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Abstract (J Korean Assoc Oral Maxillofac Surg 2022;48:159-166)
Objectives: The stability of crestal bone has been reported as a major factor in the success of dental implants. Implants can be placed in an equicrestal
(crestal) or subcrestal position. The aim of this study was to evaluate the effect of implant depth placement on marginal bone loss.
Materials and Methods: The study was created in a split-mouth design. Immediately after implant surgery, digital parallel radiographs were prepared and levels of bone were measured where marginal bone loss and bone level changes occurred. These measurements were repeated at 3-month
and 6-month follow-up periods.
Results: In this interventional study, 49 implants were evaluated in 18 patients. Primary bone height was not significant between the intervention and
control groups in both mesial and distal aspects at 3 months and 6 months from the baseline. The mean marginal bone loss on the mesial side was 1.03
mm in the subcrestal group and 0.83 mm in the crestal group. In addition, mean marginal bone loss on the distal side was 0.88 mm and 0.81 mm in the
subcrestal and crestal groups, respectively. Marginal bone loss was not significantly different between sexes, the maxilla or mandible, and in the anterior or posterior regions as well as between different lengths and diameters of implants.
Conclusion: Based on the results of this study, there was no significant difference in terms of marginal bone loss between crestal and subcrestal implants.
Key words: Marginal bone loss, Implant, Crestal, Subcrestal
[paper submitted 2022. 3. 14 / revised 2022. 5. 1 / accepted 2022. 5. 9]

I. Introduction
The use of implants for full and partial edentulous reconstruction enhances masticatory performance and improves
satisfaction as well as the quality of life compared to removable prosthetics. As a result, this treatment option has been
adopted exponentially in recent decades. The success rate of
dental implants is very high and has been reported to be up to
95% survival over 5 years1.
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Stability depends on the amount of bone surrounding the
implant. At the end of the remodeling phase, the implant is
expected to cover approximately 60% to 70% of the bone,
which is used as the degree of osseointegration criterion2.
Early implant failure occurs in 1%-2% of patients in the first
months due to failure of osseointegration. Secondary or late
failure usually occurs in 5% of patients after a few years due
to peri-implantitis3.
The average marginal bone loss of a functional implant in
the first year is approximately 1 mm and the average bone
loss in subsequent years is around 0.1 mm per year. Several
factors can play a role in peri-implant marginal bone loss
such as biological width establishment, vertical soft tissue
thickness, microgaps at the level of the implant–abutment
interface, the implant position relative to the alveolar crest,
implant macro design (platform-switching and platformmatching implants), the implant-abutment connection, surface topography of the implant neck, history of smoking, and
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peri-implantitis4.
The vertical position of the implant is a factor affecting
crestal bone loss. It is recommended that the implant be
placed 2-3 mm below the cementoenamel junction of the
adjacent tooth, especially in the aesthetic zone5. Through
this method, the abutment is placed at the level where better remodeling can be achieved at the neck of the implant.
In addition, the papillary form becomes better, which is very
important in the esthetic area6, but in some studies it has been
claimed that due to the subcrestal placement of the implant,
bacterial colonization is more likely and the risk of periimplantitis is increased7.
The main question of the study was “Does the depth of implant placement affect marginal bone loss?”

II. Materials and Methods
This study was performed as a split-mouth randomized
clinical trial. The study was designed based on CONSORT
(Consolidated Standards of Reporting Trials) criteria and
was performed after approval by the Ethics Committee of the
Mashhad University of Medical Sciences (No. IR.MUMS.
DENTISTRY.REC.1400.036) and registered in the IRCT system (IRCT20180130038558N2).
Participants were selected from partially edentulous patients referred to the implant department of the Mashhad Dental School and Hekmat Clinic of Mashhad (Iran) from April
to December 2021. Informed written consent forms were
obtained from the participants. This study was performed as
a double-blind study where both the patients and examiner
were unaware of the intervention and control groups. The
sample size was approximately 20 patients, but considering
the 10% dropout in patients, this number was increased to 22
patients.
Inclusion criteria involved adult patients with no systemic
diseases, healed alveolar ridges (at least 4 months after tooth
extraction), adequate bone dimensions at the implant site,
at least 2 implants in non-adjacent edentulous areas (if the
patient needed two implants, one implant was positioned
crestally, while the other was placed 2 mm subcrestally), and
no history of bone regeneration at the implant site. Exclusion
criteria included smoking, poor oral hygiene, bone defects in
the alveolar ridge at the implant site, and the existence or history of periodontitis.
In order to select the correct dimensions of the implant,
cone-beam computed tomography scans were evaluated
for each patient. The surgical procedures were performed
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as follows: Local anesthesia 2% lidocaine with epinephrine
1:80,000 (New Stetic, Guarne, Colombia) was administered.
A crestal incision was created followed by full thickness flap
reflection. The implants were randomly divided into two
groups as subcrestal and crestal. Platform switching bone
level BioHorizon Implants (Birmingham, AL, USA) were
placed. In the intervention group, the implant was placed
2 mm subcrestally, while the implant was positioned at the
level of the bone crest in the control group.(Fig. 1) Twostage surgical protocols were used for the implants. All the
implants were placed by an expert surgeon. The following
medications were prescribed: 500 mg amoxicillin three times
a day with 400 mg gelofen every 6 hours a day for one week
and chlorhexidine 0.2% mouthwash twice a day for two
weeks.
Following surgery, digital periapical radiographs using the
long-cone parallel technique were prepared. Periapical radiographs were prepared by dental digital No. 2 sensors (Durr,
Bietigheim-Bissingen, Germany) (31 by 41 mm) and film
holders (Kerr, Brea, CA, USA) with the radiographic system
(ver. 2016; Xgenus, Olgiate Olona, Italy) set at 70 kVp and 8
mA. Follow-up periapical radiographs was obtained 3 and 6
months after surgery.
Mesial and distal bone heights relative to the fixture apex
were evaluated in the three prepared radiographs. Likewise,
bone level changes and marginal bone loss values were
compared. Bone height was defined as a vertical distance
from the crestal bone to the fixture apex. Marginal bone loss
was defined as the distance from the implant platform to the

Fig. 1. Measurement of the bone crest to the apex of the fixture in
both mesial and distal aspects. Baseline radiographic image.
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alveolar crest. Radiograph analysis was measured by Romexis software (ver. 3.8.3) produced by Planmeca (Helsinki,
Finland). All the measurements were performed by a trained
examiner.
A 41-mm longitudinal line was drawn as a reference
through the Software calibration tool in the radiograph images. The reason for selecting 41 mm as the calibrating scale
was based on the length of the number 2 sensor. The length
of the fixture was then measured from the platform to the end
of the apex. This would be the basis of subsequent measurements. On both the mesial and distal sides, the bone height
from the crestal bone to the end of the fixture apex (perpendicular to the tangent line at the end of the fixture) was measured and the numbers were recorded.
Second-stage patient radiographs were entered into the Romexis software. In order to rectify the possible radiographic
angle changes based on a constant parameter (fixture), similar to the previous step, the lines at the coronal and apical
parts of the fixture were drawn and the recorded numbers in
the previous step were entered with the calibration tool. The

measurements were then repeated.(Fig. 2) The third stage radiographs were performed as in the previous stage.
Statistical analyses were performed using SPSS software
(ver. 12; SPSS, Chicago, IL, USA). Data were reported as
mean±standard deviation. The normality of distribution was
tested with Kolmogorov–Smirnov and Shapiro–Wilk tests. If
the data were parametric, analysis of variance was used for
analysis. The level of significance in all the tests was considered 5%.

III. Results
Table 1 lists the statistical report of sex and age distribution
by groups. In the intervention group, 53.8% of the patients
were males and 46.2% were females. In the control group,
56.5% of the patients were males and 43.5% were females.
The numbers of males and females in the study groups were
not significantly different from each other. The maximum
age was 70 years and the median age in both groups was 59
years. The groups did not differ significantly in terms of age.
Table 2 reveals that the primary bone height was not significant at the baseline and after three months plus six months
between the intervention and control groups on both the mesial and distal aspects (P >0.05).
Mesial and distal marginal bone loss was not significant in
the first three months and the subsequent six months.(Table 3)

Table 1. Demographic characteristics of the patients
Characteristic
Sex
Intervention group
Female
Male
Control group
Female
Male
Age (yr)
Intervention group
Control group

Value

12 (46.2)
14 (53.8)

P -value

0.851

10 (43.5)
13 (56.5)
57.84 (48-70)
59.04 (48-70)

0.594

Fig. 2. Measurement of the bone crest to the apex of the fixture at
both mesial and distal aspects. Three-month radiographic image.

Values are presented as number (%) or mean (range).
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Table 2. Measured bone height in the mesial and distal aspects at baseline, three months, and six months
Group
Intervention
Control
P -value

Mesial bone height (mm)
Baseline
12.69±1.55
12.09±1.77
0.212

3 mo
12.25±1.50
11.68±1.72
0.229

Distal bone height (mm)
6 mo
11.66±1.61
11.24±1.66
0.382

Baseline
12.33±1.37
11.63±1.50
0.096

3 mo
11.94±1.35
11.21±1.50
0.079

6 mo
11.44±1.56
10.81±1.51
0.161

Values are presented as mean±standard deviation.
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Table 3. Marginal bone loss in the mesial and distal sides in three and six months
Group
Intervention
Control

Difference in the baseline mesial bone height (mm)

P -value

3 mo
0.43
0.40

6 mo
1.03
0.83

0.510

Difference in the baseline distal bone height (mm)

P -value
0.061

P -value

3 mo
0.38
0.42

0.716

P -value

6 mo
0.88
0.81

0.801
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Table 4. Mesial and distal marginal bone loss at the third and sixth months between different sex groups
Mesial marginal bone loss (mm)

Sex
Female
Male
Jaw
Maxilla
Mandible
Area
Anterior
Posterior

Distal marginal bone loss (mm)

P -value

Baseline to
the 3 mo

P -value

Baseline to
the 6 mo

P -value

0.86±0.39
0.99±0.59

0.643

0.43±0.20
0.37±0.36

0.423

0.78±0.34
0.91±0.48

0.327

0.194

0.87±0.49
1.00±0.52

0.421

0.37±0.36
0.42±0.24

0.746

0.80±0.32
0.89±0.50

0.794

0.650

0.76±0.39
1.02±0.54

0.131

0.36±0.14
0.41±0.35

0.518

0.68±0.19
0.93±0.48

0.090

P -value

Baseline to
the 6 mo

0.42±0.27
0.41±0.25

0.737

0.37±0.22
0.46±0.28
0.43±0.25
0.41±0.26

Baseline to
the 3 mo

Values are presented as mean±standard deviation.
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Table 5. Correlation between implant dimension with bone level changes in three- and six-month follow-ups
Difference between mesial baseline bone height
Implant length
Correlation coefficient (R)
P -value
Implant diameter
Correlation coefficient (R)
P -value

Difference between distal baseline bone height

3 mo

6 mo

3 mo

6 mo

–0.130
0.372

–0.184
0.207

0.172
0.237

–0.023
0.876

0.073
0.617

0.049
0.739

0.087
0.551

0.073
0.619
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Table 6. Association of age and bone level changes
Mesial marginal bone loss
Spearman correlation coefficient
P -value

3 mo
–0.087
0.552

6 mo
–0.321
0.025

Distal marginal bone loss
3 mo
–0.051
0.729

6 mo
–0.431
0.002
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Table 4 lists the mesial and distal marginal bone loss values
at intervals of three months and six months between different
sexes, mandible or maxilla, as well as the anterior and posterior areas. No statistically significant difference was observed
in any of these analyses.
The correlation between implant length plus diameter and
changes in mesial and distal bone height in the third and sixth
months reported in Table 5 was not statistically significant.
Marginal bone loss was inversely related to age in both the
mesial and distal dimensions. This inverse correlation was
observed at the sixth-month follow-up.(Table 6)
Mesial and distal aspect bone level changes between three
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and six months in the intervention and control groups are
shown in Fig. 3 and 4, respectively. Bone height reduction
during the three months and six months was significant for
both groups on both the mesial and distal sides (P =0.000).
However, the difference in bone level changes was not significant between the intervention and control groups (P >0.05).

IV. Discussion
The aim of this study was to evaluate the marginal bone
loss around crestal and subcrestal implants in the six-month
follow up period. In this interventional study, 49 implants

Marginal bone loss around crestal or subcrestal dental implants
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Fig. 3. Mesial bone level change.

Fig. 4. Distal bone level change.
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were examined in 18 patients with a mean age of 57.84±6.73
years in the intervention group and 59.04±7.18 years in the
control group. Primary bone height and marginal bone loss
were not significantly different between the intervention and
control groups in both the mesial and distal groups at three
months and six months from the baseline. There was no
significant difference either in marginal bone loss between
the maxilla or mandible, implant site (anterior or posterior),
and sexes. No significant correlation was observed between
implant dimension and bone level changes in the mesial and
distal dimensions during three and six months. Note that the
mesial marginal bone loss was 1.03 mm in the subcrestal
group and 0.83 mm in the crestal group. In addition, on the
distal aspect in the subcrestal group, marginal bone loss was
0.88 mm and 0.81 mm in the crestal group. There was no significant difference in terms of marginal bone loss in the mesial and distal sides for both groups at three and six months.
Several authors have reported that implants placed approximately 2 mm subcrestally have significantly less marginal
bone loss compared to implants placed crestally7,8. Conversely, other authors have observed more marginal bone loss with
subcrestal implants9,10. Factors such study design, implant
geometry, implant surface treatment, and implant placement
surgical protocols may explain the discrepancies between the
studies.
Note that factors such as smoking, poor oral hygiene, and
history of periodontitis can increase marginal bone loss, and
patients with these features were excluded from the study.
Also in our study, the system of all the implants was consistent throughout, and the procedures were performed by an
expert surgeon. Therefore, it can be concluded that differences in the surgical procedure could not affect the outcome

of this study.
The association between implant dimensions, implant site,
age, sex, and marginal bone loss was also evaluated in this
study. Preparation of the implant site in the subcrestal group
can cause stress on the crestal bone, leading to more marginal
bone loss. Nevertheless, in the present study, tapered implants were used and the diameter of the implant was chosen
correctly in order to have adequate bone in the buccal and
lingual aspects surrounding the implant11.
Among similar human studies, Veis et al.12 placed implants
1-2 mm subcrestally. In a study by Romanos et al.13, the implants were placed 0.5 mm subcrestally. In addition, Kütan et
al.6 placed their implants 1 mm subcrestally, Al Amri et al.14 2
mm subcrestally, and de Siqueira et al.15 between 1 to 3 mm
subcrestally. All the studies employed standard periapical radiographs using parallel techniques to assess bone levels, except for two studies (Romanos et al.13 and Veis et al.12) which
used panoramic radiography. Measurements on radiographic
images have a limitation in that they may not be accurate and
could potentially underestimate the level of the crestal bone
around the implants.
Ercoli et al.16 evaluated 134 supracrestal, crestal, and subcrestal implants in terms of marginal bone loss. Although
marginal bone loss was lower in the subcrestal group, the
authors did not find any statistically significant differences
between the groups in an eighteen-month follow-up period.
Valles et al.17 in a meta-analysis demonstrated that there
was no significant difference in terms of marginal bone loss
at different depths of implant positioning.
Cruz et al.18 in a meta-analysis examined 709 implants
of which 351 and 358 were crestal and subcrestal implants,
respectively. Cruz et al.18 concluded that crestal or subcrestal
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implant placement did not differ in terms of bone loss and
soft tissue parameters. In addition, Cruz et al.18 found that
marginal bone loss was independent of the surgical procedure.
A systematic review by Pellicer-Chover et al.4 found that
there was no significant difference on marginal bone loss
between crestal and subcrestal implants. Meanwhile, in four
human studies of this systematic review, crestal implants
exhibited higher marginal bone loss compared to sub-crestal
implants with significant differences in only one study4. This
result is consistent with the present study.
In the Gatti et al.11 study, the implants were randomly
placed either 1 mm subcrestally or crestally. Radiographic
examinations were performed using the digital periapical
parallel technique at the time of implant placement (T0), at
the time of prosthesis delivery (T1), and 12 months (T2) after
prosthesis loading. A total of 54 implants were evaluated at
the 12-month follow-up with radiographic images. After 1
year, mean bone loss was 0.721 mm in the subcrestal group
and 0.418 mm in the crestal group. According to the results
of the present study, although the subcrestal group exhibited
more bone loss, it could be considered “physiological” compared to the other studies11.
In a histological study by Degidi et al.19, crestal implants
exhibited 0.5 to 1.5 mm marginal bone loss, while subcrestal
implants revealed bone growth on the implant platform.
In animal studies, Jung et al.20 examined platform switching implants at different bone levels relative to the alveolar
crest. Jung et al.20 placed a total of 62 implants at three different levels in the edentulous areas of five dog jaws. They
reported that after 6 months, the highest amount of bone loss
(1.32 mm) was in the group with subcrestal implants. Yi et
al.21 also concluded that greater marginal bone loss was observed in subcrestal implants. Another study on dogs by Pontes et al.22 examined the effect of implant depth placement on
marginal bone loss. However, these studies stated that crestal
or subcrestal implant placement had no significant effect on
marginal bone loss.
Fetner et al.23 explored the effect of subcrestal implants
on marginal bone loss. Thirty-six two-piece implants were
placed in the edentulous areas of six dogs. The implants were
randomly placed crestal or 1.5 mm or 3 mm subcrestal. The
authors concluded that subcrestal implant placement was not
associated with significant marginal bone loss23.
In this study, marginal bone loss was not statistically significantly different between sex, anterior or posterior location, and the maxilla or mandible even though bone loss
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occurred more frequently in females. This can be justified
due to menopause and osteoporosis status which can affect
bone loss. The results of the studies in this field are contradictory24,25. On the other hand, greater marginal bone loss
occurred in the posterior areas. Jang et al.26 and Güven et al.27
pointed out that the reason for further bone loss was due to
unfavorable bone density and quality in the posterior areas.
In addition, it should be considered that more occlusal forces
are transmitted to posterior implants, increasing the marginal
bone loss incidence26,27. In the present study, although it was
not statistically significant, implants placed in the mandible
exhibited greater marginal bone loss, which is consistent with
the study by Raikar et al.28 and Güven et al.27. As mentioned,
the reason for bone loss is more related to mandibular bone
density28.
One of the study limitations was the use of periapical radiographs, which results in two-dimensional evaluations of
bone, possibly leading to inaccuracies. In addition, our data
were collected from few participants, potentially compromising the generalizability of the results. Further clinical studies
with larger sample sizes and longer follow-up periods are required to improve the understanding of this issue. Meanwhile,
factors affecting marginal bone loss such as the presence of
keratinized tissue and soft tissue width were not considered.
In addition, more research must be performed in order to
investigate other factors affecting biological width establishment, identify effective factors, reduce bone loss, and provide
more predictable implant treatment outcomes to patients.

V. Conclusion
Based on the findings of this study, it can be concluded
that the marginal bone loss in the mesial and distal sides was
not significant in both crestal or subcrestal implants at the
three-month and the six-month follow-up. Also, there was no
significant difference in marginal bone loss between different
sexes, maxilla or mandible, implant area (anterior or posterior). Also no significant correlation was observed between
implant dimension with changes in mesial and distal bone
height during three-month and six-month follow-up.
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