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Abstract

We conducted this single-center, retrospective clinical study to explore the correlation between the
depth of implant placement, the thickness of the implant and the loss of the marginal bone in 101
patients undergoing placement of AstraTech implant. To summarize, our results are as follows: (1)

When the implant was placed at a normal depth, there was no significant correlation between the
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level of marginal bone loss and the diameter of implant. (2) When the implant was placed at a lower
depth, there was a significant correlation between the level of marginal bone loss and the diameter of
implant. (3) When the implant was placed at a lower depth, the level of marginal bone loss was
significantly greater. But limitations of the current study are as follows: First, we conducted the
current study under the retrospective design. Second, we enrolled a small series of patients in the
current study. Third, we did not consider factors affecting clinical outcomes as endpoints in the
current study. Further large-scale, prospective, multi-center, studies are therefore warranted to

establish our results.
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Introduction

Hansson et al. (2002) conducted a study based on a finite element analysis of the stress
distribution depending on changes in the height of implant-abutment interface level and differences
in the implant wall thickness, where an analysis of the stress was performed through a comparison
between two-component implant with conical implant-abutment interface at the marginal bone level
and one-component implant where the same conical interface was located 2mm more coronally. This
is also accompanied by alterations in the wall thickness (0.3, 0.6 or 0.9 mm) [1].

In fact, the problem formulated by Stoiber (1988) and Mailath et al. (1989) to obtain the highest
bone stresses resulting from axial load components spatially separated from those resulting from
horizontal load components can be solved by a proper design of the implant—abutment interface; for

example, by means of a conical implant—abutment interface at the level of the marginal bone. When
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the interface was located 2mm more coronally, this beneficial effect of the conical interface
disappeared [2, 3].

Moreover, with the implant—abutment interface at the level of the marginal bone, an increase in
wall thickness and an increase in the modulus of elasticity invariably resulted in substantially
increased bone stresses at the uppermost thread turn. An increase in wall thickness and an increase in
modulus of elasticity result in an increased axial stiffness for the implant. A substantial part of the
load is applied below the level of the uppermost thread turn. With an increased axial stiffness, more
of the load will ‘hang’ on the uppermost thread turn, resulting in larger bone stresses [4].

In this study, we assumed that bone loss would occur as a result of bone stress arising from
changes in the location of interface and an increase in the wall thickness.

In some cases in which the depth of implant insertion is lower than normal levels due to clinicians’
technical expertise, bone quality and the concavity of the bone were selected. In addition, of various
types of implants manufactured by the AstraTech, OsseoSpeed™ TX, an upgraded form of MT
OsseoSpeed™, had an increase in the wall thickness from 0.75 to 0.95 mm. These cases were
selected. If there is an increase in the wall thickness, this would raise the mechanical strength and
make the fixture and internal diameter of the implant with other diameters consistent. Thus, there
would be an increase in the degree of user convenience due to the simplification of the abutment [5,
6].

The aim of the present study is to investigate whether the implant wall thickness and the implant
insertion depth might affect the bone resorption in the same condition.

We conducted this single-center, retrospective clinical study to explore the correlation between the
depth of implant placement, the thickness of the implant and the loss of the marginal bone in 101

patients undergoing placement of AstraTech implant.
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Patients and methods

Study setting and patients

The current single-center, retrospective study was conducted in 101 patients who visited the
department of periodontology of our hospital in Seoul, Korea between 2001 and 2011.

Inclusion criteria for the current study are as follows:

(1) The patients with no serious systemic conditions such as uncontrolled diabetes or hypertension

(2) The patients with good oral hygiene

(3) The patients who visited more than once a year for a regular follow-up for more than five years

(4) The patients who underwent scaling/root planing (SRP) more than once a year for more than
five years

(5) The patients with atrophic edentulous alveolar crest

(6) The patients with a shortened dental arch or partial edentulous dentition.

Exclusion criteria for the current study are as follows:

(1) The patients with uncontrolled periodontitis

(2) Heavy smokers (> 10 cigarettes/day)

(3) The patients undergoing bone graft before placement of the implant

(4) The patients undergoing multiple implant prostheses

(5) The patients with a past history of serious systemic diseases

(6) The patients with a poor compliance to a follow-up

(7) The patients whose radiologic findings are not appropriate for radiological assessments

(8) The patients with an excessive or insufficient depth of implant insertion based on a cut-off
value of 1.5 mm.

We therefore enrolled a total of 101 patients in the current study that was approved by the

Institutional Review Board (IRB) of our medical institution. Informed consent was waived due to its
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retrospective nature.

Our clinical series of the patients were divided into four groups:

(1) The Group I (n=34): The patients undergoing placement of the implant with a diameter of
0.75 mm at normal depth

(2) The Group II (n=37): The patients undergoing placement of the implant with a diameter of
0.95 mm at normal depth

(3) The Group III (n=12): The patients undergoing placement of the implant with a diameter of
0.75 mm at lower depth

(4) The Group IV (n=18): The patients undergoing placement of the implant with a diameter of

0.95 mm at lower depth.

Implants

In the current study, we used 101 single internally hexed implants (Astra Tech Dental Implant
System, Astra Tech AB, Mdélndal, Sweden) to replace missing premolars and molars. All the
implants had a microthreaded cervical neck, TiO-blasted surface and internal hexagonal interface.
The 101 implants had a straight neck, 55 and 46 of which had a diameter of 0.75 mm and 0.95 mm,
respectively. The length of implants varied, ranging from 8 to 11 mm. In the current study, we
therefore analyzed the 30 implants whose insertion depth ranges from 0.12 to 1.24 mm. We also

analyzed the degree of marginal bone loss depending on the wall thickness of 0.75 or 0.95 mm.

Operative procedures

All the procedures were performed by two board-certified specialists in dental implantology,
which is based on a 2-stage treatment protocol. The implants were inserted in a submerged manner.
After the first surgery, the second one was performed 3 and 6 months, respectively, for the mandible

and maxilla. Prostheses were delivered 3 weeks after the second surgery. Patients were recalled
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every 6 months for plaque control and oral hygiene management.

Radiological examinations

On the following day of the insertion of the implant, immediately after the delivery of prostheses
(functional loading), periapical radiographs (Eastman Kodak Co., Rochester, NY) were taken using a
commercially-available radiograph holder device (Extension cone paralleling Kit, Rinn, Elgin, IL) by
the parallel cone technique (70 kV, 8 mA and 0.250 s). Then, follow-up periapical radiographs were
also taken at a 1-year interval. The device was used to position the X-ray tube at a 90° angle to the
long axis of the dental implant and to ensure that the implant threads were visible on the X-ray both
mesially and distally. To measure the length of the implant, a 5.5-mm spherical metal bearing was
placed. All films were developed with the Periomat (Diirr Dental, Bietigheim-Bissingen, Germany)
according to the manufacturer’s instructions. This was followed by the digitization of films using the

Epson GT-12000 (Epson, Nagano-ken, Japan) at an input resolution of 2,400 dpi with 256 grayscale.

Evaluation criteria and outcome measures

Measurements of the marginal bone loss were obtained using the ImageJ (1.43u) software package
(Wayne Rasband, National Institutes of Health, Bethesda, MD), for which we performed the
calibration using the known distance of the spherical metal bearing (5.5 mm). Then, we measured
changes in the peri-implant marginal bone level based on those in radiographs taken at baseline and 5
years after the delivery of prostheses.

The margin between the polished surface and the rough one of the implant was defined as a
landmark. The distance between the landmark and the most apical point of the level of the marginal
bone was measured. Thus, the level of the marginal bone at the mesial and distal surfaces of the
implant was assessed. Measurements were averaged, whose precision was analyzed through a

comparison of the first radiographic readings with the second ones. The calibration and
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standardization of measurements were also done.
In the current study, we measured the amount of marginal bone loss after 1, 2, 3, 4 and 5 years of
functional loading, expressed as Y1, Y2, Y3, Y4 and Y5, respectively, all of which were served as

outcome measures. We therefore compared these outcome measures between the four groups.

Statistical analysis

All data was expressed as mean+SD (SD: standard deviation). Statistical analysis was done using
the SAS software version 8.01 (SAS, Cary, NC). The Shapiro-Wilk test was used to verify the
normality of the data. As a parametric method, the one-way analysis of variance (ANOVA) was
performed to determine the normality of the data. Then, Kruskall-Wallis test was performed as a
non-parametric method. The P-value for trend was calculated to examine whether there is a
significant difference in the data between the four groups. Moreover, the Pearson’s correlation
coefficient was also calculated to analyze the correlation between the data. A P-value of <0.05 was

considered statistically significant. P-values were adjusted using the Bonferoni method.

Results

Baseline and clinical characteristics

In the current study, we enrolled a total of 100 patients (n=100), comprising 40 men and 60
women, whose mean age was 56 (range, 39-71) years old. Our clinical series of the patients were
followed up at a 6-month interval during a 5-year period.

There were no significant differences in the male-to-female ratio and the location of the implant

between the four groups.
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Level of marginal bone loss

A one-way ANOVA showed that there were significant differences in mean values of all the
outcome measures between the four groups. A post-hoc analysis showed a significant inter-group
difference except for between the Group I and II and between the Group III and IV. There was an
increase in mean values of Y1 from the Group I to III, but it was decreased in the Group IV. These
differences reached statistical significance (P<0.05).

The Kruskall-Wallis test showed that there were significant differences in mean values of all the
outcome measures between the four groups. A post-hoc analysis showed a significant inter-group
difference except for between the Group I and II. These differences reached statistical significance
(P<0.05).

Thus, these results indicate that there was a significant increase in the degree of bone resorption
from the Group I to the Group III. There was a slight decrease in it in the Group IV, but this did not
reach statistical significance. It can therefore be inferred that there was an overall increase in the
degree of bone resorption from the Group I to the Group IV. This suggests that the degree of bone
resorption was significantly higher in implants with a greater wall thickness and a smaller depth of

insertion as compared with those with a smaller wall thickness and a normal depth of insertion.

Correlation between the depth of implant insertion and loss of the marginal bone

We also examined whether there is a correlation between the depth of implant insertion and loss of
the marginal bone, for which we analyzed a total of 30 implants with a lower depth of insertion. This
showed that there was a significant correlation between the depth of implant insertion and loss of the
marginal bone (P<0.05). These results indicate that the amount of bone loss was greater in

association with a lower depth of implant insertion.
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Discussion

It has been shown that various factors are involved in the survival and success of dental implants.
That is, there are different factors that are associated with osseointegration or the long-term survival
of the implant. The quality and quantity of the alveolar bone, the primary stability of implant and the
surface property are associated with osseointegration of the implant [7]. On the other hand, the bone
quality, type of prosthesis, occlusal loading, oral hygiene, overlying soft tissue and the periodical
visit of patients are associated with the long-term success of the implant [8-10].

The stability of the marginal bone is known as a factor that determines the survival and success of
the dental implant [11]. A 0.5- to 1-mm bone loss during the 1st postoperative year is considered a
physiological one arising from the bone remodeling [12-14].

It is generally known that the survival rate of the dental implant is relatively higher. Of the placed
implants, an average proportion of 2.5% has been reported not to survive before loading. The annual
rate of the treatment failure has been reported to vary, ranging from 0.5% to 1.3% [15].

An extremely high level of dynamic implant loading may produce a pathologic over-loading of
bone, which leads to a higher level of marginal bone loss; this may also result in a loss of
osseointegration in some cases [16]. It has also been reported that there was a 50% to 60% higher
volume of the labeled bone in the adjacent region to the implants, with a much higher remodeling
rate in the proximal regions as compared with the distant ones [17]. Finite element analysis studies
have shown that there have been marked changes in the mechanical stress distribution in the region
that is 1 mm proximal to the implant surface, which is also followed by those in both stress levels
and stress gradients [17]. This leads to the speculation that loading within physiologic limits may
stimulate osteogenesis arising from the bone adaptation to stress loading [18, 19]. If repeated, bone
loading would cause micro-fractures; it can be inferred that micro-damages might stimulate bone

remodeling, and then play a role in repairing micro-fractures of local bone or fatigue-induced ones
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[20, 21].

Several surgical and prosthodontic factors are involved in the marginal bone loss; these include
trauma, occlusal overload, peri-implantitis, microgap, biologic width and the macroscopic and
microscopic characteristics of the implant at neck region with a contact with bone, the design of the
implant abutment interface, operative procedures with or without elevation of flaps, immediate
insertion of implants in fresh extraction sockets, time of fixation of superstructure and the duration of
loading [22].

It is widely known that postoperative bone resorption occurs both in the horizontal and vertical
directions [23-25].

According to previous published studies reporting that the initial bone loss arises from different
events, such as post-operative traumatic events, crestal location of the transition between the rough
and the smooth borders of the implant and vertical positioning of the interface (microgap) between
the implant and abutment/restoration within the crest [24, 26-30].

It is impossible, however, to frequently achieve an ideal level of vertical positioning of implants.
The reasons are that there are anatomical limitations in the posterior mandible and the tooth which is
mesial to the edentulous site. As a result, there is a variability in the depth of implant insertion.
Moreover, either subcrestal or supracrestal positioning of the interface is determined accordingly [31,
32]. We have therefore speculated that there might be a difference in the degree of marginal bone
loss between the depths of implant placement. Based on a previous study that the degree of stress
loading was higher in associated with a smaller depth of implant insertion, we conducted the current
study.

To summarize, our results are as follows:

(1) When the implant was placed at a normal depth, there was no significant correlation between
the level of marginal bone loss and the diameter of implant.

(2) When the implant was placed at a lower depth, there was a significant correlation between the
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level of marginal bone loss and the diameter of implant.

(3) When the implant was placed at a lower depth, the level of marginal bone loss was
significantly greater.

According to a previous study, there was a significant difference in the stress loading depending
on a wall thickness of 0.3, 0.6 or 0.9 mm [1]. In the current study, however, the degree of such
difference was at most 0.2 mm. But this might not reach clinical significance although there is a
difference in the stress loading. It is evident, however, that a coronal location of the implant
produced a difference in the level of marginal bone loss, as shown in the current study. It can
therefore be concluded that the depth of implant placement rather than the wall thickness might be a
key factors associated with the stress loading.

Limitations of the current study are as follows:

(1) We conducted the current study under the retrospective design.

(2) We enrolled a small series of patients in the current study.

(3) We did not consider factors affecting clinical outcomes as endpoints in the current study.

Further large-scale, prospective, multi-center, studies are therefore warranted to establish our results.
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