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ABSTRACT

Background: Full-arch immediate loading rehabilitations are now a widely used rehabilitation method that guarantees pre-
dictable medium- and long-term results. Numerous factors can influence its success and stability in the medium and long term.
Among these the implant-abutment connection seems to play an important role, however there is still little information on which
is the most suitable in this type of treatment.

Purpose: The aim of the present multicenter split-mouth controlled trial is to evaluate whether external hexagonal connec-
tions (EHC) and internal hexagonal connections (IHC) can influence success, bone resorption and peri-implant parameters in
immediate-load full-arch rehabilitations.

Materials and Methods: Twenty patients were rehabilitated with immediately loaded fixed full-arch rehabilitations. All the
implants presented the same macro- and micro-topography but different implant-abutment connection. IHC were used in one
randomly selected side of the jaw and EHC was used in the other side. Outcome measures were implant survival rate, peri-
implant marginal bone loss (MBL), plaque index (PI), probing depth (PD), and bleeding on probing (BoP) evaluated at 3, 6, 12, 36,
and 72-month post-loading. Technical and biological complications were recorded.

Results: In 20 patients, 43 EHC and 40 THC implants were placed. Between 32 and 72 months of follow-up two patients withdrew
(died) and no implants were lost. The cumulative survival rate (CSR) was 97.44% for EHC implants and 97.22% for IHC implants.
The MBL presented a resorption of 2mm in the EHC group and 1.9 mm in the IHC group. No statistically significant differences
were found between the two groups for any of the parameters at any time. No biological or technical complications were detected
between the 36th and 72nd month of follow-up.

Conclusions: After 72months in function, both internal and external hexagon connections provided good clinical outcomes and
were not associated with any significant difference in the clinical outcomes.
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Summary Box

What Is Known:

In implant dentistry, the external hexagon (EHC) was the
first implant/abutment connection to be introduced.
EHC revealed issues with force distribution, screw loos-
ening, and microbiological leakage.

What This Study Adds:

This study compared the EHC with an internal hexagon
connection (IHC) in immediate loading full-arch rehabil-
itation over a 6-year observational period. Even though
in vitro studies showed more beneficial outcomes utilizing
IHC (reduced microbial leakage, less screw loosening), no
differences were highlighted between the two groups.

1 | Introduction

Immediately loaded full-arch rehabilitations allow aesthetic,
phonetic, masticatory, and social functions to be re-established
in 24-48h, with high patient satisfaction [1, 2].

Research has demonstrated the effectiveness and long-term sus-
tainability of this treatment modality for the rehabilitation of
completely edentulous jaws or jaws with severely compromised
dentition [3-6].

In a longitudinal study, the cumulative success rate of implants
placed with the all-on-4 treatment was reported to be 91.7% up
to a follow-up period of 18 years [3]. Another 10-year longitudi-
nal study shows a cumulative success rate of 93.25% [7].

The success criteria for implant-prosthetic rehabilitations
have evolved over time. Initially, implant survival was con-
sidered the main success criterion of implant-prosthetic
rehabilitations [8]. To date, the criteria for success of an
implant-prosthetic rehabilitation are diverse and can be influ-
enced by multiple factors.

Although osseointegration remains the predominant parameter
to be considered in implant dentistry, marginal bone loss (MBL)
is certainly the factor that has gained in importance [9]. However,
successful osseointegration and bone maintenance over time
can't be considered the sole determinants of a successful reha-
bilitation. Periodontal parameters as well as incidence of compli-
cations and patients' satisfaction must be taken in consideration.

Despite the high predictability of success in the medium and
long term, immediate-load full-arch treatment is associated
with several biological and mechanical complications [10, 11].

A review of the literature revealed that several factors influence
load transfer at the interface between bone and implant [11]. The
type of implant-abutment connection plays a crucial role in load
transfer, which in turn affects bone remodeling.

Although implant-abutment connection systems are not risk
factors that lead directly to implant failure, they exert a signif-
icant influence on the incidence of mechanical and biological
complications [12].

The external hexagon implant was the first implant connec-
tion system used by Branemark [13]. It has now been ascer-
tained by the scientific community that, under high occlusal
loads, the outer hexagon can allow movements of the abut-
ment, thus causing instability of the implant-abutment or
implant-prosthesis connection that can result in loosening
of the abutment screw or even fatigue fracture, which can
lead to peri-implant bone resorption and prosthetic complica-
tions [14].

To overcome these problems, internal connections were intro-
duced with the aim of reducing or eliminating these mechan-
ical complications and decreasing the stress transferred to the
crestal bone [15, 16].

Over the years, internal connections have evolved and changed
depending on the manufacturer, and for this it is therefore diffi-
cult to define whether the reduction of complications and peri-
implant stress can be valid for all types of internal connections
or only for some of them, because many differences depending
on the type of connection have been described in the literature
[17, 18].

To date, internal versus external connections appear to reduce
mechanical and biological complications, mainly in single and
partial rehabilitations [19].

The aim of the present study is to evaluate whether in the me-
dium and long term, internal and external hexagon connections
can influence the clinical outcomes of full-arch immediate load-
ing rehabilitations. This would seem not to be true for full-arch
rehabilitations where, the splinting of the implants through a
rigid framework, seem to reduce the prosthetic and biological
complications due to the connection [2].

Two previously published studies by the same team of authors
showed excellent biological and prosthetic results with no sta-
tistically significant difference between internal and external
hexagon connections in full-arch immediate loading rehabilita-
tions at both the 12- and the 36-month follow-up visit [2, 20].
In the present study, the aim was to provide clinical outcomes
with a longer follow-up period (72-month) for the same sample
of patients.

The null hypothesis tested was that no differences are pres-
ent between the two different connections in terms of im-
plant survival, peri-implant health parameters, and incidence
of mechanical and biological complications at the 72-month
follow-up.

2 | Materials And Methods

The present study with a 6-years follow-up was designed as a
split-mouth multicenter controlled trial. Between September
2015 and July 2017, 20 patients with compromised residual
dentition (6 women, 14 men), with an average age of 67years
(women: 61.6; men: 72.4), were treated with full-arch screw-
retained fixed prostheses supported by 4-5 immediately loaded
post-extractive implants at the lower (9 patients) or upper jaw
(11 patients).
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The sample size was defined by analyzing the sample size of
similar studies in the literature [21]. Ten patients were treated
at the Division of Prosthodontics and Implant Prosthodontics
(Department of Surgical Sciences, DISC) of the University of
Genoa and 10 patients at the Division of Prosthodontics of the
C.L.R. Dental School (Department of Surgical Sciences) of the
University of Turin.

All subjects treated in this study, which was approved by the
Scientific Ethical Committee of the University of Genoa (proto-
col approval number: 527), signed an informed consent before
the start of the study. The study was conducted in accordance
with the Declaration of Helsinki.

This research is reported according to the CONSORT Statement
for Quality Improvement in Reporting (www.consort-state
ment.org/).

All the patients with hopeless dentition and requiring a fixed
implant supported full-arch immediate loading rehabilitation
of the upper or lower jaw with sufficient residual bone to in-
sert at least 4 implants with no need of bone grafting and with
no contraindications to oral surgery were recruited. No com-
pletely edentulous patients were included. The inclusion crite-
ria for subjects recruitment, which are described in details in
a previously published paper [2], were the following: Age > 18;
patients with terminal dentition in either maxilla or mandibu-
lar arch; patients demanding an immediate and fixed implant
rehabilitation; general good medical health with no contrain-
dications to the implant surgery. Exclusion criteria were: pa-
tients requiring bone tissue augmentation (bone grafting) in
order to place the implants; patients presenting with medical
conditions or drug assumption possible interfering with bone
or soft tissue healing such as current or previous treatment
with intravenous aminobisphosphonates, irradiation of the
head and neck area, immunosuppressed or immunocompro-
mised subjects.

All patients were rehabilitated with immediately loaded full-
arch rehabilitation according to the Columbus Bridge Protocol
[1, 2, 4]. Implants were inserted immediately after extraction.

The study was performed following a split-mouth method: two
or three implants with a conical morphology, a ZirTi surface
(sandblasted and etched) and an EHC (Syra, Sweden & Martina,
Due Carrare, Padua, Italy) were placed in a randomly cho-
sen hemiarch, and two or three implants with the same mor-
phology but with an internal hexagonal connection (Shelta,
Sweden & Martina) were inserted in the contralateral hemiarch.
Randomization was performed by using a pre-generated random
sequence (Random number generation pro 1.91 for Windows,
Segobit software; Segobit, Moscow, Russia, http://www.segob
it.com). The minimum insertion torque value for each implant
was 40 Ncm. A free-hand open flap surgery was performed.

Immediately after surgery, multi-unit conical abutments
(MUAs: 0°,15° 30° PAD, Sweden and Martina) were screwed
onto the implants and a pick-up plaster impression was taken
(BF-plaster Dental, Turin, Italy). Screw-retained fixed pros-
theses endowed with a metal framework and composite resin

veneering material were delivered within 48 h. The prostheses
had a natural bridge design (no hybrid prostheses) with no dis-
tal cantilevers.

Control times and prosthetic analyses values are available in a
previous publication [2].

2.1 | Outcome Measures
Primary outcome measures were:

« Cumulative implant survival rate (iCSR): Implant suc-
cess was assessed by the maintenance of stable and func-
tional implants during follow-up appointments. Mobility
and consequently removal of implants were considered as
failures.

« Cumulative prosthesis success rate (pCSR): Prosthesis
success was defined as an unmodified original prosthetic
treatment plan. The success criteria were derived from
Zarb et al. [8]

Biological and technical complications:

The evaluation of complications was performed according to
traditional protocols [8]. During all follow-up appointments, all
prostheses were unscrewed and the nature and number of com-
plications, such as fracture of the framework and lining mate-
rial, repair of the prosthesis and framework, replacement of the
prosthesis, and loosening of the screws, were evaluated.

Secondary outcomes were peri-implant health parameters:

« Mean MBL: Peri-implant bone resorption calculated using
intraoral digital peri-apical radiographs with a long paral-
lel cone technique. Radiographs were taken from implant
placement at all follow-ups up to 72 months. Bone resorption
was assessed by taking the implant-abutment interface as
a reference point and evaluating the distance between this
point and the most coronal point of contact between bone
and implant on both the mesial and distal side of each im-
plant. Digital software (OrisWin DG, FONA-Dental, Assago,
Ttaly) was used to perform the measurements. The software
was calibrated for each image using the implant diameter as
reference.

Periodontal indices (plaque index, PI; probing depth, PD;
bleeding on probing, BOP) assessed with a UNC 15 probe
after unscrewing the prosthesis. BOP was defined as the
presence of bleeding (yes/no) assessed at four locations
for each implant (mesial, distal, buccal and lingual) using
a non-metallic probe. PI was defined as the presence of
plaque (yes/no) on the same four points . Therefore, for PI
and BoP, values from 0 to 4 were recorded for each implant
site.

« PD was assessed at six points for each implant.

Details regarding the recording of peri-implant health parame-
ters have been defined in previously published work [2, 20].
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2.2 | Statistical Analysis

Mean with SD were reported for quantitative characteristics. For
analysis on implant failure at patient level the Poisson regression
model with number of failures as dependent variable was used to
estimate confidence intervals and define statistical differences.

Kaplan-Meier has been performed to assess the survival prob-
ability for both THC and EHC implants, and to compare their
survival distributions.

Longitudinal assessment of bone resorption (mean MBL), PD,
BOP, and PI during follow-up was performed using a linear
mixed model with random intercept after visual inspection of
their probability distribution.

In all these regression models, the dependent variable was the
outcome and the independent variables were the time indexes,
the treatment group, and their interaction. Screw-loosed abut-
ments were evaluated with the chi-square test. Nonparametric
U Mann-Whitney test was used to assess the putative statistical
difference between EHC and ITHC techniques between Genoa
and Turin groups.

All the analyses have been performed with SAS Software 9.4,
considering a significance level of 5%.

3 | Results

Twenty patients were included in the present study (67 £ 9years;
range: 50-82years; 14 males, 70%) and 83 implants (43 EHC and
40 THC) were inserted. All the patients received four implants
each except for 3 patients who received five implants each sup-
porting 11 upper jaw prostheses and 9 lower jaw prostheses.

Two patients dropped out from the study since they were not
able to attend the 72-month follow-appointment. These patients
were considered deceased and were not included in the evalua-
tion of implant survival rate.

Two posterior implants (one THC and one EHC) failed respec-
tively after 3 and 6 months in two different patients. Failed im-
plants were immediately re-inserted, a new impression was
taken, and the original framework was cut and welded with a
new part including the replaced implant.

When survival between 6 and 72months of follow-up was ana-
lyzed, it remained almost unchanged throughout the follow- up
period, with a value of 97.44% and 97.22% for the EHC and THC
implants respectively. This differs slightly from that reported in
the article at 36 months (97.7% for EHC and 97.5% IHC) however
this discrepancy results from a change in sample size during the
statistical calculation.

However, despite this, no statistically significant difference
(p=0.9697) was found between the two groups with regard to
CSR (Figure 1).

The periodontal parameters between 0 and 72months of fol-
low-up presented constant values over time, without showing any

significant increase. Probing depth (PD) remained almost constant
throughout the follow-up period reaching a mean value of 2 and
1.9mm for EHC and IHC respectively at 72months. While PD re-
mained constant, bleeding on probing (BOP) and plaque index (PI)
slightly increased over time reaching BOP values of 1.7 and 1.6 and
PIvalues of 2.2 and 2.2 for EHC and ITHC, respectively at 72months.

The main periodontal indices are shown in Table 1.

Product-Limit Survival Estimates

08

06

Suvival Probabiity

02

00 *Censored
0 20 40 60
time_months

EHC IHC

type

FIGURE1 | Survival function plot (Kaplan-Meier curves).

TABLE 1 | Peri-implant health parameters (BOP, MBL, PI, and PD)
in the two groups at different time point (months, m). Mean (SD).

EHC THC p
MBL 3m —1.1mm (0.7) ~1.1mm (0.8)  0.868
MBL 6m —1.3mm (0.8) —~1.4mm (0.8)  0.541
MBL 12m —1.6mm (0.8) —17mm (0.8)  0.565
MBL 36 m —1.7mm (0.7) —-1.9mm (0.7) 0.355
MBL 72m —2.0mm (0.8) —1.9mm (0.7) 0.608
PD3m 2.1mm (0.8) 2.1mm (0.7) 0.710
PD 6m 2.2mm (0.7) 2.2mm (0.7) 0.914
PD12m 2.2mm (0.5) 2.1mm (0.3) 0.135
PD 36m 2.2mm (0.6) 2.3mm (0.5) 0.304
PD 72m 2.0mm (1.2) 1.9mm (1.0) 0.836
BOP 3m 1.0 (1.3) 0.9 (1.0) 0.681
BOP 6m 1.1 (1.0) 0.9(1.2) 0.494
BOP 12m 0.8 (0.9) 1.0(1.2) 0.416
BOP 36m 1.3(1.1) 1.1(0.9) 0.255
BOP 72m 1.7(0.9) 1.6 (1.1) 0.732
PI3m 1.4(1.7) 1.3(L.5) 0.652
PI6m 1.7 (L.6) 1.9(1.6) 0.611
PI12m 2.1(1.5) 1.9 (1.6) 0.714
PI 36m 2.5(1.3) 2.0(1.3) 0.095
PI72m 2.2(1.2) 2.2(1.3) 0.878
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FIGURE2 | Left: (A) Clinical image of a upper full-arch rehabilitation at the 1-month follow-up with provisional prosthesis; (B) peri-apical x-rays

of the same patient at the 1-month follow-up. Right: (A) Clinical image of the same patient at the last 6-year follow-up; (B) peri-apical x-rays of the

same patient at the last 6-year follow-up.

No statistically significant differences were found between the
two groups at any time point.

MBL had a gradual increase throughout the follow-up period.
Between 0 and 12months it increased slightly to a value of
1.6mm for EHC and 1.7 for IHC. This value increased slightly
to a resorption of 2mm in the EHC group and 1.9mm in the
THC group at 72months of follow-up (Figure 2) (Figure 3), with
a slight non-significant difference (p>0.05).

During the 36-72-month follow-up period, no biological nor
prosthetic complications were identified. Based on the defini-
tions of the 2017 World Workshop no implants developed per-
implantitis [22].

Wilcoxon Signed-Rank Test has been performed and no signif-
icant differences in survival probability were observed by com-
paring THC and EHC implants.

Furthermore, clinical outcomes recorded at the two clinical
centers (University of Genoa and University of Turin) have been
compared for both IHC and EHC implants.

No statistically significant difference was shown between the two
centers for any parameter between 36 and 72 months of follow-up.

No differences have been identified for other parameters.

4 | Discussion

The aim of the present clinical trial was to compare implants
with different implant/abutment connections (EHC vs. THC)
used in full-arch immediate loading rehabilitations with a 6-
year follow-up.

Implant-prosthetic connections have been reported to play
a key role in peri-implant bone remodeling, peri-implant

-1.00

-1.25

-1.50

MeanVal

475 = T
200

-2.25

time

EHC

type IHC

FIGURE 3 | Peri-implant bone loss over time (mm). A non-
statistically significant difference was found. EHC implants showed
lower average bone loss values than IHC implants from the 6-month
follow-up visit up to 50 months. Between 50 and 72months of follow-
up the internal hexagon (IH) implants showed reduced mean bone
resorption compared to the external hexagon implants (EH).

soft tissue healing and maintenance and in the incidence of
complications.

As reported in the literature, masticatory loads can lead to a re-
duction in the fixation stability between the implant platform
and the abutment, resulting in an increase in bacterial infil-
tration and a pumping effect, which can in turn lead to an in-
crease in the peri-implant inflammatory process and lead to an
increase in bone resorption [23].

Several biomechanical studies in the literature have shown
that this problem is less present in rehabilitations with internal
hex implants than with externally connected implants because
the forces exerted during masticatory and transverse loads are
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dissipated in internal hex implants more along the major axis of
the implant with greater lateral stability [24].

However, in the present study no statistically significant differ-
ences in the clinical outcomes were found between internal and
external hexagon connections in full-arch immediate loading
rehabilitations over a 72-month follow-up.

In the present study, the full-arch prostheses realized follow-
ing the Columbus bridge protocol were endowed with a metal
framework, which allowed solidarization of the implants, in-
creasing their stability and decreasing the possibility of micro-
movements, unscrewing, and related complications [25, 26].
This aspect can be considered one of the main limitations of the
study: The implants were splinted in the same prosthesis, and
this might have reduced the potential effects of the two different
connections.

In the present study PD remained almost constant throughout
the 72 months of follow-up, while BoP and PI increased, reach-
ing mean values of PI above 50% at the last follow-up appoint-
ment. However, this did not correlate with either an increase in
PD nor of bone resorption. This, based on the definitions of the
2017 World Workshop [22], make us assume that although in-
creased plaque accumulation had induced a reversible mucositis
it did not lead to peri-implantitis, as already found in a previous
study on a similar patient population [27].

Most likely, the presence of the MUAs allowed the prosthetic
emergence to be distanced from the bone crest and prevented
the inflammatory process on some implants from evolving into
peri-implantitis.

Bone resorption increased slightly during all 72months of fol-
low-up. During the first 12 months after implant insertion bone loss
was higher, but in line with what has been reported in the literature,
due to normal bone remodeling after immediate post-extractive im-
plantation and loading. Bone loss gradually and slightly increased
during subsequent years reaching at 72 months the values of 2mm
for implants with EHC and 1.9 mm for implants with internal con-
nection, without statistically significant differences between the
two connection types in any follow-up period.

In addition, bone resorption evaluated in the Genoa group was
slightly lower than in the Turin group at the 6-year follow-up
for both THC and EHC implants but without any statistically sig-
nificant difference between the two centers. A study by Tealdo
et al. [1] conducted with the same surgical-prosthodontic proto-
col showed a mean bone resorption of 1.6 mm at 6-year follow-up
which is slightly lower than the one reported in the present study,
however it is considered clinically insignificant by the authors.

A systematic literature review by Caricasulo et al. [28] reported
that three studies by Gultekin et al. [29], Pozzi et al. [30] and
Cooper et al. [31] had a lower MBL on implants with an internal
connection than on those with an external hexagon.

A study by Arnhart et al. [32] on 325 implants found no statisti-
cally significant difference in bone resorption between internal
and external hexagon implants that had undergone immediate

loading, with values in line with those reported in this study.
However, it has to be considered that no full-arch rehabilitations
with external hexagon implants but only with internal connec-
tion were used in the study [32].

In two other studies by Crespi et al. [33] and Esposito et al. [34],
no statistically significant differences were found between sys-
tems with external connections and other connection types.

However, it has to be taken into consideration that all these stud-
ies were performed on single or partial rehabilitations and not
on full arches and with follow-ups of less than 5years.

Natalia Palacios-Garzon et al. [35] in a systematic review they
showed that in studies with longer follow-ups and larger sam-
ple sizes, external connection showed no significant differences
compared to internal connection, indicating that the literature
is not sufficiently clear to conclude that one connection is better
than the other in terms of MBL.

In the same review, it was emphasized that due to the hetero-
geneity between studies to assess whether the MBL differs sig-
nificantly between the two connections, more homogeneous
clinical studies with identical implant characteristics, larger
samples and longer follow-up periods were required. Such
study design was implemented in the present split-mouth study
where the two different implants were identical except for the
connection.

To the best of the authors' knowledge, this is the first multicenter
randomized clinical trial investigating the influence of connec-
tions with a follow-up of more than 5years.

In addition, despite two implant failures during the first
6months after implant insertion, the fixed prostheses were al-
ways maintained in situ, supported by the remaining implants
and/or by the newly placed implants and no further complica-
tions occurred after the 72-month follow-up appointment. For
this reason, the proposed treatment rehabilitation might be con-
sidered predictable and can provide high patients’ satisfaction
and comfort in the medium term follow-up.

While seven mechanical complications were identified in the
results at 36 months, with no statistically significant difference
between the two groups, no prosthetic complications were found
between 36 and 72 months of follow-up.

It should be emphasized that the use of MUAs has greatly re-
duced the possible influence that connections could have on
both biological and prosthetic complications.

Despite the limitations of the present research, such as small
number of patients included and single-blind approach, its mer-
its include that it was performed as a randomized, split-mouth,
multicenter clinical trial in order to reduce the risk of sample
heterogeneity as much as possible and eliminate intra-patient
variables.

According to this research, implant survival rate, peri-implant
bone resorption and prosthesis success are not influenced by the
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implant/abutment connection in full-arch immediate loading
rehabilitations.

The present outcomes at the 72-month follow-up confirm the
preliminary results with 1 [2]- and 3-year [19] follow-up and,
therefore, the null hypothesis was not rejected.

5 | Conclusion

Based on the outcomes of the present multicenter split-mouth
randomized study, clinical outcomes of full-arch immediate load-
ing rehabilitations on a reduced number of implants are not sig-
nificantly affected by different implant-abutment connections.
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