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Abstract: This retrospective study was undertaken to determine survival rates and aesthetic outcomes
of immediate placement of multiple implants at anterior maxilla sites. One hundred and eighteen
implants placed in 39 patients (21 women and 18 men; average age 58.3 years) were immediately
restored (24–72 h after placement). Aesthetic assessment, radiographic bone loss, and biological and
prosthetic complications were evaluated. Data collection between 12 and 84 months (mean 32.2 ± 18)
after final prosthetic installation revealed that no implants were lost, and that 106/118 (89.8%)
implants had no more than 1.5 mm of bone loss by the end of the first year and an additional 0.2 mm
for each successive year. The marginal bone loss was higher for extractions due to periodontitis
compared to extractions due to caries (mean mesial loss of 1.37 mm vs. 1.01 mm, respectively,
and mean distal loss of 1.37 mm and 0.99 mm, respectively, p = 0.001). The mesial papilla was
present in 83/118 implants (70.3%), while the distal papilla was present in 76/118 implants (64.4%).
The cervical metallic part of the abutment was exposed in 16/118 (13.5%) implants. There was a
higher ratio of recessions and missing papillae in patients in whom the extractions were performed
due to periodontal reasons. Within the limitations of the present study, aesthetic and radiographic
parameters support immediate restoration of partially edentulous maxillae.
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1. Introduction

Osseointegration has been redefined according to current patients’ increasing demands for
reduced treatment time, improved esthetics, and increased comfort. The immediate implant placement
into fresh extraction sockets may attain implants survival rates similar to those of delayed placement
with considerable shortening of the healing period, providing that primary stability had been
achieved [1–6]. In addition to immediate implantation, the time gain has been further enhanced
by reducing or even eliminating the load-free time following implant installation. Several researchers
have demonstrated successful immediate loading in edentulous mandibles [7–10] and maxillae [11–14].
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This has led to immediate single-tooth implant-retained provisional restoration [15–18]. However,
it has been shown that the implant’s esthetic outcome may be hampered by recessions of the
marginal peri-implant mucosa [19–21]. The occurrence and degree of the marginal mucosal recession
have been associated with several factors, including tissue biotype [22], connection of a temporary
crown immediately after implant insertion [23,24], condition and width of the facial bone [25],
orofacial position of the implant shoulder [26,27], and grafting of the facial peri-implant marginal
defect with bone or bone replacement grafts [28,29]. Flap elevation that disrupts the vascular supply to
the buccal bone, which is composed almost entirely of bundle bone, may be an important contributory
mechanism in the etiology of buccal recession [30].

Adaptation of a temporary restoration contoured to mirror the removed tooth is intended to
support the marginal gingiva by providing a platform to promote soft-tissue healing and protect the
healing extraction socket [23]. Notably, immediate implantation and restoration without occlusion
achieve a significantly higher implant survival rate compared with restoration with occlusion [14].

An ideal three-dimensional (3D) implant position within the bone contour and the dimensions
of the buccal bone as well as the anatomic height of the interproximal bone are strongly associated
with achievement of successful aesthetic results [26,31]. The height of the papilla next to dental
implants is one of the main parameters that affects the aesthetic outcome of implant therapy [32,33].
Implant-to-soft tissue attachment lacks Sharpey’s fibers, which, taken together with the fact that a
previous interdental bone peak will resorb following extraction of teeth adjacent to implants, may be
considered of utmost importance in the process of reduced papilla height between adjacent dental
implants [34]. Interestingly, the same applies to papilla between an implant and a pontic and, to a
lesser extent, to papilla between adjacent pontics [35].

It has been proposed that a minimal distance of 1.5 mm between a dental implant and an adjacent
tooth is necessary to compensate for remodeling processes following the establishment of the biologic
width [36,37]. If two dental implants are placed next to each other, an optimal distance of 3 mm
between them was suggested to obtain a normal papilla [38].

Implant location relative to the bucco-oral and mesiodistal dimensions of the alveolar ridge is a
factor that is thought to affect the degree of bone remodeling [39] and have an impact on the aesthetic
outcome [40]. It has also been claimed that the buccal bone should measure at least 2 mm to avoid
significant bone reduction after implant placement [41].

We are aware of only a few publications on a one-stage procedure aiming to achieve
hard-tissue augmentation using the classic guided bone regeneration (GBR) technique and immediate
non-functional loading of multiple implants in the maxillary esthetic zone. The objectives of this study
were to evaluate the survival and success rates of implants placed immediately into extraction sockets
in combination with GBR, and to provide detailed information about the predictability of objective
aesthetic parameters, such as the presence or absence of papillae and the frequency of recessions.

2. Materials and Methods

2.1. Patient Population

Thirty-nine patients who were treated consecutively by the senior author (R.K.) during the years
2005–2012 comprised the study population. The sample size was not based on power considerations,
as all available cases were included in this analysis. Treatment included maxillary multiple-tooth
implants according to the concept of immediate nonfunctional loading. The Tel Aviv University Ethics
Committee approved the study, and all patients signed an informed consent form permitting the use
of their data in retrospect.
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2.2. Patient Selection

Inclusion criteria for patient selection were:

• need for the extraction of more than one tooth in the aesthetic zone of the upper jaw (incisors,
lateral incisors, canine, premolars, and first molar)

• minimum age of 18 years
• good oral hygiene, defined as full mouth plaque score ≤25% [42]
• at least 5 mm of bone apical or palatal to the alveolus of the failing tooth to ensure primary

implant stability of at least 30 Ncm
• at least partial integrity of the residual bone walls after extraction

Exclusion criteria were:

• heavy use of tobacco (more than 10 cigarettes a day)
• recent (previous six months) radiotherapy of the head and neck region or recent treatment

with bisphosphonates
• active periodontal disease involving residual dentition
• mucosal diseases, such as lichen planus, in the areas to be treated
• poor oral hygiene or lack of compliance
• para-functional habits, such as bruxism
• uncontrolled diabetes
• acute infection (with the presence of pus and swelling) around the failing tooth
• failure to obtain primary stability of more than 30 Ncm (Note: the site was augmented and closed

for a two-stage procedure of the specific implant in these cases)

2.3. Surgical Protocol

A detailed pre-surgical evaluation that comprised a full-mouth periodontal chart and an occlusal
analysis was carried out. Data on smoking habits, periodontal diagnosis, and reason for extraction
were obtained and recorded prior to a decision of extraction and surgery. The cause-related therapy
included oral hygiene instructions and scaling and root planning when indicated, followed by
additional periodontal therapy aiming to reduce periodontal probing depth and bleeding upon
probing. Periapical radiographs were obtained before (Figure 1) and immediately after implant
placement, six months later, once yearly, and at the time of data collection (1–7 years after bridge
installation). A preoperative computed tomogram (CT) was obtained to evaluate the height and width
of the alveolar process. Special attention was given to the existence of any bone undercuts, the location
of the roots to be extracted, the presence of periapical/peri radicular pathologies, and the location of
the incisive foramen. Premedication with 875 mg amoxycillin–clavulonate potassium (Augmentin,
Smith Kline, Brentford, UK) was given one hour before surgery. The patients performed a one-minute
rinse with chlorhexidine 0.2% (Tarodent mouthwash) solution before undergoing the procedure.
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All surgeries were performed by the same periodontist (R.K.). After appropriate anesthesia
of the surgical area, full thickness flaps were elevated, including intrasulcular incisions extending
to the midfacial aspect of both distal teeth adjacent to the hopeless ones. Atraumatic extractions
were performed with periotomes (Hu-Friedy, Chicago, IL, USA), aiming to preserve the integrity of
the socket bony walls. Granulation tissue was removed by means of a spoon curette and a 3-mm
diamond burr. The drilling extended to the palatal wall, and bone apical to the extraction sockets
was engaged in the osteotomy, always avoiding contact with the buccal wall. Depending on the local
bone quality, the last drilling was accomplished with a final drill at least 1 mm smaller in diameter
than the implant width in order to attain the desired stability. Final placement of the implant was
implemented with a torque-controlled ratchet. As mentioned before, a torque measurement of 30 Ncm
or more was considered stable. Correct 3D implant positioning was considered of pivotal importance
in all cases (Figure S1), and the bordering teeth essentially served as a reference for proper implant
positioning, as suggested by Buser and colleagues [26]. A minimum distance of 1.5 mm between
the implant shoulder and the neighboring tooth was aimed at in the mesiodistal dimension. In the
orofacial dimension, an effort was made to place the buccal neck of the implant 2–3 mm palatal
to the buccal contour of the neighboring teeth. The implant’s shoulder was flush with the palatal
bone: this was 2–3 mm apical to the cement–enamel junction or to the finishing line of the ceramic
crowns of existing neighboring teeth. In all cases, and not related to the socket configuration or
defect morphology, allograft material (FDBA-Raptos–Citagenix, Toronto, ON, Canada) was applied
in excess over the buccal bone to compensate for the anticipated bone loss and establish a buccal
plate of at least 2 mm, as well as to fill the gap between the implant and socket walls (Figure S2).
A resorbable collagen membrane (Bio-Gide Geistlisch Pharma AG, Wolhusen, Switzerland) was sited
on the increased buccal bone and regenerated socket (Figure S3). The flap was then advanced coronally
after a periosteal-releasing incision with a new 15c blade and closely sutured to the palatal flap
using Vicryl 4/0 sutures (Figure S4). Transfer adaptation was verified radiographically (Figure 2).
Impressions were taken after the insertion of a plastic impression cap by means of the putty-wash
one-step technique (Express, 3M. ESPE Dental Products, St. Paul, MN, USA) using the closed tray
technique with metal stock trays. The dimensions of the inter-arch relations were recorded.
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2.3.1. Postoperative Management

Augmentin was continued for one week (Dalacin 150 mg × 4 per day was prescribed for
penicillin-sensitive patients), Narocin 275 mg (Teva Pharm) was given for the relief of pain and
swelling, and 1-min 0.2% chlorhexidine mouth rinses were prescribed twice a day for three weeks.
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2.3.2. Reconstructive Treatment Protocol

A master model with a silicon image of the marginal gingiva as well as individual abutments and
reinforced temporary bridges were prepared within 24–72 h. The temporary bridge was contoured
to mirror the removed tooth, with open embrasure spaces aiming to promote complete papilla
formation. Transfer abutments were replaced by individual abutments, followed by the adaptation of
a prefabricated non-functional acrylic temporary bridge with minimal occlusal contacts in intercuspal
position [IC] but not contacts in protrusive and lateral movements (Figure 3). Implants were considered
successful if they fulfilled the criteria of Alberktsson and colleagues [43]. The final zirconia or ceramic
bridge restorations were performed six months after implant placement. The final bridge was designed
to permit interproximal cleaning (i.e., no attempt was made to fill interproximal spaces with ceramics).
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implant placement.

Either a screw-type sandblasted and acid-etched surface bone level titanium implant (Lance, MIS,
Bar-Lev Industrial Zone Carmiel, Israel) or a conical type of implant (Seven, MIS Bar-Lev Industrial
Zone) was used in this study. Six months following implant placement and after removal of the
temporary abutments, the adaptation of transfers, and the acquisition of radiographic verification
of transfer adaptation, a final impression was taken using a putty and silicone wash (Express, 3M)
with the same closed tray technique in metal stock trays. A master model was prepared, and the
dimensions of the inter-arch relations were recorded. Abutments were connected, and the fit of the
metal or zirconia base framework was tested at the following appointment (Figure 4). The permanent
unit’s porcelain fused-to-metal (PFM) fixed partial denture or zirconia bridges were cemented after
occlusal adjustment and glazing (Figure 5) with temporary cement (Temp-Bond Kerr Corporation,
West Collins Orange, CA, USA).
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2.4. Clinical Follow-Up Examinations

The patients underwent clinical examinations at one, two, and four weeks and at three, six,
and 12 months postoperatively, and annually thereafter. Supervised dental hygienists performed
periodic maintenance examinations. The patients received individualized oral hygiene instructions
and were seen and treated when necessary or at least once every 3–6 months.

2.5. Esthetic Assessment

The principal investigator (R.K.) followed up with all the study patients at three, six,
and 12 months postoperatively, and then annually. In addition, each patient was examined, and frontal
photographs were taken (Canon EOS 650 D, Tokyo, Japan) with a 100 mm Canon macro lens and a ring
flash, 12 months after the final bridge was adapted (Figures 6–8). The photograph was centered slightly
superior to the occlusal plane at the contact region of the teeth for subsequent analysis. The presence
or absence of the interproximal papilla was determined as follows: it was deemed missing if a space
was visible apical to the contact point and present if tissue filled the embrasure space. Recession was
defined as exposure of the metallic collar of the abutment.
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2.6. Follow-Up and Criteria for Success

The patients were seen as part of their routine annual recall program 1–7 years after prosthetic
bridge installation. They underwent a clinical examination, and non-standardized radiographs were
taken with a paralleling device (Figure 9). The distance between the mesial and distal alveolar bone
crest and the implant shoulder (First Bone-to-Implant Contact-DIB) was digitally measured using
computerized dental radiography (Schick Technologies, Long Island, NY, USA), based on parallel
periapical X-rays. Radiographic distortion was calculated by dividing the radiographic implant length
by the actual one. One experienced examiner (AWM) who was not involved in the surgical or prosthetic
treatment of the patient performed the radiographic readings.
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2.7. Statistical Analysis

Statistical analysis was performed with SPSS 20.0 statistical analysis software (SPSS Inc., Chicago,
IL, USA). Due to the relatively small sample size of patients diagnosed with mild chronic periodontitis
and gingivitis, the periodontal diagnoses were divided into one group that consisted of gingivitis and
mild chronic periodontitis and a second group that consisted of advanced chronic and aggressive
periodontitis. Comparisons of mesial and distal marginal bone loss and esthetic parameters
(i.e., mesial and distal papillae and recession) between these groups and between the reasons for
extractions (periodontitis/caries) were done using the independent Student’s t-test for numerical
variables and the chi-square test or the Fisher Exact test for categorical variables. A p-value < 0.05 was
considered the threshold for statistical significance.

3. Results

The study population included 39 patients (18 males and 21 females) aged 24 to 85 years (mean
58.3 ± 13.4 years) who underwent simultaneous extractions, had immediate implant installation,
and underwent guided bone regeneration procedures (Table 1). A total of 118 implants were placed.
The mean follow-up period was 32.2 ± 18 months (range: 12–84 months). Twenty-eight (72%) patients
were diagnosed as having chronic advanced adult or aggressive periodontitis, and 11 (28%) were
diagnosed with gingivitis and/or mild adult chronic periodontitis (Table 2). The teeth were extracted
due to periodontal disease in 20 patients (51%), severe carious lesions in 18 (46%), and external root
resorptions in one (3%). The relevant characteristics of the study group (gender, smoking status,
and site of each implant) are presented in Table 1. The implant diameter varied between 3.3 mm
and 5 mm (mean 3.78 ± 0.42 mm), and the implant length varied between 11.5 mm and 16 mm
(mean 15.17 ± 1.35 mm). Thirty-four patients (87%) were non-smokers and five (13%) were
light smokers.

Table 1. Patients, smoking status, and sites, of implants.

Patients Features & Implant Sites Number %

Gender

Female 21 53
Male 18 47

Smokers

<10 cigarettes per day 5 13
Non-smokers 34 87

Implant site, maxilla

Central incisor 25 21
Lateral incisor 42 36

Canine 11 9
First premolar 14 12

Second premolar 17 14
First molar 9 8

Table 2. Periodontal diagnosis.

Periodontal Diagnosis Number (%)

Gingivitis 4 (10)
Chronic mild adult periodontitis 7 (18)

Chronic advanced adult
periodontitis 23 (59)

Aggressive periodontitis 5 (13)
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Radiographic Findings/DIB Values

At the time of data collection (2013), 1–7 years after prosthetic bridge installation, no implants
had been lost, and 106 out of the 118 (89.8%) implants were successful (Table 3) according to the
criteria set by Alberktsson and colleagues in 1986 [43]. Specifically, there was no more than 1.5 mm of
bone loss for the first year and an additional 0.2 mm for each successive year. Twelve implants had
lost more than 1.5 mm of bone, three of them in the same patient, who was a 64-year-old male and
light smoker (these were defined as survival). There was a mean mesial bone loss of 1.19 ± 0.63 mm
(range: 0.56–1.82 mm) and a mean distal bone loss of 1.18 ± 0.64 mm (range: 0.54–1.82 mm) for the
whole group during the follow-up period. The mean marginal bone loss per patient at the time of
data collection was 1.16 ± 0.46 and 0.58 ± 0.37 per year (Table 3). The marginal bone loss in patients
that needed extractions due to periodontitis was higher compared to those in which extractions were
performed due to caries. The mean loss was 1.37 mm vs. 1.01 mm, respectively, for the mesial bone
and 1.37 mm and 0.99 mm, respectively, for the distal bone (p = 0.001 for each). The severity of the
periodontal disease at baseline affected only the numerical variables (marginal bone loss) but did not
affect the aesthetic parameters (papillae and recessions).

Table 3. Marginal bone loss in 39 patients (118 implants).

Patient NO. Age Gender Smoker Follow-Up
(Month)

Implants
(n)

Bone
Loss/Patient mm/Year

1 56 F light 84 4 1.05 0.15
2 53 F no 36 3 2.02 0.67
3 74 M light 72 5 2.74 0.46
4 85 F no 36 2 1.40 0.47
5 40 M no 12 2 0.85 0.85
6 24 M no 60 2 1.25 0.25
7 60 M no 54 4 1.13 0.28
8 44 F no 36 2 1.55 0.52
9 56 M no 60 4 1.50 0.30
10 62 F light 30 4 0.96 0.39
11 56 F no 12 3 0.65 0.65
12 56 F no 36 4 1.24 0.41
13 47 F no 24 3 1.77 0.88
14 58 F no 24 2 0.83 0.41
15 35 F light 40 4 1.30 0.39
16 59 M no 36 2 0.90 0.30
17 37 F no 40 3 1.12 0.34
18 63 M no 36 5 1.07 0.36
19 63 M no 36 2 0.93 0.31
20 46 M no 40 3 1.07 0.32
21 80 F no 12 2 1.25 1.25
22 64 M light 24 3 1.20 0.60
23 68 F no 36 2 1.23 0.41
24 57 M no 24 3 1.05 0.53
25 36 F no 12 4 0.65 0.65
26 49 F no 12 2 0.80 0.80
27 67 F no 24 2 0.88 0.44
28 55 M no 12 2 0.90 0.90
29 60 F no 24 2 0.73 0.36
30 68 M no 48 6 1.10 0.28
31 53 M no 48 4 1.03 0.26
32 75 F no 12 2 1.93 1.93
33 74 F no 24 4 2.03 1.01
34 67 M no 48 3 0.82 0.20
35 83 M no 12 4 0.71 0.71
36 69 M no 12 2 0.50 0.50
37 61 M no 12 2 0.60 0.60
38 59 F no 12 4 0.81 0.81
39 55 F no 48 2 1.55 1.55

Average ± SD 58.3 ± 13.4 - - 32.3 ± 18.2 - 1.16 ± 0.46 0.58 ± 0.37
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4. Aesthetic Parameters

The mesial papillae were present in 83/118 implants (70.3%), while the distal papillae were
present in 76/118 (64.4%). The cervical metallic part of the abutment was exposed in 16 out of 118
(13.5%) implants. There was a higher ratio of recessions and missing papillae among patients whose
extractions were performed due to periodontal reasons (Table 4).

Table 4. Treatment outcomes per implant level. A comparison according to the reason for extractions
between 61 implants in patients with periodontitis and 55 implants in patients with a caries etiology.

Outcomes Extraction Due to Periodontitis
n = 61

Extraction Due to Caries
n = 55 p-Value

Esthetic outcomes

Mesial papilla 37 (60.7%) 44 (80%) 0.05
Distal papilla 33 (54.1%) 41 (74.5%) 0.04

Recession 13 (21.3%) 3 (5.5%) 0.04

Radiographic data (mm), mean ± SD

Mesial bone loss 1.37 ± 0.8 1.01 ± 0.3 0.001
Distal bone loss 1.37 ± 0.8 0.99 ± 0.3 0.001

Bone loss/implant 1.37 ± 0.8 1 ± 0.3 0.001

A comparison of esthetic treatment outcomes between patients who had extractions due to a
periodontal etiology and caries is shown in Table 4. All outcome-related variables were worse in
patients who underwent the extraction due to a periodontal etiology compared to those treated for a
caries etiology (Table 4).

Technical Complications

The main technical complications were loosening of provisional bridges. Ten bridges (25.6%)
were re-cemented with temporary cement and 18 abutments (15%) were re-tightened without any
further complications. Five definitive bridges lost retention in five patients. Finally, all the bridges were
re-cemented with harder temporary cement (Cem Implant, Ivoclar Vivadent, Schaan, Liechtenstein).
There were no ceramic fractures.

5. Discussion

In the present study we found a 100% cumulative survival rate and an approximately 90% success
rate for the immediate restoration procedure in a cohort of 39 patients (118 implants) followed-up
for a mean of 32.3 months. We detected a relatively low mean marginal bone loss per implant
(1.19 ± 0.63 mm) 12–84 months after implant placement. These figures are comparable to the
mean marginal bone loss observed in delayed as well as immediately loaded implants [15,44–47].
This outcome is probably the result of bone substitute grafting, which enhances bone fill and augments
the buccal bony plate [43,48], as well as to the good compliance of the patients.

The present encouraging data on marginal bone loss of combined GBR and multiple implant
placements are comparable to those recently reported for single tooth replacement using a similar
GBR protocol [49,50]. The survival rate of the current study patients, in whom the extractions were
mainly due to periodontal reasons, reflects that of Testori and colleagues [51], who reported a 98.8%
survival rate at 12 months after implant placement rehabilitated with a full-arch prosthesis supported
by six implants. Our results are also comparable with Malo and colleagues’ report [52] of a mean
1.2 ± 0.9 mm bone loss one year after implant placement in periodontally compromised sites. Similar to
their study findings, most of the socket walls in the current study participants were compromised in
vertical and/or horizontal dimensions, mainly due to previous periodontal disease.

Slightly over one-half (51%) of the teeth in the present study were extracted due to advanced
periodontal disease. The remaining teeth were extracted due to caries including deep horizontal
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fractures of the crown and external resorption, Primary stability of the implant is a key factor for
success in the immediate loading approach [10–14]. In the present study, all the implants replaced
teeth in regions that are prone—at least theoretically (type 2, 3) [14]—to immediate loading procedures
(excluding second and third molar areas) [14]. The threshold value of primary stability was achieved
even in those placed in the first molar region due to the palatal bone engagement of the implants that
favors osseointegration. This can be achieved by using implants with appropriate macro geometry in
combination with an under-preparation of the implant site that takes into consideration the local bone
quality [10–12]. Solidarization of the implants with the prosthesis may also contribute to increased
stability [10–12].

In the present study, an attempt had been made to minimize the potential collapse of buccal
bone by using slow resorbable allograft mineralized material in the space that was created by the
dimensional discrepancy between the bony walls of the extraction socket and the body of the implant,
commonly described as the “gap”. A collagen membrane was used to enhance bone regeneration
and reduce the risk of membrane infection in the event of any soft-tissue dehiscence occurring
postoperatively [53,54]. A recent study [55] demonstrated that facial soft-tissue thickness (labio-palatal)
was greater at sites that received bone grafts and provisional restorations compared to sites without
either grafts or restorations. Moreover, current thinking in this area of research is that increasing
peri-implant soft-tissue thickness increases the color-masking ability and bone stability [56,57].
A possible explanation for the soft-tissue enhancement achieved by using bone grafts may be that
particulate graft materials could be incorporated and encapsulated into the peri-implant mucosal
soft tissues [58]. These particles may act as a benign foreign body precursor with an asymptomatic
enlargement of the gingival margins [58].This increase in volume can create a masking effect that
would counteract gray-colored abutments and enhance the esthetic outcome without the use of a sub
epithelial connective tissue graft (not used in the present study). In addition, since human studies have
shown that 90% of patients have a buccal bone plate thickness of 1 mm or less [25], a deliberate overfill
above the buccal bone using the same graft materials together with a resorbable collagen membrane
was performed in order to achieve a thicker bony plate. That maneuver was intended to maintain
long-term aesthetics and success [43], as previously described by the authors in healed sites [48] and in
immediately restored implants [49].

Despite those efforts to achieve over-contouring and an enhanced buccal hard-tissue
augmentation, exposure of the cervical metallic part of the abutment was observed in 16 patients
(13.5%), an outcome seen with a higher ratio in patients in whom multiple extractions were performed
and in patients where the etiology was periodontal. This recession ratio is lower than that of
immediately placed but not restored implants in the aesthetic zone, yielding a significant number
of sites with soft-tissue recession (approximately 40%) [27,59]. There are no comparable data for
immediately placed and immediately loaded implants.

A variety of factors influences the presence or absence of the papilla. These factors include the
anatomy of the neighboring tooth/implant [36], the distance between implant and the neighboring
teeth and to the adjacent implant [33], the implant system [38], the distance between the contact
point and bone level [34], as well as the timing of implant placement and the use of a provisional
reconstruction [23]. From a clinical point of view, the vertical distance between the alveolar crest and
the contact point of the adjacent tooth appears to be the factor that has the most significant influence
upon the height of the papilla between natural teeth [60]. The present study results on the incidence
of mesial papilla in 70% of the cases and of distal papilla in 64% of the cases is not surprising since
the interdental bone peak resorbs following extraction of adjacent teeth and when the attachment
level in periodontal patients is compromised [60]. The present data on the presence of interdental
papillae are in accordance with those of an earlier report on the replacement of single teeth with
compromised buccal bone, in which it was stated that the accomplishment of complete papillae was
not predictable [49].



Appl. Sci. 2018, 8, 377 12 of 15

The limitations of the present study are the lack of a similarly treated control group, the use
of X-ray positioning without a personalized jig and the relatively small number of patients in the
study group.

6. Conclusions

The present study examines the aesthetic performance and implant survival of immediately
placed multiple implants that are restored concomitantly with hard-tissue augmentation in partially
edentulous maxillary patients. The presented surgical approach successfully achieved immediate
aesthetic appearance, function, and stability of the surrounding tissues. As verified by radiographic
parameters, the cumulative survival rate for the immediate restoration procedure in the present study
was 100%. Potential technical solutions are presented, including palatal placement and temporary
acrylic bridge support of papillae and buccal gingiva. Moreover, evidence is provided to attest to the
potential efficacy of small particulate FDBA graft material and native collagen membranes to enable
successful wound healing in a transgingival environment.

Supplementary Materials: The following are available online at www.mdpi.com/2076-3417/8/3/377/s1,
Figure S1: The buccal neck of the implant is at least 2 mm palatal to the buccal contour of the neighboring
teeth. The neck of the implant was flush with the palatal bone in an apico-coronal direction. Figure S2: Allograft
material was applied in the residual gap and above the buccal wall. Figure S3: A resorbable collagen membrane
was applied after adaptation of an appropriate transfer abutment. Figure S4: A coronally positioned flap was
performed after a periosteal releasing incision.
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