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Abstract: Marginal bone loss (MBL) is a key factor in long-term implant success rate. Among the
different factors that influence MBL, it is the different implant shoulder designs, such as scalloped or
non-scalloped, which have been widely studied on screw retained but not on cemented retained implants.
Thus, the aim of the present study was to evaluate the MBL around scalloped and non-scalloped
cemented retained dental implants after 4 years of loading, in humans. A total of 15 patients were
enrolled in the present study. A radiographic and clinical examination was performed after implant
placement (T0) and after 4 years from it (T1). The results demonstrated a differential MBL (T1-T0) of
2.436 ± 1.103 mm and 1.923 ± 1.021 mm, respectively for test (scalloped) and control (non-scalloped)
groups with a statistically significant difference between them. On the other hand, no statistically
significant differences were found between the groups in terms of prosthetic complication and
abutment decementation, whilst ceramic crowns chipping was shown in both groups. In conclusion,
the use of a scalloped platform did not provide better results on the maintenance of MBL after 4 years
follow-up. In this study, this probably was determined by multiple factors, among which was the
subcrestal insertion of scalloped implants.

Keywords: dental implants; bone resorption; marginal bone loss; scalloped implants; radiographic analysis

1. Introduction

The preservation of the crestal bone has become one of the main objectives in oral implantology [1,2].
According to Albrektsson’s criteria, crestal bone loss around an implant occurs conspicuously at the
time of implant insertion and up to 6 months, and to a smaller extent, in the following years after load [3].
However, if this loss progresses uncontrollably, the biomechanical anchoring of the implant-supported
prostheses can be drastically compromised [4,5]. In fact, even if the reaching of osseointegration of an
implant is essential for gaining success, it does not necessarily reveal that this system will preserve
its integrity during the patient’s life because a lot of aspects can influence the kinetics of mineralized
tissue [6,7]. It is in fact a common consent that the preservation of “long-term” hard tissue around the
dental implants is one of the most important aspects in the realization of an implant restoration, and that
the progressive loss of bone substance drastically reduces the chances of survival of the dental implants
under occlusal load [8–10]. It is the synergy of different conditions that mediates the progressive
loss of the mineralized tissue around the dental implants, therefore the loss of peri-implant bone is
of multifactorial origin [6,11]. Among the causes of this phenomenon there are: trauma during the
surgical procedure; exposure of the implant during soft tissue healing; infections/inflammations during
the healing period; bacterial colonization in the fixture-abutment gap with consequent inflammation
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of the crestal tissues; excessive occlusal forces; early loading in the presence of a biomechanically
inadequate bone-biomaterial interface; incongruous macrostructure of the implant etc., [1,12–14]. All of
these variables largely decrease the purely technical factor as the cause of crestal bone loss while other
causes can be assessed/avoided through the use of implants designed following specific engineering
concepts [1,14]. Regarding this, it is important to underline how surface topographies are designed to
respond precisely to cell adhesion and positively stimulate cell selectivity [7]. Alterations in surface
morphology, for example, caused by professional oral hygiene maneuvers, can negatively alter the
implant surface [15]. This happens not only at the bone level but also at the soft tissue level, where the
surface morphology can influence the cellular response [16]. On the other hand, many researchers have
shown how the implant macro and micro-geometry can play an essential function in the long-term
conservation of the bone crest [17,18]. A recent systematic review and meta-analysis concluded that
changing implant shoulder positions, shape or orientations (scalloped, sloped, and one piece) offers
no advantage when compared to biphasic standard flat implants, with sufficient scientific evidence.
Moreover, marginal bone resorption appears to be affected by the implant neck design, meanwhile
patient satisfaction and aesthetics results seem to be not involved [18]. Another review demonstrated
that restoration with a scalloped implant–abutment connection revealed significantly more peri-implant
bone resorption compared to implants with a standard implant–abutment shape [19]. A further key
factor is linked to the presence of microgaps in biphasic implant rehabilitations. The latter is defined
as the microscopic space between fixture and prosthetic components. This space allows bacterial
micro-infiltration influencing the long-term survival of implant-supported rehabilitations [2]. Despite
the numerous studies performed worldwide to the authors best knowledge, there are no studies where
marginal bone loss (MBL) has been compared around dental implants where the only variable was the
different implant shoulder (scalloped versus non-scalloped) in a cemented implant system.

Thus, the aim of the present study was to radiographically analyze the MBL on scalloped and
non-scalloped cemented implants after 4 years follow-up.

2. Materials and Methods

2.1. Study Design

This randomized controlled single center study was designed according to the Declaration of
Helsinki protocol. The study was approved on 19/12/2007 by the Inter Institutional Ethics Committee of
University of Chieti-Pescara, Chieti, Italy—committee report nr:ME1. All patients provided a scripted
informed consent to the study recruiting and surgical-prosthetic treatment. Each patient provided
only 2 implant sites for the study, one scalloped (test group) and one non-scalloped (control group).
These sites were determined at the time of recruitment by the clinician and selected based on the greatest
anatomical similarity. The implants were supported exclusively by single crowns. The implants were
evaluated after 4 years from implant placement.

The null hypothesis was that there were no differences between the two types of implant designs on
MBL after 4 years follow-up. The primary outcome was the mean of MBL in single implant-supported
restorations of scalloped and non-scalloped implants. All implants were restored by a single metal
ceramic implant supported crown. MBL was used to estimate the number of patients needed to be
randomized. Moreover, prosthetic complications such as abutment and/or crown decementation,
crown fracture or ceramic chipping at 4 years follow-up were recorded.

2.2. Patient Selection

Fifteen patients who needed two single implant supported restorations were incorporated in
the present study. The patients enrolled were 10 males and 5 females, aged between 31 and 78 years
old with a mean age of 60 years, each of whom must receive two implants, respectively scalloped
and non-scalloped. After taking into consideration the difference in terms of MBL between two
groups, where the different fixture-implant was evaluated [20], a sample size of 13 patients per group
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was calculated to have at the follow-up a minimum difference of MBL. Specifically, the study of
Pozzi et al. [20] showed three-year post-loading results, comparing implants with different prosthetic
interfaces and designs in partially posterior edentulous mandibles. In their study, the MBL mean was
0.67 ± 0.39 mm and 1.24 ± 0.47 mm for the two groups of implants taken into consideration. In fact,
a statistically significant difference between the groups was shown. The value of α was determined
at 0.05, while the power of the test was 0.95. For the calculation, the Pass 3 software was used and
specifically the Two-Sample T-Tests taking Equal Variance. The sample size was increased to avoid
patient losses at follow-up, which would invalidate the test. Then, 15 patients were included to
compensate a possible drop-out.

The patients enrolled were treated in the Outpatient Department of Medical, Oral and Biotechnological
Sciences of the University “G. d’Annunzio” of Chieti-Pescara, Italy. The inclusion criteria were as
follows: patients between 18 and 75 years old of both sexes; partially edentulous who needed at least 2
adjacent single implant rehabilitations on both the upper and lower jaws; patients who had a residual
crest of 5.3 mm wide and at least 10 mm long to allow implant insertion; each patient contributed with
only two single implants in this study; a 1 mm wall thickness of the vestibular and palatal plate was
necessary, therefore, considering the implant diameter, a residual ridge of 8 mm wide was required.

Meanwhile, the exclusion criteria were: general contraindications to implant surgery; smoking
more than 10 cigarettes per day; patients irradiated to the head or neck less than 2 years; patients
undergoing chemotherapy for less than 1 year; patients with uncontrolled diabetes; pregnant and
lactating women; post-extraction sites with acute or purulent infections; post-extraction sites with
non-intact walls; post-extraction sites with implant-bone gap > 2 mm; serious disorders of clotting,
patients with uncontrolled systemic or metabolic disease; drug and alcohol abuse; patients with
periodontal disease (evaluated and recorded by plaque score (PS) and bleeding score (BOP) on four
surfaces on each tooth > 25%) [21]; patients with poor oral hygiene and motivation; patients treated
with bone augmentation surgical techniques < 6 months; patients participating in other clinical trials,
in case they interfere with the application of the present protocol.

This article was written following the CONSORT statement in order to display the progress of all
participants through the trial, as shown in Figure 1 [22].

2.3. Randomization

Patients were allocated into test group (scalloped) and control group (non-scalloped) as indicated
by the randomization chart. A computer generating random numbers was used for the randomization
and centralized with sequentially sealed opaque envelopes provided by the study adviser. Procedures
to keep the allocation of the implant hidden from operators (Allocation Concealment) were performed.
In fact, the operator revealed the sealed envelope containing the randomized group only after completing
the preparation of the two implant sites and only just before inserting the implant.

2.4. Surgical and Prosthetic Treatment

During the first visit, all subjects were clinically examined through radiographs and gingival
indexes, such as, PS and BOP, and were then scheduled for surgery procedures. All implants (Bone
System s.r.l, scalloped and non-scalloped, Milan, Italy) were inserted (T0) by two skilled operators
(M.P. and A.S.), who followed a two-stage protocol and placed them according to the manufacturer’s
instructions. The implants used in this study have general characteristics not dissimilar to the standard
implants. A root-shaped implant, whose main feature is given by the design of the implant platform,
consisting of a scalloped coronal part, was used. The sandblasting and acidification treatment extend over
the entire implant surface, also affecting the festooned portion and the implant platform. All implants
had a diameter of 5.3 mm and lengths of 10 and 12 mm as shown in Figure 2.

All the patients were subject to professional oral hygiene 1 week before, and a mouth rinse of
chlorhexidine digluconate solution 0.2% for 2 min immediately before surgery to reduce the bacterial
load. Local anesthesia was given with Articaine (Ubistesin 4%—Espe Dental AG Seefeld, D-82229
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Seefeld, Germany) associated with epinephrine (1:100,000). The incision of the flap was carried out
to not damage the papillae of the adjacent teeth, if any, through the curvilinear incision described by
Sclar [23]. The insertion axis of the implant was performed to not affect the vestibular bone wall.
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of 1.699 ± 0.95 mm in test group and 1.418 ± 0.79 mm in control group. No statistically significant 
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Figure 2. (a) Image of both bone system dental implant fixtures (left: scalloped shoulder design, and right:
non-scalloped or flat shoulder implant); (b) Implant positioning scheme of scalloped implants where
the upper approximal margin of the implant neck was positioned at the level of the lowest bone peak
indicated by red lines.
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In case of 2 contiguous implant positionings, a minimum inter-implant distance of 3 mm was
maintained meanwhile the distance between the implant and the adjacent tooth was at least 2 mm.

The implants were positioned in the alveolus using a handpiece combined with a controlled torque
handpiece and then, if necessary, inserted manually with the ratchet as indicated by the manufacturer.
The upper approximal margin of the implant neck must be positioned at the level of the lowest bone
peak (Figure 2). The closure of the flap above the implant was primarily intended with Vicryl 4.0 (FS-2,
Ethicon, Somerville, MA, USA). Amoxicillin with clavulanic acid was administered, with a dose of
2 g/day for 6 days (Augmentin; Glaxo-Smithkline Beecham, Brentford, UK). The postoperative pain
was controlled with NSAIDs, a cold/soft diet was suggested for 2 weeks, together with appropriate
oral hygiene. The sutures were removed 7 days after implant insertion. The surgical protocol was
performed as already described [24].

Three months after insertion, the implants were uncovered and a standard healing transmucosal
collar was applied. After 21 ± 7 days, the impression was taken with the specific transfers, and then,
sent to the dental laboratory, which prepared the final customized collars and parallelized titanium
abutments including the temporary element. The definitive gold ceramic crown was applied within
the fifth month from implant placement.

2.5. Data Handling and Radiographic Analysis of Marginal Bone Level Changes.

The implant’s successwasassessedaccordingto theradiographicandclinical criteriaofPapaspyridakosetal.
2012 [25]: (1) absence of implant mobility; (2) absence of pain; (3) absence of recurrent peri-implant
infection; and (4) absence of a continuous radiolucency around the implant. Data were collected in the
specific patient’s case report forms.

The peri-implant gingival index was also recorded. Moreover, during each visit, possible adverse
events and prosthetic complications were collected. In order to evaluate radiographic change of the
peri-implant bone, intraoral radiograph, applying the parallel ray technique, was realize after implant
surgery. To evaluate the MBL, intraoral analogic Rx was performed during each stage and processed
on a digital software, since the method was considered of high precision for evaluations [26] with
a precision less than 0.1 mm as previously reported [2]. The mean value between mesial and distal
region was used as the primary outcome measure for this study.

The commercially available Rinn film holders, used for intraoral radiographs applying the parallel
X-ray technique, were customized using a silicone key for the exact reposition in every subject, in order
to obtain a highly reproducible and faithful radiograph. Furthermore, during the first radiography,
kilovolts, milliampere, and seconds were registered and used in all the stages to obtain the same
images. Radiographs were repeated at implant placement (T0), and at 4 years follow-up (T1).

The values obtained were expressed in terms of average and standard deviation (mean ± SD) on a
millimeter scale.

For the radiographic measurements, we used a protocol already described previously in the literature [2],
where a computer-assisted calibration was used to guarantee a correct measurement. Briefly, to calibrate
the software the known implant diameter and length were measured and inserted then the distance from
the implant shoulder and the first bone implant contact was measured both horizontally and vertically.
Consequently, the mean value was recorded in the software. The measurements were performed for the
mesial and distal side in both study implants. The measurements were repeated for each study time point.

In every radiograph, distance from the top of the fixture (implant shoulder) to the first bone to
implant contact, both mesial and distal sides were measured. The mean value between mesial and
distal region was calculated for the data analysis. A negative value (−) was given in those cases where
the MBL was below the implant shoulder, taking into consideration that both implants were inserted
in T0 in a subcrestal position. In addition, the known implants’ lengths and diameters were measured
to guarantee a correct measurement, even if the implant was slightly angulated on the radiograph.

Based on this ratio, a computer-assisted calibration was performed and linear measurements of
MBL were taken using ImageJ 1.48 v.; Bethesda, MD, USA.
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The software was calibrated for each individual image using the known distance of the implant
diameter at the neck (5.3 mm).

2.6. Statistical Analysis

Statistical analysis was performed using a computerized statistical software; specifically, SPSS
(V. 24-0-IBM Corp., Armonk, NY, USA) was used.

The unit of analysis was the implant, not the number of patients. Then, singular patients were
treated twice (for test group and control group implants).

The data were analyzed with descriptive statistics (Kolmogorov–Smirnov test) to evaluate whether
they had a normal distribution. The differences between groups for peri-implant bone levels were
compared using the paired t-test. Moreover, a Pearson correlation coefficient (R) was used to investigate
the correlation between MBL and the different possible influencing factors: age, sex and implant
position. All statistical comparisons were conducted with a significance level of 0.05.

3. Results

This study highlighted the late failure of an implant, which occurred in a period of about 10 months
after implant placement, with loss of osseointegration. A few months later, a new implant was inserted then
perfectly osseointegrated. All the remaining implants were perfectly osseointegrated and clinically stable.
No implant fractures occurred, but in one patient, the decementation of the temporary prosthesis was
recorded and immediately repositioned. All patients reported good periodontal health, with periodontal
bleeding on probing and plaque score values under < 25%.

The main patient demographic characteristics as well as MBL at T0, T1 and the differential values
are described in Table 1.

After implant insertion, only one patient experienced paresthesia of the lower hemilip, which was
resolved completely after one month. A total of 13 out of 15 patients completed the study. In addition,
two patients left the protocol, the respective causes of these losses were: death in one case; and in the
other case, deviation from the protocol parameters described above, as the patient did not show up for
several fixed appointments and returned after a long time with several lost dental elements. In this
case, the prosthesis was not delivered due to the necessary change of the treatment plan, following the
new clinical situation.

Marginal bone resorption measurements were carried out at the time of implant insertion and at the
end of 4 years follow-up, the values obtained are expressed in terms of average and standard deviation
(mean ± SD) on a millimeter scale as shown in an explanatory case in Figure 3. All implants were inserted
with the upper margin of the fixture positioned at the level of the lowest bone peak as demonstrated on
Figure 2b. Thus, the measurements made at T0 showed a mean marginal bone level of 1.699 ± 0.95 mm
in test group and 1.418 ± 0.79 mm in control group. No statistically significant differences were found
between the two groups at T0 (P = 0.2325) (Figure 4). MBL measured at T1 from the crestal bone level was
−0.73 ± 0.70 mm in test group and −0.50 ± 0.92 mm in control group. Additionally, in T1, no statistically
significant differences were found between the two groups (P = 0.333) (Figure 5).

However, at T1, the results demonstrated a differential MBL, from starting point after 4 years,
of 2.436 ± 1.103 mm and 1.923 ± 1.021 mm, respectively for test and control groups.

The paired t-test (P = 0.02) demonstrated a statistically significant difference between the two
groups (Figure 6; Figure 7). Moreover, for “non-scalloped” implants, the minimum value reported
was 0.373 mm, and the maximum value reported was 3.777 mm, whilst, for “scalloped” implants the
minimum and maximum value reported were 0.791 and 3.555 mm, respectively. The relationship
between the different values recorded at T0, T1 and in the differential (T1-T0) are shown in detail in
Figures 4–6. As mentioned, the paired t-test did not demonstrate statistically significant differences
in the samples at T0 and T1; instead, it was in the differential. Analyzing two implants per patient,
almost all couples, excluding patients 3, 7 and 13, exhibit significantly greater resorption in the test
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sample. Meanwhile, in patients 3, 7 and 13, the control sample shows a greater resorption differential
but with minimal differences (Figures 4–6).

To better understand the data, a possible correlation with sex and implant position was also
investigated. The correlation between the differential and increasing age showed R = −0.29 value in the
control group, demonstrating a negative correlation but without any statistical significance (P = 0.33).
On the contrary, in the test group, the correlation was positive but always with non-statistically
significant values (R = 0.25, P = 0.41) also in this case. No MBL differences were observed regarding sex
(Table 2); however, implants placed in all women showed lower differential MBL with no statistically
significant difference (P = 0.47).

Regarding implant site position, no difference was shown between groups for this cause of the
adjacent implant insertion site. In fact, in all patients, the implants were placed in equivalent anatomical
positions to avoid bias related to the anatomical site. Correlation between maxillary implant position
and MBL has been studied but no statistically significant differences have been detected (R = 0.53,
P = 0.06, control group), (R = 0.28, P = 0.33, test group). Implants placed in maxillary bone showed
higher differential MBL with no statistically significant difference (P = 0.057). Finally, the mean MBL
for the cohort with all the details is illustrated in Table 2.

Moreover, no statistically significant differences were found between the two groups in terms of
prosthetic complications. These data both with decementation and chipping rates have been presented in
Table 3. No abutment or permanent crown decementation was observed in both groups. On the other
hand, regarding ceramic chipping, it occurred in both groups with a percentage of 23.07% (three cases)
and for 15.38% (two cases) in the test and control group, respectively. Meanwhile, a total ceramic chipping
rate of 19.23% after 4 years of function was found.
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Figure 3. Periapical radiographs showing all the phases of the study (A–G): (A) pre-operative periapical
radiography; (B) immediately after implant placement; (C) at the second surgical stage; (D) cementation
of final abutments; (E) crown structure test; (F) delivery of the permanents metal-ceramic crowns;
(G) radiograph taken 4 years after implant insertion. (H–I) demonstration of the MBL measurements
with computer-assisted calibration to guarantee a correct measurement also in cases where the radiograph
was slightly angulated.
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Table 1. Table shows demographic characteristics, site, bone density, insertion torque and radiographic MBL
measurements at different time points of all the patients enrolled in the study. The minus (−) indicates that
the quantity of bone was lost below the implant shoulder (please see Figure 2). A difference was determined
between the values obtained of T1-T0 to have the amount of bone resorption at 4 years follow-up.

Id Age Sex Group Site Bone Density Final Torque NCM T0 Rx (mm) T1 Rx (mm) Rx T1-T0

1A 78 M CONTROL 46 Normal 45 1.329 −0.076 1.404

1B 78 M TEST 47 Dense 35 2.622 −0.741 3.363

2A 67 F CONTROL 16 Poor 25 2.669 −0.039 2.708

2B 66 F TEST 14 Normal 40 3.528 −0.028 3.555

3A 48 F CONTROL 25 Poor 30 1.773 −1.261 3.034

3B 47 F TEST 24 Dense 45 1.656 −1.115 2.771

4A 67 M CONTROL 24 Normal 40 1.990 −0.690 2.680

4B 68 M TEST 26 Normal 45 1.677 −1.700 3.377

5A 76 M CONTROL 35 Dense 50 0.794 −1.358 2.152

5B 77 M TEST 36 Normal 35 2.171 −0.462 2.633

6A 59 F CONTROL 37 Normal 30 2.633 1.532 1.101

6B 60 F TEST 46 Dense 40 1.371 −0.317 1.688

7A 45 M CONTROL 25 Poor 25 1.185 −0.638 1.823

7B 44 M TEST 24 Normal 30 1.290 −0.294 1.584

8A 68 M CONTROL 26 Normal 25 1.280 0.000 1.280

8B 69 M TEST 27 Poor 30 1.587 0.272 1.315

9A 56 M CONTROL 46 Dense 50 −0.089 −0.462 0.374

9B 57 M TEST 47 Normal 55 0.979 0.188 0.791

10A 73 M CONTROL 27 Normal 40 1.902 −0.864 2.766

10B 72 M TEST 26 Normal 50 3.042 −1.429 4.470

11A 66 F CONTROL 16 Poor 25 0.958 0.346 0.612

11B 65 F TEST 15 Normal 25 0.650 −0.665 1.315

12A 51 F CONTROL 37 Dense 35 0.495 −0.795 1.289

12B 50 F TEST 35 Normal 30 0.058 −1.713 1.771

13A 32 M CONTROL 26 Poor 40 1.519 −2.259 3.777

13B 31 M TEST 16 Normal 35 1.466 −1.576 3.041

Table 2. Marginal Bone Loss related to sex and location (mean ± SD, mm) of the implants, in the test
and control groups and the cumulative value of all the implants inserted in the study.

Categories (Test Group) T0 T1 T1-T0

Sex
Male 1.854 ± 0.700 −0.717 ± 0.78 2.571 ± 1.243

Female 1.452 ± 1.32 −0.76 ± 0.66 2.22 ± 0.92

Location
Posterior maxilla 1.861 ± 0.94 −0.816 ± 0.748 2.678 ± 1.166

Posterior mandible 1.44 ± 1.007 −0.61 ± 0.703 2.05 ± 0.98

Categories (Control Group) T0 T1 T1-T0

Sex
Male 1.239 ± 0.661 −0.793 ± 0.733 2.032 ± 1.054

Female 1.705 ± 0.977 −0.043 ± 1.082 1.749 ± 1.060

Location
Posterior maxilla 1.659 ± 0,545 −0.676 ± 0.827 2.335 ± 1.025

Posterior mandible 1.032 ± 1.031 −0.232 ± 1.092 1.264 ± 0.638

Categories (All Inserted Implants) T0 T1 T1-T0

Sex
Male 1.546 ± 0.73 −0.755 ± 0.73 2.30 ± 1.147

Female 1.578 ± 1.10 −0.40 ± 0.93 1.984 ± 0.968

Location
Posterior maxilla 1.760 ± 0.753 −0.746 ± 0.7655 2.506 ± 1.075

Posterior mandible 1.236 ± 0.984 −0.42 ± 0.888 1.656 ± 0.883
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Table 3. The prosthetic complications in both groups.

Groups- Abutment
Decementation

Temporary Crown
Decementation

Crown
Decementation Ceramic Chipping

TEST 0 0 0 3 (23.07%)

CONTROL 0 1 (7.69%) 0 2 (15.38%)

TOTAL 0 1 (3.84%) 0 5 (19.23%)Materials 2020, 13, x FOR PEER REVIEW 10 of 17 
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Figure 4. Graphic representation of marginal bone level of both groups at T0, where no statistically
significant difference was shown between the test (scalloped) and control (flat) groups (P = 0.2325).
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Figure 5. Graphic representation of MBL of both groups, for each patient, at T1 where no statistically
significant difference was shown between the test (scalloped) and control (flat) groups (P = 0.333).
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Figure 6. Graphic representation of MBL of both groups at T1, after 4 years follow-up (T1-T0), where a
statistically significant difference was shown between the test (scalloped) and control (flat) groups (P = 0.02).
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Figure 7. Box plot graphic representation of MBL of both groups after 4 years follow-up, where a
statistically significant difference is shown p < 0.05 between the test and control groups (P = 0.02).

4. Discussion

The null hypothesis of this study was rejected, demonstrating that a difference in terms of MBL
was detected between groups. The results of this study highlighted how the use of implants with a
scalloped platform does not bring additional benefits regarding MBL, comparing it with the results
obtained by the use of flat implant platforms. On the contrary, better results were shown at 4 years
follow-up with the flat design. In the literature, preliminary results regarding the use of a scalloped
platform seem to be unfavorable to the maintenance of peri-implant bone tissue. Our data are in fact
in agreement with those of Park et al. in 2010 [27], which used 4 types of implants with a festooned
collar, different from each other only for microstructure, highlighting that the use of a festooned collar
does not prevent crestal bone resorption. In the same study, however, it is noted that the use of an
implant with a festooned collar associated with a micro-threading was able to ensure less extensive



Materials 2020, 13, 2190 11 of 15

bone resorption [27]. Moreover, a main difference exists between the two studies, as their study was
performed in dogs, meanwhile ours was performed in humans.

Moreover, Bradley in 2007 compared monolithic and biphasic implants with festooned collars,
evaluating the differences in marginal bone resorption [28]. They showed that an enhanced
interproximal tissue preservation from scalloped implant designs may lead to more predictable
esthetic dental implant restorations in the anterior maxilla. Considering only the biphasic implants,
the follow-up period had an average of 15 months and the identified crestal bone resorption was
approximately 2 mm [28]. On the contrary, in the present study, a follow-up period of 48 months was
analyzed, therefore the higher resorption values appear justified.

Furthermore, we also found consistency with the data published by Kan et al. in 2007 [29], who
concluded by saying that the crestal bone tissue was not preserved at the original level in sites with
scalloped platform implants. Finally, a direct correspondence of the present results with those of
Nowzari et al. in 2006 was found [30]. In fact, they concluded by saying that the use of implants with a
scalloped platform determines a greater bone resorption than implants with a flat platform.

However, there are studies that demonstrate the real effectiveness in the use of implants with
festooned platforms. Khatami et al. in 2006 [31] declared how the clinical and radiographic results
support the theory that implants with a scalloped platform preserve the maintenance of the crestal
bone, consequently guaranteeing the support of the interdental papilla.

In addition, more recently Starch-Jensen et al. in 2017, have carried out a systematic review of
the literature [19]. The goal was precisely to identify differences between the various outcomes after
treatment with flat or scalloped design systems. In this paper only 3 studies fulfilled the inclusion
criteria. The included studies always reported a high implant survival rate and a lower MBL in flat
design [32–34]. The included studies showed a different follow-up period: 12 [32], 36 [33] and 60 [34]
months, respectively. In our case, a 48-month period was analyzed. Authors concluded that at 5 years,
implants with a scalloped design had significantly higher bleeding, gingival and probing depth scores than
implants with a flat design [19]. However, none of the included studies used a cemented implant–abutment
connection, as here reported [19]. It should be considered that our study is the one, to the authors’ best
knowledge, that treats the MBL around cemented dental implants. All the above-mentioned studies treat
screw retained abutments. In vivo and in vitro studies suggested that the internal implant connection
of cemented retained abutment allows a greater degree of isolation from the peri-implant sulcus than in
screw retained, and therefore, guarantees greater benefits in terms of bacterial colonization and microgap
reduction [35,36].

Over the years, some studies evaluated different aspects related to this type of connection. Assenza et al.
in 2006 [36] investigated the effect of the cemented retained abutment and its possible decementation on
peri-implant soft tissues. The same authors in 2012, on the other hand, evaluated that bacterial infiltrate
in the microgap in different implant–abutment connections, demonstrating a better performance of the
cemented connection [35].

Being that marginal bone loss is a multifactorial phenomenon, where plaque accumulation plays
a key role, the cemented implants could positively affect the bone loss. On the other hand, it has been
reported that the presence of the cement in the peri-implant sulcus may lead to peri-implantitis and
therefore implant failure [37]. Thus, it is of relevant importance to perfectly remove the cement from
the peri-implant sulcular once the abutment is cemented.

However, the authors published a recent paper where no statistical differences were shown between
screw retained and cemented implants after 10 years of follow-up [4].

Thus, the importance of these results is in accordance with the trend showed in screw retained
abutments connection type. It is therefore necessary to carefully read the results of this study, which
highlight a better maintenance of the crestal bone in favor of implants with a flat platform on cemented
abutments implants. Analyzing the individual cases, only in 3 out of 13 patients there was a better
maintenance of the crestal bone on the implants with a scalloped platform. However, a more careful
analysis has shown that in these patients, the level of the crestal bone at the baseline by test and
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control was almost similar (the maximum difference between test and control was 0.1 mm). Moreover,
in 6 out of 13 patients, a more subcrestal positioning of the test implants was found, justifying the
greater bone resorption in these cases. In the remaining 4 out of 13 patients, although there is a more
subcrestal positioning for the control implants, the latter nonetheless showed less bone resorption [31].
The positioning of the implant above or below the crest acquires importance in relation to the formation
of the biological width, which forms in an apical direction, starting from the fixture–abutment junction.
In fact, it follows that the more subcrestal the implant is positioned, the more apical the formation of the
biological width, which in turn, needs space for the formation of the epithelium and its sub-epithelial
connective portion. The more apical the position of the implant margin will be, the more it will be that
of the bone margin [38,39]. The positioning above or below the crest of an implant is a fundamental
determinant for the maintenance of the crestal bone, as has been described in studies on animals and
on humans [40–42].

The positioning of a subcrestal implant is related to a greater reabsorption of bone not only for the
necessary formation of biological width but also because the preparation of a deeper implant site is
linked to a greater traumatized bone surface, and therefore, to greater vascular damage [42]. Taking
into account that the implants used had a 5.3 mm diameter, the greater diameter extension led to
further removal of bone tissue. The interruption of part of the vascular network of the bone tissue at
the implant site is the cause of a reduced blood supply in the peri-implant areas and this probably
could partly explain the reason for a greater bone resorption.

As pointed out, the multifactorial of the crestal bone resorption places a limit on the results obtained
by evaluating the macro-morphology of the implant platform alone.

In any case, the results presented demonstrate an acceptable level of marginal bone resorption in
both the methods used, but the variable examined seems to influence the resorption over the years.
A low rate of prosthetic complication was also showed. Papaspyridakos et al. in 2019 demonstrated
a rate of “prosthesis free of technical complications” of 56.4% [43]. Instead, results here presented
showed 80.77%, at 4 years follow-up. However, a total ceramic chipping rate of 19.23% after 4 years
of function was shown on both groups with a percentage of 23.07% (3 cases) in test and of 15.38%
(2 cases) in the control group. On the other hand, no other prosthetic complications were observed in
both groups in terms of abutment or crown decementation during the study.

However, it has to be highlighted that the festooning of the implant neck could be important from
an aesthetic point of view, since the maintenance of the crestal bone guarantees adequate support for
the soft tissues, and therefore, the formation of the interdental papilla [44–46]. The stability of the soft
tissues could prevent the formation of interdental black triangles and the uncovering of the metal edges
around the implant neck, both causes of unacceptable imperfections, capable of affecting the result of
the therapy [47,48]. This could be taken into consideration as the objective of the implant-supported
rehabilitation is not only to provide patient with correct function but also with a correct aesthetic.

One of the main limitations of the present study is the small sample size, although based on a
previous paper for determining it. Thus, clinical trials with a bigger sample size must be performed to validate
the results of the present study and moreover, to better understand the MBL around cemented implants.

5. Conclusions

In summary, in this study, the use of a scalloped platform did not provide better results on the
maintenance of the crestal bone after 4 years follow-up. This, probably, is determined by multiple
factors, among which the subcrestal insertion of festooned implants stands out. The preparation of the
implant bed results in reduced vascular function as the surgical hole is deeper. In any case, all implants,
whether with scalloped or non-scalloped platforms, after 4 years follow-up, were well osseointegrated.
On the other hand, prosthetic complications such as crown chipping were shown in both groups,
with a higher presence in the test group (3 cases) compared to the control group (2 cases). Further
studies, with the same study design but with a greater sample size, are needed to clarify whether the
scalloped implant platform can indisputably contribute to the maintenance of peri-implant soft tissues.



Materials 2020, 13, 2190 13 of 15

Author Contributions: Conceptualization, A.S., M.P. and S.C.; methodology, B.S. and T.T.; software, T.T. and
G.D.; validation, B.S., M.P. and S.C.; formal analysis, T.T. and I.R.; investigation, A.S., M.P. and B.D.; resources,
S.C., M.P. and A.S.; data curation, T.T., M.S. and B.D.; writing—original draft preparation, G.D., M.S. and B.S.;
writing—review and editing, B.S. and T.T.; visualization, M.P. and I.R.; supervision, T.T.; project administration, B.S.
and S.C.; funding acquisition, S.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Caricasulo, R.; Malchiodi, L.; Ghensi, P.; Fantozzi, G.; Cucchi, A. The influence of implant-abutment
connection to peri-implant bone loss: A systematic review and meta-analysis. Clin. Implant Dent. Relat. Res.
2018, 20, 653–664. [CrossRef] [PubMed]

2. Sinjari, B.; D’Addazio, G.; De Tullio, I.; Traini, T.; Caputi, S. Peri-Implant Bone Resorption during Healing
Abutment Placement: The Effect of a 0.20% Chlorhexidine Gel vs. Placebo-A Randomized Double Blind
Controlled Human Study. BioMed Res. Int. 2018, 16, 5326340. [CrossRef] [PubMed]

3. Albrektsson, T.; Buser, D.; Sennerby, L. On crestal/marginal bone loss around dental implants. Int. J. Oral
Maxillofac. Implants 2012, 27, 736–738. [PubMed]

4. Sinjari, B.; D’Addazio, G.; Traini, T.; Varvara, G.; Scarano, A.; Murmura, G.; Caputi, S. A 10-year retrospective
comparative human study on screw-retained versus cemented dental implant abutments. J. Boil. Regul.
Homeost. Agents 2019, 33, 787–797.

5. Leonard, G.; Coelho, P.; Polyzois, I.; Stassen, L.; Claffey, N. A study of the bone healing kinetics of plateau
versus screw root design titanium dental implants. Clin. Oral Implant. Res. 2009, 20, 232–239. [CrossRef]

6. Berglundh, T.; Armitage, G.; Araujo, M.G.; Avila-Ortiz, G.; Blanco, J.; Camargo, P.M.; Chen, S.; Cochran, D.;
Derks, J.; Figuero, E.; et al. Peri-implant diseases and conditions: Consensus report of workgroup 4 of
the 2017 World Workshop on the Classification of Periodontal and Peri-Implant Diseases and Conditions.
J. Periodontol. 2018, 89, S313–S318. [CrossRef]

7. Sinjari, B.; Traini, T.; Caputi, S.; Mortellaro, C.; Scarano, A. Evaluation of Fibrin Clot Attachment on Titanium
Laser-Conditioned Surface Using Scanning Electron Microscopy. J. Craniofacial Surg. 2018, 29, 2277–2281.
[CrossRef]

8. Oh, T.J.; Yoon, J.; Misch, C.E.; Wang, H.L. The causes of early implant bone loss: Myth or science? J. Periodontol.
2002, 73, 322–333. [CrossRef]

9. Marconcini, S.; Giammarinaro, E.; Covani, U.; Mijiritsky, E.; Vela, X.; Rodríguez, X. The Effect of Tapered
Abutments on Marginal Bone Level: A Retrospective Cohort Study. J. Clin. Med. 2019, 8, 1305. [CrossRef]

10. Kitamura, E.; Stegaroiu, R.; Nomura, S.; Miyakawa, O. Influence of marginal bone resorption on stress
around an implant—A three-dimensional finite element analysis. J. Oral Rehabilitation 2005, 32, 279–286.
[CrossRef]

11. Renvert, S.; Persson, G.R.; Pirih, F.Q.; Camargo, P.M. Peri-implant health, peri-implant mucositis, and peri-
implantitis: Case definitions and diagnostic considerations. J. Periodontol. 2018, 89, S304–S312. [CrossRef]
[PubMed]

12. D’Ercole, S.; D’Addazio, G.; Di Lodovico, S.; Traini, T.; Di Giulio, M.; Sinjari, B. Porphyromonas Gingivalis
Load is Balanced by 0.20% Chlorhexidine Gel. A Randomized, Double-Blind, Controlled, Microbiological
and Immunohistochemical Human Study. J. Clin. Med. 2020, 20, 284. [CrossRef] [PubMed]

13. Scarano, A.; Murmura, G.; Sinjari, B.; Sollazzo, V.; Spinelli, G.; Carinci, F. Analysis and structural examination
of screw loosening in oral implants. Int. J. Immunopathol. Pharmacol. 2011, 24, 77–81. [CrossRef] [PubMed]

14. Penarrocha-Diago, M.A.; Flichy-Fernandez, A.J.; Alonso-Gonzalez, R.; Penarrocha-Oltra, D.; Balaguer-Martínez, J.;
Penarrocha-Diago, M. Influence of implant neck design and implant-abutment connection type on peri-
implant health. Radiological study. Clin. Oral Implant. Res. 2013, 24, 1192–1200. [CrossRef]

15. Sinjari, B.; D’Addazio, G.; Bozzi, M.; Celletti, R.; Traini, T.; Mavriqi, L.; Caputi, S. Comparison of a Novel
Ultrasonic Scaler Tip vs. Conventional Design on a Titanium Surface. Materials 2018, 22, 2345. [CrossRef]

16. Ghinassi, B.; D’Addazio, G.; Di Baldassarre, A.; Femminella, B.; Di Vincenzo, G.; Piattelli, M.; Gaggi, G.;
Sinjari, B. Immunohistochemical Results of Soft Tissues Around a New Implant Healing-Abutment Surface:
A Human Study. J. Clin. Med. 2020, 9, 1009. [CrossRef]

http://dx.doi.org/10.1111/cid.12620
http://www.ncbi.nlm.nih.gov/pubmed/29761902
http://dx.doi.org/10.1155/2018/5326340
http://www.ncbi.nlm.nih.gov/pubmed/30410934
http://www.ncbi.nlm.nih.gov/pubmed/22848874
http://dx.doi.org/10.1111/j.1600-0501.2008.01640.x
http://dx.doi.org/10.1002/JPER.17-0739
http://dx.doi.org/10.1097/SCS.0000000000004519
http://dx.doi.org/10.1902/jop.2002.73.3.322
http://dx.doi.org/10.3390/jcm8091305
http://dx.doi.org/10.1111/j.1365-2842.2004.01413.x
http://dx.doi.org/10.1002/JPER.17-0588
http://www.ncbi.nlm.nih.gov/pubmed/29926953
http://dx.doi.org/10.3390/jcm9010284
http://www.ncbi.nlm.nih.gov/pubmed/31968610
http://dx.doi.org/10.1177/03946320110240S214
http://www.ncbi.nlm.nih.gov/pubmed/21781450
http://dx.doi.org/10.1111/j.1600-0501.2012.02562.x
http://dx.doi.org/10.3390/ma11122345
http://dx.doi.org/10.3390/jcm9041009


Materials 2020, 13, 2190 14 of 15

17. Annibali, S.; Bignozzi, I.; Cristalli, M.P.; Graziani, F.; La Monaca, G.; Polimeni, A. Peri-implant marginal bone
level: A systematic review and meta- analysis of studies comparing platform switching versus convention-
ally restored implants. J. Clin. Periodontol. 2012, 39, 1097–1113. [CrossRef]

18. Tallarico, M.; Caneva, M.; Meloni, S.M.; Xhanari, E.; Omori, Y.; Canullo, L. Survival and Success Rates of
Different Shoulder Designs: A Systematic Review of the Literature. Int. J. Dent. 2018, 26, 6812875. [CrossRef]

19. Starch-Jensen, T.; Christensen, A.E.; Lorenzen, H. Scalloped Implant-Abutment Connection Compared to
Conventional Flat Implant-Abutment Connection: A Systematic Review and Meta-Analysis. J. Oral Maxillofac.
Res. 2017, 8, e2. [CrossRef]

20. Pozzi, A.; Tallarico, M.; Moy, P.K. Three-year post-loading results of a randomised, controlled, split-mouth
trial comparing implants with different prosthetic interfaces and design in partially posterior edentulous
mandibles. Eur. J. Oral Implant. 2014, 7, 47–61.

21. Löe, H. The Gingival Index, the Plaque Index and the Retention Index Systems. J. Periodontol. 1967, 38,
610–616. [CrossRef]

22. Schulz, K.F.; Altman, D.G.; Moher, D.; CONSORT Group. CONSORT 2010 statement: Updated guidelines
for reporting parallel group randomised trials. Int. J. Surg. 2011, 9, 672–677. [PubMed]

23. Sclar, A.G. Surgical techniques for management of peri-implant soft tissues. In Soft Tissue Esthetic Considerations
in Implant Therapy; Motamedi, M., Ed.; Quintessence: Chicago, IL, USA, 2003; pp. 47–51.

24. Scarano, A.; Murmura, G.; Sinjari, B.; Assenza, B.; Sollazzo, V.; Spinelli, G.; Carinci, F. Expansion of the
alveolar bone crest with ultrasonic surgery device: Clinical study in mandible. Int. J. Immunopathol. Pharmacol.
2011, 24, 71–75. [CrossRef] [PubMed]

25. Papaspyridakos, P.; Chen, C.J.; Singh, M.; Weber, H.P.; Gallucci, G.O. Success criteria in implant dentistry:
A systematic review. J. Dent. Res. 2012, 91, 242–248. [CrossRef] [PubMed]

26. De Smet, E.; Jacobs, R.; Gijbels, F.; Naert, I. The accuracy and reliability of radiographic methods for
the assessment of marginal bone level around oral implants. Dentomaxillofac. Radiol. 2002, 31, 176–181.
[CrossRef] [PubMed]

27. Park, Y.S.; Lee, S.P.; Han, C.H.; Kwon, J.H.; Jung, Y.C. The microtomographic evaluation of marginal bone
resorption of immediately loaded scalloped design implant with various microthread configurations in
canine mandible: Pilot study. J. Oral Implant. 2010, 36, 357–362. [CrossRef]

28. McAllister, B.S. Scalloped implant designs enhance interproximal bone levels. Int. J. Periodontics Restor. Dent.
2007, 27, 9–15.

29. Kan, J.Y.; Rungcharassaeng, K.; Liddelow, G.; Henry, P.; Goodacre, C.J. Periimplant tissue response following
immediate provisional restoration of scalloped implants in the esthetic zone: A one-year pilot prospective
multicenter study. J. Prosthet. Dent. 2007, 97, S109–S118. [CrossRef]

30. Nowzari, H.; Chee, W.; Yi, K.; Pak, M.; Chung, W.H.; Rich, S. Scalloped dental implants: A retrospective
analysis of radiographic and clinical outcomes of 17 NobelPerfect implants in 6 patients. Clin. Implant Dent.
Relat. Res. 2006, 8, 1–10. [CrossRef]

31. Khatami, A.H.; Al-Ajmi, M.; Kleinman, A. Preservation of the gingival architecture with the scalloped
implant design: A clinical report. J. Oral Implant. 2006, 32, 167–170. [CrossRef]

32. Den Hartog, L.; Raghoebar, G.M.; Slater, J.J.; Stellingsma, K.; Vissink, A.; Meijer, H.J. Single-tooth implants
with different neck designs: A randomized clinical trial evaluating the aesthetic outcome. Clin. Implant Dent.
Relat. Res. 2013, 15, 311–321. [CrossRef] [PubMed]

33. Khraisat, A.; Zembic, A.; Jung, R.E.; Hammerle, C.H. Marginal bone levels and soft tissue conditions around
single- tooth implants with a scalloped neck design: Results of a prospective 3-year study. Int. J. Oral
Maxillofac. Implant. 2013, 28, 550–555. [CrossRef] [PubMed]

34. Van Nimwegen, W.G.; Raghoebar, G.M.; Stellingsma, K.; Tymstra, N.; Vissink, A.; Meijer, H.J. Treatment
Outcome of Two Adjacent Implant-Supported Restorations with Different Implant Platform Designs in the
Esthetic Region: A Five-Year Randomized Clinical Trial. Int. J. Prosthodont. 2015, 28, 490–498. [CrossRef]
[PubMed]

35. Assenza, B.; Tripodi, D.; Scarano, A.; Perrotti, V.; Piattelli, A.; Iezzi, G.; D’Ercole, S. Bacterial leakage in
implants with different implant-abutment connections: An in vitro study. J. Periodontol. 2012, 83, 491–497.
[CrossRef]

http://dx.doi.org/10.1111/j.1600-051X.2012.01930.x
http://dx.doi.org/10.1155/2018/6812875
http://dx.doi.org/10.5037/jomr.2017.8102
http://dx.doi.org/10.1902/jop.1967.38.6_part2.610
http://www.ncbi.nlm.nih.gov/pubmed/22019563
http://dx.doi.org/10.1177/03946320110240S213
http://www.ncbi.nlm.nih.gov/pubmed/21781449
http://dx.doi.org/10.1177/0022034511431252
http://www.ncbi.nlm.nih.gov/pubmed/22157097
http://dx.doi.org/10.1038/sj.dmfr.4600694
http://www.ncbi.nlm.nih.gov/pubmed/12058265
http://dx.doi.org/10.1563/AAID-JOI-D-09-00041
http://dx.doi.org/10.1016/S0022-3913(07)60014-6
http://dx.doi.org/10.2310/j.6480.2005.00034.x
http://dx.doi.org/10.1563/798.1
http://dx.doi.org/10.1111/j.1708-8208.2011.00372.x
http://www.ncbi.nlm.nih.gov/pubmed/21815991
http://dx.doi.org/10.11607/jomi.2544
http://www.ncbi.nlm.nih.gov/pubmed/23527359
http://dx.doi.org/10.11607/ijp.4199
http://www.ncbi.nlm.nih.gov/pubmed/26340009
http://dx.doi.org/10.1902/jop.2011.110320


Materials 2020, 13, 2190 15 of 15

36. Assenza, B.; Artese, L.; Scarano, A.; Rubini, C.; Perrotti, V.; Piattelli, M.; Thams, U.; San Roman, F.; Piccirilli, M.;
Piattelli, A. Screw vs cement-implant-retained restorations: An experimental study in the beagle. Part 2.
Immunohistochemical evaluation of the peri-implant tissues. J. Oral Implant. 2006, 32, 1–7. [CrossRef]

37. Staubli, N.; Walter, C.; Schmidt, J.C.; Weiger, R.; Zitzmann, N.U. Excess cement and the risk of peri-implant
disease—A systematic review. Clin. Oral Implant. Res. 2017, 28, 1278–1290. [CrossRef]

38. Berglundh, T.; Lindhe, J. Dimensions of perimplants mucosa. Biological width revisited. J. Clin. Periodontol.
1996, 23, 971–973. [CrossRef]

39. Berglundh, T.; Lindhe, J. The mucosal attachment at different abutments. An experimental study in dogs.
J. Clin. Periodontol. 1998, 25, 721–727.

40. Ericsson, I.; Nilner, K.; Klinge, B.; Glantz, P.O. Radiographical and histological characteristics of submerged
and nonsubmerged titanium implants. An experimental study in the Labrador dog. Clin. Oral Implant. Res.
1996, 7, 20–26. [CrossRef]

41. Hermann, J.S.; Cochran, D.L.; Nummikoski, P.V.; Buser, D. Crestal bone changes around titanium implants.
A radiographic evaluation of unloaded nonsubmerged and submerged implants in the canine mandible.
J. Periodontol. 1997, 68, 1117–1130. [CrossRef]

42. Veis, A.; Parissis, N.; Tsirlis, A.; Papadeli, C.; Marinis, G.; Zogakis, A. Evaluation of peri-implant marginal
bone loss using modified abutment connections at various crestal level placements. Int. J. Periodontics Restor.
Dent. 2010, 30, 609–617.

43. Papaspyridakos, P.; Bordin, T.B.; Natto, Z.S.; El-Rafie, K.; Pagni, S.E.; Chochlidakis, K.; Ercoli, C.; Weber, H.P.
Complications and survival rates of 55 metal-ceramic implant-supported fixed complete-arch prostheses:
A cohort study with mean 5-year follow-up. J. Prosthet. Dent. 2019, 122, 441–449. [CrossRef] [PubMed]

44. Holt, R.L.; Rosenberg, M.M.; Zinser, P.J.; Ganeles, J. Concept for a biologically derived, parabolic implant
design. Int. J. Periodontics Restor. Dent. 2002, 22, 473–481.

45. Gadhia, M.H.; Holt, R.L. A new implant design for optimal esthetics and retention of interproximal papillae.
Implant. Dent. 2003, 12, 164–169. [CrossRef] [PubMed]

46. Wohrle, P.S. NobelPerfectTM esthetic scalloped implant: Rationale for a new design. Clin. Implant. Dent.
Relat. Res. 2003, 5, 64–73. [CrossRef] [PubMed]

47. Nordland, W.P.; Tarnow, D.P. A classification system for loss of papillary height. J. Periodontol. 1998, 69,
1124–1126. [CrossRef]

48. Tarnow, D.P.; Magner, A.W.; Fletcher, P. The effect of the distance from the contact point to the crest of bone
on the presence or absence of the interproximal dental papilla. J. Periodontol. 1992, 63, 995–996. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1563/754.1
http://dx.doi.org/10.1111/clr.12954
http://dx.doi.org/10.1111/j.1600-051X.1996.tb00520.x
http://dx.doi.org/10.1034/j.1600-0501.1996.070103.x
http://dx.doi.org/10.1902/jop.1997.68.11.1117
http://dx.doi.org/10.1016/j.prosdent.2019.01.022
http://www.ncbi.nlm.nih.gov/pubmed/30982622
http://dx.doi.org/10.1097/01.ID.0000067682.95950.A2
http://www.ncbi.nlm.nih.gov/pubmed/12861885
http://dx.doi.org/10.1111/j.1708-8208.2003.tb00017.x
http://www.ncbi.nlm.nih.gov/pubmed/12691652
http://dx.doi.org/10.1902/jop.1998.69.10.1124
http://dx.doi.org/10.1902/jop.1992.63.12.995
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	Patient Selection 
	Randomization 
	Surgical and Prosthetic Treatment 
	Data Handling and Radiographic Analysis of Marginal Bone Level Changes. 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

