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Abstract: The objective of the present retrospective multi-center study was to analyze the outcomes of
bone-level (BL) implants and tissue-level (TL) implants in immediate-loading full-arch rehabilitations.
Patients who were previously rehabilitated with full-arch immediate-loading rehabilitations with
either BL or TL implants were considered. Data regarding implant survival rate, marginal bone
loss (MBL), peri-implant probing depth (PPD), plaque index (PI), and bleeding on probing (BOP)
were recorded, and the 1-year follow-up data were statistically analyzed between the two groups.
In total, 38 patients were evaluated for a total implant number of 156 (n = 80 TL implants and
n =76 BL implants). An implant survival rate of 97.37% was recoded for the BL group while an
implant survival rate of 100% was noted for the TL group. A total MBL of 1.324 + 0.64 mm was
recorded for BL implants, while a total MBL of 1.194 £ 0.30 mm was recorded for TL implants. A
statistically significant difference was highlighted regarding MBL at the mesial aspect (p = 0.01552) of
the implants, with BL implants presenting with higher MBL. Within the range of acceptable healthy
values, a statistically significant difference was also highlighted regarding BOP (p < 0.00001), with TL
implants presenting higher values. No statistically significant difference (p > 0.05) was recorded for
any of the other variables analyzed. Within the limitations of the present retrospective study, both TL
and BL implants seem to provide good clinical outcomes after a 12-month observational period when
employed in immediate-loading full-arch rehabilitation.
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1. Introduction

Nowadays, immediate-loading full-arch implant rehabilitation represents the elective
treatment plan for the fixed rehabilitation of patients suffering from edentulism or with
residual terminal dentition [1], offering them a transformative solution with profound
implications for both their oral health and quality of life [2—4]. Unlike traditional delayed
implant techniques that involve prolonged waiting periods, immediate-loading full-arch
implant rehabilitation allows for the insertion of dental implants and rehabilitation with a
fixed full-arch prostheses within 24-48 h after surgery [5,6]. This groundbreaking approach
not only provides patients with an immediate restoration of their smile and oral function
but also significantly reduces treatment time. However, despite high long-term survival
rates [1,5], complications continue to be undesirable events [7-9], and therefore, research
on the topic remains prominent.

Traditionally, implants were initially proposed in the morphology of Branemark im-
plants as bone-level (BL) implants presenting an external connection [10]. This connection
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has been widely used and studied [11,12]. It is reported to present different advantages,
such as an optimal passive-fit with the prosthesis [13] and better management facility in
case of multiple implants [14]. However, over the years, some criticism has been raised,
linked to the fact that this connection type may exhibit slight micro-movements between
components, potentially affecting long-term stability [15,16] and increasing the risk of
complications such as screw loosening and bacterial micro-leakage [17].

To avoid these possible complications, internal connections, also commonly adopted as
BL implants, were later introduced, aiming to improve the implant—prosthetic mechanical
stability by minimizing micro-movements between the implant components [18]. This
stability was reported to be particularly crucial in full-arch rehabilitations where multiple
implants need to work together to distribute the load effectively [14]. Furthermore, the
internal connection led to the development of the platform switching concept [19] in which
decreasing the diameter of the abutment in relation to the connection diameter provides
increased space for the peri-implant soft tissue. As a consequence, the sealing around the
implant’s neck is improved, with the goal to better preserve the marginal bone level [19].

To date, different articles have investigated and compared the usage of BL implants
with external and internal connections in immediate-loading full-arch rehabilitation [20,21].
Menini et al. [20] and Pera et al. [21] followed for 1 year and 3 years of follow-up, respec-
tively, 20 full-arch rehabilitations supported by internal or external connections. According
to their findings, no variations in the peri-implant soft and hard tissue were highlighted
between the two connection designs, and therefore, both the designs can be considered
clinically reliable for this type of rehabilitation.

Furthermore, another implant design called tissue-level (TL) implant with a convergent
collar was introduced in contrast to the above-mentioned traditional BL implants [22,23].
Unlike their BL counterparts, where the most coronal part of the implant is positioned at the
bone level, TL implants are characterized by their collar, which emerges at or just above the
level of the mucosal tissues. Therefore, this implant design is composed altogether by the
implant body that is placed into the bone and by the collar that serves as a trans-mucosal
component. Among its advantages, this implant design is reported to avoid the presence
of possible micro-gaps in the trans-mucosal area [24] and to increase soft tissue sealing,
minimizing irritation and inflammation of the surrounding gums while promoting healthy
soft tissue integration and long-term stability [23]. The increased soft tissue sealing is obtained
by moving the prosthetic platform at the coronal level of the soft tissue and, therefore, the
possible damages of the tissues during the prosthetic procedures are avoided [24]

Currently, few articles are available on the employment of TL implants in immediate-
loading full-arch rehabilitations [24,25]. According to the available results, this implant
design appears to be a viable option, even for the rehabilitation of fully edentulous patients.

However, to the authors knowledges, while different articles compared TL implants
and BL implants in single- [23,26] and multi-unit [27] rehabilitations, no previous articles are
available comparing these two implant designs in immediate-loading full-arch rehabilitations.

Therefore, the first objective of the present article was to retrospectively compare the
outcomes of BL implants and TL implants in immediate-loading full-arch rehabilitations.
The second objective was to analyze possible factors influencing marginal bone loss (MBL)
including implant diameters and lengths, type of abutment, jaw distribution, and implant
inclination. The first null hypothesis was that no clinical outcome differences are present
between the two implant designs. The second null hypothesis was that no differences in
MBL exist between the different subgroups analyzed in the study.

2. Materials and Methods

Patients who were previously rehabilitated with full-arch immediate-loading rehabili-
tation with either BL or TL implants at the University of Turin and University of Genoa
were evaluated for the present study at the 1-year follow-up. The present research was
performed following the Declaration of Helsinki. All the participants signed an informed
consent form. The present study was approved by the local ethical committee of the Uni-
versity of Genoa (protocol n. 527) and of the University of Turin (protocol n. 0130929). The
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present study was reported following the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.

2.1. Patient Selection

All the patients initially presented with residual dentition with unfavorable prognosis,
either in the mandibular or in the maxilla, and were seeking immediate fixed rehabilita-
tions. Bone availability was evaluated based on ortopantomography and Tc cone beam.
After the clinical and radiological evaluation, patients who were found eligible were then
rehabilitated with an immediate-loading implant-supported full-arch rehabilitation.

Patients who met the following inclusion/exclusion criteria were enrolled in the
present study.

Inclusion criteria: Age > 18 years; previously rehabilitated with immediate-loading
full-arch rehabilitation with BL or TL implants; systemically healthy. Exclusion criteria:
smokers; requirement of bone regeneration procedures; presence of diabetes; intake of
drugs that could possibly interfere with bone remodeling and healing; previous radiother-
apy of head and neck area; inability to attend the control visit.

2.2. Study Design

Firstly, implants were divided into two primary groups based on the division between
BL implants (Group 1) and TL implants (Group 2).

Secondly, macro-topography of the implants—including implant length and diameter—
jaw distribution (mandible vs. maxilla), implant inclination (tilted vs. axial), and abutment
type with different inclinations were considered as subgroups.

2.3. Surgery Procedures

The workflow adopted (Columbus Bridge Protocol, CBP), including the surgical and
prosthetic aspects, is reported in detail in previously published articles [5].

All the surgeries were performed by two experienced surgeons (one per center) spe-
cialized in implant surgery. Patients underwent professional oral hygiene on the day prior
to surgery, including scaling and root planing to decrease the bacterial load of the mouth.
Pre-operative antibiotic coverage with Amoxicillina 875 mg + Clavulanic acid 125 mg every
12 h for 6 days was prescribed [28,29], beginning one day before the surgery appointment.
Chlorhexidina digluconate solution was provided to the patient to rinse for one minute
prior to start the surgery.

A dose of 4% articaine with 1:10.000 adrenaline (Alfacaina SP; Dentsply Italy, Rome,
Italy) was used to locally perform anesthesia. Patients who presented with residual terminal
dentition underwent teeth extractions, and residual sockets were carefully debrided. A
full thickness mucoperiostal flap was elevated. Four to six implants, based on the bone
availability, were then inserted. Implant sites were prepared with dedicated drills following
the manufacturer’s instructions. BL implants (Syra or Shelta implants, Sweden & Martina,
Due Carrare, Padova, Italy) or TL implants (Prama, Sweden & Martina, Due Carrare,
Padova, Italy) were used (Figure 1).

.. fﬁ;&. o
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Figure 1. Clinical images after the surgical insertion of the implants: (A) bone-level implants;
(B) tissue-level implants.
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The two frontal implants were inserted straight, and the two posterior implants
were tilted when necessary to avert the anatomical boundaries (alveolar nerve and sinus)
following the CBP [5]. The length and diameter of the inserted implants were decided
according to the bone availability evaluated on X-rays (ortopantomography and Tc cone
beam) acquired prior to the surgery. BL implants were all connected to either straight or
angulated abutments (PAD, Sweden & Martina, Due Carrare, Padova, Italy), while TL
implants were connected to angulated abutments (PAD 330-303, Sweden & Martina, Due
Carrare, Padova, Italy) in the posterior tilted implants and left with no abutment in the
frontal straight implants (Figure 2).

Figure 2. Clinical images after insertion of the abutments. (A) Bone-level implants; the two posterior
tilted implants are linked to angulated abutments, while the two straight frontal ones are linked
to straight abutments. (B) Tissue-level implants; the two posterior tilted implants are linked to
angulated abutments, while the two straight frontal ones are left without abutments.

Sutures were made using silk multifilament (PERMA-HAND SILK 4-0, Ethicon,
Somerville, NJ, USA). Impressions were made using open tray and impression plaster
(BF-Plaster Dental, Turin, Italy). Post-operative instructions including soft diet and hy-
gienic instructions were provided to the patients. Provisional screw-retained full-arch
prosthesis made of resin with a metal framework was delivered to the patients within
24-48 h after the surgery. Peri-apical X-rays were acquired. Patients returned for suture
removal one week after the surgery (Figure 3).

Figure 3. Clinical images at the sutures removal appointment one week after the surgery: (A) bone-
level implants; (B) tissue-level implants.

Six months after the surgery, a new analogic impression (open-tray) was taken, and
final composite with metal framework screw-retained prostheses was then fabricated and
delivered. Patients were then evaluated for the present study 12 months after surgery and
follow-up periapical X-rays were acquired.
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2.4. Outcomes
The following clinical outcomes were considered:

Implant survival rate;

MBL assessed 12-months after surgery (T12). Digital intraoral periapical radiographs
acquired using the parallel approach were used to assess MBL following the methods
described in previous published articles [30,31]. The bone level was calculated as the
distance between the head of the implant and the most coronal bone at both the mesial
and distal aspect of the implants. Both the X-rays taken immediately following surgery
(T0) and the ones taken at T12 were used. The MBL resulted as difference between
T12 and TO;

e Plaque index (PI), peri-implant probing depth (PPD), and bleeding on probing (BOP)
were evaluated as peri-implant soft tissue parameters at the 12-month follow-up. A
periodontal UNC 15 probe (Hu-Friedy, Chicago, IL, USA) was used to measure PI,
PD, and BI at 4 locations for each implant. PI and BOP were expressed as number of
surfaces per implant presented with plaque or bleeding.

All the measurements were performed by two calibrated and trained clinicians per
center.

2.5. Statistical Analysis

Data regarding MBL, PPD, BOP, and PI were analyzed to investigate any differences
between the two groups (BL and TL implants). T-test for independent means was used
to compare variables that were normally distributed. For all the other variables that did
not meet the requirement of normal distribution, the Mann-Whitney U nonparametric
test was adopted. All the subgroups were then analyzed to investigate any differences in
MBL among them, both within and between the primary groups. Results were considered
statistically significant with p < 0.05. All analyses were performed using SAS Software
version 9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results

A total of 38 (n = 38) patients (mean age at the control visit 62.9 years, 24 males 63.16%)
were recalled for a total implant number of 156 (n = 156). Of these, 80 implants (n = 80)
were TL implants, while 76 were BL implants (n = 76). Ten patients were rehabilitated at
the University of Genova, and twenty-eight patients were rehabilitated at the University
of Turin. Two posterior BL implants failed within the first six months. The failure was
ascribed to insufficient osseointegration. Therefore, a total of 154 implants (n = 154) were
considered at the 12-month follow-up (n = 80 TL implants and n = 74 BL implants). An
implant survival rate of 97.37% was recoded for the BL group, while an implant survival
rate of 100% was recorded for the TL one.

A total MBL of 1.324 4+ 0.64 mm (mesial 1.412 4 0.75 mm and distal 1.264 + 0.81) was
recorded for BL implants, while a total MBL of 1.194 £ 0.30 mm (mesial 1.165 £ 0.38 mm
and distal 1.222 + 0.37 mm) was noted for TL implants. Table 1 reports mean £ standard
deviation and statistical results in regard to MBL, PPD, BOP, and PI between BL and
TL implants.

A statistically significant difference was recorded in regard to MBL at the mesial aspect
of the implants (p = 0.01552) with BL implants presenting with a statistically higher MBL
compared to TL implants. A statistically significant difference was also highlighted regard-
ing BOP (p < 0.00001) with TL implants presenting with higher BOP values. No statistical
significance different (p > 0.05) was recorded for any of the other variables analyzed.

Table 2 shows the distribution and analysis of the total MBL between the subgroups
(abutment type, implant inclination, jaw distribution, lengths and diameters) for both BL
and TL groups.
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Table 1. The table shows the analysis of the findings for each variable among the two groups (BL and
TL implants). T-test for independent means was adopted for Distal MBL, Total MBL, and PPD since
they were normally distributed. For all the other variables which did not meet the requirement of

normally distribution, the Mann-Whitney U nonparametric test was adopted. Significant statistical

differences are highlighted with *.

Bone-Level/

Standard

Tissue-Level Variable Mean (mm) Deviation p-Value
EE Mesial MBL }Alléé ggg *0.01552
BL Diane, 12 081 .
BL ot MBL 1324 ot -
EE BOP 0'19.(7)5 i(l)g * <0.00001
0 ! W
0 oo 2R

Table 2. MBL comparison between subgroups for both BL and TL groups and tested through

Mann-Whitney U nonparametric test.

MBL Bone-Level Implants

Parameter Variable N Mean (mm) Std Dev  Median  p-Value
0° 25 113 0.69 1
Abutment 17° 16 1.39 0.52 125 0.1386
30° 33 1.44 0.65 15
Implant Tilted 34 1.39 0.59 15 0.26
inclinations Upright 40 1.27 0.69 1.25 ’
o Mandible 20 111 0.75 1
Jaw distribution Maxilla 54 1.40 0.59 15 0.083
115 1 2 - 2
Lengths (mm) 13 4 1.5 1.08 1.75 0.33
15 69 13 0.62 1.25
. 3.8 15 1.12 0.76 1
Diameters (mm) 425 59 1.38 0.61 1.25 0.25
MBL tissue-level implants
None 40 1.16 0.31 12
Abutment 17° 24 121 0.25 1.25 0.482
30° 16 127 0.32 121
 Implant Tilted 40 123 0.28 125 02485
inclinations Uprlght 40 1.16 0.31 1.20
o Mandible 36 1.14 0.26 1175
Jaw distribution Maxilla 44 1.24 0.32 1.25 0.2945
10 8 1.04 0.23 0.925
115 18 1.30 1.28 1.28
Lengths (mm) 13 27 1.12 1.25 1.25 0.1114
15 27 1.16 1.15 1.15
. 3.8 48 118 0.28 121
Diameters (mm) 425 32 121 0.32 1.25 0.89
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Table 3 shows the analysis of the MBL between the two groups (BL and TL implants)
by each subgroups’ parameters.

Table 3. MBL is compared in the two groups (BL and TL) by each subgroup parameter and tested
through Mann-Whitney U nonparametric test.

MBL BL Group MBL TL Group

Parameter Variable Mean (SD) Mean (SD) p-Value
1.39 1.21
17° 0.4272
Abutment (0.52) (0.25)
N 144 1.27
30 (065) 032) 0.1139
Tited = = 0069
Implant inclinations i i
. 1.27 1.16
Upright (0.69) (0.31) 0.4556
Mandibe X e
Jaw distribution ’ :
. 1.40 1.24
Maxilla (0.59) (0.32) 0.085
1.30
11.5 2 (1.28) 0.1397
Lengths (mm L5 112
gths (mm) 13 (1.08) (1.25) 0.1835
1.3 1.16
15 (0.62) (1.15) 0.242
3.8 (é;Z) ((1)58;) 0.8777
Diameters (mm) ’ ’
1.38 1.21
4.25 (0.61) (0.32) 0.1438

No statistically significant difference was highlighted (p > 0.05) for any of the sub-
groups analyzed.

4. Discussion

The first objective of the present article was to retrospectively compare the outcomes of
BL implants and TL implants in immediate-loading full-arch rehabilitations after 12-months
of functional follow-up. For this purpose, patients who were previously treated with
immediate-loading full-arch rehabilitations using either BL or TL implants were evaluated,
and data about implant survival rate, MBL (mesial, distal and total), PPD, BOP, and PI were
collected and analyzed. Based on the results, some statistically significant differences were
highlighted between the groups. Therefore, the first null hypotheses were rejected.

An implant survival rate of 97.37% was recorded for the BL group while an implant sur-
vival rate of 100% was recorded for the TL group. A slightly less non-significant total MBL
was recorded in favor of TL implants (1.194 £ 0.30 mm) against BL ones (1.324 £ 0.64 mm),
while a statistically significant difference was highlighted when considering MBL at the
mesial aspect of the implants (TL 1.165 & 0.38 mm, BL 1.412 & 0.75 mm, p = 0.01552). The
aforementioned results regarding the implant survival rate and MBL for both groups are
in agreement with those reported in the literature regarding full-arch implant-supported
rehabilitation after the 12-month follow-up [32-35]. The lower MBL detected for TL im-
plants may be attributed to the different position of the implant-abutment interface and
to the possibility of using TL implants without an abutment. This topic has surfaced
recently, with different articles highlighting how the implant-abutment interfaces as well



Prosthesis 2023, 5

1308

as the mechanical procedure of screwing and unscrewing at the trans-mucosal level may
be related to increased risks of bacterial contamination and, therefore, bone loss [17,36].
Indeed, the present results are in agreement with other studies that compared BL and
TL implants in different types of rehabilitations and found a lower MBL in favor of TL
implants [23,26]. One of the possible main advantages of TL implants may be the possibility
of using them without abutment, as documented in previously published articles [24,25].
When an abutment is used, two possible micro-gaps are present: one between the abutment
and the implant and one between the abutment and the prosthesis. In the present study,
the two frontal implants were functionalized without using an abutment and, therefore,
this may represent a possible reason for the lower MBL detected. However, further studies
are required to more deeply investigate the topic.

In an interesting study by Afrashtehfar et al. [37], the authors compared the reliability
of bone height measurements between BL and TL implants. According to their results, no
statistically significant difference was highlighted between the two implant designs and,
therefore, the measurement of bone loss between them can be considered reliable.

Furthermore, a statistically significant difference was also highlighted with BOP
(p < 0.00001), which was calculated as the number of surfaces per implant with bleeding
after probing, with TL implants showing higher values than BL ones. This result is in
contrast with those reported in the literature, where TL implants are reported to possibly
improve soft tissue health [24]. However, it must be noted that the increased BOP values
recorded in the present study were not correlated with any increased PPD nor MBL nor
any sign of peri-implantitis and were within clinical and radiological health guidelines in
accordance with the last Workshop of Periodontology [38]. TL implants with a convergent
collar, contrary to those with a divergent one [39], are described in articles with follow-up
ranging between 18 months and 60 months [23,26,40] to improve the space and thickness
of the soft tissue and thus promote peri-implant health [23,26]. Therefore, assuming that
even in the present study the values were within clinical health guidelines for both groups,
a longer follow-up period and further studies are required to confirm the result. Indeed,
the main limitation of the present retrospective study is represented by the short-term
follow-up period. Further studies with medium- and long-term follow-ups are required
to further understand the differences between BL and TL implants in immediate-loading
full-arch rehabilitation.

The second objective of the present study was to analyze possible factors influencing
MBL, including implant diameters and lengths, type of abutments, jaw distribution, and
implant inclination. Based on the results, no statistically significant difference (p > 0.05) was
recorded for any of the analyzed subgroups, both within and between BL and TL implants.
Therefore, the second null hypotheses was accepted. However, it must be noted that an
additional limitation of the research is linked to the fact that most of the subgroups analyzed
were imbalanced. This limitation is inherent to the retrospective design of the study, where
randomization among the subgroups was not possible. However, the present results may
indicate that as long as the CBP is followed within the implant range of the study, such as
minimum implant length of 10 mm and minimum diameter of 3.8; all the other variables
do not seem to influence the MBL. This result, together with the high implant survival
rate recorded, are in agreement with the articles that analyzed the outcomes of the CBP
in the medium- and long-term observational periods [5]. Indeed, in accordance with the
literature, the CBP is reported to provide an implant survival rate higher than 92.25% even
after a 10-year observational period post load [1].

In conclusion, research on different implant designs as well as new materials and
protocols is consistently advancing [41-44]. To the authors” knowledge, the present article
represents the first study reporting data on the comparison between BL and TL implants
with a convergent collar in immediate-loading full-arch rehabilitations. The data observed
in this study seem to indicate that both of the implant designs may be a good option for
this type of rehabilitation. However, further research is required to confirm the results.
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5. Conclusions

Within the limitations of the present retrospective study, both TL and BL implants seem
to provide good clinical outcomes after a 12-month observational period when employed in
immediate-loading full-arch rehabilitation. Further clinical trials with longer observational
times are required to confirm the results and further understand the possibility of different
clinical outcomes between the two implant designs in this type of implant rehabilitation.
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