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Abstract: Purpose: When soft tissue flaps are reflected for implant placement, the blood supply from the periosteum to
the bone is disrupted. The aim of this study was to compare the effects of the flapless (FL) and full-thickness flap (FT)
techniques on implant stability. Methods: Nine patients received 22 implants. The implants were placed using the FL
technique on the contralateral side of the jaw; the FT technique was used as the control technique. Resonance frequency
analysis (RFA) was performed at the time of implant placement and at 6 and 12 weeks after implant placement. RFA values were compared between the FL and FT groups and between time intervals in the same group. Results: The median (interquartile range [IQR]) RFA values at the time of implant placement were 75.00 (15.00) for the FL technique and 75.00
(9.00) for the FT technique. At 6 weeks, the median (IQR) values were 79 (3.30) for the FL technique and 80 (12.70) for
the FT technique. At 12 weeks, the median (IQR) values were 82.3 (3.30) for the FL technique and 82.6 (8.00) for the FT
technique. There were no significant differences between the 2 techniques at the time of implant placement, after 6 weeks
or after 12 weeks, with p values of 0.994, 0.789, and 0.959, respectively. There were significant differences between the
RFA values at the time of implant placement and after 6 weeks for the FL technique (p=0.028) but not for the FT technique (p=0.091). There were also significant differences between the RFA values at 6 weeks and the RFA values at 12
weeks for the FL technique (p=0.007) and for the FT technique (p=0.003). Conclusion: Periosteum preservation during
the FL procedure will speed up bone remodeling and result in early secondary implant stability as well as early loading.
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INTRODUCTION
Endosseous dental implant stability can be defined as the
capacity of the implant to withstand loading in the axial,
lateral, and rotational directions [1]. The primary stability of
dental implants depends on contact between the bone and
implant during the surgical placement of the implant, and
this mechanical contact can be obtained through the fixation
of a press-fit structure into a bony cavity [1-3]. The degree of
primary stability after implant placement is also dependent
on bone quality, implant design, patient characteristics, bone
density, implant diameter, implant site, and surgical technique [1, 4]. The cortical/cancellous ratio of local bone is
extremely important for implant stability at the time of implant placement and for determining the quality of local bone
conditions, and optimal bone conditions are critical for implant success [5, 6].
In the weeks following the placement of an endosseous
implant, primary mechanical implant stability is gradually
replaced by biological stability [1]. When soft tissue flaps
are reflected for implant placement, the blood supply from
the soft tissue to the bone (supraperiosteal blood supply) is
also removed, leaving only poorly vascularized cortical bone.
The preservation of bone vascularization through use of the
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flapless (FL) technique may help to optimize bone regeneration around implants, while full-thickness flaps (FTs) demonstrate high bone resorption after surgery [7]. A previous
study showed that all partial-thickness flaps demonstrated
bone regeneration at 3 and 7 days, while none of the fullthickness flaps demonstrated osseous regeneration [8]. Another study measured implant stability at the time of implant
placement and after 3 months of healing in both flap and
flapless cases. However, no significant difference in implant
stability was noted between the 2 groups [9].
Non-invasive methods should be developed for assessing
peri-implant bone height and implant stability [10,11]. Resonance frequency analysis (RFA) values can be used as an
indicator for the early diagnosis of primary stability and can
also provide useful information regarding the secondary stability of an implant [12,13]. Mean ISQ values during the
second and third weeks are typically decreased significantly
when compared with ISQ values at the time of implant
placement [14].
The aim of this study was to evaluate implant stability during periosteum disruption and with periosteum preservation
and to compare implant stability during different healing periods using a resonance frequency Osstell™ Mentor device.
MATERIALS AND METHODOLOGY
The protocol used in this study was approved by the Research and Ethics Committee of the School of Medical Sciences, University Sains Malaysia, Kubang Kerian, Kelantan
2015 Bentham Open
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(USMKK/PPP/JEPem/[200.3 (6)]; March 9th 2008). In this
randomized controlled clinical trial, the outcomes of two flap
techniques were compared in a split-mouth design. One implant was placed in one quadrant of the jaw to serve as the
experimental group (FL), and another implant was placed in
a similar location in the contralateral jaw quadrant to serve
as the control group (FT) (maxilla or mandible) during the
same surgical appointment.
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(BRAUN, AESCLAP AG, CO., KG, Madrid, Spain) with a
cutting needle was used for flap closure.

The inclusion criteria were as follows:
1 – Bilateral posterior missing teeth in the same jaw of a
single patient.
2 – Sufficient attached gingival keratinized tissue to support
an adequate attached tissue cuff around the implant.
The exclusion criteria were as follows:
1 – The patient’s treatment plan indicated the need for immediate implantation.

Fig. (1). The first step in flap design is a mid-crestal incision on the
alveolar crest of the edentulous area.

2 – Presence of a narrow alveolar ridge such that there was
less than 2 mm of bone around the implant.
3 – Presence of a healing extraction socket (less than 4
months of healing time).
4 – Need for alveolar bone grafting or maxillary sinus lift.
All procedures to be performed were explained verbally
and in writing to the patients, and all patients signed an informed consent form for the implant placement procedure.
Follow-up was scheduled for 6 and 12 weeks after implant placement for data collection.
A study cast was fabricated to evaluate the vertical and
horizontal alveolar ridge dimensions and the amount of
keratinized tissue in the edentulous area. OPG X-ray images
were also obtained to evaluate the vertical bone height and
vital anatomical structures. All of the implants had a regular
neck with a length of 10 mm and a diameter of either 4.1 mm
or 4.8 mm and were configured at ITI (SLA) Straumann®
(Institut Straumann AG, Basel, Switzerland).
Randomization was achieved with a coin toss to determine whether the FL technique would be utilized on the left
or right side of the mouth; the FT technique was then used in
the contralateral jaw quadrant. Under local anesthesia (2%
mepivacaine hydrochloride with 1:100,000 adrenalin [Scandonest]; Septodont, France), a mid-crestal incision was performed longitudinally along the crest of the bone through the
gingiva and the periosteum (Fig. 1).
Around the interdental papilla, an intrasulcular incision
was made to separate the papilla into buccal and palatal papillae without thinning the papilla (Fig. 2), and a vertical
incision was avoided (Figs. 3, 4). The appropriate implant
position was selected and marked with a small round bur.
Then, the implant beds were prepared with spiral drills of
increasing diameters.
Tapping of the thread was performed on the recipient
side in cases with normal bone density (class III), whereas
no tapping was carried out in spongy bone (class IV). Implants were placed manually into their final positions using a
ratchet, and the insertion torque was 20-35 Ncm. The implants were placed in a non-submerged fashion. A fine, 4-0
traumatic glyconate monofilament absorbable suture

Fig. (2). The second step in flap design is an intrasulcular incision
to cut the periodontium between the gingiva and the root surface on
the marginal gingiva and the interdental papillae area.

Fig. (3). Full thickness flap reflection starts with a crestal incision
using a backward movement to reflect the palatal side. Care should
be taken during flap reflection to ensure that the flap and adjacent
soft tissue are not traumatized.

An interrupted suture was placed on the adjacent papillae
for secure primary closure of the wound. After implant
placement using the FT technique, the second implant was
placed using the FL technique on the opposite side of the
same jaw. The FL technique was performed using a manual
disposable biopsy tissue punch (Nobel Biocare, Goteborg,
Sweden) to create a circular excision through the soft tissue
and periosteum (Fig. 5). Implant placement with the FL
technique was carried out as in the FT technique following
the recommendations of the implant system manufacturer.
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two patients who received four implants (two in the mandible and two in the maxilla). The FL and FT techniques were
used to place 11 implants each for a total of 22 implants.
Implants were placed in the mandible in 7 patients and in
the maxilla in 3 patients. Most of the implants were placed in
the mandibular molar area (Table 1).
None of the implants demonstrated rotational movement
during cover screw removal or tightening for Smartpeg
placement at 6 weeks into the healing process, which was a
good indicator of implant stability.
Fig. (4). Raising of the full thickness flap (including the adjacent
papillae) without vertical incision. Sufficient bone is exposed to
evaluate the bone width and to explore any potential bony undercut.

All patients completed the 3-month follow up examination. Post-surgical wound healing was uneventful in all
cases, and none of the cases were complicated by continuous
pain, limited mobility, radiographic radiolucency or infection. The cumulative success rate was 100%.
RFA Values (ISQ units) at Implant Placement
The implants placed in the mandible had higher primary
stability and higher ISQ values than the implants placed in
the maxilla.
The range of RFA values in the mandible was 60-84 ISQ
units, and the median was 75 ISQ units, while the range of
RFA values in the maxilla was 53-75 ISQ units with a median of 66 ISQ units (Table 2).

Fig. (5). Flapless technique (punch) by cutting the mucosa and
periosteum until the bone.

The rigidity of implant-bone contact was measured by
RFA (Osstell™ Mentor, Integration Diagnostic AB, Sweden). RFA measurements were obtained before the healing
cape was screwed into the fixtures of the implants.
A Smartpeg (Smartpeg™, Integration Diagnostic AB,
type 4 regular neck) was attached manually to the fixture
with the aid of a mount, and a torque of 4-5 Ncm was applied. All measurements were carried out by the same investigator.

The median (IQR) RFA value for the implant placed via
the FT technique was 75.00 (9.00) ISQ units.
The median (IQR) RFA value for the implant placed via
the FL technique was 75.00 (15.00) ISQ units.
No significant differences in RFA values between the FL
and FT techniques were detected (P=0.944) (Table 2).
RFA Values (ISQ Units) After a 6-week Interval
The median (IQR) RFA value for the implant placed via
the FT technique was 80 (12.70) ISQ units, and the median
(IQR) RFA value for the implant placed via the FL technique
was 79 (3.30) ISQ units.

Implant stability was assessed clinically; if clinical, lateral, or rotational mobility were detected or the patient presented discomfort or pain during the process, the RFA measurements were not performed until the following visit
[15,16].

Implant stability did not significantly differ between implants placed via the FL and FT techniques after a 6-week
interval (P=0.789) (Table 3).

After the RFA measurements were performed, the ISQ
value was recorded. To improve precision and assess repeatability, two additional ISQ values were obtained, and the
Smartpeg was loosened and retightened for each measurement. A single representative implant stability value was
computed by averaging the 3 ISQ values [16]. These measurements were performed at the time of implant insertion,
after 6 weeks and after 12 weeks.

The median (IQR) RFA value for the implant placed via
the FT technique was 82.6 (8.00) ISQ units, and the median
(IQR) RFA value for the implant placed via the FL technique
was 82.3 (3.30) ISQ units.

RESULTS
Nine patients (two males and seven females aged 27-62
years; median age 50 years) were included in this study.
In total, 22 implants were inserted. Each patient received
two implants in a split-mouth design with the exception of

RFA Values (ISQ units) After a 12-week Interval

Implant stability did not significantly differ between implants placed via the FL and FT techniques after a 12-week
interval (P=0.959) (Table 4).
DISCUSSION
RFA is a non-invasive intraoral method designed to reflect the bone/implant interface. This method is useful for
documenting clinical implant stability during the healing
period and during routine follow-up [11, 17].
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AL-Juboori and AbdulRahaman

Distribution of dental implants in the mouths of patients.
Maxilla

Mandible

Type of flap

Table 2.

Molar area

Premolar area

Molar area

Flapless

1

2

8

Full-thickness

2

1

5

Premolar area

3

The median RFA values (ISQ units) at implant placement and at 6-week and 12-week time points for flap and flapless
implants.

Variable

Flap
n=11
median (IQR)

Flapless
n=11
median (IQR)

Z statistica

P value*

RFA (ISQ)
0 weeks

75.00(9.00)

75.00(15.00)

-0.070

0.994

RFA (ISQ)
6 weeks

80(12.70)

79(3.30)

-0.267

0.789

RFA (ISQ)
12 weeks

82.6(8.00)

82.3(3.30)

-0.051

0.959

a
Wilcoxon signed rank test
*Significant difference (p<0.05)

Table 3.

a

Variable

RFA (ISQ)
0 weeks
median (IQR)

RFA (ISQ)
6 weeks
median (IQR)

Z Statistica

P valuea

Flapless

75.00(15.00)

79(3.30)

-2.191

0.028

Flap

75.00(9.00)

80(12.70)

-1.691

0.091

Wilcoxon signed rank test

Table 4.

a

The median RFA values (ISQ units) at implant placement (0 weeks) and at the 6-week time point for the flapless and flap
techniques.

The median RFA values (ISQ units) for bone at 6-week and 12-week time points for the flapless and flap techniques.

Variable

RFA (ISQ)
6 weeks
median (IQR)

RFA (ISQ)
12 weeks
median (IQR)

Z Statistica

P valuea

Flapless

79(3.30)

82.3(3.30)

-2.705

0.007

Flap

80(12.70)

82.6(8.00)

-2.936

0.003

Wilcoxon signed rank test

There were no significant differences in RFA values between the FL and FT techniques at the time of implant
placement, indicating that there was no bias in the sites selected for implant placement.
Primary implant stability, which was achieved during
surgical placement, was purely mechanical and resulted from
the fixation of a press-fit structure into a bony cavity [2].
In this study, primary implant stability, which was measured by RFA during implant placement using the FL and FT
techniques, was affected by bone quality, which ranged from

type I (dense bone) to type IV (soft bone) according to the
Lekhom and Zarb [18] classification.
Implants placed in the mandible had higher ISQ values
than implants placed in the maxilla, especially in the maxillary molar area. This result is in accordance with other studies [1, 15]. The ISQ values at the time of implant placement
ranged from 60 to 84 ISQ units in the mandible and from 53
to 75 ISQ units in the maxilla.
Another factor that affected primary implant stability was
bone tapping. Bone tapping before implant placement low-
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ered the RFA reading by at least 10 ISQ units. This result
was often observed in type III bones and some type II bones.
At the 6-week time point, there were no significant differences in the RFA values obtained using the FL and FT
techniques.
Implant stability at 6 weeks after the procedure was expected to be biological due to bone remodeling after implant
placement. Following the placement of an endosseous implant, primary mechanical implant stability is gradually replaced by biological stability several weeks after placement
[1]. This was observed in our study, as the RFA value obtained at 6 weeks was higher than that obtained at the time of
implant placement using both the FL and FT techniques.
This increase was statistically significant for the FL group
but not for the FT group, which indicates that the bone remodeling rate in the FL group was faster than that in the FT
group. This may be due to the rich blood supply that was
provided by the preserved periosteum around the bone in the
FL group, which can control bone turnover and bone formation around the implant [19, 20].
Other studies [1, 21] have examined the effects on the
bone at different examination times. Ersanli et al2 showed
statistically significant increases in the ISQ values of implants after 6 weeks and correlated this phenomenon with the
concept of enhanced bone formation around the implant surface at this time.
For implants with a higher initial stability (80 ISQ and
above), the fluctuation in the median stability after 6 weeks
was < 2 ISQ. This result indicates a more consistent pattern
of stability compared to the implants with lower primary
implant stability, which showed progressive increases in
implant stability.
These results are in accordance with another study [16]
that showed fewer fluctuations in ISQ values for implants
with a higher initial stability after 2-6 weeks.
It has been shown that implants inserted into bones with
low density exhibited greater changes in RFA values than
implants placed in high-density bones, such as those described in our study. This implies that implants placed in
low-density bones could ‘catch up’ over time to reach levels
equivalent to those of implants placed in high-density bones.
There were no significant differences in RFA values between
the FL and FT groups after 12 weeks; however, there was a
significant difference between RFA values at 6 weeks and
RFA values at 12 weeks for both the FL and FT groups.
These results indicate that bone remodeling and bone
maturation were continuous in both groups during this period
but may be higher in the flap group. This is in contrast to
what we found after 6 weeks into the healing process, at
which time the RFA values and implant stability were
greater in the in the FL group.
From the 6th to the 12th week post-surgery, the mean ISQ
value increased. This finding may be explained by the increased reinforcement from the woven bone scaffold that
consists of lamellar bone.
A histological study [22] showed a sustained increase in
bone implant contact after 6 weeks of healing, which corresponds to bone deposition by osteoblasts near the implant,
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resulting in bone formation around the implant. The evolution of the bone-implant contact that was observed histologically was comparable to the RFA value, which showed the
same progression over time [22].
Implants with low primary stability (50-65 ISQ) required
12 weeks to reach an ISQ value of 80, while implants with a
higher primary stability (70 ISQ and above) needed less time
(6 weeks).
This result is in agreement with another study that
showed that implants with a lower RFA value due to a low
initial stability required a longer healing period than those
that were well-fitted [12].
Implants with a high primary implant stability at the time
of surgery (ISQ values of 80 and above) had high values
throughout the healing period and sometimes showed an
increase in their ISQ value. This is in agreement with a previous study [23] indicating that high primary implant stability at the time of implant placement resulted in ISQ values
that remained high during the healing period.
In our study, there were no significant differences in implant stability between implants placed via the FL and FT
techniques during the healing period, which is in agreement
with a study by Becker et al. [9]. This previous study
showed no significant differences in implant stability between implants placed with the FL and FT techniques at the
time of implant insertion and after 3 months.
The non-significant difference in implant stability between implants placed with the FL and FT techniques can be
explained by a study by Grassi et al. [24], which showed the
effect of sandblasted acid-etched implant surfaces on the
bone-tissue response around the implant. The proliferation
and differentiation of bone cells have been reported to be
enhanced by the roughness of the implant surface topography, resulting in better bone-implant contact.
The current study showed an increase in RFA values for
all implants during the 12-week healing period, even for the
implants that were placed in soft bone. This may be due to
the effect of sandblasted acid-etched surfaces, which enhance the quality of bone close to dental implants placed in
soft bone.
The results of a study by Salvi et al. [25] showed that
SLA improved bone-to-implant contact and led to higher
Periotest values.
There was a difference in the primary stability between
implants placed in the maxilla or soft bone and implants
placed in dense bone or the mandible. Because the majority
of implants were placed in the maxilla, this difference was
not observed in the current study. In addition to the small
sample size, this is one of the limitations of the present
study.
The RFA values for implants that were placed in the
maxilla or soft bone did not differ from those for implants
placed in dense bone or the mandible at 6- and 12-week intervals, which may be due to the changes that occurred in the
bone adjacent to the implant during the remodeling period.
These changes included an increase in bone density around
the implant, which does not differ between the maxilla and
the mandible according to Grassi et al. [24]. Grassi et al.
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reported that the bone density was high in a 500-m-wide
zone lateral to the implant surface, suggesting that the sandblasted acid-etched surface may enhance the quality of bone
close to dental implants placed in soft bone. This indicates
that the density of bone surrounding the implant will be unified in all types of bone, in all implant systems that are
coated with SLA, and on all sides of the implant, including
the bucco-lingual or mesio-distal sides. Our study supports
this notion, as the RFA reading at the time of implant placement in the bucco-lingual direction was less than that in the
mesio-distal direction by approximately 2-3 ISQ units. However, the RFA reading was the same in both directions at the
end of the 12th week. Therefore, the RFA value can provide
3D information regarding the bone that surrounds the implant at the end of the healing period.
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