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Abstract

Clinical studies assessing the effect of load absorbing crown materials on the peri-implant
supporting structures are lacking. So, the aim of this study was to evaluate the effect of two load-
absorbing crown materials on the peri-implant supporting structures. Thirty participants aged
between 20 and 45 years received a single implant in the maxillary premolar area. 10 implants were
restored with metal-ceramic (MC) crowns, 10 implants with polyether ether ketone (PEEK) crowns,
and 10 with resin-ceramic (RC) crowns. The crestal bone loss (CBL) and certain clinical parameters
were evaluated at baseline (at cementation of the definitive crown), at 6 months, and at 12 months.
The clinical parameters assessed were probing depth (PD), modified plaque index (MPI), and
modified sulcus bleeding index (MSBI). The tested clinical parameters did not show a significant
difference at different follow-up times. The reported CBL in all groups was within the clinically
accepted levels (< 0.459 to 0.55 mm at 12 months of implant placement). Regarding the intra-group
comparisons of CBL results, In the MC group, there was a statistically significant difference (P

<0.05) between 12 months and baseline.
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Introduction

The precise reasons for the success or
failure of implant therapy are difficult to determine,
as there are lots of factors involved, including
surgical methods and materials used."? Dental
implants are primarily evaluated in terms of the
stability of the supporting peri-implant hard and
soft tissues. The peri-implant hard tissue is
usually evaluated by measuring crestal bone loss
(CBL).> The loss of bone around dental implants
may be caused by a variety of factors, including
the implant characteristics, patient age, general
health, prosthetic materials, and some peri-
implant periodontal parameters.* The most
common occurrence of CBL occurs shortly after
implant placement. Historically, an early CBL of
about 1.0 to 1.5 millimeters is considered normal
for the first year after implant placement, but
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more recent data suggest CBL of about 0.459 to
0.55 millimeters throughout the first year after
implant placement.® In most studies, periapical
radiographs are used to measure peri-implant
CBL.®

The clinical outcomes of implants had
been described in the form of clinical parameters
like modified plaque index, modified sulcus
bleeding index, and probing depth.* Successful
implants  usually allow approximately 3
millimeters of probe penetration.” If the pocket
depth is less than 3 mm, plaque presence and
bleeding tendency should also be considered.’
Patients' ability to perform oral hygiene
procedures correlates directly with plaque index
values, and poor oral hygiene is a risk factor for
peri-implant lesions Since dental plaque is the
primary cause.?

Metal-ceramic (MC) crowns have been
considered as the gold standard for the
restoration of teeth over the past five decades,’
however, due to the shift toward metal-free
restorations, resin-based materials like resin-
ceramics (RC) and Polyether-ether ketone
(PEEK) are currently used. %2

A natural tooth's periodontal ligament
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absorbs shocks, provides tactile sensitivity, and
sends proprioceptive motion feedback to the
brain through periodontal mechanoreceptors, but
implants place direct pressure on surrounding
bone because mastication forces directly affect
the implant itself.’ It could be argued that
reducing occlusal loads on Osseointegrated
implants by selecting a resilient material that can
absorb some of the excessive force may prove to
be a crucial factor in long-term implant success.™

PEEK has an elastic modulus which is
about 3.5 GPa, its young's modulus and tensile
properties are comparable to that of human bone,
enamel, and dentin."®'® Its capacity to absorb
and distribute loads would enable bone to be
stimulated favoring remodeling without
overloading, so, it had been recommended to be
used in patients with severe bruxism."” Resin-
ceramics or polymer infiltrated ceramics are
made from a resin ceramic combination, which
exhibits the positive characteristics of both
materials.’® The combination of ceramics and
polymers has been shown to give these materials
hardness, elasticity, and flexural strength similar
to natural teeth.” A good example of this type of
material is Vitaenamic. A unique feature of this
computer-aided design and computer-aided
manufacturing (CAD-CAM) material is that it
does not require sintering after milling.

Although clinical evidence for the impact of
overloading on peri-implant bone loss is limited,?
controlling the forces applied to the implant-bone
interface seems important from a biomechanical
perspective.?’ The laboratory evidence of the
shock-absorbing ability of resin-based materials
like PEEK and resin-ceramic is currently
evident,? however, there are not enough clinical
studies or international standardization about
their clinical and radiographic behavior when
used over implants.

To the author's knowledge, the first
introduced resin-ceramics to the dental market
were Lava Ultimate by 3 M ESPE in 2011 and
Vita enamic by VITA in 2013. As described by
the manufacturers, both materials are suitable for
single implant-supported crowns. In 2020
Panadero et al®® published a 5-year prospective
clinical study that evaluated Lava Ultimate versus
metal-ceramic (MC) implant-supported crowns,
they concluded that the MC crowns showed
superior mechanical behavior and the peri-
implant  tissue biological response was
independent of the prosthetic crown material,

however, during this study, the manufacturer of
Lava Ultimate confirmed that it was no longer
suitable for crowns. This 1- year prospective
clinical study was conducted to evaluate the
effect of load absorbing implant-supported PEEK
and RC crowns on the supporting structures
compared to MC crowns. The null hypothesis
was, that the PEEK and RC crowns will not show
a significant difference in the crestal bone loss
(CBL), or the clinical parameters assessed
compared to MC crowns.

Materials and methods

This study was conducted as a
prospective, randomized clinical trial. Ethics
approval for the study was granted by the
Research Ethics Committee, Faculty of Dentistry,
Tanta University, Egypt No. FP-11-19-2. The
sample size was estimated by using the following
formula: - Sample size = (Z ' (P) (1-P))/C?, where
z= z value (1.96 for 95% confidence level),
p=percentage picking a choice, expressed as a
decimal, c= confidence interval, expressed as a
decimal. The purpose was explained to the
participants and informed consent was obtained.
It was calculated that 10 implants per group
would provide 95% power with a significance
level (0.05). This study was conducted from
January 2021 to April 2022 at the out clinics of
the faculty of dentistry, Tanta University, Egypt.
Thirty participants (16 females and 14 males)
aged 20-45 years with a missing maxillary
premolar received 30 two-piece implants. The
clinical outcomes (probing depth; PD, modified
plaque index; MPI, and modified sulcus bleeding
index; MSBI) and the radiographic outcomes
(crestal bone loss; CBL) were recorded at
cementation of the definitive crown(baseline), at
6 months, and 1 year.

Of the 30 implants; 10 were restored with
metal-ceramic crowns (MC group), 10 with
polyether ether ketone (PEEK group), and 10
with resin-ceramic crowns (RC group). To avoid
bias, an online random selection generator was
used. Each implant was randomly restored with
either MC, PEEK, or RC crowns. Based on
random numbers, the generator selected
numbers for restorations with PEEK and RC
crowns and numbers for restorations with MC
crowns until the number of crowns allotted for
each group was completed.

Inclusion criteria

Volume - 16 - Number - 1 - 2023 Page 165




Age 20-45 years, medically free, the
ability to read and sign the informed consent,
bone quality (D2 or D3), and quantity (bone
remaining around implant not less than 1.5 mm),
bite force within normal values, ability to maintain
meticulous oral hygiene, and ability to return for
follow-up. Full mouth plaque scores less than
25%.

Exclusion criteria

Patients with periodontitis, severe bone
resorption, clenching or bruxism, heavy smokers,
drug abusers, and bad oral hygiene, pregnant
women, when implant surgery is contraindicated,
bisphosphonate therapy or chemo/ radiotherapy
to head and neck region, and uncooperative

subjects.
Pre-operation examination
Cone-beam computed tomography

(CBCT) was done for each patient to evaluate
the quality and quantity of the alveolar bone at
the implant site, and its relation to anatomical
structures. The optimal positions of implants
were planned in 3D software considering both
the alveolar process and the prosthetic demands

Implantpomon planning using On

Figure 1.
Demand 3D software.

Surgical phase

All  surgeries were completed in a
complete aseptic condition under local
anesthesia and following the standard drilling
protocol as per the manufacturer’s instructions.
All implants were placed using implant surgical
guides. The implants used in this study were
internal hex connection implants (bone-level
Nucleoss T6; Europe GmbH). An appropriate
dose and duration of postoperative antibiotic,

anti-inflammatory, and 0.12 % chlorhexidine
mouth wash were described.

The prosthetic phase

To make sure that the implant is ready for
loading, an adequate value of implant stability
quotient (ISQ) was confirmed 4 months after
implant placement. An implant level open-tray
polyether impression (Bonasil A* VPS; DMP) was
made to select/adjust the prosthetic straight stock
abutment extra orally. The selected/adjusted
stock abutment was torqued intraorally, a
provisional CAD-CAM restoration was then
constructed and cemented for 2 weeks to allow
for a better emergence profile and adequate
healing of peri-implant soft tissues. Two weeks
later, the provisional crown was removed, an
abutment level impression was made for the
construction of the definitive crowns, and the
provisional crown was recemented. In the MC
group, the crowns were fabricated by a
conventional lost wax casting technique and
conventional porcelain build-up. In the PEEK
group, the implants were restored with pressed
polyether ether ketone crowns (PEEK; Bredent
GmbH) veneered with veneering composite resin
(Visio.lign, Bredent GmbH). In the RC group, the
implants were restored with CAD-CAM
procedures from milled resin- ceramic
(Vitaenamic; VITA Zahnfabrik). All crowns in the
3 groups were finished according to the
respective manufacturer's instructions. The
provisional crown was then removed, and the
definitive crowns were cemented. To decrease
the amount of excess cement, the cement was
applied only to the occlusal half of the intaglio
surface of crowns.?* Complete seating intraorally
was verified using a digital radiograph and the
excess cement was removed. Non-eugenol
provisional cement (temp-Cem NE cement;
Nexobio) was used so that the crowns can be
easily removed and cleaned during recall visits.

To exclude the effect of poor oral hygiene
on the assessed clinical parameters the
participants were taught and instructed to
maintain meticulous oral hygiene.

Data collection and follow up

The marginal bone level (MBL) was
measured by 2 experienced radiologists who
were not informed about the study groups. To
avoid examiner bias, inter-and intra-examiner’s
reliability was calculated, and a strong level of
agreement was achieved. The MBL was
evaluated on the mesial and distal implant
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surfaces (figure 2) by a standardized periapical
digital radiograph using a long cone paralleling
technique with a sensor positioning device (Rinn
XCP-DS FIT dentrek module; Dentsply).

12.00mm ref.

Figure 2. Measurement of Crestal bone loss
using 2.6x SIDEXIS-XG software.

The bite block part of Rinn XCP system
was modified with an acrylic resin key ensure
exact repositioning in future measurements. All
radiographs and exposure times followed a
standard radiologic setup. The marginal bone
levels were evaluated using a software program
designed to take measurements from images
(2.6x SIDEXIS-XG software; Sirona).?® The most
coronal edges of the implant platform mesially
and distally were chosen as the reference point.
The length of the implant as provided by the
manufacturer, from the apex to the implant
platform, was used as a reference to calibrate the
measurements.”® The mesial and distal distance
from the implant platform to the first point of
bone-implant contact was measured for each
implant. The mean MBL (MMBL) per implant at a
certain time was considered as the mean of the
mesial and distal MBL measurements at that time.
CBL has been calculated according to the
following formula, CBL (at a certain time) =
(MMBL at that time-MMBL at baseline).?’

The clinical parameters were measured
by 2 experienced periodontists who were blinded
to the study groups. The PD measurements were
taken at 6 points, distobuccal, distolingual,
mesiobuccal, mesiolingual, mid buccal and
midlingual using HZ plastic prob (HELMUT ZEPF,
Medizin Technik GmbH). PD was measured as
the longest distance between the gingival sulcus
base and the gingival margin. The MPI was
measured according to the following records, no

plaque detected = score 0; when plaque is
detected with probe only = score 1, score 2 is
given when plaque can be detected by the naked
eye; and score 3 = plentiful plaque. The MSBI
was recorded as per the following scores: score
0 = bleeding is not detected; score 1 = separated
bleeding spots; score 2 = confluent bleeding;
score 3 = abundant bleeding.?®

Statistical analysis

It was performed using Statistical
Package for Social Sciences (SPSS version 26),
the data of radiographic (CBL) and clinical
parameters (PD, MPI, and MSBI) at baseline, 6
and 12 months were analyzed so that numerical
variables were expressed by descriptive statistics
as mean and standard deviation. After
homogeneity of variance and normal distribution
of errors have been confirmed, repeated
measures ANOVA followed by Tukey post hoc
tests; in case of significant difference; were used
for intra-group comparisons of parameters at 6
months against baseline, and at 12 months
against baseline. One way ANOVA was used for
inter-group comparisons of means of the
parameters at 6 and 12 months. P-value <0.05(*)
was considered a significant difference.

Results

One participant showed a significant
increase in CBL at 6 months, and he was
removed from the study. No prosthetic failures
were recorded. The intragroup comparisons of
the clinical parameters tested at the follow-up
times (6 months versus baseline and 12 months
versus baseline) showed in (Table 1).

Outcome | Parameter | Groups M=SD at follow up times P-Value

Baseline | 6 months 1year | 6 months | 1 year
Clinical PD MC 2.24£0.25|2.17£0.17| 0.275 0.345

2

PEEK | 2.32+0.15 |2.21+0.12{2.11+0.09| 0.333 0.321
2
1

RC 2 | 1.92£0.12 | 1.32+0.17| 0.125 0.123

MPI MC 0.81+ 0.74+] 0.323 0.312
0.34 0.39
0.81+ 0.64 +
0.53 0.30
0.81=+ 0.67+ 0.453
0.44 0.30
0.56+| 0.78+
0.77 0.89
0.71+ 0.69 =
0.77 0.83
0.77 = 0.66 +
0.66 0.89

MMBL: Mean marginal bone level. CBL: Crestal bone loss.
Table 1: Comparison of clinical outcomes of the
MC, PEEK, and RC groups.

PEEK | 1.34+0.43 0.444 0.521

RC | 133049 0.432

MSBI MC | 0.81£0.85 0.445 0.646

PEEK | 0.75 +0.86

RC | 0.79+0.85

The intragroup comparisons of the
radiographic parameters (CBL) at the follow-up
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times (6 months versus baseline and 12 months
versus baseline) showed in (Table 2). In all
groups, the reported CBL at 12 months was
within the clinically accepted levels (< 0.459 to
0.55 mm at the first year). There were no

significant  differences in all the clinical
parameters evaluated. However, there was a
significant difference in the CBL in the MC group
between baseline and 12 months measurements
(Table 3).

Group | MMBL CBL P-Value
(Baseline) 6 months 1year | 6 months 1 year
MC 0.5120.12 0.13+0.25 | 0.43+0.35| 0.122 0.001*
PEEK 0.59+0.05 0.03£0.07 |0.07+0.06 | 0.311 0.324
RC 0.61%0.11 0.07+0.14 | 0.11+0.12| 0.245 0.453
MMBL: Mean marginal bone level. CBL: Crestal bone loss

Table 2. Comparison of radiographic outcomes
of the MC, PEEK, and RC groups.

Groups 6 months versus baseline 12 months Versus baseline

MC 0.059 0.001*
Table 3. Pairwise comparisons of CBL
measurements in group MC.

Regarding the intergroup comparisons
(MC versus PEEK, MC versus RC, and PEEK
versus RC), there was no significant difference in
all the clinical parameters assessed at the 3
follow-up times (baseline, 6 months, and 12
months). There was no significant difference in
the CBL between all groups at baseline and 6
months. However, there was a significant
difference in CBL between MC&PEEK and
between MC& RC at 12 months. Also, there was
no significant difference in CBL between PEEK,
RC groups at 12 months (Table 4).

Groups Meant S.  Min-Max ANOVA Multiple comparisons
D F p-value (Tukey)
MC 0.43+0.35 0.15-1.39  21.036 0.00* MC& PEEK-0.00*
PEEK 0.07+£0.06  0.02-0.33 MC& RC=0.00*
RC 0.11+£0.12  0.05-0.50 PEEK & RC>0.843
Table 4. Multiple comparisons of CBL

measurements of all groups at 12 months.
Discussion

The causes of early excessive peri-
implant CBL are multifactorial; however, they are
not fully understood. Among the main theories
are the infection theory, advocated by

periodontists, and the overload theory, advocated
by prosthodontists.> Assuming that the infection
of the peri-implant tissues can be controlled by
maintaining meticulous oral hygiene, the effect of
prosthetic material on the peri-implant bone loss
can be studied clinically. Therefore, the goal of
this study was to assess the impact of 2 load-
absorbing implant-supported crown materials on
supporting structures.

The results of the current study indicated
that RC and PEEK single implant-supported
crowns have a significantly lower CBL value
compared to MC crowns at the first year of
implant insertion. However, the clinical outcomes
of the 3 crown materials did not differ significantly.
Therefore, the null hypothesis was partially
accepted

The selection of superstructure materials
for the implant is of important concern as it
directly affects the health of peri-implant
tissues.? Currently, there is increased clinical
use of metal-free restorations, however, there is
a lack of clinical research on their effectiveness
over implants. In this study, 2 shock-absorbing
metal-free crown materials were compared with
the gold standard MC implant-supported crowns
to assess the impact of crown material on hard
and soft tissues around the implant. To
standardize clinical factors related to soft tissue
around implants, strict oral hygiene instructions
were given to participants and therefore
maintaining the periodontal indices without
significant change during the study course, this
was confirmed by the normal range of values
obtained for PD, MBI, and MSBI as previous
studies.?*3?

Most of the studies conducted on RC and
PEEK implant-supported crowns before starting
our study were in vitro or finite element analysis
studies. Consequently, we found it difficult to
compare our results with similar studies. The
highest mean CBL value reported in this study
after 1 year was 0.43 mm in MC crowns which
was in accordance with the mean CBL value
reported in a 15 year follow up study published in
1996 by Lindquist et al.*®* The mean CBL values
reported for PEEK and RC crowns were 0.66 and
0.72 mm which was in accordance with the same
values reported in recently published studies.®?

Results of the present study showed higher
values of CBL in MC than in PEEK and RC
crowns. The CBL in MC crowns at 12 months
was 0.43+0.35. For PEEK crowns, it was
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0.07+0.06, and for RC crowns it was 0.11+0.12.
So, there was a significant difference between
MC and the other two groups, this may be due to
the lower elastic modulus of PEEK and RC
compared to MC crowns."** and consequently
reducing the stresses transmitted to crestal bone.
These results are consistent with the study
performed by Akanksha et al, who concluded that
PEEK crown produced lesser stress than MC
crown under vertical and oblique loading and that
straight abutment along with PEEK crown could
be given in patients with bruxism to reduce the
stress concentration in bone.* Also, this result
agreed with an invitro study by Rosenstiel et al.??
who studied the effect of different combinations
of crown materials and cements on the shock
absorbing capacity of implant-supported crowns.
They concluded that resin-based materials have
higher shock absorption capacity compared to
ceramics and the best force damping behavior
was recorded for PEEK.

However, the outcome of this study didn’t
agree with a finite element analysis study
comparing implant-supported MC and resin-
modified ceramic crowns and found no significant
differences in peri-implant bone loss between
them.*® This difference in the result might be
because of difference in study type and method
of CBL evaluation.

The outcome of this study is not in
accordance with the study of Panadero R et al.?
that evaluated the mechanical and clinical
behavior of implant-supported resin-modified
ceramic (RMC) crowns compared with that of
metal-ceramic crowns and concluded that RMC
(Lava Ultimate) crowns are not suitable for use
over titanium implant because of mechanical
failure although matched CBL values to our study
were obtained.

Digital periapical 2D radiographs were
used to assess the marginal bone loss changes
as they are used in most studies.® and easy to
standardize for repeated measurements of single
implant-supported crowns.

There was no significant difference
between all groups at all durations for the tested
clinical parameters, this may be because the
patients were given instructions to maintain
meticulous oral hygiene measures, and this was
confirmed and checked over short-term recall
visits.

The limitations of this study include the
short-term follow-up and not considering the

mechanical complication of these load absorbing
restorations; studies may be recommended to
evaluate both biological and mechanical aspects
of these materials over a long-term follow-up time.

Conclusions

Based on the present results, Accordingly,
we have drawn the following conclusions:

1. In all groups, the reported crestal bone loss
was within the clinically accepted levels (<
0.459 to 0.55 mm at 1 year).

2. Implant-supported metal-ceramic crowns
showed more crestal bone loss than
polyether ether ketone and resin-ceramic
crowns.

3. Considering the peri-implant crestal bone
loss, polyether ether ketone and resin-
ceramic may be recommended as single
implant-supported crowns when compared to
metal-ceramic.
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