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Abstract (J Korean Assoc Oral Maxillofac Surg 2021;47:175-182)
Objectives: In this prospective randomized controlled trial, we measured the primary and secondary stability of two surface-treated implants placed in
the posterior maxilla, applied 3-month loading protocols, and compared and analyzed the short-term outcomes of the implants.
Patients and Methods: From June 2018 to June 2019, patients with a residual bone height of 4 mm in the posterior maxilla were enrolled and randomly divided into two groups to place SA implants (Osstem Implants, Korea) in Group A and NH implants (Hiossen, USA) in Group B. Finally, 14
implants placed in 13 patients in Group A and 17 implants placed in 14 patients in Group B were analyzed. The measured primary and secondary stability of each implant was represented by implant stability quotient (ISQ), and treatment outcomes were evaluated.
Results: Group A consisted of patients with an average age of 62.2 years (range, 48-80 years), and Group B consisted of patients with an average age
of 58.1 years (range, 35-82 years). Primary stability was 73.86±6.40 and 71.24±5.32 in Groups A and B, respectively (P =0.222). Secondary stability
was 79.07±5.21 in Group A and 78.29±4.74 in Group B (P =0.667). A steep increase in ISQ during the healing period was observed in Group B, though
it was not significant (P =0.265). The mean follow-up period was 378.5±164.6 days in Group A and 385.3±167.9 days in Group B. All implants in each
group met the success criteria, and the success rate was 100%.
Conclusion: Two surface-treated implants placed in the posterior maxilla with greater than 4 mm alveolar bone height exhibited successful one-year
treatment outcomes if a primary stability of 65 or higher ISQ was obtained and a 3-month early loading protocol was applied.
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I. Introduction
Osseointegration refers to direct structural and functional
linkage between bone and implant surface without the presence of soft tissue1. The conventional protocol loads the
implant after a 4- to 6-month healing period to provide sufIl-hyung Kim
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ficient osseointegration after implant placement and before
functioning. However, in recent years, excellent clinical
results using early-loading and immediate-loading protocols
have been published2-4. Together with these studies, patient
demand for shorter implant treatment periods is driving the
development of implant surface treatment methods that enable faster osseointegration.
Various implant surface treatments have been developed
to promote osseointegration between implant surface and
alveolar bone and to improve biocompatibility. Among these
approaches, the sandblasted and acid-etched (SLA) surface
treatment method is the most widely used and allows rapid
and firm osseointegration by improving surface roughness5.
Studies on modified SLA surfaces have been conducted in
the field of dental implantology, and there are ongoing efforts
to obtain faster and improved osseointegration. This includes
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not only surface roughness, but also introduction of nanostructures and changes in physical properties such as crystallinity and hydrophilicity6.
This prospective comparative study observed the osseointegration and treatment progress of two randomly assigned groups of implants (SLA surface or dual surface with
enhanced hydrophilicity) placed in the maxillary posterior
region with a 3-month loading protocol. The purpose of this
study was to compare and evaluate primary and secondary
stability and short-term clinical outcomes of two surfacetreated implants and to share clinical experiences on the criteria for early loading in the maxillary posterior region.

II. Patients and Methods

Enrollment

This study was conducted under approval of the Institutional Review Board (IRB No. B-1802/451-004) of Seoul National University Bundang Hospital (Seongnam, Korea), and
the written informed consent was obtained from all patients.
From June 2018 to June 2019, 39 patients who visited Seoul
National University Bundang Hospital were subjected to initial clinical and radiological examinations and then screened
according to inclusion and exclusion criteria.
The inclusion criteria were as follows: 1) adult patients
with complete jaw growth, 2) one or two consecutive teeth
missing in the unilateral maxillary posterior region, 3) greater
than 4 mm residual alveolar bone height of the partially edentulous region, 4) buccopalatally and mesiodistally sufficient
available alveolar bone, 5) presence of opposing teeth (natu-

ral, prosthetic, or implant-restored teeth), 6) implant stability
quotient (ISQ) of 65 or higher immediately after implant
placement.
The exclusion criteria were as follows: 1) uncontrolled
systemic disease or pregnancy, 2) extensive bone graft due to
severe atrophy of alveolar bone, 3) no opposing teeth or presence of dentures, 4) presence of severe oral parafunctional
habits (bruxism, clenching, etc.), 5) implant treatment restriction due to noncooperation or poor oral hygiene, 6) ISQ value
below 65 immediately after implant placement.
All participants were randomly assigned and classified
into Group A or Group B. For Group A patients, TSIII SA
implants (Osstem Implants, Busan, Korea) with an SLA surface were used. Group B received ETIII NH implants (Hiossen, Philadelphia, PA, USA), which exhibited hydrophilicity
through partial application of a nano hydroxyapatite (HA)
coating on the SLA surface. All implants in Groups A and B
had the same surface morphology with a tapered shape and
were internally connected. In Group A, 21 SA implants were
placed in 19 patients, and in Group B, 25 NH implants were
placed in 20 patients. Implant treatment was performed by an
oral and maxillofacial surgeon and a prosthodontist at each
stage. Cases in which the above criteria were not met during treatment and follow-up or for which study consent was
withdrawn or follow-up loss occurred were excluded from
the study.(Fig. 1)
The implants were placed based on the drilling sequence
guidelines of the manufacturer. Appropriate implant diameter and length were selected based on width or height of
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(n=39)
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Randomization

Analysis

Follow-up

Intervention, group A
(n=19, i=21)
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Intervention, group B
(n=20, i=25)

Excluded (n=6, i=8)
1 Pregnancy
1 Loss of opposing tooth
2 Research withdrawal
4 ISQ less than 65

Excluded (n=6, i=7)
1 Loss of opposing tooth
3 Research withdrawal
3 ISQ less than 65

Analyzed
(n=13, i=14)

Analyzed
(n=14, i=17)

Fig. 1. Patient enrollment and exclusion. (i: implant, ISQ: implant stability
quotient)
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remaining alveolar bone. Crestal approaches of sinus lifting
with bone graft (SLwBG), sinus lifting without bone graft
(SLwoBG), and/or guided bone regeneration (GBR) in a
small range were performed as auxiliary surgeries to accompany implant placement. At the time of surgery, submerged
or non-submerged methods were selected based on operator decision. An Osstell Mentor (Osstell AB, Gothenburg,
Sweden) was used to determine the mechanical stability of
each implant using resonance frequency analysis (RFA) and
quantifying the result as an ISQ value7. Primary stability was
defined as the ISQ value immediately after implant placement, and secondary stability was defined as the ISQ value
at the time of prosthetic impression acquisition or secondary
surgery after the healing period. Stability was measured using the average of repeat measurements of buccal and palatal
sides. Impressions were created 2.5 months after placement
in all patients, and functioning began within 2 weeks after.
All implants were restored with a single or splinted fixed implant prosthesis.
Marginal bone level was evaluated on digital periapical radiography (PACS; INFINIT, Seoul, Korea) using the parallel-

ing cone technique. The ratio of actual implant fixture length
and fixture length measured on the radiograph was calculated
and corrected to consider the three-dimensional tilting of the
fixture. The shortest vertical distance from implant shoulder
to implant-bone contact point was set as the marginal bone
level. Marginal bone loss (MBL) was defined as the interval
change of the mean of mesial and distal marginal bone levels
of the implant. Radiographs performed immediately after implant placement and at the most recent visit were evaluated.
The post-treatment course of each implant was investigated.
The success of each implant was evaluated based on the
criteria suggested by Zarb and Albrektsson8. Implants that
were retained in the most recent follow-up were classified as
survival, and the success rate and survival rate for each group
were calculated. Quantitative variables were analyzed statistically using IBM SPSS Statistics (ver. 25.0; IBM, Armonk,
NY, USA). A parametric or a non-parametric method was
used to analyze the data depending on normality. If necessary, post-hoc analysis was conducted. The level of statistical
significance was 95%.

Table 1. Demographics and details of implant surgeries
Group

Patient No.

Sex

Age (yr)

Location

A (SA implants)

1

M

65

2
3
4
5
6
7
8
9
10
11
12
13
1
2
3

F
F
M
M
F
M
M
M
M
M
M
M
F
F
M

80
60
64
63
60
69
65
63
61
59
48
52
63
55
55

4
5
6
7
8
9

F
M
F
F
M
M

82
56
35
57
56
66

10
11
12

M
F
M

58
62
56

13
14

F
F

43
69

#26
#27
#26
#26
#26
#15
#16
#25
#26
#17
#25
#17
#16
#27
#17
#26
#26
#27
#24
#16
#16
#16
#24
#26
#27
#16
#26
#16
#17
#16
#14

B (NH implants)

Implants
Width
5
5
5
4.5
5
4.5
5
4.5
5
5
4.5
5
5
5
5
5
5
5
4.5
5
5
5
4.5
5
5
5
5
5
5
4.5
4.5

Length

Surgery
type

Auxiliary
surgery

8.5
8.5
8.5
8.5
8.5
10
8.5
8.5
10
8.5
8.5
10
8.5
8.5
8.5
8.5
8.5
8.5
10
8.5
8.5
8.5
10
8.5
8.5
10
8.5
8.5
8.5
8.5
8.5

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
S
NS
NS
NS
NS
S
S
NS
S
NS
NS
NS
NS
NS
NS
NS
NS
NS
S
S

SLwBG
SLwBG
SLwBG
SLwBG
SLwBG
SLwBG
GBR
GBR
SLwBG
SLwBG
GBR
SLwBG
GBR
SLwBG, GBR
SLwBG, GBR
SLwBG
SLwBG, GBR
SLwoBG
SLwBG
SLwBG
SLwoBG
SLwBG
SLwBG
GBR

(M: male, F: female, NS: non-submerged, S: submerged, SLwBG: sinus lifting with bone graft, GBR: guided bone regeneration, SLwoBG: sinus
lifting without bone graft)
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Table 2. Primary and secondary implant stability
Stability (ISQ)

Primary
Secondary

Group A1

Group B2

t

73.86±6.40
79.07±5.21

71.24±5.32
78.29±4.74

1.247
0.435

P -value
0.222
0.667

(ISQ: implant stability quotient, Group A: SA implants, Group A: NH implants)
1,2
Statistically significant differences between primary and secondary stability in each group.
Hyeong Gi Kim et al: Comparison of sandblasted and acid-etched surface implants and new hydrophilic surface implants in the posterior maxilla using a 3-month early-loading protocol:
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Fig. 2. Box plot of primary and secondary stability of the two
groups of implants. (ISQ: implant stability quotient)

Fig. 3. Change of mean primary and secondary stability of the
two groups of implants. (ISQ: implant stability quotient)
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III. Results

significant difference between groups (P =0.222, Student’s
t -test). Secondary stability was 79.07±5.21 in Group A and
78.29±4.74 in Group B, the difference of which was not statistically significant (P =0.667, Student’s t -test). Intra-group
difference of ISQ changes during the healing period exhibited
a significant increase in both Groups A and B (P <0.001, both,
paired t -test).(Table 2, Fig. 2) The mean ISQ increase during
the healing period was 5.21±4.00 in Group A and 7.06±4.58
in Group B. A steep increase in ISQ during the healing period
was observed in Group B, but there was no significant intergroup difference (P =0.265, Student’s t -test).(Fig. 3)
The mean follow-up period from time of implant placement to most recent visit was 378.5±164.6 days in Group A
and 385.3±167.9 days in Group B. The MBL during this period was 0.045±0.053 mm in Group A and 0.032±0.042 mm
in Group B, and the difference was not significant (P =0.457,
Student’s t -test). MBL according to surgery type (nonsubmerged vs submerged) showed no significant difference
between Groups A and B (P =0.143 and 0.115, respectively,
Mann–Whitney test). There was no significant difference
in MBL according to type of auxiliary surgery in Group A
(P =0.565, Kruskal–Wallis test). In Group B, there was no
significant difference with respect to MBL in most cases with

The average age of all participants was 58.6 years, and
ages ranged from 35 to 82 years. Among them, 13 patients (14
SA implants) in Group A and 14 patients (17 NH implants)
in Group B were analyzed. Group A consisted of patients
with an average age of 62.2 years (range, 48-80 years), and
Group B consisted of patients with an average age of 58.1
years (range, 35-82 years). The average diameter and length
of the implants used in Group A were 4.86 mm and 8.82 mm,
respectively. Group B implants had an average diameter of
4.88 mm and an average length of 8.76 mm. In Group A, 13
implants were placed as non-submerged (one-stage), and one
implant was placed with a submerged (two-stage) approach.
In Group B, 12 implants were installed in one stage, and five
implants were installed in two stages. At implant placement,
auxiliary surgery was performed on 13 implants in Group
A and 14 implants in Group B. Nine SLwBG and four GBR
surgeries were performed in Group A. In Group B, five SLwBG, three SLwBG with GBR, two SLwoBG, and one GBR
procedure were implemented.(Table 1)
Primary stability was 73.86±6.40 and 71.24±5.32 in
Groups A and B, respectively, and there was no statistically
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auxiliary surgery (P >0.05, post-hoc analyses using Mann–
Whitney U tests following Kruskal-Wallis tests). However,
there was a significant difference between cases where SLwBG and GBR were performed together and cases where auxiliary surgery was not performed (P =0.024, post-hoc analysis
using Mann–Whitney U test following Kruskal–Wallis test).
All implants in both Groups A and B were well-maintained
until the most recent visit, with no signs of peri-implantitis,
increased mobility, or patient discomfort. Every implant in
both groups satisfied the success criteria. Accordingly, the
aggregated success rate and survival rate were 100% for each
group.

IV. Discussion
Implant stability has been recognized as a requirement
for long-term success and implant osseointegration9,10. Primary stability is the mechanical connection between implant
surface and alveolar bone, while secondary stability is established as bone remodeling occurs11. Primary stability is
a prerequisite for immediate loading and is an indicator of
shortened treatment period2,12. In addition, secondary stability
is an index that can determine if osseointegration has been
obtained, with a low value representing implant failure13.
Reports have indicated that the implant surface treatment
method is a major factor that can affect the mechanical stability of implants14,15.
Among the various implant surface treatment methods,
the HA coating method reportedly exhibits excellent biocompatibility as a constituent of bone tissue, resulting in
fair ossointegration16,17. However, the HA can peel off the
implant surface, and issues such as inhibition of osseointegration and peri-implantitis have been reported18,19. These
issues have been overcome by reducing the size of the coated
HA particles. Consequently, nano HA-coated implants with
higher surface area and reactivity have shown superior clinical results compared to conventional HA-coated implants20.
Ultrathin HA-coated implants also exhibited more favorable
bone-implant contact and less MBL compared to conventional HA-coated implants in peri-implantitis-induced animal
models21. The NH implants also used in this experiment have
hydrophilicity via coating of a partial layer of bioabsorbable
nano HA of 10 nm or less on the surface of SLA implants and
were developed to take advantage of both SLA and nano HA
surfaces22.
In this study, although there was no statistical difference
in primary stability between the two groups, the arithmetic

mean ISQ was slightly lower in NH implants compared to
SA implants. After the 2.5-month healing period, there was
no significant difference in secondary stability between the
groups. Each group exhibited a statistically significant increase in stability during the period, and the mean increase in
ISQ was higher in the NH implant group than in the SA implant group, even though there was no statistical difference.
This might be interpreted as rapid osseointegration in the NH
implants, which initially had poorer bone quality at the recipient site, resulting in ISQ recovery during the healing period.
This phenomenon can be explained by the hydrophilicity of
NH implants. Hydrophilic surfaces exhibit a higher affinity
for proteins than do hydrophobic surfaces. The structure and
function of proteins are well-maintained on hydrophilic surfaces, while protein denaturation can be induced in implants
with hydrophobic surfaces23,24. It has been suggested that
high hydrophilicity promotes maturation and differentiation
of osteoblasts, which can contribute to osseointegration25,26.
Accordingly, research has suggested that use of implants
with a hydrophilic surface can accelerate secondary stability
improvement26. As shown in this study, the steep increase in
ISQ in NH implants during the healing period appears to be
due to osseointegration acceleration due to surface hydrophilicity.
Several non-invasive methods have been suggested for
evaluating osseointegration of dental implants. The tapping
test and radiographic test can be performed easily but can be
inaccurate27,28. A method of analyzing the mechanical stability of implants by measuring resonance frequency created by
connecting a transducer to the implants has been widely used
to overcome this limitation. The measured value obtained by
RFA is presented as an ISQ from 1 to 100, which can be used
as an index of osseointegration with a higher value representing greater stability of the implant29,30.
This study assessed cases with residual alveolar bone
height of 4 mm or more and ISQ primary stability of 65 or
greater. The recipient site capacity for securing initial stability
of the installed implants should be established to allow crestal
approached sinus lifting and simultaneous implant placement.
In this study, an ISQ of 65, which is considered appropriate
initial stability, was set as a reference value based on previous
studies that reported mechanical stability or prognosis after
implant placement using RFA. Nedir et al.13 suggested that
implants with an ISQ of 47 or higher be regarded as stable,
and that an ISQ of 49 or higher immediately after implant
placement resulted in osseointegration in all implants after
3 months of healing. Balleri et al.30 reported that successful
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osseointegration can be predicted by an ISQ of 57 to 82 immediately after implant placement and stated that an ISQ of
50 or less was associated with poor prognosis. An ISQ above
65 typically indicates optimal osseointegration, and an ISQ
below 50 indicates failure or increased risk of failure of the
implant31,32. The average ISQ value of all implants analyzed
in this study was 72.42 immediately after placement and
78.65 after 2.5 months; based on previous study results, these
values represent good initial stability, which confirmed that
sufficient osseointegration had occurred.
Analysis of the impact of type of auxiliary surgery combined with implant placement on MBL indicated that the
association was not significant for SA implants. However,
greater MBL occurred in NH implants when SLwBG and
GBR were performed simultaneously with implant placement
compared to cases in which only implant placement was
performed. Although the MBL was very low, with an average of 0.090 mm (0.060-0.110 mm) per year, this result was
in agreement with previous studies that suggested significant
bone grafting as one of the factors that increased early implant failure33,34.
All 31 implants analyzed in this study functioned normally
without any issues for an average of 382.3 days after installation, and all implants satisfied the success criteria on assessment. All implants maintained marginal bone level similar
to the initial state regardless of group. Non-submerged surgery was performed in 25 of 31 implants (80.6%), but there
was no difference in MBL according to surgery type (nonsubmerged or submerged) in each group. These results indicate sufficient implant surface-bone contact to resist occlusal
forces in not only SA implants, but also in NH implants. In
addition, issues caused by HA layer peeling, which have been
reported with conventional HA-coated implants, were not
reported or observed in the partial nano HA layer of the NH
implants.
The results of this study are in agreement with one-year
follow-up studies on implants placed in the maxillary posterior region using an early loading protocol. Kim et al.35 reported a 97.0% one-year implant success rate in the maxillary
posterior area after a 3-month loading period. Kim et al.36
also indicated a one-year success rate of 97.56% by applying a loading protocol between 6 and 12 weeks to an implant
placed in the posterior edentulous part of the maxilla. Todorovic et al.37 reported a one-year success rate of 100% after 3
weeks of early loading on implants placed in the maxillary
posterior region.
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Taken together, these findings suggest that primary stability of an ISQ of 65 or higher in SA implants and NH implants
placed in the edentulous posterior maxilla will produce successful osseointegration and favorable clinical outcomes with
the 3-month early loading protocol.
There were some limitations to this study. First, the numbers of patients and implants included in each group were relatively small. This is because it was difficult to recruit a large
number of patients to fit the study design due to the nature of
the prospective randomized controlled clinical trial. Second,
when bone grafting and/or GBR were performed, various
types of bone substitutes were used and were not controlled.
Third, cases involving various auxiliary surgeries, not just
implant placement, were included, which might serve as additional variables in analysis of implant treatment results.

V. Conclusion
Two surface-treated implants, SLA surface and dual surface
with enhanced hydrophilicity, placed on the posterior maxilla
with a height of 4 mm or more of residual alveolar bone were
treated successfully for an average of one year. The success
was noted for cases with primary stability of 65 of ISQ or
higher with a 3-month early loading protocol. Both surfacetreated implants exhibited very good osseointegration, and
there was no difference between the two. Although there was
no difference in mean stability over time between the groups,
a catch-up tendency was observed in the new hydrophilic
surface (NH) implants as osseointegration accelerated during
the healing period.
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