SLA) showed that there
were no differences in the 1SQ at 0, 28, 42, and 91 days
after the implant placement in the mandible.?3

Another point to be discussed is the macrostructure
of the implants, since some authors point out that this
is a determining factor for obtaining primary stabil-
ity.316 The absence of the effect of the DAS-H on the
primary stability in the present study could possibly be
explained based on the macrostructure design, and not
on the modification of the implant surface.

Tapered implants revealed greater insertion torque
values with greater primary stability than cylindrical
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implants.’® Additionally, hybrid implants with mac-
rostructure that is tapered in their lower portion and
cylindrical in their middle/coronal portion have been
demonstrated to present better primary stability
compared with cylindrical implants, which was more
evident in cancellous bone.?* The implants used in the
present study presented a hybrid macrostructure for
both groups, which could directly interfere in the im-
plant primary stability.

The DAS-H surfaces improved the osseointegration
compared with the DAS in implants with a cylindrical
macrostructure.''2 Another preclinical study that com-
pared implants with hybrid and cylindrical macrostruc-
tures with a DAS-H surface showed that the implants
with a hybrid macrostructure presented a higher inser-
tion torque and percentage of bone-to-implant contact
than the cylindrical implants.?®> Thus, the treatment of
implant surfaces could be more important to enhance
osseointegration in cylindrical implants, in which the
primary stability is lower than in hybrid implants.

The present study has some limitations that must be
taken into account when interpreting the findings. ISQ
analysis is a noninvasive method that has been used fre-
quently in studies in the field of implantology, but the
lack of correlation with other types of analysis methods
used to assess osseointegration'>2% raises doubts about
the isolated use of this method of analysis as performed
in the present study. In addition, this method has not
been used for clinical decision-making. As an example,
the values of the 1SQ throughout the study were above
65, which is the minimum value required for the appli-
cation of the occlusal load'3; however, the immediate
occlusal load was not applied since the majority of the
implants tested presented insertion torque lower than
32 Ncm, a parameter commonly used by clinicians to
make the decision about the best moment to apply the
occlusal load on the dental implants. Another important
limitation was that the implants were not followed after
the occlusal load, and it has been shown that loaded im-
plants presented improved osseointegration compared
with unloaded implants.?” Thus, the behavior of the
DAS-H in loaded conditions requires more investigation.

CONCLUSIONS
It can be concluded that the surface wettability of im-
plants with a hybrid macrostructure did not increase

the primary and secondary implant stability in the pos-
terior region of the maxilla.

ACKNOWLEDGMENTS

The authors reported no conflicts of interest related to this study.

REFERENCES

1. Buser D, Broggini N, Wieland M, et al. Enhanced bone apposi-
tion to a chemically modified SLA titanium surface. J Dent Res
2004;83:529-533.

. Lang NP, Salvi GE, Huynh-Ba G, Ivanovski S, Donos N, Bosshardt DD.
Early osseointegration to hydrophilic and hydrophobic implant
surfaces in humans. Clin Oral Implants Res 2011;22:349-356.

. Pimentel Lopes de Oliveira GJ, Leite FC, Pontes AE, Sakakura CE,
Junior EM. Comparison of the primary and secondary stability of
implants with anodized surfaces and implants treated by acids: A
split-mouth randomized controlled clinical trial. Int J Oral Maxillofac
Implants 2016;31:186-190.

4. Pinotti FE, de Oliveira GJPL, Aroni MAT, Marcantonio RAC,
Marcantonio E Jr. Analysis of osseointegration of implants with
hydrophilic surfaces in grafted areas: A preclinical study. Clin Oral
Implants Res 2018;29:963-972.

. Nicolau P, Guerra F, Reis R, Krafft T, Benz K, Jackowski J. 10-year out-
comes with immediate and early loaded implants with a chemically
modified SLA surface. Quintessence Int 2019;50:114-124.

6. Khandelwal N, Oates TW, Vargas A, Alexander PP, Schoolfield JD, Alex
McMahan C. Conventional SLA and chemically modified SLA im-
plants in patients with poorly controlled type 2 diabetes mellitus—A
randomized controlled trial. Clin Oral Implants Res 2013;24:13-19.

. Sayardoust S, Grondahl K, Johansson E, Thomsen P, Slotte C. Implant
survival and marginal bone loss at turned and oxidized implants in
periodontitis-susceptible smokers and never-smokers: A retro-
spective, clinical, radiographic case-control study. J Periodontol
2013;84:1775-1782.

. Hamlet SM, Lee RSB, Moon HJ, Alfarsi MA, Ivanovski S. Hydrophilic
titanium surface-induced macrophage modulation promotes pro-
osteogenic signalling. Clin Oral Implants Res 2019;30:1085-1096.

. Bang SM, Moon HJ, Kwon YD, Yoo JY, Pae A, Kwon IK. Osteoblastic
and osteoclastic differentiation on SLA and hydrophilic modified SLA
titanium surfaces. Clin Oral Implants Res 2014;25:831-837.

10. Hotchkiss KM, Sowers KT, Olivares-Navarrete R. Novel in vitro
comparative model of osteogenic and inflammatory cell response to
dental implants. Dent Mater 2019;35:176-184.

11. Sartoretto SC, Alves AT, Resende RF, Calasans-Maia J, Granjeiro JM,
Calasans-Maia MD. Early osseointegration driven by the surface
chemistry and wettability of dental implants. J Appl Oral Sci
2015;23:279-287.

12. Sartoretto SC, Calasans-Maia JA, Costa YOD, Louro RS, Granjeiro
JM, Calasans-Maia MD. Accelerated healing period with hydrophilic
implant placed in sheep tibia. Braz Dent J 2017;28:559-565.

13. Bornstein MM, Hart CN, Halbritter SA, Morton D, Buser D. Early
loading of nonsubmerged titanium implants with a chemically
modified sand-blasted and acid-etched surface: 6-month results of
a prospective case series study in the posterior mandible focusing
on peri-implant crestal bone changes and implant stability quotient
(ISQ) values. Clin Implant Dent Relat Res 2009;11:338-347.

14. Gehrke SA, Tavares da Silva Neto U. Does the time of osseoin-
tegration in the maxilla and mandible differ? J Craniofac Surg
2014;25:2117-2120.

15. Romero-Ruiz MM, Gil-Mur FJ, Rios-Santos JV, Lazaro-Calvo P,
Rios-Carrasco B, Herrero-Climent M. Influence of a novel surface of
bioactive implants on osseointegration: A comparative and histo-
morfometric correlation and implant stability study in minipigs. Int J
Mol Sci 2019;20:2307.

16. Torroella-Saura G, Mareque-Bueno J, Cabratosa-Termes J,
Hernéndez-Alfaro F, Ferrés-Padré E, Calvo-Guirado JL. Effect of
implant design in immediate loading. A randomized, controlled,
split-mouth, prospective clinical trial. Clin Oral Implants Res
2015;26:240-244.

17. Velloso G, Moraschini V, Dos Santos Porto Barboza E. Hydrophilic
modification of sandblasted and acid-etched implants improves
stability during early healing: A human double-blind randomized
controlled trial. Int J Oral Maxillofac Surg 2019;48:684-690.

18. Abi-Aad HL, Daher Fl, Baba NZ, Cordioli G, Majzoub ZAK. Insertion
torque of variable-thread tapered implants in the posterior maxilla: A
clinical study. J Prosthodont 2019;28:e788-e794.

19. Chrcanovic BR, Albrektsson T, Wennerberg A. Reasons for failures of
oral implants. J Oral Rehabil 2014;41:443-476.

N

w

w

~N

[oc]

Nel

The International Journal of Oral & Maxillofacial Implants 791

© 2021 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.


User
螢光標示

User
註解
【解】多孔的；（骨骼）有海綿似的結構的


User
螢光標示

User
螢光標示

User
螢光標示

User
螢光標示

User
螢光標示

User
螢光標示


Barbosa et al

20. Levin BP. The correlation between immediate implant insertion
torque and implant stability quotient. Int J Periodontics Restorative
Dent 2016;36:833-840.

21. de Oliveira GJ, Barros-Filho LA, Barros LA, Queiroz TP, Marcantonio E
Jr.In vitro evaluation of the primary stability of short and conven-
tional implants. J Oral Implantol 2016;42:458-463.

22. Makary C, Rebaudi A, Sammartino G, Naaman N. Implant primary
stability determined by resonance frequency analysis: Correlation
with insertion torque, histologic bone volume, and torsional stability
at 6 weeks. Implant Dent 2012;21:474-480.

23. Carmo Filho LCD, Marcello-Machado RM, Castilhos ED, Del Bel Cury
AA, Faot F. Can implant surfaces affect implant stability during osseo-
integration? A randomized clinical trial. Braz Oral Res 2018;32:e110.

792 Volume 36, Number 4, 2021

24.

25.

26.

27.

Toyoshima T, Tanaka H, Ayukawa Y, et al. Primary stability of a hybrid
implant compared with tapered and cylindrical implants in an ex
vivo model. Clin Implant Dent Relat Res 2015;17:950-956.

Leocadio ACS, Junior MS, Oliveira GJPL, et al. Evaluation of implants
with different macrostructures in type | bone—Pre-clinical study in
rabbits. Materials (Basel) 2020;13:1521.

Acil Y, Sievers J, Gulses A, Ayna M, Wiltfang J, Terheyden H. Correla-
tion between resonance frequency, insertion torque and bone-
implant contact in self-cutting threaded implants. Odontology
2017;105:347-353.

Esaki D, Matsushita Y, Ayukawa Y, Sakai N, Sawae Y, Koyano K. Rela-
tionship between magnitude of immediate loading and peri-implant
osteogenesis in dogs. Clin Oral Implants Res 2012;23:1290-1296.

© 2021 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.

=]


User
註解
量；大小；強度；音量[U]
4. 【天】星等（指星的亮度）[C]
5. 【地】震級[

User
螢光標示




