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Abstract: The aim of this study was to use a cone-beam computed tomography (CBCT) to assess
changes in alveolar bone width around dental implants at native and reconstructed bone sites before
and after implant surgery. A total of 99 implant sites from 54 patients with at least two CBCT scans
before and after implant surgery during 2010-2019 were assessed in this study. Demographic data,
dental treatments and CBCT scans were collected. Horizontal alveolar bone widths around implants
at three levels (subcrestal width 1 mm (CW1), subcrestal width 4 mm (CW4), and subcrestal width
7 mm (CW7)) were measured. A p-value of < 0.05 indicated statistically significant differences. The
initial bone widths (mean + standard deviation (SD)) at CW1, CW4, and CW7 were 6.98 + 2.24,
9.97 + 2.64, and 11.33 + 3.00 mm, respectively, and the postsurgery widths were 6.83 £ 2.02,
9.58 £ 2.55, and 11.19 % 2.90 mm, respectively. The change in bone width was 0.15 &+ 1.74 mm at
CWT1, 0.39 &+ 1.12 mm at CW4 (p = 0.0008), and 0.14 & 1.05 mm at CW7. A statistically significant
change in bone width was observed at only the CW4 level. Compared with those at the native bone
sites, the changes in bone width around implants at reconstructed sites did not differ significantly. A
significant alveolar bone width resorption was found only at the middle third on CBCT scans. No
significant changes in bone width around implants were detected between native and reconstructed
bone sites.

Keywords: retrospective cohort study; implant; bone width; native and reconstructed bone; cone-
beam computed tomography
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1. Introduction

Alveolar bone is subject to continual and rapid remodeling associated with tooth
eruption and the subsequent functional demands of mastication [1]. The alveolar pro-
cess is dependent on the teeth as they develop and remodel with their formation and
eruption; therefore, the shape, location, and function of the teeth determine the alveolar
morphology [2].

The extraction of a tooth initiates a series of reparative processes involving alveolar
bone, periodontal ligaments, and the gingiva [3,4]. After dental extraction, the height of the
buccal wall decreases, which results in the disappearance of bundle bone [5]. Resorption of
the alveolar ridges most often occurs during the first 6 months after tooth extraction [6].
The rate of resorption varies among different individuals and the same individual at
different times. Related factors of the resorption rate are divided into anatomic, metabolic,
functional, and prosthetic factors [7].

Dimensional alterations lead to a 50% reduction of ridge width during the first year
after extraction in the premolars and molars, where two-thirds of the total changes occur
within the first 3 months [4]. Regarding bone width and height resorption, a systematic
review revealed a width loss of 2.6-4.5 mm and a height loss of 0.4-3.9 mm for healed
sockets [8]. A systematic review by Tan et al. reported that the mean amount of ridge
resorption during the first 6 months after tooth extraction was 3.79 + 0.23 mm in the
horizontal dimension and 1.24 &+ 0.11 mm in the vertical dimension [9]. Further research
has indicated that a thin bone wall phenotype showed more vertical bone resorption than
that of a thick bone wall phenotype [10].

In edentulous areas, dental implants have become increasingly prominent among
dental replacement options. Their increasing prominence is because they not only provide
an ideal chewing function to improve the chewing comfort of patients but also afford
esthetic outcomes that enhance dental and facial attractiveness and psychological confi-
dence [11-13].

Despite all of the aforementioned benefits, some controversies must still be resolved.
Specifically, a consensus has not been reached on whether dental implants can prevent
alveolar bone resorption.

Studies have suggested that the force of occlusion and orthodontics did not cause
bone resorption or increase the bone density around implants in animal models [14-17]. By
contrast, other studies have argued that dental implants are not effective in maintaining the
surrounding hard tissue after the extraction; nevertheless, several studies have concluded
that alveolar bone remodeling after extraction would not be affected by implant use in
either animal models [18-21] or humans [22,23].

Alveolar bone responses after implantation are major determinants of the functional
and esthetic outcomes of prosthodontic restoration. A study reported that two-dimensional
(2D) radiographic images are prone to misjudgment caused by differences in imaging
angles or tissue overlap [24]. Cone-beam computed tomography (CBCT) is a suitable tool
for measuring the three-dimensional (3D) shape of alveolar bone. It can also achieve high
accuracy in the measurement of buccal alveolar bone [25].

However, to date, few studies have discussed changes in the alveolar bone width
before and after implantation by comparing CBCT scans. Accordingly, the aim of this
study was to measure changes in alveolar bone width before and after dental implant
treatment at native and reconstructed (ridge preserved/augmented) bone sites by using
CBCT images. Two null hypotheses (Hy) were in this study: (1) no relationship between
the bone width and implant placement; (2) no relationship between the change of bone
width after implantation and kinds of bone where implants were located.
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2. Materials and Methods
2.1. Study Population

The study protocol (KMUHIRB-E[I]-20200275) was approved by the Institutional
Review Board of Kaohsiung Medical University Hospital (KMUH) and conformed to
recognized standards of the Declaration of Helsinki.

We enrolled patients who received dental implant treatment at the Division of Peri-
odontics, KMUH, and had at least two CBCT scans of the same tooth sites (i.e., one before
the implant surgery and one after it) during 2010-2019. Data on demographic character-
istics and dental treatment history, including gender, age at implant surgery, follow-up
period, implant position (tooth site and dental arch), implant brand, implant lengths and
diameters, and preimplant surgery at implant sites (ridge augmentation or preservation),
were collected.

The inclusion criteria were as follows: being aged older than 20 years and having
at least one dental implant. The exclusion criteria were as follows: receiving oral and
high-dose intravenous administration of bisphosphonates, previous radiographic therapy
at the mouth, and having poorly controlled diabetes mellitus (DM). The exclusion criteria
for CBCT scans included the following: lacking clarity, lacking anatomic references (e.g.,
maxillary sinus floor and inferior alveolar nerve canal), or being taken less than 1 month
after the implant surgery (Figure 1).

Sites analyzed
163

Unmeasurable
sites

—»  Scatter/lack of clarity of the images: 13
Mandibular canal is not

— included in the CBCT image: 12

Floor of maxillary sinus is

— not included in the CBCT images: 6
—>

Postoperative CBCT image was
taken less than a month after surgery: 33

Y

Measurable sites
99

Figure 1. Flow chart of cone-beam computed tomography (CBCT) selection.

2.2. Measurement of the Alveolar Bone Width

To ensure measurement consistency, the change in bone width for each implant
between two CBCT scans was measured by a single well-trained examiner (S-W Lin). The
CBCT images were captured using Picasso Trio (Vatech, Samsung, Korea) with EzZImplant
(version 4) viewer software and VGi evo (NewTom, Verona, Italy) with NNT study viewer
software. Alveolar bone width measurements were performed using the integral tool of the
software. Alveolar bone width measurements were performed using the integral tool of the
software. All CBCT images were scanned using Picasso Trio before 2017. Since its launch
in early 2017, VGi evo has been used to take most CBCT scans in full mouth reconstruction.

Fixed anatomical landmarks were set in the two CBCT cross-sectional slices of alveolar
bone to serve as reference points for presurgery and postsurgery comparisons. Subse-
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quently, the same sites in the two CBCT scans were corrected to ensure that the angles and
anatomical features of the two slices matched each other precisely.

The long axes—the vertical distance from the alveolar crest to the floor of the maxillary
sinus in the maxilla and that from the alveolar crest to the roof of the inferior alveolar canal
in the mandible—were used to measure the three different levels of alveolar bone width
before and after surgery at the same height. Because the length distribution of the implants
in this study ranged from 8 to 12 mm, measurements were taken at 1, 4, and 7 mm below
the bone crest. The horizontal widths of alveolar bone around the implants at the above
levels (subcrestal width 1 mm (CW1), subcrestal width 4 mm (CW4), and subcrestal width
7 mm (CW7)) were measured [26-28] (Figure 2).

(a) (b) _
Maxillary

SINUS

Figure 2. Schematic diagram of the measurement of alveolar bone width at the (a) mandible and
(b) maxilla.

2.3. Statistical Analysis

Descriptive data of all patients at baseline were presented as mean =+ standard devi-
ation (SD) and frequency distributions to indicate numbers and proportions. The main
outcome of the present study was the horizontal widths of alveolar bone around dental
implants in two CBCT scans (Figure 3).

(a)

6.5 [mm]

11.0 [mm]

13.9 [mm] I |

Figure 3. Cross-sectional view of CBCT images demonstrates the way to measure bone width
(a) before (without implant) and (b) after the implant surgery (with implant).

A paired t-test was applied to detect the difference between the presurgery (baseline)
and postsurgery widths at the CW1, CW4, and CW7 levels. A two-sample t-test was used
to compare changes in bone width around implants between the maxilla and mandible
and between native and reconstructed bone. Statistical significance was set at p < 0.05. All
statistical analyses were conducted using JMP (version 13) software (SAS Institutes Inc.,
Cary, NC, USA).
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3. Results

A previous study [29] reported a mean (SD) crestal bone width change of 1.2 (1.5) mm.
By considering a 1 mm improvement as clinically important, we determined that 52
participants would be required in each group to yield a power of 0.80 for detecting such a
difference using Student’s t-test for independent samples in a two-tailed test with o = 0.05.
Moreover, we expected that at least 70% of the enrolled patients would complete the study.
Accordingly, we calculated that at least a total of 75 patients would be ideal for recruitment
in this study.

By using the intraclass correlation coefficient, we conducted a measurement reliability
assessment on 34 CBCT images obtained from 24 randomly selected patients. The same ex-
aminer repeated the measurements 2 weeks after the initial measurements. The Cronbach’s
o value was 0.998, indicating high internal consistency.

A total of 164 implant sites were initially included in this study. Of these, 99 implant
sites from 54 patients were considered measurable on the basis of the inclusion and exclu-
sion criteria, and the corresponding patients were included in this study. The demographic
data of the recruited patients and data regarding the implants are listed in Table 1.

Table 1. Demographic data of enrolled patients and dental implants.

Item N (%)
Gender
Male 43 (43.4)
Female 56 (56.6)
Age of surgery (mean =+ SD, years) 525+ 114
Follow-up period (mean + SD, months) 424 + 32.3
Implant sites
Anterior 6 (6)
Premolar 27 (27.3)
Molar 66 (66.7)
Implant arch
Maxilla 48 (48.5)
Mandible 51 (51.5)
Brands of implants
Straumann® 63 (63.7)
MIS 22 (22.2)
Biomet 3i™ 13 (13.1)
Astra tech 1(1)
Implant lengths
8 mm 3(3)
10 mm 76 (76.8)
11.0-12.0 mm 20 (20.2)
Implant widths
3.25-3.75 mm 20 (20.2)
4.04.2 mm 61 (61.6)
4.8-5.0 mm 18 (18.2)
Previous ridge augmentation or preservation
Yes 48 (48.5)
No 51 (51.5)

SD: standard deviation.

Fifty-six implants were collected from female patients (56.6%), and the mean age of
the patients who received implant surgery was 52.5 & 11.4 years. The follow-up period
after implant surgery was 42.3 £ 32.3 months. Most implants were in the premolars
(n = 27) and molars (n = 66). Half of the implants were in the mandible (n = 51). The
implants included in this study were of four brands: Straumann® (n = 63), MIS (n = 22),
Biomet-3i ™ (n = 13), and Astra Tech (n = 1). The length of most implants was 10 mm
(n =76; 76.8%) or 11-12 mm (n = 20; 20.2%). The implant widths were 3.25 to 3.75 mm
(n =20;20.2%), 4 to 4.2 mm (n = 61; 61.6%), and 4.8 to 5 mm (n = 18; 18.2%). Forty-eight
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implants were located at teeth sites treated with alveolar ridge preservation (ARP) or
augmentation (48.5%) (Table 1).

Table 2 presents the bone widths around dental implants at three different levels (CW1,
CW4, and CW7) in presurgery and postsurgery CBCT scans. In the presurgery CBCT scans,
the widths at CW1, CW4, and CW7 were 6.98 + 2.24,9.97 + 2.64, and 11.33 + 3.00 mm,
respectively. In the postsurgery CBCT scans, the widths at CW1, CW4, and CW7 were
6.83 £ 2.02, 9.58 £ 2.55, and 11.19 &£ 2.90 mm, respectively. The change in bone width
between the presurgery and postsurgery scans was 0.15 £ 1.74 mm at CW1 (p = 0.390),
0.39 £ 1.12 mm at CW4 (p = 0.0008), and 0.14 £+ 1.05 mm at CW7 (p = 0.201). Hence, the
change in bone width was statistically significant at only the CW4 level (Figure 4).

Table 2. The differences in bone widths around implants at three levels were found between before and after the implant

surgery.
Sub-Crestal Levels Bone Widths (mm) p-Value
Pre-surgery Post-surgery Change
Mean £ SD Mean + SD Mean + SD
CW1 6.98 £+ 2.24 6.83 +2.02 0.15+1.74 0.390
CW4 9.97 + 2.64 9.58 £+ 2.55 0.39 £1.12 0.0008 *
CW7 11.33 £ 3.00 11.19 £+ 2.90 0.14 £ 1.05 0.201

CW: sub-crestal width; SD: standard deviation; *: statistically significant difference as analyzed by paired t-test.

25
20 CW 1 before
surgery
5 CW 1 after surgery
£ 15 ° CW 4 before
£ surgery
5 ‘ CW 4 after surgery
10 ‘
CW 7 before
T O
surgery
5 [] cw 7 after surgery
0

Figure 4. The distributions of alveolar bone width around the implantation site at the three levels
before and after surgery; CW: sub-crestal width.

Table 3 lists the changes in bone width around the implants at the three levels in the
maxilla and mandible. In the maxilla, the changes in bone width around the implants at
CW1, CW4, and CW7 were 0.10 £ 2.05, 0.53 £ 1.17, and 0.29 £ 1.30 mm, respectively. In
the mandible, the changes in bone width around the implants at CW1, CW4, and CW7
were 0.19 £ 1.40, 0.26 £ 1.07, and 0.00 £ 0.74 mm, respectively. No statistically significant
difference in the changes in bone width at the three levels was observed between the
maxilla and mandible.
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Table 3. The differences in the change of bone width around implants at three levels were found between maxilla and

mandible.
Sub-Crestal Levels Change of Bone Width (mm) p-Value
Maxilla Mandible
Mean + SD Mean + SD
CW1 0.10 +2.05 0.19+1.40 0.800
CW 4 0.53 £1.17 0.26 +1.07 0.226
CW7 0.29 £1.30 0.00 £0.74 0.181

CW: sub-crestal width; SD: standard deviation; Statistical analysis by two-sample f-test.

Table 4 presents the changes of bone width around the implants at native and recon-
structed (ridge preserved/augmented) bone sites. At the reconstructed bone sites, the
changes in bone width around the implants at CW1, CW4, and CW7 were —0.04 + 1.72,
0.21 +1.17, and 0.01 &£ 1.12 mm, respectively. At the native bone sites, the changes in bone
width around the implants at CW1, CW4, and CW7 were 0.34 &+ 1.75, 0.56 £ 1.06, and
0.25 & 0.99 mm, respectively. Compared with the native bone sites, the changes in bone
width at the three levels that received reconstructive treatment were not significantly
different.

Table 4. The difference in the change of bone width around implants at three levels were found between implantation at

native bones and ridge preservation/augmentation bones.

Sub-Crestal Levels Change of Bone Width (mm) p-Value
ARP/GBR Native bone
Mean £ SD Mean £ SD
CW1 —0.04 £1.72 0.34 £1.75 0.272
CW 4 021+1.17 0.56 +1.06 0.128
CW7 0.01 £1.12 0.25 £+ 0.99 0.259

CW: sub-crestal width; SD: standard deviation; ARP: alveolar ridge preservation; GBR: Guided bone regeneration; Statistical analysis by

two-sample ¢-test.

4. Discussion

We tried to analyze changes in alveolar width around dental implants at native and
reconstructed bones using CBCT. By comparing CBCT images captured before and after
implant surgery, we noted a significant bone width change (0.39 & 1.12 mm) at only the
CW4 level. The bone width around the implant was obviously absorbed in the middle
third and more stable in the coronal and apical thirds.

For CW1, the nonsignificant difference could be attributed to the measured sites. The
irregular connection at the bone crest and the resorption of the bony width at the coronal
side often lead to dehiscence defects at the implant platform, thus causing scattering in
CBCT images and leading to the misjudgment of the alveolar bone width at the coronal
third. Therefore, in this study, cases involving severe bone resorption and difficulties in
distinguishing between the implant platform and the bone crest were excluded, and the
alveolar bone width at 1 mm below the crest level was measured as the coronal third
to reduce measurement errors. However, several studies have reported marginal bone
loss around dental implants at the crest level [30,31]. Therefore, although the present
study could accurately and clearly determine the alveolar bone width at the crest level, the
resorption of coronal bone width around implants might be underestimated.

Regarding the CW7 level, the thicker bone width at the apical third was near the
basal bone (i.e., the more stable part of the alveolar bone); hence, the effects engendered by
occlusal force and trauma could be excessively small to be observed.

Based on the above finding, the bone width after implantation continuously occurred
at three levels. However, the bone width at the CW1 level avoided the crestal marginal
bone resorption, and the bone width at the CW7 level near the basal bone was little affected
by occlusal loading. Therefore, significant resorption of bone width was only detected at
the CW4 level.
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When the width and height of the alveolar bone are severely resorbed after tooth
extraction, it is usually necessary to strengthen the alveolar ridge to provide the implant
with sufficient alveolar bone width. Therefore, many treatment methods and materials
for GBR have been proven to significantly increase the width of the alveolar bone [32,33].
Extraction of teeth due to severe periodontitis, the ARP technology can retain more bone
and provide sufficient alveolar bone width for the implant [34,35]. The bone width re-
sorption around the implants at the native bone sites was also similar to that around
those at reconstructed bone sites. These findings are consistent with those reported by
studies on the survival rates and the quantity and quality of bone of implants in native and
reconstructed bone [36,37]. Our CBCT findings also demonstrate, for the first time, that
the change in bone width around the implants at the native bone sites was similar to that
around those at the reconstructed bone sites.

Previous studies have often assessed peri-implantitis or loss of crestal bone level in
long-term follow-up periods using periapical or bitewing radiographs. However, periapical
and bitewing radiographs are 2D images, which cannot truly show changes in width.
CBCT provides a 3D view of an anatomical structure in relation to the teeth and implants
and detects width changes on the buccal and lingual sides [27,28]. The alveolar bone
surrounding dental implants often maintains a stable height but exhibits dehiscence or
fenestration defects on the buccal or lingual side clinically [38]. Therefore, peri-implantitis,
which has not been found in the periapical radiographs and bitewing radiographs, could
be detected in CBCT images. Apart from clinical probing and dental radiographs, CBCT is
an indispensable tool for detecting peri-implantitis [39,40].

Metal objects of titanium implants lead to the formation of artefacts by hardening the
X-ray beam [41,42]. These artefacts affect image quality and make it difficult to evaluate
osseointegration and inflammation of dental implants [43-46]. Metallic artefacts limit the
visualization quality of the bone around the implants [47]. Despite the limitation of metallic
artifacts, the presence of dental implants did not impact the accuracy of measurements of
bone thickness in CBCT [48]. When evaluating whether the implant has bony perforation,
CBCT can still provide valuable information [47].

The limitations of this study are as follows. First, fenestration and dehiscence often
occur at the buccal bone plate of dental implants. Once such defects occur, correctly
interpreting bone margin images is difficult, even when CBCT is used [49]. In dehiscence
defects, the true bone width can be determined by subtracting the implant width from
the original bone width; this can thus yield the width of the bone wall on the intact side.
Accordingly, previous studies have only discussed the occurrence of fenestration and
dehiscence instead of correctly assessing the remaining bone width.

Compared with implants at the healed bone, immediate implants have a higher
incidence of dehiscence [50]. Hence, this study excluded immediate implants and discussed
only changes in bone width around implants at the healed bone sites.

Second, when the alveolar bone is severely damaged or absorbed, the bone width or
height may not be able to provide sufficient width and height to facilitate dental implant
surgery. Once the implant is in a position where the alveolar bone width or height is
insufficient, severe peri-implantitis is highly likely to occur and reduce the success and sur-
vival rates of the implant. Therefore, this study excluded cases in which no reconstructive
surgery was performed before dental implantation at the severely damaged alveolar bone
sites. Third, due to a retrospective study, in some recruited sites, the time interval between
extraction and implantation cannot be recorded correctly. The longer the extraction time
will lead to the more severe alveolar bone resorption. In addition, whether the width of
the alveolar bone before tooth extraction will affect the width of the alveolar bone after
implantation is unable to explore from the CBCT before tooth extraction. Therefore, in view
of the above limitations, well-designed prospective randomized controlled trials will be
necessary to further understand other important factors that affect the width of the alveolar
bone after implantation.
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5. Conclusion

Within the limitations of the sample size in this study, we used CBCT scans to observe
long-term changes in the alveolar bone width around dental implants at native and re-
constructed bone sites. Significant alveolar bone width resorption was observed at only
the middle third of all sites. No significant changes in bone width around implants were
detected between the maxilla and mandible or between the native and reconstructed bone
sites. Bone resorption at the middle third might lead to peri-implantitis, which could be
detected early by CBCT scans.

Author Contributions: Writing—original draft preparation, K.-F.H.; data curation, S.-W.L.; valida-
tion, Y.-C.L.; supervision, J.-H.J.; formal analysis, Y.-T.H.; validation, P.-F.L.; supervision, C.-].T.;
writing—review and editing, Y.-H.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This study is supported by grant KMUH109-9T04 from the Kaohsiung Medical University
Hospital.

Institutional Review Board Statement: The study protocol (KMUHIRB-E[I]-20200275) was ap-
proved by the Institutional Review Board of Kaohsiung Medical University Hospital (KMUH) and
conformed to recognized standards of the Declaration of Helsinki.

Informed Consent Statement: The research is the lowest risk. The possible risk to the research object
does not exceed those who have not participated in the research. It cannot be carried out unless the
research object’s consent is obtained in advance and the rights and interests of the research object are
not affected. The research is to retrospect the process of the treatment that the patient has received
and does not affect the rights and interests of the research subjects.

Data Availability Statement: Data available on request due to restrictions eg privacy or ethical. The
data presented in this study are available on request from the corresponding author.

Acknowledgments: The authors thank the help from the Statistical Analysis Laboratory, Department
of Medical Research, Kaohsiung Medical University Hospital.

Conflicts of Interest: The authors declare no conflict of interest. The sponsors had no role in the
design, execution, interpretation, or writing of the study.

References

1. Sodek, J.; McKee, M.D. Molecular and cellular biology of alveolar bone. Periodontol. 2000 2000, 24, 99-126. [CrossRef] [PubMed]

2. Cho, M.L; Garant, P.R. Development and general structure of the periodontium. Periodontol. 2000 2000, 24, 9-27. [CrossRef]
[PubMed]

3. Trombelli, L.; Farina, R.; Marzola, A.; Bozzi, L.; Liljenberg, B.; Lindhe, ]. Modeling and remodeling of human extraction sockets. J.
Clin. Periodontol. 2008, 35, 630-639. [CrossRef] [PubMed]

4. Schropp, L.; Wenzel, A.; Kostopoulos, L.; Karring, T. Bone healing and soft tissue contour changes following single-tooth
extraction: A clinical and radiographic 12-month prospective study. Int. J. Periodontics Restor. Dent. 2003, 23, 313-323.

5. Barone, A.; Ricci, M.; Tonelli, P.; Santini, S.; Covani, U. Tissue changes of extraction sockets in humans: A comparison of
spontaneous healing vs. Ridge preservation with secondary soft tissue healing. Clin. Oral Implant. Res. 2013, 24, 1231-1237.
[CrossRef] [PubMed]

6.  Pietrokovski, J.; Massler, M. Alveolar ridge resorption following tooth extraction. J. Prosthet. Dent. 1967, 17, 21-27. [CrossRef]

7.  Atwood, D.A. Some clinical factors related to rate of resorption of residual ridges. J. Prosthet. Dent. 2001, 86, 119-125. [CrossRef]
[PubMed]

8.  Ten Heggeler, ].M.; Slot, D.E.; Van der Weijden, G.A. Effect of socket preservation therapies following tooth extraction in
non-molar regions in humans: A systematic review. Clin. Oral Implant. Res. 2011, 22, 779-788. [CrossRef]

9.  Tan, W.L.; Wong, T.L.; Wong, M.C.; Lang, N.P. A systematic review of post-extractional alveolar hard and soft tissue dimensional
changes in humans. Clin. Oral Implant. Res. 2012, 23, 1-21. [CrossRef]

10. Chappuis, V.; Araujo, M.G.; Buser, D. Clinical relevance of dimensional bone and soft tissue alterations post-extraction in esthetic
sites. Periodontol. 2000 2017, 73, 73-83. [CrossRef]

11.  Chen, P; Yu, S.; Zhu, G. The psychosocial impacts of implantation on the dental aesthetics of missing anterior teeth patients. Br.
Dent. J. 2012, 213, E20. [CrossRef] [PubMed]

12.  Hartmann, R.; Bandeira, A.; Araujo, S.C.; Bragger, U.; Schimmel, M.; Leles, C.R. A parallel 3-group randomised clinical trial

comparing different implant treatment options for the edentulous mandible: 1-year effects on dental patient-reported outcomes
and chewing function. J. Oral Rehabil. 2020, 47, 1264-1277. [CrossRef] [PubMed]


http://doi.org/10.1034/j.1600-0757.2000.2240106.x
http://www.ncbi.nlm.nih.gov/pubmed/11276877
http://doi.org/10.1034/j.1600-0757.2000.2240102.x
http://www.ncbi.nlm.nih.gov/pubmed/11276876
http://doi.org/10.1111/j.1600-051X.2008.01246.x
http://www.ncbi.nlm.nih.gov/pubmed/18498382
http://doi.org/10.1111/j.1600-0501.2012.02535.x
http://www.ncbi.nlm.nih.gov/pubmed/22784417
http://doi.org/10.1016/0022-3913(67)90046-7
http://doi.org/10.1067/mpr.2001.117609
http://www.ncbi.nlm.nih.gov/pubmed/11514795
http://doi.org/10.1111/j.1600-0501.2010.02064.x
http://doi.org/10.1111/j.1600-0501.2011.02375.x
http://doi.org/10.1111/prd.12167
http://doi.org/10.1038/sj.bdj.2012.1090
http://www.ncbi.nlm.nih.gov/pubmed/23222358
http://doi.org/10.1111/joor.13070
http://www.ncbi.nlm.nih.gov/pubmed/32772395

J. Pers. Med. 2021, 11,1011 10 of 11

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Testori, T.; Weinstein, T.; Scutella, F.,; Wang, H.L.; Zucchelli, G. Implant placement in the esthetic area: Criteria for positioning
single and multiple implants. Periodontol. 2000 2018, 77, 176-196. [CrossRef] [PubMed]

Asikainen, P; Klemettil, E.; Vuilleminz, T.; Sutter, F; Rainio, V.; Kotilainen, R. Titanium implants and lateral forces. An
experimental study with sheep. Clin. Oral Implant. Res. 1997, 8, 465-468. [CrossRef]

Akin-Nergiza, N.; Nergizb, I.; Schulzb, A.; Arpakc, N.; Niedermeierd, W. Reactions of peri-implant tissues to continuous loading
of osseointegrated implants. Am. J. Orthod. Dentofac. Orthop. 1998, 114, 292-298. [CrossRef]

Berglundh, T.; Abrahamsson, I.; Lindhe, J. Bone reactions to longstanding functional load at implants: An experimental study in
dogs. J. Clin. Periodontol. 2005, 32, 925-932. [CrossRef]

Lsidor, F. Clinical probing and radiographic assessment in relation to the histologic bone level at oral implants in monkeys. Clin.
Oral Implant. Res. 1997, 8, 255-264. [CrossRef]

Covani, U.; Cornelini, R.; Calvo-Guirado, J.L.; Tonelli, P; Barone, A. Bone remodeling around implants placed in fresh extraction
sockets. Int. |. Periodontics Restor. Dent. 2010, 30, 601-607.

Araujo, M.G.; Wennstrom, J.L.; Lindhe, ]. Modeling of the buccal and lingual bone walls of fresh extraction sites following implant
installation. Clin. Oral Implant. Res. 2006, 17, 606-614. [CrossRef]

Aradjo, M.G.; Sukekava, F.; Wennstrom, J.L.; Lindhe, J. Ridge alterations following implant placement in fresh extraction sockets:
An experimental study in the dog. J. Clin. Periodontol. 2005, 32, 645-652. [CrossRef] [PubMed]

Araujo, M.G,; Sukekava, F,; Wennstrom, J.L.; Lindhe, ]J. Tissue modeling following implant placement in fresh extraction sockets.
Clin. Oral Implant. Res. 2006, 17, 615-624. [CrossRef]

Vera, C.; De Kok, L].; Chen, W.; Reside, G.; Tyndall, D.; Cooper, L.F. Evaluation of post-implant buccal bone resorption using cone
beam computed tomography: A clinical pilot study. Int. J. Oral Maxillofac. Implant. 2012, 27, 1249-1257.

Botticelli, D.; Berglundh, T.; Lindhe, J. Hard-tissue alterations following immediate implant placement in extraction sites. . Clin.
Periodontol. 2004, 31, 820-828. [CrossRef]

Nalcaci, R.; Ozturk, F,; Sokucu, O. A comparison of two-dimensional radiography and three-dimensional computed tomography
in angular cephalometric measurements. Dentomaxillofac. Radiol. 2010, 39, 100-106. [CrossRef] [PubMed]

Vera, C.; De Kok, L].; Reinhold, D.; Limpiphipatanakorn, P; Yap, A K.; Tyndall, D.; Cooper, L.F. Evaluation of buccal alveolar bone
dimension of maxillary anterior and premolar teeth: A cone beam computed tomography investigation. Int. J. Oral Maxillofac.
Implant. 2012, 27, 1514-1519.

Zhao, L.; Wei, Y;; Xu, T.; Zhang, B.; Hu, W.; Chung, K.H. Changes in alveolar process dimensions following extraction of molars
with advanced periodontal disease: A clinical pilot study. Clin. Oral Implant. Res. 2019, 30, 324-335. [CrossRef] [PubMed]
Clementini, M.; Agostinelli, A.; Castelluzzo, W.; Cugnata, F,; Vignoletti, F.; De Sanctis, M. The effect of immediate implant
placement on alveolar ridge preservation compared to spontaneous healing after tooth extraction: Radiographic results of a
randomized controlled clinical trial. J. Clin. Periodontol. 2019, 46, 776-786. [CrossRef]

Chen, Z.; Li, J.; Wang, H.L.; Yu, H. Initial bone volume changes after immediate implant placement associated with filling the gap
using bovine bone in molar sites. Int. J. Oral Maxillofac. Implant. 2019, 34, 521-528. [CrossRef]

Block, M.S.; Scoggin, Z.D.; Yu, Q. Assessment of bone width for implants in the posterior mandible. J. Oral Maxillofac. Surg. 2015,
73,1715-1722. [CrossRef]

Sasada, Y.; Cochran, D.L. Implant-abutment connections: A review of biologic consequences and peri-implantitis implications.
Int. J. Oral Maxillofac. Implant. 2017, 32, 1296-1307. [CrossRef]

Uraz, A ; Isler, S.C.; Cula, S.; Tung, S.; Yalim, M.; Cetiner, D. Platform-switched implants vs platform-matched implants placed in
different implant-abutment interface positions: A prospective randomized clinical and microbiological study. Clin. Implant. Dent.
Relat. Res. 2020, 22, 59-68. [CrossRef]

Thoma, D.S.; Payer, M.; Jakse, N.; Bienz, S.P.; Husler, J.; Schmidlin, PR.; Jung, UW.; Hammerle, C.H.E; Jung, R.E. Randomized,
controlled clinical two-centre study using xenogeneic block grafts loaded with recombinant human bone morphogenetic protein-2
or autogenous bone blocks for lateral ridge augmentation. . Clin. Periodontol. 2018, 45, 265-276. [CrossRef]

Thoma, D.S.; Bienz, S.P,; Payer, M.; Husler, J.; Schmidlin, P.R.; Hammerle, C.H.E; Jakse, N.; Jung, R.E. Randomized clinical
study using xenograft blocks loaded with bone morphogenetic protein-2 or autogenous bone blocks for ridge augmentation-A
three-dimensional analysis. Clin. Oral Implant. Res. 2019, 30, 872-881. [CrossRef]

Naenni, N.; Bienz, S.P.; Munoz, F; Hammerle, C.H.F; Jung, R.E.; Thoma, D.S. Volumetric changes following ridge preservation or
spontaneous healing and early implant placement with simultaneous guided bone regeneration. J. Clin. Periodontol. 2018, 45,
484-494. [CrossRef]

Jung, R.E.; Sapata, V.M.; Hammerle, CH.E; Wu, H.; Hu, X.L.; Lin, Y. Combined use of xenogeneic bone substitute material
covered with a native bilayer collagen membrane for alveolar ridge preservation: A randomized controlled clinical trial. Clin.
Oral Implant. Res. 2018, 29, 522-529. [CrossRef]

Tran, D.T.; Gay, 1.C.; Diaz-Rodriguez, J.; Parthasarathy, K.; Weltman, R.; Friedman, L. Survival of dental implants placed in
grafted and nongrafted bone: A retrospective study in a university setting. Int. . Oral Maxillofac. Implant. 2016, 31, 310-317.
[CrossRef] [PubMed]

Al-Abedalla, K.; Torres, J.; Cortes, A.R.; Wu, X.; Nader, S.A.; Daniel, N.; Tamimi, F. Bone augmented with allograft onlays for
implant placement could be comparable with native bone. . Oral Maxillofac. Surg. 2015, 73, 2108-2122. [CrossRef] [PubMed]


http://doi.org/10.1111/prd.12211
http://www.ncbi.nlm.nih.gov/pubmed/29484714
http://doi.org/10.1034/j.1600-0501.1997.080604.x
http://doi.org/10.1016/S0889-5406(98)70211-2
http://doi.org/10.1111/j.1600-051X.2005.00747.x
http://doi.org/10.1034/j.1600-0501.1997.080402.x
http://doi.org/10.1111/j.1600-0501.2006.01315.x
http://doi.org/10.1111/j.1600-051X.2005.00726.x
http://www.ncbi.nlm.nih.gov/pubmed/15882225
http://doi.org/10.1111/j.1600-0501.2006.01317.x
http://doi.org/10.1111/j.1600-051X.2004.00565.x
http://doi.org/10.1259/dmfr/82724776
http://www.ncbi.nlm.nih.gov/pubmed/20100922
http://doi.org/10.1111/clr.13418
http://www.ncbi.nlm.nih.gov/pubmed/30803050
http://doi.org/10.1111/jcpe.13125
http://doi.org/10.11607/jomi.6750
http://doi.org/10.1016/j.joms.2015.03.036
http://doi.org/10.11607/jomi.5732
http://doi.org/10.1111/cid.12873
http://doi.org/10.1111/jcpe.12841
http://doi.org/10.1111/clr.13492
http://doi.org/10.1111/jcpe.12860
http://doi.org/10.1111/clr.13149
http://doi.org/10.11607/jomi.4681
http://www.ncbi.nlm.nih.gov/pubmed/27004278
http://doi.org/10.1016/j.joms.2015.06.151
http://www.ncbi.nlm.nih.gov/pubmed/26126920

J. Pers. Med. 2021, 11,1011 11 of 11

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Jung, R.E.; Herzog, M.; Wolleb, K.; Ramel, C.F.,; Thoma, D.S.; Hammerle, C.H. A randomized controlled clinical trial comparing
small buccal dehiscence defects around dental implants treated with guided bone regeneration or left for spontaneous healing.
Clin. Oral Implant. Res. 2017, 28, 348-354. [CrossRef] [PubMed]

Izzetti, R.; Vitali, S.; Gabriele, M.; Caramella, D. Feasibility of a combination of intraoral uhfus and cbct in the study of
peri-implantitis. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2019, 127, e89-€94. [CrossRef] [PubMed]

Bohner, L.O.L.; Mukai, E.; Oderich, E.; Porporatti, A.L.; Pacheco-Pereira, C.; Tortamano, P.; De Luca Canto, G. Comparative
analysis of imaging techniques for diagnostic accuracy of peri-implant bone defects: A meta-analysis. Oral Surg. Oral Med. Oral
Pathol. Oral Radiol. 2017, 124, 432-440.e5. [CrossRef] [PubMed]

De-Azevedo-Vaz, S.L.; Peyneau, P.D.; Ramirez-Sotelo, L.R.; Vasconcelos Kde, F.; Campos, P.S.; Haiter-Neto, F. Efficacy of a cone
beam computed tomography metal artifact reduction algorithm for the detection of peri-implant fenestrations and dehiscences.
Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2016, 121, 550-556. [CrossRef]

Schulze, R.K.; Berndt, D.; d’'Hoedt, B. On cone-beam computed tomography artifacts induced by titanium implants. Clin. Oral
Implant. Res. 2010, 21, 100-107. [CrossRef] [PubMed]

Benic, G.I; Sancho-Puchades, M.; Jung, R.E.; Deyhle, H.; Hammerle, C.H. In vitro assessment of artifacts induced by titanium
dental implants in cone beam computed tomography. Clin. Oral Implant. Res. 2013, 24, 378-383. [CrossRef] [PubMed]
Sancho-Puchades, M.; Hammerle, C.H.; Benic, G.I. In vitro assessment of artifacts induced by titanium, titanium-zirconium
and zirconium dioxide implants in cone-beam computed tomography. Clin. Oral Implant. Res. 2015, 26, 1222-1228. [CrossRef]
[PubMed]

Smeets, R.; Schollchen, M.; Gauer, T.; Aarabi, G.; Assaf, A.T.; Rendenbach, C.; Beck-Broichsitter, B.; Semmusch, J.; Sedlacik, J.;
Heiland, M; et al. Artefacts in multimodal imaging of titanium, zirconium and binary titanium-zirconium alloy dental implants:
An in vitro study. Dentomaxillofac. Radiol. 2017, 46, 20160267. [CrossRef]

Parsa, A.; Ibrahim, N.; Hassan, B.; Syriopoulos, K.; van der Stelt, P. Assessment of metal artefact reduction around dental titanium
implants in cone beam ct. Dentomaxillofac. Radiol. 2014, 43, 20140019. [CrossRef] [PubMed]

Ritter, L.; Elger, M.C.; Rothamel, D.; Fienitz, T.; Zinser, M.; Schwarz, F.; Zoller, ].E. Accuracy of peri-implant bone evaluation
using cone beam ct, digital intra-oral radiographs and histology. Dentomaxillofac. Radiol. 2014, 43, 20130088. [CrossRef] [PubMed]
Sheridan, R.A.; Chiang, Y.C.; Decker, A.M.; Sutthiboonyapan, P.; Chan, H.L.; Wang, H.L. The effect of implant-induced artifacts
on interpreting adjacent bone structures on cone-beam computed tomography scans. Implant. Dent. 2018, 27, 10-14. [CrossRef]
Pelekos, G.; Acharya, A.; Tonetti, M.S.; Bornstein, M.M. Diagnostic performance of cone beam computed tomography in assessing
peri-implant bone loss: A systematic review. Clin. Oral Implant. Res. 2018, 29, 443—-464. [CrossRef]

Lin, C.Y,; Pan, W.L.; Wang, H.L. Facial fenestration and dehiscence defects associated with immediate implant placement without
flap elevation in anterior maxillary ridge: A preliminary cone beam computed tomography study. Int. J. Oral Maxillofac. Implant.
2018, 33, 1112-1118. [CrossRef]


http://doi.org/10.1111/clr.12806
http://www.ncbi.nlm.nih.gov/pubmed/26923088
http://doi.org/10.1016/j.oooo.2018.08.014
http://www.ncbi.nlm.nih.gov/pubmed/30249536
http://doi.org/10.1016/j.oooo.2017.06.119
http://www.ncbi.nlm.nih.gov/pubmed/28743664
http://doi.org/10.1016/j.oooo.2016.01.013
http://doi.org/10.1111/j.1600-0501.2009.01817.x
http://www.ncbi.nlm.nih.gov/pubmed/19845706
http://doi.org/10.1111/clr.12048
http://www.ncbi.nlm.nih.gov/pubmed/23106603
http://doi.org/10.1111/clr.12438
http://www.ncbi.nlm.nih.gov/pubmed/25040484
http://doi.org/10.1259/dmfr.20160267
http://doi.org/10.1259/dmfr.20140019
http://www.ncbi.nlm.nih.gov/pubmed/25135316
http://doi.org/10.1259/dmfr.20130088
http://www.ncbi.nlm.nih.gov/pubmed/24786136
http://doi.org/10.1097/ID.0000000000000684
http://doi.org/10.1111/clr.13143
http://doi.org/10.11607/jomi.6575

	Introduction 
	Materials and Methods 
	Study Population 
	Measurement of the Alveolar Bone Width 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusion 
	References

