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ABSTRACT

Purpose: The aim of this study was to evaluate clinical and radiographic outcomes of 
polyetheretherketone (PEEK) hybrid prosthesis used for “All on four” rehabilitation of edentulous 
maxilla.

Materials and methods: Six patients with atrophied edentulous maxillary ridges were 
managed by 4 implants according to the “All on four” protocol using computer guided surgery 
and flapless surgical approach. The existing maxillary dentures were placed immediately after 
modifications on the same day. After 6 months, the definite prosthesis consisted of screw retained 
milled BioHPP framework bonded to acrylic resin teeth and denture base. The prosthesis restored 
lost teeth, hard and soft tissues (hybrid fixed prosthesis). Plaque and gingival index, probing depth, 
implant mobility and bone loss (measured by standardized periapical radiographs) were evaluated 
after prosthesis delivery (T0), six months (T6) and 12 months (T12) after delivery.

Results: Two implants failed in one patient resulting in 91.7% survival rate.  Plaque index 
increased with time. No difference in gingival index, pocket depth, implant stability, and vertical 
bone loss between observation times was noted. Posterior implant showed higher plaque scores and 
pocket depth than anterior implants after 6 and 12 months and no significant difference in all other 
parameters between anterior and posterior implants was noted.  

Conclusion:  Within the limitation of this study, PEEK hybrid prosthesis bonded to acrylic 
resin teeth and denture base can be used successfully to rehabilitate patients with atrophic maxilla 
according to “All on four” concept as it was associated with favourable clinical and radiographic 
outcomes after one year. 
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INTRODUCTION 

One of the major challenges facing dentistry has 
been rehabilitation of atrophic maxillary jaws1. Im-
mediate implant-supported rehabilitation of eden-
tulous jaws has been reported to provide a reliable 
alternative to conventional dentures while signifi-
cantly improving quality of life for edentulous pa-
tients2,3. However, with maxillary atrophy augmen-
tation surgery, regardless of reconstructive proce-
dure, carries a higher risk of patient morbidity and 
complications (e.g., infection, loss of graft material) 
as well as higher cost and longer time interval to 
complete the treatment4.

The concept of the all-on-four is to insert 4 
implants in the anterior part of the ridge to assist 
a temporary, fixed, and immediately loaded bridge. 
The anterior 2 implants are installed vertically, 
and the posterior 2 fixtures are inserted with distal 
inclination to decrease the cantilever length and 
permit the use of prosthesis with 10 to 12 teeth5,6. 
Final prosthesis may be fixed or hybrid screw 
retained prosthesis 7.With All-on-Four treatment, 
bone augmentation and sinus lift are omitted. 
Furthermore, restoration support is improved due to 
increasing the antroposterior spread and shortening 
of cantilevers which provide optimum load 
sharing.  Moreover, the immediate function concept 
represents a major advantage for patients, providing 
less time-consuming treatment8,9. Several types of 
final prosthesis were reported to be used with the 
All on four implant concepts. They include metal 
ceramic or metal acrylic permanent prosthesis, or 
final prosthesis remained in acrylic resin 10, 11.

     The substructure framework material for full 
arch fixed implant supported prosthesis include; 
cast gold/nickel chromium material, milled 
titanium or zirconium frames using computer 
aided-design/computed aided-manufacture (CAD/
CAM) technology12. However, these materials 
are very stiff and lack shock absorption which 
may transfer high forces to the implant via the 

superstructure13.  Polyetheretherketone (PEEK) is 
a high-performance thermoplastic polymer which 
can be utilized as a metal substitute for fixed and 
removable restoration. This material has several 
advantages such as strength to weight ratio, corrosion 
resistance, biocompatibility, compatibility with 
medical imaging, low plaque affinity and chemical 
stability14-16. Moreover, it has good mechanical 
behavior, creep, wear resistance and shock 
absorbing ability13, 17. These criteria make the PEEK 
material a useful substitute to metal frameworks 
for fixed implant supported restorations. PEEK is 
radiolucent, which facilitate identification of screw 
loosening by periapical radiograph. PEEK has also 
a low specific weight that allow construction of 
lighter prosthesis, providing high patient satisfaction 
and comfort during function18. The PEEK material 
can be fabricated by either computer aided design/
computer aided manufacturing (CAD/CAM) or by 
injection molding18

PEEK material was modified by adding 20% 
ceramic fillers (High performance polymer, BioHPP; 
bredent GmbH & Co KG) to increase the modulus 
of elasticity. BioHPP is elastic as bone, act as a stress 
breaker and reduce the occlusal forces transferred to 
the restoration and opposing dentition19. Moreover, 
it has high bond strength to acrylic resin (polymethyl 
methacrylate) and to indirect composite resin20, 21 
through primer provided by the manufacture (visio.
link; bredent GmbH & Co KG).  When BioHPP 
used for implant frameworks, it can be veneered 
with acrylic resin denture teeth or light-polymerized 
indirect composite resin18. 

Reviewing the literature, the clinical evaluation 
of PEEK implant supported full arch fixed hybrid 
prosthesis especially for All on four prosthesis is 
scarce12. Therefore, the aim of the present study 
was to evaluate clinical and radiographic outcomes 
of polyetheretherketone (PEEK) hybrid prosthesis 
used for “All on four” rehabilitation of edentulous 
maxilla.  
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MATERIALS AND METHODS 

Six individuals (3 males and 3 females) with 
mean age of 60±4.1 years were enrolled in the current 
study. The patients had completely edentulous 
maxilla and implant overdentures in the mandibular 
jaw. The participants had atrophic maxillary ridges 
with maxillary sinus pneumatization and insufficient 
bone in maxillary posterior ridges to receive standard 
implants of adequate length. They all suffered from 
lack of retention and stability of maxillary dentures 
and need a fixed prosthesis in maxilla, 2) sufficient 
bone height and width in the anterior maxillary 
area between the maxillary sinuses to receive four 
implants according to the All on four protocol with 
dimensions (at least 12 mm long and 3.8 mm wide). 
The exclusion criteria were: 1) blood disorders, 
2) autoimmune diseases, 3) uncontrolled diabetes 
mellitus, 4) metabolic diseases affecting bone, 5) 
irradiation of the head or neck region in the last 2 
years, and 6) inadequate oral hygiene performance. 
The patients were instructed about the treatment 
protocol and objectives prior to obtain an informed 
consent. The study was conducted according the 
ethical principles of Helsinki Declaration (https://
www.wma.net/). 

Surgical and prosthetic procedures 

All selected patients received new maxillary 
and mandibular dentures (CD). After 2-month 
adaptation period, gutta-perchae markers were 
embedded to the polished surface of the maxillary 
denture at labial, vestibular and palatal flanges. 
Dual scan protocol was followed using cone beam 
CT (CBCT, i-CAT, Imaging Sciences International 
ISI, Pennsylvania, USA), Firstly, the patients were 
scanned while wearing their maxillary denture 
with gutta-perchae  radiopaque markers, then the 
maxillary dentures were scanned alone on the table 
of the CBCT machine (with long axis of the denture 
is in line with long axis of the table. The data sets of 
the double scans were overlapped then the acquired 
images were loaded into 3-D image treatment 

planning software (OnDemand). According to 
the CT scan, the implants were virtually planned 
according to the All On four protocol, with correct 
position and orientation of the implants relative to 
vital structures (maxillary sinuses, naso-incisive 
canal and nasal cavity). The anterior 2 implants 
were planned at lateral incisor or canine areas 
(13mm in length and 3.7mm in diameter) with slight 
labial inclination to account for labial inclination of 
premaxillary bone and the implants were set parallel 
to each other as possible in the coronal plane. The 
posterior 2 implants (15 mm in length and 3.7mm in 
diameter) are planned to be distally inclined by 30o 
and positioned just anterior to the maxillary sinuses 
and engage the cortical bone of the anterior sinus 
wall for increased stability. The posterior implants 
were planned to emerge in the mesial cusp region 
of the first molar tooth. This arrangement allowed 
for good implant anchorage, short cantilever 
length, and large interimplant distance5, 22.  Based 
on this plane, stereolithographic surgical guide 
was constructed using prototyping technique for 
each participant. Virtual model planning software 
was used to define the sites for implant placement 
and anchor pins for the surgical guide. A mucosal 
supported stereolithographic surgical template 
(fig.1) with 4 sleeves positioned over proposed 
implant sites was constructed using 3D printing 
technology (In2Guide).

Fig. (1) Mucosal supported stereolithographic guide
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All patients were premedicated with diazepam 
before operation. Antibiotics (amoxicillin 625mg 
+ clavulanic acid 125mg, Augmentin® 1gm) 
were prescribed before surgery and continued 6 
days later. Corticosteroids (Dexamethazone®) 
was injected immediately after surgery to reduce 
postoperative edema and inflammation. Anti-
inflammatory medication (ibuprofen®, 600 mg) was 
administered for 5 days postoperatively. Analgesics 
(Ketolac® 10mg) were given on the day of surgery 
and postoperatively for the first 5 days. The surgery 
was made according the flapless protocol under 
local anesthesia using partial guided protocol. 
Four implants (Biohorizon, Irvine, California, 
USA) were inserted using the surgical guide and 
the universal surgical kit (In2Guide, Universal 
Kit Cybermed Inc) supplied with the mucosal 
supported stereolithographic surgical template 
to be used during osteotomy preparation (fig. 2). 
This kit includes hand drill sleeves with successive 
increasing diameters that fit the template holes (in 
the same diameter of sleeves). The hand sleeves 
were used during consecutive drilling procedures 
with surgical guide to accommodate the successive 
increase in drill diameter. The template was 
stabilized in the patient’s mouth by a rubber base 
interocclusal record and fixed to the maxillary bone 
using anchor pins. The minimum torque at implant 
placement was  40 Ncm to permit immediate loading 
of the implants 23. 

17-degree angled multiunit abutments 
(Biohorizon, Irvine, California, USA) were 
screwed to the lateral incisor/canine implants and 
30-degree multiunit abutment were screwed to 
premolar implants at 20 Ncm torque. Implants 
were immediately loaded by existing maxillary 
dentures. The denture was modified by removal of 
the labial, buccal flanges and the palate (leaving 
only 10mm of acrylic denture base in a horseshoe 
manner). Also the second molar artificial teeth were 
removed24. Temporary metal caps were screwed 
to the multiunit abutments. The denture base 
opposite to the multiunit abutments was hollowed. 
Rubber dam sheet was fastened to the abutments. 
The temporary metal caps were picked up to the 
modified denture using auto polymerized acrylic 
resin (fig.3). The occlusal contact of first molar 
with opposing denture was removed to relieve the 
pressure on the inclined posterior implants. Post-
operative medications include analgesics to relieve 
pain, systemic antibiotic cover (amoxicillin and 
clavulanic acid (Augmentin® 1gm) for 17 days, a 
chlorhexidine digluconate 0.2% mouth rinse for 2 
weeks and direct application of anti-inflammatory 
gel to the peri-implant area. Anti-inflammatory 
medication was prescribed post surgically from days 
5 to 10. Participants were informed to eat soft diet 
and avoid hard foods. Participants were instructed 
for oral hygiene procedures and informed to attend 
regular follow-up visits to verify oral hygiene 
practice and perform adjustments of the relined 
dentures till osseointegration occurs.    

Fig 2. (A) In2Guide surgical kit. (B) The surgical kit of Biohorizon system
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After 3 months of osseointegration period, 
open tray impression procedure was started. The 
provisional acrylic denture was un-screwed from 
the multi-unit abutments. The abutment level long 
transfer copings were screwed to the multi-unit 
abutment and splinted with Duralay (Duralay, 
Reliance Dental MFG Co, Worth, IL, USA) 
acrylic resin to prevent movement of the transfer 
coping during impression procedure. A stock tray 
was perforated over the transfer coping to allow 
unscrewing of the transfers after impression making. 
Light body rubber base impression (Zhermack®, 
Badia Polesine, Rovigo, Italy) was injected around 
the transfer coping. The tray was filled with heavy 
body impression material and placed, such that the 
guide pins are identified. The long transfer copings 
were unthreaded and the impression was removed 
from patient mouth. Implant analogues were 
fastened to the copings and the impression was 
now poured to obtain master cast. Metal caps were 
screwed to the abutment analogues on the master 
cast. Record blocks were fabricated on the casts 
and used to record jaw relationship. Appropriate lip 
support was restored. The cast was scanned using 
a CAD/CAM device (Ceramill Map400, Amann 
Girrbach AG. Koblach, Austria), then a fixed 
prosthesis that replace lost teeth and gingival tissues 
was designed using the software of the device. 
The fixed partial denture was milled in Polyether- 

etherKetone (PEEK) BioHPP (high performance 
polymer) discs (Bredent GmbH & Co.KG, 
Weißenhorner Str. 2, 89250 Senden, Germany). The 
milled frame was fixed to the metal caps using resin 
cement on the master cast. The BioHPP framework 
was tried in patient mouth for passive fit (fig 4). 
Wax interocclusal record was made to establish the 
occlusal relationship with opposing teeth. Acrylic 
resin teeth veneers were arranged in the wax for 
try in. If needed the BioHPP frame was adjusted to 
accommodate resin teeth.   

The occlusal scheme was bilateral balanced 
occlusion to enhance the stability of mandibular 
implant overdentures. The BioHPP framework was 
painted with appropriate adhesive provided by the 

Fig. (3) Immediate loading of the implants by provisional denture.

Fig. (4) Milled BioHPP framework for the fixed prosthesis on 
the cast.
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manufacture (visio.link; bredent GmbH & Co KG). 
The frame was flasked on the cast and acrylic resin 
that restore lost gingival tissue were packed over 
the frame, finished and polished. The maxillary 
prosthesis (which consisted of BioHPP framework, 
acrylic resin teeth and pink acrylic gingival tissues) 
was delivered to the patients (fig.5) with emphasis 
on oral hygiene procedure and follow-up visits to 
make necessary adjustments. 

Clinical and radiographic evaluations 

Clinical and radiographic evaluations of peri-
implant tissues were performed after prosthesis 
delivery (T0), six months (T6) and 12 months (T12) 
after delivery.  Plaque index and gingival index were 
evaluated using the Mombelli indices 25. A graduated 
plastic probe was used to measure the pocket depth 
in mm  26, 27. Implant stability measurements was 
recorded using resonance frequency analysis. 
The Osstell device (Integration Diagnostics Ltd.) 
expresses the mobility as implant stability quotient. 
The multiunit abutments were removed and smart 
pigs of the Ostell device were connected to the 
internal hex of the implants.  Plaque index, gingival 
index and probing depth were measured at the mid-
facial, mid-lingual, mid-mesial, and mid-distal 
aspects of each fixture. 

Peri-implant bone evaluation was made using 
long cone paralleling technique and periapical 

radiography captured by a digital device (Digora, 
Soredex). A film holder designed specifically for 
implant imaging (Hawe Neos Dental CH-6934, 
Bioggio, Switzerland) were used for intraoral 
radiograph. To maintain the same film–implant 
distance and cone implant distance, the film holder 
was fixed to customized acrylic interocclusal jig to 
obtain standardized radiographs. The digital images 
were traced using the accompanying software 
and bone resorption was measured as the distance 
between implant-abutment junction and first bone- 
contact(fig.6) 26-29. To compensate for magnification 
errors, the known implant length and width were 
used to correct readings on the images to their actual 
values. Bone resorption was averaged from mesial 
and distal aspects of each implant.

Statistical analysis 

The data were explored for normality of 
distribution. The data was non-parametric and 
violated the normal distribution. Descriptive 
statistics of plaque and gingival scores were 
presented as median (Med), minimum (mini), and 
maximum (maxi). On the other hand, the descriptive 
statistics of pocket depth, implant stability and 
bone loss were presented as mean (X) and standard 
deviation (SD). The difference in clinical and 
radiographic parameters between observation times 
was detected using Friedman test followed by 

Fig. (5) Final prosthesis in the patient mouth Fig. (6) Peri-implant alveolar bone evaluation 
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Wilcoxon signed ranks test for pair-wise comparison 
between observation times. Mann Whitney test was 
used to compare clinical and radiographic outcomes 
between anterior and posterior implants. The data 
were analyzed using SPSS® software version 25 
(SPSS Inc., Chicago, IL, USA). P-values <0.05 
were considered to be significant. 

RESULTS

Two implants failed in one patient resulting in 
91.7% survival rate. The failed implants were the 
distal (inclined) implants on each side of the patient 
and the failure occurred in the first 3 months after 
loading with provisional dentures. 

The failed implants were replaced by newer 
implants of increasing diameters (width and length) 

and left submerged to integrate without loading 
and they were included in the support of the final 
prosthesis. The 2 implant failures were due to 
implant overload and they were mobile only, and 
not associated with infection or suppuration but the 
implants were associated with pain on pressure. 
None of the implants were associated with abscess 
or fistula formation. The patient with failed implants 
was omitted from the study. 

Comparisons of tested parameters between time 
intervals for anterior and posterior implants are 
shown in table 1 and table 2 respectively. Anterior 
and posterior implants showed significant increase 
of plaque index with time (p<.001). No difference 
in gingival index, pocket depth, implant stability, 
and vertical bone loss between observation times 

Table (1) Comparison of tested parameters between time intervals for anterior implants

T0 T6 T12 Freidman test 
(p value)

Plaque indices 
Med(Mini-Maxi) .00(.00-1.00) .00(.00-.200) 1.00(1.00-3.00)          .005*

Wilcoxon signed ranks 
Test 

(p value)

.021*
.032*

.009*
Gingival indices 

Med(Mini-Maxi) .00(.00-.00) .00(.00-.00) 0.00(.00-.00) 1.00
Wilcoxon signed ranks 

Test 
(p value)

1.00
1.00

1.00
Probing depth 

X±SD 1.49±.37 1.53±.54 1.61±.56 .067
Wilcoxon signed ranks 

Test 
(p value)

.21
.18

.087
Implant stability 

X±SD 65.55±1.57 65.1±1.78 66.30±1.69 .11
Wilcoxon signed ranks 

Test 
(p value)

.84
.75

.23
Bone resorption 

X±SD - .86±.54 .91±.46
Wilcoxon signed ranks 

Test (p value)
.094

*= significant at .05 level 
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was noted. Multiple comparisons of each 2-time 
intervals are presented in the same tables.

Comparisons of tested parameters between 
anterior and posterior implants at different time 
intervals are shown in table 3. Posterior implant 

showed higher plaque scores and pocket depth 
than anterior implants after 6 and 12 months. No 
difference in gingival scores, implant stability and 
bone loss between anterior and posterior implants 
was noted after 6 and 12 months.      

TABLE (2) Comparison of tested parameters between time intervals for posterior implants

T0 T6 T12
Freidman test

(p value)

Plaque indices

Med(Mini-Maxi) .00(0.00-1.00) 1.00(1.00-.200) 1.00(2.00-3.00) <.001*

Wilcoxon signed 
ranks Test
(p value)

.011*

.022*

.005*

Gingival indices

Med(Mini-Maxi) .00(.00-.00) .00(.00-.00) 1.00(.00-.00) 1.00

Wilcoxon signed 
ranks Test
(p value)

1.00

1.00

1.00

Probing depth

X±SD 1.81±.48 1.91±.62 1.97±.67 .14

Wilcoxon signed 
ranks Test
(p value)

.30

.24

.12

Implant stability

X±SD 66.25±1.88 67.25±1.78 67.15±1.96 .12

Wilcoxon signed 
ranks Test
(p value)

.34

.82

.12

Bone resorption

X±SD - .92±.41 .99±.57

Wilcoxon signed 
ranks Test
(p value)

.063

*= significant at .05 level
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DISCUSSION 

The palatal flanges of the existing maxillary 
denture were left to provide rigidity and minimize 
maxillary denture base fracture. The modified 
denture was similar to the provisional fixed acrylic 
partial denture used in the original protocol of 
Malo6. In the current study, PEEK material was 
used as a framework for the prosthesis instead of 
using cast nickel chromium or milled Zirconium 
or titanium frames. Although metal frameworks 
are rigid, present good mechanical properties, and 
provide the ability to be sectioned and reconnected 

in case of misfits, it has high modulus of elasticity 
which cause mechanical complications such as 
porcelain fractures, screw loosening, metal warping 
while firing the porcelain which cause misfit 18. 
Zirconia frameworks are biocompatible, have 
low bacterial adhesion, with good mechanical 
properties. However, it possesses inability to 
cut and reconnect in the case of misfits, and are 
associated with high rates of porcelain fractures or 
chipping. PEEK framework in this study combined 
with polymethyl methacrylate acrylic teeth has 
low modulus of elasticity than metal or zirconium 

TABLE (3) Comparisons of tested parameter between anterior and posterior implants at different time 
intervals   

T0 T6 T12

Plaque scores

Anterior implants Med(Mini-Maxi) .00(.00-1.00) .00(.00-.200) 1.00(1.00-3.00)

Posterior implants Med(Mini-Maxi) .00(0.00-1.00) 1.00(1.00-.200) 1.00(2.00-3.00)

Mann Whitney test(p value)           .98 .033* .002*

Gingival scores 

Anterior implants Med(Mini-Maxi) .00(.00-.00) .00(.00-.00) 0.00(.00-.00)

Posterior implants Med(Mini-Maxi) .00(.00-.00) .00(.00-.00) 1.00(.00-.00)

Mann Whitney test (p value) 1.00 1.00 .34

Probing depth 

Anterior implants X±SD 1.49±.37 1.53±.54 1.61±.56

Posterior implants X±SD 1.81±.48 1.91±.62 1.97±.67

Mann Whitney test (p value) .021* .031* .040*

Implant stability 

Anterior implants X±SD 65.55±1.57 65.1±1.78 66.30±1.69

Posterior implants X±SD 66.25±1.88 67.25±1.78 67.15±1.96

Mann Whitney test (p value) .14 .07 .18

Bone resorption 

Anterior implants X±SD .86±.54 .91±.46

Posterior implants X±SD .92±.41 .99±.57

Mann Whitney test (p value) .24 .51

*= significant at .05 level
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frameworks combined with porcelain which further 
dampen the occlusal forces and have a beneficial 
effect especially when used for implant restorations 
where proprioception is reduced by the absence of 
periodontal ligaments18, 30. In case of misfit, metal 
sleeves can be sectioned and reconnected to the 
PEEK frame in the patient mouth using resin cement 
to obtain passive fit.

In this study, acrylic resin teeth and denture base 
were bonded to the BioHPP framework instead of 
using composite veneers. This is because the use 
of acrylic resin as a veneering material has been 
suggested to provide greater shock absorption of 
impact forces on the prosthesis31-33. Also, acrylic 
resin material has low incidence of biological and 
mechanical complications when used for full-
arch hybrid PEEK implant-supported prosthesis12. 
Another reason is the reduced possibility of 
chipping and fracture veneering material when 
acrylic resin was used instead of composite  
resin12, 34. Furthermore, it is easy to perform adequate 
lip support and compensate bone resorption and 
discrepancies in jaw relations with the use of acrylic 
resin.

The plaque scores increased significantly 
with time for anterior and posterior implants. The 
increased plaque accumulation may be attributed to 
the decreased manual indexterity of old participants 
causing in reduced cleaning. Although, PEEK has 
reduced affinity to plaque accumulation, the plaque 
accumulated around the metal copings. This may 
be due to the difficulty of cleaning the prosthesis 
due to presence of acrylic flanges. Also relieve 
spaces made around the metal copings to avoid 
gingival traumatization may be responsible for 
increased plaque accumulation. The plaque around 
posterior implants was significantly higher than 
anterior implants. A similar finding was noted by 
Krennmair et al35 who compared axial and tilted 
implants supporting All-On-Four mandibular 
fixed prosthesis. They attributed this finding to the 

impaired cleaning process of posterior implants 
caused by prosthesis design (due to presence 
of cantilever) with excessively close gingival 
attachment due to the inaccessibility of posterior 
implant compared to anterior implants. However, 
the increased plaque accumulation did not cause 
an increase in gingival inflammation and gingival 
index over the time. 

Pocket depth did not show any significant 
increase by time. Similarly,  Landazurri-Del Barrio 
and colleagues reported a stable soft tissue situation 
with a reduction of pocket depths and shallow 
pockets with no significant midfacial recession in the 
vast majority of implants with All on four implant 
rehabilitation 36. In contrast with this observation, 
several authors reported an increase in pocket 
depth around implants supporting “All on four” 
prosthesis 35,37. Pocket depth of posterior implants 
was significantly higher than anterior implants 
after 12 months. This may be due to increased 
plaque accumulation and gingival enlargement 
around posterior implant. Another explanation 
may be attributed to the surgical technique used for 
placement of posterior (inclined) implants which 
necessitate subcrestal merging of the inclined 
implants with preparation of occlusal flare in 
the crestal bone to accommodate the multiunit 
abutments. This may increase bone loss and creates 
deeper pockets around posterior implants compared 
to anterior ones. 

Resonance frequency analysis was used to 
evaluate implant mobility as it is noninvasive 
method that allow verification of implant mobility 
during healing and in subsequent evaluations38. 
Implant mobility values obtained in all observation 
times was above 60. No difference in implant 
mobility was noted between groups or anterior 
and posterior implants. This may be due to all 
implants are inserted with high insertion torque 
with increased bone to implant contact after healing 
period. The lack of difference in implant mobility 
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between anterior (vertical) and posterior (tilted) 
implants was in line with results of other studies38-40.

The amount of marginal bone loss after one 
year not exceeds 1mm for anterior and posterior 
implants.  This rate of bone loss remains within 
the normal rate which is 1.2mm in the first year41-

45. The most interesting finding of this study is that 
marginal bone loss around the implants did not 
increase significantly from T6 to T12. This may be 
due to vertical bone measurements were made after 
6 months of loading with provisional dentures. It is 
well known that the majority of bone loss occurs 
within the first year after loading especially the first 
six months. After 6 months the bone loss could be 
attributed to the natural biological process of bone 
remodeling which occurs after implant placement 
and immediate bone response to healing and 
reorganization combined with function stresses46. 
Therefore, the rate of bone loss after that decreases. 
Another reason of reduced bone resorption is the 
reduced modulus of elasticity of PEEK framework 
and the use of acrylic resin which dampen the 
occlusal forces and absorb shock of impact forces 
on the prosthesis as stated previously31-33. 

No significant difference of marginal bone 
loss between anterior and posterior implants was 
noted at T6 and T12. This may be due to distal 
inclination of posterior implants that permits for 
reduction or elimination of the cantilever length, 
resulting in reduced stresses in the bone around the  
implants47,48 . Moreover ,the use of tilted implants 
increased the anterior-posterior spread, splinting the 
implants with a rigid superstructure may contribute 
to a favorable pattern of bone resorption regardless 
of the axial or tilted implant placement 35.This was 
in agreement with Khatami et al who stated that 
if tilted implants are part of a multiple implant-
supported prosthesis, the spread of the implants and 
rigidity of the prosthesis will reduce or change the 
nature of bending forces49.  Similar to these findings, 
a clinical study by Lopes et al found no difference in 

bone resorption between vertically and posteriorly 
tilted fixtures after 5-year 50.

The limitations of the study included the small 
sample size, the short evaluation period, the lack of 
evaluation of clinical and radiographic outcomes 
in the healing period (after 6 months of loading 
with provisional denture), and the lack of control 
group. Therefore, long term randomized trials with 
sufficient sample size and control group (which 
include the conventional porcelain fused to metal 
prothesis) are still needed to ensure the findings of 
this study.   

CONCLUSION

Within the limitation of this study regarding the 
small sample size and the short evaluation period, 
PEEK prosthesis bonded to acrylic resin teeth and 
denture base can be used successfully to rehabilitate 
patients with atrophic maxilla with “All on four” 
concept as it was associated with favourable clinical 
and radiographic outcomes after one year. 
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