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Objective: To evaluate the bone profile around dental implants placed in the esthetic zone through periodontal assessment and 
radiographic analysis using cone-beam computed tomography (CBCT).
Methods: We conducted a clinical observational study of 35 subjects who received dental implants placed in the esthetic zone to 
replace lost anterior teeth. Clinical evaluation included a comprehensive periodontal examination. The esthetic outcomes of the soft 
tissue around the implants were assessed using the pink esthetic score (PES). Patient satisfaction was assessed by using a specially 
designed questionnaire. The Oral Health Impact Profile (OHIP)-14 was used to assess the quality of life. The bone profile around the 
implant was assessed using CBCT. All the values were compared and statistically analyzed.
Results: A soft tissue graft (STG) was associated with the presence of > 2 mm of bone thickness 1 mm from the implant shoulder (p < 
0.01). The STG was also significantly associated with bone thickness at 3 and 5 mm (p = 0.04). PES was not significantly associated 
with the bone thickness, OHIP score, or satisfaction score. Patients with fenestrations had significantly higher scores for functional 
limitations and pain than those without fenestrations (p = 0.01 and 0.04 respectively).
Conclusion: The bone profile around the anterior implant is not ideal. Although the buccal bone was thin around the implant placed 
in the esthetic zone, it did not affect the esthetic outcomes or overall satisfaction of the patient. However, fenestration defects may 
affect patients’ quality of life.
Keywords: dental implants, esthetic zone, periodontal assessment, cone beam computed tomography

Introduction
Anterior maxillary rehabilitation using dental implants represents a clinical challenge because of the complex anatomy of 
the region and the difficulty in satisfying patients’ rigorous esthetic requirements.1 The anterior maxilla, often known as 
the “esthetic zone”, has unique anatomical and osseous features. The quality and thickness of the bone surrounding the 
implant are crucial for successful restoration. Evidence indicates a minimum bone thickness requirement of at least 2 mm 
around the implant for optimal results.2,3

One of the main challenges that complicate restorative treatment using implants is the dimensional variations that 
occur in the alveolar process following tooth extraction.4,5 Because the buccal bone wall is frequently thinner, bone loss 
at the buccal surface of the marginal 1/3rd of the socket is usually more pronounced than that at the palatal surface after 
healing is completed. The presence of buccal undercuts, a common finding, is a recognized technical complication. Some 
reports have indicated that buccal bone thickness was less than ideal in more than 50% of the sites treated in the esthetic 
zone.6,7 Zang et al reported buccal concavity in 41% of central incisors, 77% of lateral incisors, and 33% of canines in 
the anterior maxilla, located approximately 4–6 mm from the bone crest.8 Todorovic et al concluded that immediate 
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implants in the anterior maxillae have anatomical risks and that the alveolar bone on the buccal aspect is very thin, with 
fenestrations in certain positions. Alveolar bone on the palatal side, in their sample, was thicker than buccal and increased 
from <1 mm at crestal level up to 3.77 mm, 4.56 mm, and 5.43 mm for centrals, laterals, and canines at the 9 mm level, 
respectively.9

In addition to reduced vertical and horizontal bone dimensions after tooth extraction, factors that could limit the 
amount of bone available for implant placement include the presence of the nasopalatine canal and nasal fossa. Altered 
bone remodeling after tooth extraction and healing after implant placement could lead to the development of anomalies in 
the bone surrounding the dental implants, such as dehiscence and fenestration.10,11

Cone-beam computed tomography (CBCT) is commonly used for implant treatment planning. It overcomes some of 
the main limitations of standard radiographs and provides a 3-dimensional view of the area of interest. The American 
Academy of Oral and Maxillofacial Radiology (AAOMR) recommends that CBCT be considered the imaging modality 
of choice for the preoperative assessment of potential implant sites and for postoperative bone assessment to evaluate 
treatment outcomes.12,13 The aim of this study was to evaluate the bone profile surrounding dental implants in the 
esthetic zone through clinical periodontal assessment and radiographic analysis using CBCT scans.

Materials and Methods
All patients who presented to the outpatient clinic of the College of Dentistry, King Saud University, between 
January 2015 and January 2019, had implants placed at the anterior esthetic zone, and met the inclusion criteria were 
included in the study. The study complies with the Declaration of Helsinki. Written informed consent was obtained from 
all participants, and ethical approval was obtained from the Research Ethics Committee of King Saud University, KSA 
(approval no. E-20-5579).

The subjects were selected based on the following criteria: at least 18 years of age, a single implant (titanium, 
Straumann LLC, Andover, MA, USA) placed in the anterior maxillary region with existing neighboring teeth, implant 
restoration, and function for at least 6 months. All participants were contacted for a follow-up visit, including 
comprehensive clinical and radiographic examination of the implant sites. Clinical evaluation included periodontal 
examination, recording plaque index, and bleeding index around the Ramfjord teeth (number of teeth: 16, 21, 24, 36, 
41, 44). Pocket depth, soft tissue recession, amount of keratinized tissue, pain, mobility, and suppuration around the 
dental implant were also recorded. The esthetic outcome of the soft tissue around the implants was assessed using the 
pink esthetic score (PES).14 The PES is based on seven variables: mesial papilla, distal papilla, soft-tissue level, soft 
tissue contour, alveolar process deficiency, soft-tissue color and texture. Each variable was assessed with a 2-1-0 score, 
with 2 being the best and 0 being the poorest score. The highest possible score reflecting a perfect match of the peri- 
implant soft tissue with that of the reference tooth was 14.14 Data collected from patients’ which included implant size 
and length, surgical procedures performed at the implant site, type of implant placement, and duration of implant 
function.

Patients’ satisfaction was assessed using a specifically designed questionnaire evaluating the level of general 
satisfaction with the outcome of their implant-supported restorations, comfort, speech, esthetics, function, and 
cleanability.15 Responses were recorded using five-point agreement Likert scale with the five answers options of strongly 
agree (5), agree (4), I do not know (3), disagree (2), and strongly disagree (1). The Oral Health Impact Profile (OHIP)-14 
was used to assess quality of life by measuring dysfunction, discomfort, and disability.16 The OHIP-14 captures seven 
domains of OHRQoL with two items per domain: functional limitation, physical pain, psychological discomfort, physical 
disability, psychological disability, social disability, and handicap. The OHIP-14 scores can range from 0 to 56 and are 
calculated by summing the ordinal values for the 14 items.16

A limited field of view CBCT was performed for the area of interest and assessed by a single trained investigator (L. 
A). All scans were taken at 90 kV and 11.0 mA for 12s (voxel size: 200 µm; grey scale: 15 bit; focal spot: 0.5 mm; field 
of view: 100×55 mm) using a Planmeca ProMax 3D Plus (Planmeca Co., Helsinki, Finland) machine. Image reconstruc-
tion for visual analysis was performed using the Romixes software (Planmeca Oy, Helsinki, Finland). Measurements 
recorded from the CBCT scans included buccal bone thickness (Figure 1) measured at the implant shoulder as well as 
three levels through the implant body, (1,3,5 mm) using the implant shoulder as a reference point, buccal bone level 
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defined as the distance from the implant shoulder to the first bone implant contact on the buccal surface, and the presence 
of undercuts (identified by drawing a line on the buccal surface of the implant site and location of the deepest area). An 
undercut was reported whenever there was at least a 1 mm difference from the outline of the ridge. Implant angle was 
recorded as the angle of the implant relative to the ridge. Shoulder position of the implant was recorded relative to the 
midline of the ridge. Dehiscence and fenestration were recorded as present or absent.

Data were organized into an Excel spreadsheet and analyzed using R Studio (Version: 2024.04.2+764). Categorical 
data were described as frequencies and percentages. For continuous variables, the normality distribution of the data was 
tested using the Shapiro–Wilk test and visual assessment (eg, histograms). Parametric variables are shown as means and 
standard deviations (SD), whereas non-parametric variables are shown as medians and interquartile ranges (IQR). 
A cutoff value of 7 was used with the PES, where a value below 7 was deemed unacceptable The chi-square test was 
used to detect associations between categorical variables, whereas the Mann–Whitney U and Kruskal–Wallis H-tests 
were used for continuous non-parametric variables between two or more groups. Spearman correlation coefficients were 
calculated for two continuous non-parametric variables. Statistical significance was deemed significant if p ≤ 0.05.

Results
A total of 35 patients met the inclusion criteria and were included in the final analysis, with a mean age of 44.8 ±14.2 
years. The clinical and surgical details of the included sample, as well as the radiographic findings, are presented in 
Tables 1 and 2 and Figure 2. The median (IQR) PES was 10.00 (7.75 to 11.00) with 31 patients (86.11%) having an 
acceptable score. The median (IQR) satisfaction score was 37.50 (32.75 42.00). The overall OHIP score yielded a median 
(IQR) of 0.00 (0.00 4.25) with comparable results in the subdomains. Only four patients (11.11%) had fenestration, while 
16 (44.44%) had dehiscence. Most patients (29 [80.56%]) had a buccal bone thickness of less than 1 mm at the implant 
shoulder. The median (IQR) buccal bone level was 1.00 (0.00 to 9.50).

Chi-square analysis indicated no significant association between the surgical procedures performed at the site of the 
implant and the outcomes, except for socket preservation (SP) and bone thickness at 1 mm (p = 0.02). Furthermore, soft 
tissue grafting (STG) was associated with bone thickness > 2 mm at 1 mm (100%; p < 0.01). Similarly, the STG was 
significantly associated with bone thickness at 3 and 5 mm (p = 0.04). A buccal undercut was detected in 50% of the 
cases that experienced SP compared to only one case (3.57%) that did not (p = 0.01) (Table 3).

PES was not significantly associated with bone thickness at 1, 3, or 5 mm (p = 0.53, 0.63, and 0.76, respectively), 
while it was negatively and weakly correlated with buccal bone level (ρ = − 0.33) (Table 4).

Figure 1 Measurement of buccal bone thickness. Line (A) is the implant shoulder level, (B) bone thickness at 1 mm, (C) bone thickness at 3 mm, and (D) bone thickness at 
5 mm from the implant shoulder. Line (E) marks the buccal surface of the implant. All measurements were taken from the outer detectable surface of the bone on the 
buccal, perpendicular to the implant surface.
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Table 1 Clinical and Surgical Details of the Included Sample

Variable Levels Frequency (%)

Mean pocket depth (PD) (mm) Mean (SD) 2.68 (0.82)

Amount of keratinized tissue (mm) Median (IQR) 4.00 (3.00 to 5.00)

Bleeding index (BI) Mean (SD) 1.31 (0.5)

Plaque index (PI) Mean (SD) 1.20 (0.45)

Implant size 3.3 24 (68.57)

4.1 11 (31.43)

Implant length 10 17(48.57)

12 16(45.71)

8 2(5.71)

Implant placement Delayed 28 (77.78)

Immediate 7 (19.44)

Follow-up time (months) Median (IQR) 47.00 (35.00 to 55.50)

Surgical procedure summary None 11 (30.56)

GBR only 16 (44.44)

SP only 2 (5.56)

GBR and STG 2 (5.56)

SP and GBR 2 (5.56)

SP, GBR, and STG 2 (5.56)

Pink esthetic score (PES) Median (IQR) 10.00 (7.75 to 11.00)

Oral health impact profile (OHIP) Median (IQR) 0.00 (0.00 to 4.25)

Satisfaction Median (IQR) 37.50 (32.75 to 42.00)

Abbreviations: GBR, guided bone regeneration; SP, socket preservation; STG, soft tissue grafting.

Table 2 Descriptive Analysis of the Radiographic Findings

Variable Levels Frequency (%)

Implant thickness at the implant shoulder <1mm 29 (80.56)

1–2mm 4 (11.11)

>2mm 2 (5.56)

Bone thickness at 1 mm <1mm 26 (72.22)

1–2mm 5 (13.89)

>2mm 4 (11.11)

(Continued)
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Most fenestration cases (n = 3; 75%) had buccal undercuts (p < 0.01). Furthermore, patients with fenestration had 
a significantly higher median (IQR) of OHIP of 4.00 (1.75 to 6.50) compared to 0.00 (0.00 to 3.00) in patients without 
fenestration (p = 0.05). Similarly, patients with fenestrations had significantly higher scores in the domains of functional 

Table 2 (Continued). 

Variable Levels Frequency (%)

Bone thickness at 3 mm <1mm 24 (66.67)

1–2mm 8 (22.22)

>2mm 3 (8.33)

Bone thickness at 5 mm <1mm 24 (66.67)

1–2mm 8 (22.22)

>2mm 3 (8.33)

Buccal bone level Median (IQR) 1.00 (0.00 to 9.50)

Presence of fenestration No 31 (86.11)

Yes 4 (11.11)

Presence of dehiscence No 19 (52.78)

Yes 16 (44.44)

Implant angulation <10 22 (61.11)

10–20 11 (30.56)

>20 2 (5.56)

Implant shoulder position Palatal 27 (75.00)

Middle 7 (19.44)

Buccal 1 (2.78)

Buccal undercut No 31 (86.11)

Yes 4 (11.11)

Figure 2 Clinical and radiographic examination of an implant in tooth #11 area at 2 years follow up. (A) clinical photo showing acceptable PES of 10; (B) PA radiograph of 
the implant; (C) cross section at the implant site showing perforation on the buccal plate (fenestration).
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Table 3 Association of Surgical Procedures with Outcomes

Variable Levels GBR STG SP

Yes (N=22) No (N=13) P-value 
#

Yes (N=2) No (N=33) P-value 
#

Yes (N=6) No (N=29) P-value 
#

Pink esthetic score (PES) Acceptable 17 (77.27) 13 (100.00) 0.17 2 (100.00) 28 (84.85) 1.00 5 (83.33) 25 (86.21) 1.00

Unacceptable 5 (22.73) 0 (0.00) 0 (0.00) 5 (15.15) 1 (16.67) 4 (13.79)

Bone thickness at 1 mm <1mm 15 (71.43) 11 (84.62) 0.24 0 (0.00) 26 (81.25) < 0.01 2 (33.33) 24 (85.71) 0.02

1–2mm 2 (9.52) 2 (15.38) 0 (0.00) 4 (12.50) 2 (33.33) 2 (7.14)

>2mm 4 (19.05) 0 (0.00) 2 (100.00) 2 (6.25) 2 (33.33) 2 (7.14)

Bone thickness at 3 mm <1mm 13 (61.90) 11 (84.62) 0.26 0 (0.00) 24 (75.00) 0.04 3 (50.00) 21 (75.00) 0.47

1–2mm 5 (23.81) 2 (15.38) 1 (50.00) 6 (18.75) 2 (33.33) 5 (17.86)

>2mm 3 (14.29) 0 (0.00) 1 (50.00) 2 (6.25) 1 (16.67) 2 (7.14)

Bone thickness at 5 mm <1mm 13 (61.90) 11 (84.62) 0.26 0 (0.00) 24 (75.00) 0.04 3 (50.00) 21 (75.00) 0.47

1–2mm 5 (23.81) 2 (15.38) 1 (50.00) 6 (18.75) 2 (33.33) 5 (17.86)

>2mm 3 (14.29) 0 (0.00) 1 (50.00) 2 (6.25) 1 (16.67) 2 (7.14)

Bone thickness at implant 
shoulder

<1mm 16 (76.19) 12 (92.31) 0.41 0 (0.00) 28 (87.50) < 0.01 3 (50.00) 25 (89.29) 0.07

1–2mm 3 (14.29) 1 (7.69) 1 (50.00) 3 (9.38) 2 (33.33) 2 (7.14)

>2mm 2 (9.52) 12 (92.31) 1 (50.00) 1 (3.12) 1 (16.67) 1 (3.57)

Buccal bone level Median (IQR) 0.00 (0.00 to 
7.25)

1.00 (0.00 to 
10.00)

0.28 0.00 (0.00 to 
0.00)

1.00 (0.00 to 
10.00)

0.14 0.45 (0.00 to 
0.97)

1.50 (0.00 to 
10.00)

0.26

Presence of fenestration No 20 (95.24) 10 (76.92) 0.29 2 (100.00) 28 (87.50) 1.00 4 (66.67) 26 (92.86) 0.27

Yes 1 (4.76) 3 (23.08) 0 (0.00) 4 (12.50) 2 (33.33) 2 (7.14)

Presence of dehiscence No 11 (52.38) 7 (53.85) 1.00 2 (100.00) 16 (50.00) 0.52 5 (83.33) 13 (46.43) 0.23

Yes 10 (47.62) 6 (46.15) 0 (0.00) 16 (50.00) 1 (16.67) 15 (53.57)

Buccal undercut No 19 (90.48) 11 (84.62) 1.00 1 (50.00) 29 (90.62) 0.55 3 (50.00) 27 (96.43) 0.01

Yes 2 (9.52) 2 (15.38) 1 (50.00) 3 (9.38) 3 (50.00) 1 (3.57)

Notes: Data are presented as frequency (%) unless otherwise identified. # P-value is for Chi-square test for categorical data and Mann–Whitney U-test for continuous data. Significance level is ≤ 0.05. Bold values represent the 
statistically significant results. 
Abbreviations: GBR, guided bone regeneration; STG, soft tissue graft; SP, socket preservation.
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limitations and pain than patients without fenestrations (p = 0.01 and 0.04 respectively). Dehiscence was not significantly 
associated with any of the tested variables (Table 5).

The PES was not significantly correlated with either OHIP or satisfaction (p = 0.41 and 0.98 respectively). The 
overall and subdomains of OHIP and satisfaction scores showed significant correlations. The physical pain domain was 
the domain most negatively correlated with satisfaction (ρ= − 0.63, p < 0.01), while social disability was the least 
negatively correlated (ρ= − 0.33, p = 0.05) (Table 6).

Table 4 Association of Pink Esthetic Score with Measures and Outcomes

Variable Levels Unit Value P-value #

Bone thickness at 1 mm 1–2mm Median (IQR) 10.00 (10.00 to 12.00) 0.53

<1mm Median (IQR) 10.00 (7.00 to 11.00)

>2mm Median (IQR) 10.00 (9.00 to 11.25)

Bone thickness at 3 mm 1–2mm Median (IQR) 11.00 (8.50 to 12.00) 0.63

<1mm Median (IQR) 10.00 (7.00 to 11.00)

>2mm Median (IQR) 9.00 (9.00 to 10.00)

Bone thickness at 5 mm 1–2mm Median (IQR) 11.00 (8.50 to 11.25) 0.76

<1mm Median (IQR) 10.00 (7.00 to 11.00)

>2mm Median (IQR) 9.00 (9.00 to 11.00)

Bone thickness at implant shoulder 1–2mm Median (IQR) 11.00 (9.75 to 12.25) 0.13

<1mm Median (IQR) 10.00 (7.00 to 11.00)

>2mm Median (IQR) 11.50 (11.25 to 11.75)

Buccal bone level Correlation coefficient (ρ) − 0.33 0.05

Notes: # P-value is for Mann–Whitney U and the Kruskal–Wallis H-tests for categorical data and Spearman correlation for 
continuous data. Significance level is ≤ 0.05. Bold values represent the statistically significant results.

Table 5 Association of Dehiscence and Fenestration with Variables and Outcomes

Variable Levels Dehiscence Fenestration

No Yes P-value No Yes P-value

Tooth number 24 9 (47.37) 3 (18.75) 0.39 11 (35.48) 1 (25.00) 0.06

12 2 (10.53) 3 (18.75) 5 (16.13) 0 (0.00)

14 3 (15.79) 2 (12.50) 5 (16.13) 0 (0.00)

21 1 (5.26) 4 (25.00) 5 (16.13) 0 (0.00)

22 2 (10.53) 2 (12.50) 3 (9.68) 1 (25.00)

11 1 (5.26) 2 (12.50) 2 (6.45) 1 (25.00)

13 1 (5.26) 0 (0.00) 0 (0.00) 1 (25.00)

Screw 5 (62.50) 0 (0.00) 3 (27.27) 2 (100.00)

(Continued)
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Table 5 (Continued). 

Variable Levels Dehiscence Fenestration

No Yes P-value No Yes P-value

Buccal undercut No 15 (78.95) 16 (100.00) 0.16 30 (96.77) 1 (25.00) < 0.01

Yes 4 (21.05) 0 (0.00) 1 (3.23) 3 (75.00)

PES Median 
(IQR)

10.00 (8.00 to 11.50) 10.00 
(8.50 to 11.00)

0.43 10.00 
(8.00 to 11.00)

10.00 
(9.00 to 10.25)

0.79

Satisfaction Median 
(IQR)

17.00 
(13.50 to 20.00)

14.00 
(12.00 to 

19.75)

0.30 14.00 
(12.00 to 20.00)

20.50 
(17.50 to 23.75)

0.08

OHIP Median 
(IQR)

0.00 
(0.00 to 3.50)

0.50 
(0.00 to 4.25)

0.91 0.00 
(0.00 to 3.00)

4.00 
(1.75 to 6.50)

0.05

● Functional limitation Median 
(IQR)

0.00 
(0.00 to 0.00)

0.00 
(0.00 to 0.00)

0.06 0.00 (0.00 to 0.00) 0.50 (0.00 to 1.50) 0.01

● Physical pain Median 
(IQR)

0.00 
(0.00 to 2.00)

0.50 
(0.00 to 2.00)

0.81 0.00 (0.00 to 2.00) 2.00 (1.75 to 2.25) 0.04

● Psychological 
discomfort

Median 
(IQR)

0.00 
(0.00 to 0.00)

0.00 
(0.00 to 1.00)

0.26 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.25) 0.97

● Physical disability Median 
(IQR)

0.00 
(0.00 to 0.00)

0.00 
(0.00 to 0.00)

0.79 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.25) 0.58

● Psychological disability Median 
(IQR)

0.00 
(0.00 to 0.00)

0.00 
(0.00 to 0.00)

0.90 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.25) 0.75

● Social disability Median 
(IQR)

0.00 
(0.00 to 0.00)

0.00 
(0.00 to 0.00)

0.55 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.50) 0.52

● Handicap Median 
(IQR)

0.00 
(0.00 to 0.00)

0.00 
(0.00 to 0.00)

0.93 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 0.61

Notes: Significance level is ≤ 0.05. Bold values represent the statistically significant results.

Table 6 Spearman Correlation Analysis

Variable Satisfaction PES

ρ P-value ρ P-value

OHIP − 0.63 < 0.01 − 0.15 0.41

Functional limitations − 0.34 0.05 − 0.18 0.29

Physical pain − 0.63 < 0.01 − 0.09 0.6

Psychological discomfort − 0.37 0.03 − 0.14 0.41

Physical disability − 0.54 < 0.01 − 0.11 0.53

Psychological disability − 0.38 0.03 − 0.29 0.09

Social disability − 0.33 0.05 − 0.07 0.71

Handicap − 0.37 0.03 − 0.26 0.14

Satisfaction 0.01 0.98

PES 0.01 0.98
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Discussion
Today’s dental community faces several clinical challenges, including the growing number of patients selecting dental 
implants to replace lost teeth with expectations of ultimate functional effectiveness and stability, together with the 
aesthetic goal of restoration with natural teeth resemblance. Careful analysis of the anatomical circumstances and 
a thoughtfully designed treatment plan for each case are essential. Incorrectly positioned implants are candidates for 
poor esthetic and functional prognosis. Consequently, there have been constant attempts to improve surgical procedures, 
biocompatible materials, and grafts used to ensure successful regeneration of the implant’s surrounding bone and enhance 
the maintenance of dental implants. CBCT is an appropriate practice for assessing treatment results following implant 
placement, especially in the esthetic zone, where anticipated problems are better identified and diagnosed at an early 
stage for better overall patient management.12,13 The aim of this study was to evaluate the bone characteristics 
surrounding dental implants in the esthetic zone through clinical periodontal assessment and radiographic analysis 
using CBCT scans.

Bone fenestration and dehiscence were assessed on the sagittal sections of the CBCT scans rather than using the 
reconstructed volume since the reconstructed volume may over- or under-estimate the amount of bone covering the 
implant surface while the sagittal sections are expected to represent the anatomical truth. Caution must be taken in 
consideration when interpreting the findings because of the limited spatial resolution of the CBCT images.17–21

One of the requirements for successful dental implant surgery is appropriate width and thickness of the gingival 
connective tissue. Clinicians believe that good quality soft tissue guarantees proper wound closure and more efficient 
implant treatment.22 The results of the current study indicate that patients receiving STG were associated with the 
presence of more than 2 mm bone thickness at 1 mm from the implant shoulder. In agreement with these findings, 
Linkevicius23 reported that the initial gingival tissue thickness at the crest significantly influenced the marginal bone loss 
around implants and that when the soft tissue was less than 2.0 mm thick, more crestal bone loss occurred. It is possible 
to conclude that greater soft-tissue thickness resists the progression of inflammation and subsequent alveolar bone loss.23

The PES was used to assess the esthetic outcomes of the implants. It is essential to recognize the relationship between 
PES scores and bone thickness around the implant as both are key determinants of effective management. PES is 
considered a reliable and reproducible tool for evaluating soft tissue around single-tooth implant crowns, and it assesses 
esthetic outcomes using seven variables: mesial papilla, distal papilla, soft-tissue level, soft-tissue contour, alveolar 
process deficiency, soft-tissue color, and texture. Each variable was assessed with a score of 2–1–0, with 2 being the best 
and 0 being the poorest. All variables were assessed by comparison with a reference tooth.14,24 In the current study, the 
PES scores were not significantly associated with bone thickness around the implants placed in the esthetic zone. 
Although the buccal bone around the implants was generally thin, most patients had acceptable PES scores. Similarly, 
previous studies have reported no significant correlation between marginal bone loss and PES.25–27

Fenestration and buccal undercuts are common challenges associated with dental implant placement, particularly 
esthetic. In the current sample, 75% of patients with fenestration had buccal undercuts. Fenestration was associated with 
higher functional limitation and pain scores. Both conditions are considered factors that can complicate the surgical 
procedure and affect the long-term success and esthetic outcomes of the implant.28 Their incidence is influenced by 
certain technical and anatomical factors such as discrepancies between the ridge angle and implant angle, and deeper 
alveolar ridge concavities.29 Several bone augmentation and guided bone regeneration techniques are commonly 
recommended to effectively manage fenestration around dental implants, potentially improving outcomes, such as laser- 
assisted periosteal fenestration (LA-PF) using Erbium YAG laser and guided bone regeneration techniques using Gore- 
Tex membranes.30,31

In this study, patient satisfaction following implant treatment and its possible correlations were assessed. The results 
indicated that PES scores were not significantly correlated with either the OHIP or satisfaction domains. Overall and 
subdomains of the OHIP were significantly correlated with pain. Satisfaction with dental implants has been reported to be 
influenced by various factors, including esthetic outcomes, pain, surgical complications, and duration of the treat-
ment process. In previous reports, factors such as operator experience, female sex, and surgical difficulty have been 
significantly associated with pain levels.32,33
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This study has several limitations. The small sample size and observational design limit the generalizability of the 
findings. In addition, subjective assessments, including patient satisfaction and quality of life, may introduce reporting 
bias. In addition, the reliance on the PES alone may not fully describe esthetic outcomes.

Conclusion
In conclusion, the bone profile around the anterior implant was not ideal. Although the buccal bone was thin around the 
implant placed in the esthetic zone, it did not affect the esthetic outcomes or overall satisfaction of the patient. However, 
fenestration defects may affect patients’ quality of life.
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