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AND PATIENTS’ SATISFACTION)

Hanan Mohsen Al-Asad™ , Mahmoud Hassan El Afandy™* ,
Hebatallah Tarek Mohamed ™= and Magda Hassan Mohamed ™=

ABSTRACT

Aims: To evaluate prosthetic maintenance and patients’ satisfaction with the BioHPP
(biocompatible high-performance polymer) was used as a skeletal substructure for the hybrid
(implant fixed detachable) prosthesis versus the BioHPP bar supporting and retaining implant
overdenture based on the visual analogue scale (VAS). Materials and Methods: twenty completely
edentulous male patients were selected randomly from the outpatient clinic of the Department of
Prosthodontics, Faculty of Dentistry, Ain Shams University; the patients complained of ill-fitting
mandibular dentures due to ridge atrophy. All patients received new complete dentures; four inter
foramina implants were placed using a surgical guide. Three months after osseointegration, the
patients divided into two groups received CAD-CAM BioHPP framework hybrid prosthesis (group
I) and BioHPP bar supported and retained overdenture (group II). The prosthetic complication was
recorded, and the patient’s subjective evaluation using a questionnaire based on the VAS includes
five points for speech, chewing, comfort, aesthetics, oral hygiene, and general satisfaction was
recorded. Results: Patient satisfaction revealed no difference between groups I and II at follow-
up, with both groups highly satisfied after 12 months of follow-up. The general satisfaction for
Group I was 4.43 + 0.34, while that group II was 4.43 + 0.50. Conclusion: The CAD/CAM
BioHPP framework materials offer treatment modalities that are a good alternative for mandibular
rehabilitation. Excellent levels of subjective patient satisfaction and prosthetic maintenance during
the oral function were seen.
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INTRODUCTION

The most challenging aspect of oral rehabilitation
is replacing damaged structures and restoring
function and aesthetics.
dentures have disadvantages, including increased
stability, support, and retention. Discomfort, loss

Traditional complete

of chewing capacity, and, in some instances, severe
discomfort, as well as a reduction in the patient’s
psychological and social well-being, are examples of
these challenges. ->? In this regard, reconstructing
the entire arch with implants is superior to traditional
prostheses. It increases the patient’s satisfaction and
enhances their quality of life. Several treatments
are available to help edentulous patients dissatisfied
with their retention and stability. Implant-supported
overdentures and fixed hybrid prostheses are
examples of this. -

Implant-supported overdentures are usually held
in place by a bar or a combination of bars and other
attachments that are rigidly connected to multiple
implants. So, there must be the correct number of
implants. The bar can be made from plastic moulds
that have already been milled (castable) or from
gold that has already been made. ¢

The term “fixed hybrid prostheses” refers to
hybrid prostheses that can be removed by the den-
tist but cannot be removed by the patient. It stated
that this operation is often recommended when the
amount and quality of the bone are sufficient for the
implantation of the requisite number of implants
(usually four or more). Considering all other con-
siderations, such as treatment complexity and ex-
pense, the hybrid prosthesis consists of a metal sub-
structure, an acrylic denture base, and teeth. Accept-
ing the prosthesis is recommended when the vertical
restorative space is enough or even increased since
this expansion can be filled with acrylic to produce
an aesthetically acceptable look. (01D

Co-Cr alloys veneered with ceramics are com-
monly used in implant-supported hybrid prostheses.
Both materials showed enhanced stiffness, which
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may have allowed for more uniform stress distribu-
tion. Furthermore, dentistry pioneered new materi-
als, and computer-aided design/computer-assisted
manufacture (CAD/CAM) technology has proven
effective in producing more accurate prostheses
with high patient satisfaction. !%'9

The BIOHPP (High-Performance Polymer)
is based on the polyether-ether-ketone (PEEK)
polymer and was introduced as a dental material for
manufacturing the superstructure dentures on dental
implants Bredent factory. This material combines
excellent physical properties with high-temperature
stability and resistance to chemical damage. Their
strength is due to the special ceramic filler (with a
grain size of 0.3 t0 0.5 m), optimizing the mechanical
properties. Due to this tiny grain size, constant
homogeneity can be produced. "> Furthermore,
it has an elastic modulus comparable to the bone,
is biocompatible, bioinert, and radiolucent, and is
compatible with carbon and glass fibres (15,16).
PEEK restorations with CAD-CAM processing
have superior and more repeatable mechanical
characteristics.

Consequently, this technique is ideally suited for
fabricating PEEK frameworks for removable dental
prostheses. 1718 there was a limited study that eval-
uated BioHPP as a framework and bar. Therefore,
the study aimed to evaluate the prosthetic mainte-
nance and patient satisfaction when the BioHPP
was used as a skeletal substructure for the hybrid
(implant-fixed detachable) prosthesis versus the
BioHPP bar supporting and retaining implant over-
dentures based on the Visual Analog Scale (VAS).

MATERIALS AND METHODS

Patient
completely edentulous male patients, ranging in age

selection and study design:20
from 50 to 65, were recruited from the outpatient
clinic of the Department of Prosthodontics,
Faculty of Dentistry, Ain Shams University for this
study based on the following criteria: inadequate

retention and stability of conventional mandibular
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dentures, sufficient bone quantity and quality in the
mandibular interforaminal region to install standard
implants of at least 10 mm length and 4.2 mm
diameter, absence of systemic diseases or disorders,
good oral hygiene, normal maxillo-mandibular
relationship, absence of parafunctional habits or
previous chemotherapy and radiotherapy treatment
and patients nonsmokers.

Patients signed consent forms that outlined all
phases of the study and the need for periodic recall
visits throughout the research. The research ethics
committee reviewed this clinical trial (eth No: 686)
of the Faculty of Dentistry at Ain Shams University
and followed CONSORT guidelines for clinical
trials.

Surgical and prosthetic procedures: the
general, extraoral, and intraoral exams were
performed to determine that the conditions for
the intended implant treatment were suitable. All
patients received new dentures with a balanced
occlusal scheme and semi-anatomic acrylic teeth.
The participants were advised to wear the dentures
for two months before implant insertion to achieve
adequate neuromuscular control and adaptation.
The patients were separated into two equal groups
using computer randomization and computer-
generated random software (Excel sheet). All
patients were rehabilitated with four parallel inter-
foramina implants and either BioHPP framework.
Fixed detachable prosthesis (group 1) or a BioHPP

bar supported and retained overdenture (group II)

Patient imaging and case planning: the
virtual planning for implant placement was made
using cone-beam CT software to determine the
implant size, length, diameter,and angulation.
The composite markers were embedded in the
existing mandibular denture at the buccal, labial,
and polished lingual surfaces, and the denture was
used as a radiographic template. The dual-scan
technique used CBCT (1. VGI, QR, Verona, Italy).
The first scan was taken for each patient wearing
the denture and biting on cotton rolls bilaterally in
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centric occlusion, while the second was taken for the
denture alone. The Virtual model planning software
was used to define the sites for implant placement
and anchor pins for the surgical guide. A mucosal-
supported
with four4 sleeves positioned over associated

stereolithographic surgical template
implant locations was made with fast prototyping

technology (form lab).

Preoperative medications were instructed to be
used by the patient before surgery and continued
for seven days following surgery. Anesthesia
for bilateral mandibular nerve blocks has been
administered to the patient. (1:100, 00013 Articaine
Chlorohydrate with Adrenaline). Followed by local
infiltration and anesthesia in the surgical region to
decrease bleeding. The centric occluding relation
was used to position the surgical guide fixation.

The osteotomy preparation was performed using
the universal surgical kit (. JD Italian guide) supplied
by the guide manufacturer (real guide). Osteotomy
sitesof theimplants were sequentially drilled utilizing
a series of drills as manufacturing instructions until
complete preparation of the osteotomy sites was
achieved. Four implants (TRATE AG, Switzerland,
Root, and Two-piece Dental Implant) were placed
in the interforaminal region of the mandible by the
same oral and maxillofacial surgeon using a non-
submerged flapless surgical technique.

Prosthetic procedures: Three months after
the first surgery, the cover screws were unscrewed
and replaced by healing abutments. The open
tray impression technique was used with the long
transfer impression copings threaded onto the
implants. The special tray was loaded with rubber
base impression material (Zhermack, Italy, Elite)
into the patient’s mouth; after the set material, the
special tray was removed. The implant analogs were
fitted accurately into their corresponding mounts in
the impression. The implant verification jig (IVJ)
was constructed using self-curing acrylic resin in
the laboratory. The impression long transfer copings
were splinted on the cast after the material set was
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sectioned by disc into four sections and numbered
on a working model. The final impression was
taken with an open-tray technique in a single step.
The impression material (Supra-implant monoprint
(DETAX Germany) was injected under and around
the jig to capture the ridge and all anatomical
landmarks for a complete denture. The final trial of
the verification jig was done on the patient to avoid
remaking the framework. The jaw relationship was
registered for all the patients, following the same
basic principles. The VDO, COR, aesthetics, and
occlusion were evaluated in the patient’s mouth in
a try-in stage. The design of the framework and bar
was based on the tooth arrangement.

CAD/CAM Fabrications of the BioHPP
Framework and Bar.Lower wax-up denture
digitally scanned with 3D shear scan spray. (3D
shear scan spray, titanium dioxide free). The
opposing denture, the upper denture, and the lower
wax-up denture on the semi-adjustable articulator
were scanned with a laboratory scanner.

For Group 1 (BIOHPP hybrid prosthesis): the
Exocad software (Exocad Dental CAD 2016 GmbH,
Darmstadt, Germany) was used, and the main
window was opened. It was essential to select the
steps: reduced wax-up, adjacent teeth, antagonist,
and pontic wax-up; then the type of restoration and
material that was designed; and just the implants
already previously generated STL files were
imported into a CAD program (Exocad Dental CAD
2016 GmbH, Darmstadt, Germany), and the files
were overlapped on each other. The virtual cutback
was performed with the CAD software to create a
screw-retained framework with individual abutment
preparations for future multiple crown cementation.
The CAD/CAM milled BioHpp framework with ten
individual abutment preparations was tried, and the
fit was confirmed clinically and radiographically.
The BioHPP framework was scanned in the
laboratory, then saved the STL files in the CAD
software, and merged the STL files to digitally
design and fabricate the definitive poly (methyl
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methacrylate) (PMMA) resin crowns (Dental VIPI
Ltda; VIPI Block Trilux). As shown in figure (1)

The same prosthetic steps were mentioned for
Group II (BioHPP bar overdenture). The Dolder
bar was selected and designed from the library
bar profile (12. VSS Vario Soft Bar (VSP-F) with
a posterior parallel walled segment leading to a
minimum extension cantilever on which two vertical
stud attachments (Variosoft VS3-Mini Attachments
(Bredent, Germany) were selected from the present
library in the Exocad soft wear. The bar design, with
a 5 mm height, a 3,5 mm width, and the size of the
tissue bar set to be 1-2 mm clearance to facilitate
oral hygiene. After the plan was completed, the
PMMA verification jig was milled by the CAM and
tried inside the patient’s mouth to check passive
fitting. The BioHPP blank was clamped to the
milling fixture and milled in an exact 5-axis milling
unit. As shown in Figure (2)

A visual analogue scale (VAS) questionnaire
evaluated the patient’s satisfaction and prosthodontic
maintenance. The patients were asked to complete
questionnaires about their satisfaction with the
rehabilitation. The questionnaires were delivered
to the patients before and after the treatment at
each follow-up visit performed at six months (T6
m) and 12 months (T12 m) from the superstructure
insertion. Six factors (speech, chewing, comfort,
aesthetic oral hygiene, and general satisfaction were
rated on 1 to 5 scores (highly satisfied = 5; satisfied
= 4; fair = 3; dissatisfied = 2; highly dissatisfied =
1. Prosthetic maintenance was evaluated for both
groups every six months. The most prosthetic
Recorded

Abutment screw loosening, Crown fracture and

complication (Prosthesis  fracture,
replacement, Hyperplasia under the framework or /
bar, Periimplantitis, Upper denture fracture, relining
upper denture, Flabby tissue upper arch, and Repair,
and new dentures) until the end of the follow-up

period. As shown in Figure (3)
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Fig. (3): a) an upper arch flabby ridge; b) periimplantitis; ¢) a crown fracture

RESULTS

Data were collected, revised, coded, and
entered into the Statistical Package for Social
Science (IBM SPSS) version 23. The quantitative
data with parametric distribution were presented
as mean, standard deviations, and ranges. Also,
qualitative variables were presented as numbers
and percentages. The comparison between groups
regarding qualitative data was made using the Chi-
square test and Fisher’s exact test when the expected
count in any cell was less than 5. The comparison
between two independent groups regarding
quantitative data with parametric distribution was
made by using an Independent t-test. The confidence

interval was 95%, and the margin of error accepted
was set to 5%. So, the p-value was considered
significant at the level of < 0.05

Patient satisfaction: A comparison between
groups revealed an insignificant difference (P >
0.05) in speech, chewing, aesthetics, oral hygiene,
and general satisfaction except for comfort; group
I (hybrid prosthesis) was a low score compared
with group II (bar overdenture) during the first
six months. Also, a comparison between general
satisfaction revealed an insignificant difference for
both groups; both groups were high satisfaction
after 12 months of follow-up group I was 4.43 =
0.34 while group II was 4.43 + 0.50 As presented
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in (table 1): Illustration of Patient satisfaction
between groups (Table 2) during the 12 months of
superstructure insertion.

Prosthetic maintenance:

A comparison between both groups regarding

prosthetic maintenance revealed an insignificant
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difference (P>0.05) in Prosthesis fracture, Abutment
screw loosening, Crown fracture and replacement,
Hyperplasia under the framework or / bar, Peri-
implantitis, Upper denture fracture, relining upper
denture, Flabby tissue upper arch, and Repair and

new dentures .as shown in Table(3) and figure (4)

TABLE (1): Illustration of Patients satisfaction between group I (BioHPP hybrid prostheses) and group 11
(BioHPP Bar SROD) during six months follow-up period

Patients satisfactions Group 1 Group 2 Test valuee P- value Sig.
Speech 4.14+£0.38 4.00 £0.00 1.000 0.337 NS
Chewing 4.14+0.38 429 +049 -0.612 0.552 NS
Comfort 3.14+0.38 4.00 +0.00 -6.000 0.000 HS
Aesthetic 4.57+0.53 443 +0.53 0.500 0.626 NS
Oral hygiene 3.14£0.38 343 +£0.53 -1.155 0.271 NS
General satisfaction 3.83+0.21 403+0.21 -1.750 0.106 NS

P >0.05: Non significant (NS); P <0.05: Significant (S); P <0.01: Highly significant (HS)

TABLE (2): Illustration of Patients satisfaction between group I (BioHPP hybrid prostheses) and group II
(BioHPP Bar SROD) during12 months of the follow-up period

| Patients satisfactions

Group 1 Group 2 Test valuee P- value Sig. |
Speech 471+049 4.57+0.53 0.522 0.611 NS
Chewing 471+049 4.57+0.53 0.522 0.611 NS
Comfort 4.14+£0.38 443 +0.53 -1.155 0.271 NS
Aesthetic 4.86+0.38 471 +0.49 0.612 0.552 NS
Oral hygiene 371+049 3.86 £0.69 -0.447 0.663 NS
General satisfaction 443 +0.34 443 +0.50 0.000 1.000 NS

P >0.05: Non significant (NS); P <0.05: Significant (S); P <0.01: Highly significant (HS)

TABLE (3): illustration of prosthetic complication of patients in groups I and II during 18 months:

Group I Group II Test
Prosthetic maintenance (BIOHPP hybrid)  (BIOHPP bar overdenture) value P-value  Sig.
N=10 N=10
Prosthesis fracture 1 (10.0%) 2 (20.0%) 0.392 0.531 NS
Abutment screw loosening 2 (20.0%) 0 (0.0%) 2222 0.136 NS
Crown fracture and replacement 2 (20.0%) 0 (0.0%) 2.222 0.136 NS
Hyperplasia under the framework or / bar 3 (30.0%) 2 (20.0%) 0.267 0.605 NS
Periimplantitis 3 (30.0%) 2 (20.0%) 0.267 0.605 NS
Upper denture fracture 1 (10.0%) 1 (10.0%) 0.000 1.000 NS
Relining upper denture 1 (10.0%) 1 (10.0%) 0.000 1.000 NS
Flabby tissue upper arch 1 (10.0%) 1 (10.0%) 0.000 1.000 NS
Repair and new dentures 1 (10.0%) 1 (10.0%) 0.000 1.000 NS

P >0.05: Non significant (NS); P <0.05: Significant (S); P <0.01: Highly significant (HS)

Chi-square test
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Fig. (4): Prosthetic maintenance of patients in groups I (BIOHPP hybrid and II (BIOHPP bar overdenture)

DISCUSSION

Oral by
prostheses for an edentulous arch by the implant-

rehabilitation implant-supported
supported fixed prosthesis and implant-supported
removable prosthesis are popular treatment options
for restoring function, and esthetics, improving
masticatory efficiency, and patient satisfaction. ¥
Edentulous patients frequently experience problems
with their complete mandibular dentures due to a
lack of stability and retention of the mandibular
denture and a decreased chewing ability. Insertion
of implants creates a more favorable restoration in
such patients. ?*

Patients were precisely selected according to
specific criteria to reduce human variables and
eliminate any undesirable factors affecting the
study results. The study casts were mounted on a
mean value articulator by provisional jaw relation
in the correct centric relation and vertical dimension
to examine an adequate inter-arch space. The
intra-arch distance between implant components,
BioHpp framework or bar, and PMMA teeth play a
significant role in selecting appropriate restoration.
A minimum of 15 mm of space has been suggested
with mandibular implant-supported fixed prostheses
or bar overdenture: *'?? The inter-foraminal region
is chosen due to the absence of any vital structures
that may be injured. Also, the most significant

height of bone is located in the anterior mandible
between the mental foramina. ¥

Computer-generated treatment planning and
surgical guide construction were used in the
current study to ensure implant positioning and
alignment standardization, reducing individual
operator variability. @ Therefore, with the dual-
scan technique, the patient’s existing prosthesis is
used to ensure accurate adaptation of the dentures
to the mucosa and serves as a radiological guide to
visualize the mandible anatomy and architecture.
@9 The length and width of the implants were
standardized in all cases. All implants used were
threaded, self-tapping,

implants, 10mm in length and 4.2mm in width.

Two-piece, root-form
This implant design was used to ensure primary
stability during the initial healing period and to
increase the contact area between the implant and
the surrounding bone for better osseointegration.

The CAD/CAM framework and bar have proven
to be more accurate, less time-consuming, and
less expensive. These results improve decreased
treatment time, experience for the patient, and
greater accessibility. ?"?® Three items were required
for scanning (lower wax-up denture, opposing
arch, and mounting costs on the articulator). This
technique makes the traditional fabrication of
silicone keys unnecessary since the (STL) files
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contain all the necessary information for tooth
position, contours, and spatial orientation. *

BioHPP implant frameworks combined with
pre-fabricated high-impact PMMA teeth can be an
alternative treatment for all-on-4 implant-supported
restorations. It has many advantages, like elasticity
similar to that of bone and a shock-absorbing
effect. Also, the polymeric biomaterial PEEK may
be a valuable material for infrastructure due to the
polymer’s increased radiolucency and decreased
stiffness. %

This study was designed to estimate the patient’s
satisfaction level with the BioHPP framework and
bar materials for implant mandibular rehabilitation
and maintenance period and to evaluate further
factors influencing patient satisfaction in function,
No
between

service,
supported
satisfaction and the prosthesis quality. However, we

and complications. scientifically

link exists the patient’s
have seen several attempts to improve our treatment
approach in recent years.

This study found that various factors, particular-
ly those connected to complications, influenced im-
plant patients’ subjective satisfaction. Patient satis-
faction was evaluated (VAS). Unfortunately, certain
dogmas have prevented us from performing pros-
thetic procedures. ®" Through the 12-month follow-
up period, all patients reported few post-insertion
problems. Within the parameters investigated, all
implants used and examined in the study performed
well (speech, chewing, and aesthetics 2 Also, in
this study, patients’ overall satisfaction with the
BioHPP framework (fixed) and BioHPP bar over-
denture implant rehabilitation have both been high
(443 £0.34) and (4.43 £ 0.50), respectively.

The equal satisfaction between the two treatment
options may be due to using the same number of
implants, and the same superstructure materials
that it is related to the BioHPP reinforced polymer
has many advantages: restorations with low
specific weight, elasticity similar to that of bone;

shock-absorbing effect; low material fatigue; no
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viscoplastic fractures; high biocompatibility; low
plaque acceleration; and no corrosion and color
stability. 33

Regarding prosthetic complications, the most
common complication was mucosal Hyperplasia
and periimplantitis under the BioHPP framework or
bar; the reason for this complication was related to
the space between the prosthesis and mucosa about
the prosthesis design as limited space or no space
affected patient access to oral hygiene which was
(30.0%) in group I and (20.0%) in group II- @59

This fixed prosthesis that is held in place by im-
plants needs to be cleaned in a certain way at home.
On the one hand, the surface of the prosthesis’s teeth
should be brushed with a regular toothbrush (either
a manual or electric one) to get rid of food particles
and bacteria. Still, the most important part of hy-
giene in these cases is using a different way to clean
to get rid of the dirt and dust that builds up under
the prosthesis. This requires specialized interproxi-
mal brushes and dental floss designed for implants
to ensure that dirt, bacteria, and plaque do not ac-
cumulate between the teeth or beneath the implant.
Furthermore, using a soft-bristled toothbrush or an
oral irrigator can also help get rid of food particles
and plaque in hard-to-reach areas ¢73%

Abutment screw loosening occurs when the
joint-separating forces acting on the screw joint
are greater than the clamping forces holding
the screw unit together. During tightening, the
microtoughness of the metal surface that touches the
other metal slightly flattens. It makes the distance
between the two surfaces smaller. There is a 2—10
% decrease in the preload, known as the settling
effect or embedment relaxation. ® and the crown
fracture were higher complications in the fixed
hybrid prosthesis; this complication was because
the individual crowns were made from PMMA,
considered a temporary material. “?

Both groups had a comparable incidence of
maxillary denture relines and flabby maxillary
ridges (10%) due to increased mandibular denture
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retention and stability, increased muscle activity,
chewing efficiency,and maximum bite force transmit
more occlusal forces to the anterior maxillary
region. This resulted in greater bone loss and the
formation of a flabby ridge. The maxillary ridge
resorbs as a result, and maxillary dentures require
more frequent relining. However, neither group was
impacted by this issue. “Y However, using acrylic
in conjunction with the BioHPP framework and
BioHPP bar-supported overdenture by both groups
was inconsequential since both showed only minor
stresses in the bone focused around the implant 2

CONCLUSION

Despite the study limitations, The CAD/CAM
BioHPP framework materials offer treatment
modalities that are a good alternative for mandibular
rehabilitation. Excellent levels of subjective patient
satisfaction and prosthetic maintenance during oral

function were seen.

REFERENCES

1. Altintas NY, Kilic S, Altintas SH. Oral Rehabilitation
with Implant-Retained Overdenture in a Patient with
Down Syndrome. Published online 2017.

2. Warreth A, Byrme C, Fadel Alkadhimi A, Woods E,
Sultan A. Mandibular implant-supported overdentures:
attachment systems, and number and locations of implants
—Part I1. J Ir Dent Assoc. 2015;61(3):144-148.

3. Shah RJ, Shah SG, Chauhan V. Conservative approach for
treating a geriatric edentulous patient with the grossly re-
sorbed mandibular ridge. Eur J Prosthodont. 2014;2(2):67-69.

4. Marco M. Oral Rehabilitation with Implant-Supported
Overdenture and a New Protocol for Bar Passivation. Glob
J Oral Sci. 2016;2(June 2016):10-19.

5. Tanu M, Rajashekar S, Ravi YMS. Prosthetic Management
of Edentulous Mandible using Endosseous Implants by
Overdentures and Hybrid Dentures: Two Case Reports. J
Adv Med Dent Sci Res. 2014;2(3):185-191.

6. Simon, H., Yanase TR. Terminology for implant prostheses.
Int J Oral Maxillofac Implant. 18((4)):539-543.

7. Bueno-Samper A, Hernadez-Aliaga M, Calvo-Guirado JL.
The implant-supported milled bar overdenture: A literature

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

(1461)

review. Med Oral Patol Oral Cir Bucal. 2010;15(2):1-4.

Kasthuri C, Krishnan V, Babu AS, Keepanasseril A.
CAD/CAM Prosthetic Options in Rehabilitation of
Compromised Ridges with Implants: A Scoping Review. J
Clin DIAGNOSTIC Res. Published online 2019.

Galindo DF. The implant-supported milled-bar mandibular
overdenture. J Prosthodont. 2001;10(1):46-51.

AlBader B, AlHelal A, Proussaefs P, Garbacea A, Kattadiyil
MT, Lozada J. Digitally Milled Metal Framework for
Fixed Complete Denture with Metal Occlusal Surfaces:
A Design Concept. Int J Periodontics Restorative Dent.
2017;37(3): e180-e188.

Gonzalez J. The Evolution of Dental Materials for Hybrid
Prosthesis. Open Dent J. 2014;8(1):85-94.

Passaretti A, Petroni G, Miracolo G, Savoia V, Perpetuini
A, Cicconetti A. Metal-free, entire arch, fixed prosthesis
for edentulous mandible rehabilitation on four implants. J
Prosthodont Res. 2018;62(2):264-267.

Papathanasiou I, Kamposiora P, Papavasiliou G, Ferrari
M. The use of PEEK in digital prosthodontics: A narrative
review. BMC Oral Health. 2020; 20(1):217.

Nabhan M. Effect of different fixed detachable implant-
supported prosthesis materials on the stresses induced on the
supporting structures. Egypt Dent J. 2019;65(1):445-452.

Al-Rabab’ah M, Hamadneh W, Alsalem I, Khraisat A, Abu
Karaky A. Use of High-Performance Polymers as Dental
Implant Abutments and Frameworks: A Case Series Re-
port. J Prosthodont. They were published online 2017:1-8.

Najeeb S, Zafar MS, Khurshid Z & SF. Najeeb S,
Zafar MS, Khurshid Z, & Siddiqui F. Applications of
polyetheretherketone (PEEK) in oral implantology and
prosthodontics. J Prosthodont Res. 2016;60(1):12-19.

Georgiev J, Vlahova A, Kissov H, Aleksandrov S,
Kazakova R. Possible Application of Biohpp in Prosthetic
Dentistry: a Literature Review. ] IMAB - Annu Proceeding
(Scientific Pap. 2018;24(1):1896-1898. doi:10.5272/
jimab.2018241.1896

Andrikopoulou E, Zoidis P, Al-Rabab’ah M, et al.
Computer-assisted technologies used in oral rehabilitation
and the clinical documentation of alleged advantages — a
systematic review. J Oral Rehabil. 2017;44(1):1-7.

Martinez-Lage-Azorin JF, Segura-Andrés G, Faus-Loépez
J, Agustin-Panadero R. Rehabilitation with implant-
supported overdentures in total edentulous patients: A
review. J Clin Exp Dent. 2013;5(5):267-272. doi:10.4317/
jeed.50817



(1462)

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

E.D.J. Vol. 69, No. 2

Fitzpatrick B. Standard of care for the edentulous mandible:
a systematic review. J Prosthet Dent. 2006;95(1):71-78.

Misch CE. Dental Implant Prosthetics. 2nd ed. Amsterdam,
Netherlands: Elsevier Health Sciences; 2014.

Vogl S, Stopper M, Hof M, Wegscheider WA, Lorenzoni
M. Immediate Occlusal versus Non-Occlusal Loading
of Implants: A Randomized Clinical Pilot Study. Clin
Implant Dent Relat Res. 2015;17(3):589-597. doi:10.1111/
cid.12157

Walter L, Greenstein G. Utility of measuring anterior-
posterior spread to determine distal cantilever length off
a fixed implant-supported full-arch prosthesis: A literature
review. J] Am Dent Assoc. 2020;151(10):790-795.

Stephen A, Pereira SG. Computer-Guided Implant Surgery.
2020;19(3):17-22.

Harris BT, Montero D, Grant GT, Morton D, Llop DR, Lin
WS. Creation of a 3- dimensional virtual dental patient
for computer-guided surgery and CAD-CAM interim
complete removable and fixed dental prostheses: A clinical
report. J Prosthet Dent. 2017;117(2):197-204.

Weinstein R, Agliardi E, Fabbro MD, Romeo D, Franc-
etti L. Immediate Rehabilitation of the Extremely Atrophic
Mandible with Fixed Full-Prosthesis Supported by Four
Implants. Clin Implant Dent Relat Res. 2012;14(3):434-
441.

Sneha SM, Abhilasha SB. Cad/Cam In Dental Restorations:
An Overview. Ann Essences dent. 2010;2(3):123-128.

Papaspyridakos P, Rajput N, Kudara Y, Weber HP. Digital
Workflow for Fixed Implant Rehabilitation of an Extremely
Atrophic Edentulous Mandible in Three Appointments. J
Esthet Restor Dent. 2017;29(3):178-188.

Blanch-Martinez N, Arias-Herrera S, Martinez-Gonzalez
A. Behavior of polyether- ether-ketone (PEEK) in
prostheses on dental implants. A review. J Clin Exp Dent.
2021;13(5):e520-e526.

Krennmair G, Krainhéfner M, Piehslinger E. Implant-
supported mandibular overdentures retained with a milled
bar: a retrospective study. Int J Oral Maxillofac Implants.
2007;22(6):987-994.

French D, Tallarico M. Eight-year clinical and radiologic
results of maxillary and mandibular implant-retained bar
overdentures carried out on Oxidized (TiUnite™) Replace

Select Implants placed in regenerated bone: A clinical
case. Quintessence Int (Berl). 2014;45(2):135-140.

Saravi BE, Putz M, Patzelt S, Alkalak A, Uelkuemen
S, Boeker M. Marginal bone loss around oral implants

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Hanan Mohsen Al-Asad, et al.

supporting fixed versus removable prostheses: a systematic
review. Int J Implant Dent. 2020;6(1).

Bechir ES, Bechir A, Gioga C, Manu R, Burcea A, Dascalu
IT. The advantages of BioHPP polymer as superstructure
material in oral implantology. Mater Plast. 2016;53(3):394-
398.

Meshreky M, Halim C, Katamish H. Vertical Marginal
Gap Distance of CAD/CAM Milled BioHPP PEEK
Coping Veneered by HIPC Compared to Zirconia Coping
Veneered by CAD-On lithium disilicate “In-Vitro Study.”
Adv J. 2020;2(2):43-50.

de Aratjo Nobre M, Moura Guedes C, Almeida R, Silva A,
Sereno N. Hybrid Polyetheretherketone (PEEK)-Acrylic
Resin Prostheses and the All-on-4 Concept: A Full- Arch
Implant-Supported Fixed Solution with 3 Years of Follow-
Up. J Clin Med. 2020;9(7):2187.

Abdraboh A, Elsyad M, Mourad S, Alameldeen H. Milled
Bar with PEEK and Metal Housings for Inclined Implants
Supporting Mandibular Overdentures: 1-Year Clinical,

Prosthetic, and Patient-Based Outcomes. Int J Oral
Maxillofac Implants. 2020;35(5):982- 989.

Bechir ES, Bechir A, Curt-mola F, Andreescu CF.
Evaluations of Two Reinforced Polymers Used as Metal-
Free Substructures in Fixed Dental Restorations. Mater
Plast. 2018;5(March):33-37.

Goodacre BJ, Goodacre SE, Goodacre CJ. Prosthetic
(2001-2017).
European Journal of Oral Implantology. 2018;11 Suppl 1:
Bakaeen LG, Winkler S, Neff PA. The effect of implant

diameter, restoration design, and occlusal table variations

complications with implant prostheses

on screw loosening of posterior single-tooth implant
restorations. J Oral Implantol. 2001; 27:63-72.

Yao CJ, Cao C, Bornstein MM, Mattheos N. Patient-
reported outcome measures of edentulous patients restored
with implant-supported removable and fixed prostheses: a
systematic review. Clin Oral Implant Res. 2018;29(Suppl
16):241-254.

Elsyad MA, Ashmawy TM, Faramawy AG. The influence
of resilient liner and clip attachments for bar-implant-
retained mandibular overdentures on opposing maxillary

ridge. A S-year randomised clinical trial. J Oral Rehabil.
2014; 41:69-77

Elsyad MA, Khairallah AS, Shawky AF. Changes in the
edentulous maxilla with ball and telescopic attachments
of implant-retained mandibular overdentures: a 4-year
retrospective study. Quintessence Int.2013; 44:487-495.



