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Aim The aim of this prospective clinical trial was to analyze,
using the Functional Implant Prosthodontic Score (FIPS),
the clinical resultsof three different abutment-implant
connections (1 hexagon vs 2 conical types) single-unit
restorations after one year of clinical service.

Material and methods Thirty patients were restored with
cement-retained crowns on soft tissue level implants (10 TTc
Winsix, 10 TTk Winsix and 10 Aadva GC) in posterior sites and
followed-up for 1 year. FIPS was applied for objective outcome
assessment beside clinical and radiographic examinations. Five
variables were defined for evaluation, resulting in a maximum
score of 10 per implant restoration. The patients’ level of
satisfaction was recorded and correlated with FIPS.

Results All implants and connected crowns revealed survival
rates of 100% without any biological or technical complications
after three years of loading. The total FIPS recorded for group 1
was 44, 43 in group 2 and 42 in group 3. The mean total FIPS score
was 8.6£1.1, ranging from 6 to 10. The variable “bone” revealed
the highest scores (2.0; range: 2-2), as well “occlusion” (2.0; range:
2-2). Mean scores for “design” (1.7 +0.4; range: 1-2), “mucosa”
(1.620.5; range: 1-2), and “interproximal” (1.5+0.6; range: 1-2)
were more challenging to satisfy. The patients expressed a high
level of functional satisfaction (80.5+2.5; range: 65-100). No
type of connection showed to be superior to the other two. No
statistically significant differences were found among the three
tested groups. A significant correlation was found between FIPS
and the subjective patients’ perception with a coefficient of 0.80
(P < 0.0001).

Condlusions The findings of the clinical trial indicated the great
potential of both conical and hexagon connections and their
good performance after 1 year of clinical service. FIPS showed
to be an objective and reliable instrument to assess implant
success.

Hexagon connection; Conical connection; Single-implant.

A very high survival and success rate of implants and
restorations is reported (1). However, increase of
patients’ expectations regarding esthetic results and
longevity of the treatment, obliges to search a natural
appearance as final result of the implant-prosthodontic
treatment (2,3).

Clinical scores and indices have been developed to assess
single-implant crowns in the esthetic zone (4-8), but
mainly to evaluate success of anterior crowns placed on
implants (4-8). These methodologies wanted to address
clinical scores on both prosthodontic and periodontal
aspects of anterior full crowns and permit dentists to
perform a clinical evaluation (4-8). Unfortunately, no
similar clinical evaluation system for posterior crowns
on implants has been available for a long time, untill
the Functional Implants Prosthodontic System (FIPS)
was proposed (9). The FIPS was recently introduced in
order to validate clinical crowns on implants. It must
be considered that, according to the AAID (http://
www.aaid. com), the distribution in the posterior and
the anterior regions of the arch of implant-supported
single-unit reconstructions shows a ratio of 2:1.
Assessment of reproducibility and observer variability
of FIPS was evaluated (10). Also, FIPS was used in
a prospective clinical trial on Monolithic implant-
supported lithium disilicate crowns in a complete digital
workflow (11), showing its high potentiality to be applied
in daily practice and randomized clinical trials. FIPS can
help to analyze success criteria for long term biological
and technical stability.

Different implant-prosthodontic connections were
proposed and the two most popular connections are
hexagon and conical (12-15).

FIPS can also be used to compare different connections
of single-implant restorations during randomized
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clinical trials under standardized and objective criteria

using clinical and radiographic outcomes and to

correlate these results to the subjective perceptions of

the patients (9).

The aim of this randomized clinical study was to

evaluate with FIPS three types of single-implant crowns

in the posterior area using two conical and one hexagon

connections after 1 year of clinical service.

The null hypotheses tested were that, scoring the single-

implant restorations with FIPS, there are

1. Differences between hexagon and
connections;

2. Differences among the three tested connections.

conical

Asample of 30 consecutive single-implant restorationsin
30 patients (17 Fand 13 M, mean age 52 +6.5 years) was
selected between January and April 2017 from the pool
of patients accessing the Department of Prosthodontics
and Dental Materials of the University of Siena, Italy.
All patients required a single-implant restoration in the
posterior area (upper and lower premolar and molar
sites).

All procedures performed in this study involving human
participants were in accordance with the ethical
standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards.

All patients were periodontally healthy.

Patients with the following factors were excluded from
the clinical trial: 1) underage (<18 years); 2) pregnancy;
3) disabilities; 4) (profound, chronic) periodontitis;
5) heavy occlusal contacts or history of bruxism; 6)
systemic disease or severe medical complications; 7)
allergic history concerning methacrylates; 8) rampant
caries; 9) xerostomia; 10) lack of compliance; 11)
language barriers; 12) plaque index higher than 20.

After recruitment, oral hygiene instructions were given
to the patients and prophylaxis was performed to
establish optimal plaque control and gingival health.
Clinical assessments of periodontal parameters such
as probing pocket depths (PPD) Lée and Silness (16),
bleeding on probing (BoP) Ainamo and Bay (17), and a
full-mouth plaque index (PI), L6e and Silness (16) were
performed and recorded.

All restorative procedures were performed under local
anaesthesia (Articaine with 1:100.000 epinephrine) by a
single experienced operator.

Intraoral X-rays were made before starting the
treatment.

Each experimental subject was randomly divided in three
test groups of 10 each (3x n = 10) and assigned to one of
three groups according to the implant system used:
® GroupA:Aadvaimplant (GC) with conical connection;
® Group B: Winsix (Biosafin) with conical connection
(TTC)
e Group C: Winsix (Biosafin) with hexagon connection
(TTK)
Treatment assignment was noted in the registration and
treatment assignment form that was kept by the study.
Allocation concealment was performed by opaque
sealed, sequentially numbered envelopes. The statistician
made the allocation sequence by means of a computer-
generated random list and instructed a different subject
to assign a sealed envelope containing the type of 10S.
The opaque envelope was opened before implant system
selection and communicated to the operator. At the
one-year recall blinding of the examiner was applied.
All' crowns were produced in a mixed traditional -
impressions were made using Vinyl Polyether Silicone
impression material (EXA'lence, GC), and then were
poured on dental die stone (FujiRock, GC) - and digital lab
workflow, the casts were scanned with a lab scanner (Aadva
Lab Scan, GC), CAD/CAM-processed with individualized
titanium abutments, zirconia copings (Aadva zirconia,
GC), plus manually veneered zirconia suprastructures
(Initial, GC). Each single titanium abutment was screwed
with a maximum torque of 35 Necm according to the
manufacturer's instructions and the final crowns were
luted with temporary cement (TempBond NE, Kerr Dental,
Rastatt, Germany).

All patients were enrolled in a dental hygiene recall
program every 6 months and annual follow-up. Clinical
and intraoral radiographic examinations were performed
immediately after one year of loading (follow-up).

The FIPS evaluation was completed by an experienced
prosthodontist for all patients at baseline and 1-year
follow-up. Also, patient satisfaction was evaluated with
a questionnaire covering two central issues related to
the implant reconstruction. Question 1 (Q1) focused
on the treatment result on how the patients' general
expectations had been fulfilled. The second question
(Q2) addressed specifically the patients' satisfaction
from a functional point of view. Both questions included
a visual analogue scale (VAS) ranging from “unsatisfied”
to “fully satisfied” (0-100). Here, the patients could
separately mark their personal degree of satisfaction for
Q1 and Q2.

Descriptive statistics of FIPS were calculated for medians
and quantiles Q25-Q75 as well as mean scores including
standard deviations (SD), minimum and maximum (min-
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Variables 0 |1 |2 Variables 0 |1 |2 Variables 0 |1 |2
Interproximal 2 Interproximal 2 Interproximal 2
contacts and papillae contacts and papillae contacts and papillae

Occlusion static and 2 Occlusion static and 2 Occlusion static and 2
dynamic dynamic dynamic

Design contour and 1 Design contour and 2 Design contour and 1
color color color

Mucosa quality and 2 Mucosa quality and 1 Mucosa quality and 2
quantity quantity quantity

Bone X-ray 2 Bone X-ray 2 Bone X-ray 2
Max Score 9 Max Score 9 Max Score 9

FIG. T Group 1: restored upper premolar (FDI
24) after 1 year of loading; occlusal (A) and
lateral (B) views and radiographic image
(C). Application of FIPS revealed a total
score of 9.

132

FIG. 2 Group 2: restored upper premolar
(FDI 46) after 1 year of loading; occlusal
(A) and lateral (B) views and radiographic
image (C). Application of FIPS revealed a
total score of 9.

FIG. 3 Group 3: restored upper premolar
(FDI 46) after one year of loading; occlusal
(A)and lateral (B) views and radiographic
image (C). Application of FIPS revealed a
total score of 9.
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max) values. A linear regression analysis was performed
for the detection of any significant correlations between
the total FIPS scores and the subjective results of the
patients’ VAS responses to Q1 and Q2.

A level of significance was set at P < 0.05. Statistic
calculations were made with the open-source program
“GraphPad Software" (http://www. graphpad.com)
(Table 1, 2, 3).

Survival rates for all implants and connected
prosthodontic reconstructions were 100%. No technical
or biological complications were observed during
follow-up.

Clinical examinations exhibited mean full-mouth
scores for Pl of 20.4+2.5 (range: 16-22) at baseline and
19.5+1.2 (range: 16-22) at 1- year follow-up, PPD of 3.6

Interproximal contacts and papillae = 8 7
Occlusion static and dynamic 10 10
Design contour and color 8 9
Mucosa quality and quantity 8

Bone X-ray 10 10
Total score each group 44 43
Interproximal contacts and papillae | 1.5 1-2
Occlusion static and dynamic 2 2-2
Design contour and color 1.5 1-2
Mucosa quality and quantity 1.5 1-2
Bone X-ray 2 2-2
Maximum score 8.5 6-9

+0.4 mm (range: 1-4) and 3.4+ 0.4 mm (range: 1-4),
and a mean score for BoP of 21.2-+2.5 (range: 17-24)
and 19.8+1.2 (range: 16-23), respectively.

The mean total FIPS score was 8.6+1.1 (range: 6-10).

In detail, allimplants showed a stable level of the alveolar
crest without any signs of bone loss in the radiographic
analysis. Therefore, the variable “bone” demonstrated
the most consistent results and highest scores with a
mean value of 2+0.

Similarly mean score was recorded for the variable
"occlusion” 2.0+0.

In contrast, mean scores for “design” 1.9+0.7 (range:
0-2), "mucosa” 1.8+0.4 (range: 1-2), and “interproximal"
1.7+0.4 (range: 1-2) were the most challenging to
satisfy (Table 2).

Calculations of medians and quantil Q25- Q75 as well
as mean total FIPS scoring for each of the five variables,
including standard deviations and minimum and
maximum values, are summarized in Table 3.

Radiographic and clinical
scores based on FIPS for each

6 27 group.
10 30
8 25
23
10 30
42

Summarized medians and
quantil Q25-Q75 as well as mean
FIPS scores including standard
deviations (SD) and minimum-—
maximum (min—max) values for
each variable.

1.5 06 1-2

1.7 04 0-2
1.6 0.5 0-2

8.8 1.2

Q1 (how the patients' general expectations have been fulfilled)
85, 80, 65, 75, 90, 100, 85, 70, 70, 75 (79.5 mean)
80, 70, 65, 100, 100, 75, 65, 80, 80, 75 (79.0 mean)
65, 70, 100, 95, 90, 70, 80, 70, 75, 65 (78.0 mean)
Q2 (overall patients' satisfaction according to the functionality of the implant

crowns)

80, 95, 90, 65, 70, 75, 100, 65, 85, 90 (81.5 mean)
75, 80, 100, 65, 65, 90, 75, 75, 95, 70 (79.0 mean)
100, 90, 65, 70, 75, 80, 85, 70, 90, 80 (80.5 mean)

Both questions included
a visual analogue scale (VAS)
ranging from “unsatisfied” to
“fully satisfied” (0-100).
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The two questionnaires addressed the patients'
satisfaction according to the treatment outcome. Q1
focused on the fulfillment of the patients' general
expectations. Q2 asked explicitly for the overall
patients' satisfaction according to the functionality of
the implant crowns.

All patients marked their level of satisfaction at or
above 65% on the VAS for both questions. The mean
score of Q1 was 79.0+1.5 (median: 78.8; Q25-Q75: 70-
92; range: 65-100), and 80.5+2.5 for Q2 (median: 80.3;
Q25-Q75: 73-95; range: 65-100).

The linear regression analysis showed a statistically
significant correlation between the total FIPS score and
the VAS response of Q1 and Q2. A moderately correlation
was found between FIPS and Q1 and FIPS and Q2, with
a coefficient of 0.82 and 0.80 (P < 0.0001) respectively.

The possibility to selectively assess the functional
integration of single-implant restorations with an
objective, reliable, and quickly applicable score was
recently proposed and permits to rationalize patient's
satisfaction, to identify potential failure risks at an
early stage of the treatment and to compare follow-up
maintenance (9-11).

FIPS seems to be easier and more reliable to be applied
than other criteria that have been proposed in the
past (18-20). Some of them were mixing different
parameters, such as mobility of the implant, radiolucency
and substantial bone loss, bleeding and suppuration, the
occurrence of technical failures, and esthetics. However,
success of a single-implant restoration should ideally
consider the long-term outcome of the entire implant-
prosthodontic complex as a whole.

FIPS can be now generally accepted and well-established
as a reliable assessment tool estimating a score by
merging clinical and radiographic findings for the
evaluation of implant restorations (in posterior sites)
(9-11). In fact, FIPS is an outcome assessment tool that
can be helpful, is easy to use, quickly and reproducibly
applicable, and implies a clinical relevance for the dentist.
The present trial confirmed the applicability of FIPS. This
novel functional score is defined by only five variables.
In contrast, esthetic indices use much more complex
scoring schemes with 10 up to 15 different subcategories
of assessment (4-8, 21-23). The ease applicability of FIPS
is useful for long term randomized clinical trials and its
use also by a wide number of clinicians.

This prospective clinical study evaluated the functional
outcomes of a mixed traditional and digital workflow
to fabricate single-implant crowns on three different
implants after one year of loading using FIPS. It can
be considered that the reaction of gingival tissue at
inflammatory insults such as a placement of a single-
unit restoration, can determine within one year of

clinical service some unfavorable reactions; the
presence of a slight improvement of periodontal indices
in combination with any bone loss can be a favorable
sign of good integration of single-implant restorations.
The null hypotheses tested were that, scoring the single-
implant restorations with FIPS, there were differences
between hexagon and conical connections and among
the three tested connections; both were rejected: no
differences were found between the type of abutment
connections and among the three tested implant
systems. That can be due to the high performances
reported for both types of connections (24), the proper
selection of the cases, the well performed surgical
and prosthodontic procedures as well as the proper
maintenance of home oral hygiene (25-26); the two
null hypotheses will be reevaluated and reported along
further recalls.

Although the short-term observation and the limited
number of samples of each group can be considered
important limitations of this study, a longer observation
in a wider number of patients is planned after the three-
year follow up.

The summarized analysis of the variables “inter-
proximal,” “occlusion,” "design,” "mucosa,” and “bone"
revealed a high mean total score of 8.6 of 10 with a
relatively narrow range (SD: 1.1), indicating a precise
and reliable assessment of FIPS within these groups.
Although under optimal conditions, the defined variables
of FIPS result in a top score of 10, all examined single-
implant restorations always showed a mean score of =6,
which can be interpreted as a successful (functional)
treatment outcome.

Another important aspect was that the patients'
satisfaction was subjectively high with respect to the
expected treatment outcome in general. The patients’
satisfaction reflected their expectations, confirming that
their perception can correspond to the FIPS. Certainly,
the method used to evaluate patients' perception (VAS)
might be improved although in this form it is very easy
to be applied, repeatable and reliable (9).

nou nou

The findings of this randomized clinical trial
indicated the potential of both conical and hexagon
connections to perform very well after 1 year of
clinical service.

FIPS showed to be an objective and reliable instrument
in assessing single-implant restoration success.
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