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the periodontal status adjacent to implants is an impor-
tant factor that affects long-term implant outcomes3. 
Accordingly, implant treatment can only be successful 
in patients with periodontitis after they undergo peri-
odontal therapy and achieve a stable periodontal status. 
In patients with periodontitis who have undergone peri-
odontal treatment and are in their maintenance phase, 
the rate of clinical success of immediate implant place-
ment and immediate provisional restoration is as high 
as 98.3%4.

Peri-implant gingival morphology is closely related 
to the aesthetics and biological function of implant 
restoration. Similar to the biological width (~2 mm) 
around natural teeth, the width (~3 mm) from the top 
of the peri-implant mucosa to the first point of bone–
implant contact is also referred to as biological width 
around implants. This width is formed to resist external 
stimulation and provide a stable soft and hard tissue 
relationship around implants5. Gingival modification to 
form biological width in implant is therefore essential 
for implant prostheses, and is still a major challenge. 
Nowadays, digital technology can effectively analyse 
the relationship between the soft and hard tissues of 
the implant, which will be the future trend towards 
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Dental implants are widely used in the rehabilitation of patients with edentulous jaws caused 
by periodontitis. The success of implants is closely related to their framework material and 
patients’ periodontal health. Polyetheretherketone (PEEK) is a kind of high polymer mater-
ial that has broad prospects as the framework for full-arch dental prostheses, but long-term 
follow-up data are lacking. The present clinical report demonstrates the use of a PEEK 
framework for the construction of an implant-supported full-arch fixed dental prosthesis for 
a patient diagnosed with periodontitis. With the guidance of biological width, a provisional 
retained restoration was achieved to create the emergence profile, resulting in a 3D printed 
PEEK framework with good aesthetics and biological functions. 
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Periodontitis is a chronic infectious disease of the oral 
cavity and is the principal cause of tooth loss in the 
elderly1. Dental implants are an alternative to bridges 
or removable partial dentures in the rehabilitation of 
patients with periodontal disease; however, periodontitis 
is considered high risk for peri-implantitis2, which may 
result in treatment failure. It has been well reported that 



150 Volume 25, Number 2, 2022

WANG et al

gingival shaping in the complete implant-supported 
fixed denture6.

Traditionally, implant-supported full-arch fixed den-
tures are manufactured with metal alloy frameworks; 
acrylic resin or porcelain teeth are then laid over the 
casted framework7. Such frameworks are mostly fabri-
cated from cobalt-chromium alloy. Although the alloy 
has sufficient strength to withstand occlusal forces, it 
is not resistant to corrosion8. Cobalt-chromium frame-
works have subsequently been replaced by titanium and 
zirconia frameworks that provide favourable biocom-
patibility, exceptional wear resistance and excellent cor-
rosion resistance8-10. Unfortunately, titanium and zirco-
nia frameworks have shown high stiffness11,12, which 
may lead to conduction of occlusal loading. The force 
around implants is greatly increased when the implant 
is connected with a rigid framework. The stress concen-
tration is considered a risk factor for prosthesis failure 
and peri-implant bone loss. Due to the drawbacks of the 
aforementioned materials, a new generation of material 
is required for the preparation of implant-supported 
prosthetic frameworks.

Polyetheretherketone (PEEK) is a high temperature 
thermoplastic, semi-crystalline polymer with a high 
melting temperature12,13, which is widely suitable for 
CAD/CAM fabrication of various dental protheses14. 
It has good biocompatibility and favourable resistance 
to wear and fatigue. In addition, PEEK can be eas-
ily chemically modified. This enables simple adjust-
ment of its mechanical properties in accordance with 
requirements12. BioHPP (Bredent, Senden, Germany) 
is a PEEK-based, ceramic-reinforced high-performance 
polymer. It exhibits excellent polishing properties and 
wear resistance, with low plaque affinity15, and is 
therefore a good choice for the preparation of denture 
frameworks in patients with periodontitis.

The use of PEEK polymer material in dentistry has 
yet to gain momentum. In particular, the literature is 
sparse on long-term clinical studies of the use of PEEK 
in clinical dental practice. This case report presents a 
6-year follow up of a patient with periodontitis who 
received restoration with an implant-supported full-
arch fixed dental prosthesis fabricated with a PEEK 
framework.

Case report

A 61-year-old, non-smoking man was referred to our 
department, with the chief compliant of mobility in his 
mandibular teeth. The patient had been suffering from 
loose teeth and masticatory dysfunction for 5 years, with 
teeth lost in both the anterior mandible and maxilla. 

The intraoral examination identified generalised, 
severe plaque accumulation and heavy calculus depos-
its. Periodontal pocket depth ranged from 4 to 7 mm 
on probing. In the maxilla, the left central incisor had 
been lost and the right central and left lateral incisors 
exhibited class I mobility (i.e., < 1 mm horizontal 
movement) according to Miller’s classification. In the 
mandible, the right central incisor had been lost; all the 
remaining teeth were mobile with class III mobility 
(i.e., > 2 mm horizontal or vertical mobility), with the 
exception of the left and right premolars, which exhib-
ited class II mobility (> 1 mm horizontal movement) 
(Table 1, Fig 1a). 

The radiographic examination showed severely 
resorbed alveolar bone due to periodontitis, with hori-
zontal bone resorption to the middle of the roots in 
the maxilla. Bone resorption was more extensive in 
the mandible, with bone loss up to two-thirds of the 
root lengths. The mandibular right second molar, left 
canine and left first and second molars suffered from 
asymptom atic apical periodontitis with periapical radio-
lucencies (Fig 1b). The patient had a thick gingival bio-
type. There were 10 to 12 mm of available inter-ridge 
restorative space in the edentulous region for prosthesis 
construction (i.e., Class III vertical restorative space)16.

Several prosthodontic treatment plans were pre-
sented to the patient, including a removable denture, an 
implant-retained overdenture and an implant-supported 
fixed prosthesis. After understanding the advantages 
and disadvantages associated with each plan, the patient 
opted for an implant-supported fixed prosthesis in the 
mandible and a fixed partial denture in the maxilla. 

The initial therapy involved controlling the periodon-
titis with periodontal treatment. The latter included oral 
hygiene instruction, scaling and root planning, accord-
ing to the European Federation of Periodontology 
Clinical Practice Guidelines17. The maxillary teeth 
were restored as planned after periodontal treatment; 
however, all the mandibular teeth showed a poor prog-
nosis after treatment. Herein, the mandible was planned 
to be restored with implant-supported full-arch fixed 
dental prostheses, after adequate communication with 
the patient. 

CBCT (Orthophos XG 3D; Dentsply Sirona, 
Charlotte, NC, USA) was performed with a radiologic-
al diagnostic prosthesis, according to the dual-scan 
procedure outlined in the scanning protocol18. The 
obtained DICOM file was matched with data acquired 
from an intraoral scanner (D2000 3D Scanner, 3Shape, 
Copenhagen, Denmark). The implant template was 
designed using implant planning software (GuideMia 
Technologies, Los Alamitos, CA, USA) and fabri-
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cated using a 3D printer (ProJect MJP 3600 Dental, 3D 
Systems, Rock Hill, SC, USA) with surgical guide resin 
(VisiJet MP200, VisiJet M3 Stoneplast, SD Systems 
(New York, NY, USA).

All the mandibular teeth were extracted 1 month 
prior to implant surgery, except for the canines and 
second molars. After delivery of local anaesthesia, an 
implant guide supported by the teeth and mucosa was 
used for preparation of the implantation fossae. The 
mandibular canines were then extracted. An incision 
was made on the mandibular alveolar crest by raising 
a full-thickness flap. Six 3.3 mm diameter bone-level 
implants (Straumann, Basel, Switzerland) were placed. 
Insertion torque of 35 Ncm was placed on the prosthetic 
screws (Fig 2).

An implant-level impression was made immediately 
after implant placement. The multiunit impression cop-
ings were splinted together using stainless-steel bars 
and auto-polymerising acrylic resin (GC Pattern Resin, 
GC, Tokyo, Japan). Immediate impressions were taken 
using an addition silicone impression material (Virtual 
Heavy Body, Ivoclar Vivadent, Schaan, Lichenstein). 
The interocclusal centric relationship was registered 
using a conventional occlusal wax rim. The mandibu-
lar second molars were extracted after the record was 
taken. The accuracy of implants was checked using 
CBCT (Fig 3). An interim restoration, consisting of 
individual artificial teeth and heat-polymerised acrylic 
resin (Trevalon, Dentsply Sirona), was designed and 
fabricated using CAD/CAM (GuideMia Technologies) 
(Fig 4). The ridge of the pontic was designed to be laid 
2.3 mm above the alveolar crest, and the rest of the 
pontic was designed following the morphology of the 
alveolar bone. The interim restoration was delivered 
immediately after the surgical operation to restore 
masticatory function and aesthetics during the recovery 
period. 

Prior to construction of the definitive restoration, 
the morphology of the pontic site and mucosa around 
implants of the interim restoration were modified 
according to the oral soft tissue 3 and 6 months after 
implant surgery. After that, information on gingival 
morphology was collected by scanning the final ver-
sion of the modified interim restoration (D2000 3D 
Scanner, 3Shape). This information was duplicated 
to the permanent prosthesis. A definitive impression 
was taken with addition silicone impression material 
(Virtual Heavy Body and Virtual Light Body, Ivoclar 
Vivadent) using splinted open-tray impression copings 
and the final interocclusal relationship was recorded. 
The definitive prosthesis consisted of a fixed implant-
supported prosthesis with individual artificial resin 
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teeth (neo.lign, Bredent), and polymethyl methacrylate 
(PMMA) veneers (neo.lign) laid over a PEEK frame-
work (breCAM.BioHPP, Bredent) (Fig 5). The adhesive 
procedures were as follows. First, the PEEK framework 
was conditioned as per the instructions. It was airborne-
particle abraded at a pressure of 2 to 3 MPa using 110 
μm aluminium oxide wetted with primer (visio.link, 

Bredent) followed by light-curing, then covered by a 
lamella of theopaquer (Opaquer combo.lign, Bredent), 
polymerised in the light-curing unit. Meanwhile, the 
PMMA veneer was also airborne-particle abraded and 
primer conditioned using the same protocol with the 
PEEK framework. After that, the veneer was cemented 
to the framework using the tooth shade cement (combo.

Fig 1  Pretreatment photographs: (a) intraoral view of the mandible and (b) panoramic radiograph of the initial dental status. 

Fig 2  Treatment procedure.
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lign, Bredent) and subsequently polymerised using the 
light-curing unit.

After the entire implant procedure, an occlusal splint 
was made to protect the protheses. Over the 6-year follow-
up, the patient’s periodontal condition remained stable 
with no signs of inflammation or bleeding. The mandibu-
lar implants were firm and stable, with negligible bone 
resorption (Table 2 and Fig 6). There was no swelling or 
recession of the adjacent gingivae. The patient indicated 
that his chewing efficacy was significantly improved 
after insertion of the prosthesis and was satisfied with the 
aesthetic results; however, veneer collapse was found on 
the posterior area of the mandibular protheses. According 

to our clinical experience, the veneer damage in the left 
posterior region of the protheses was considered to have 
worn off, while in the right region it was thought to have 
chipped off. Even though veneer collapse occurred, the 
implant could still be considered a 6-year success, based 
on the commonly accepted criteria of implant success19.

Discussion

Periodontitis causes attachment loss and alveolar bone 
destruction, ultimately resulting in tooth loss. Patients 
with periodontitis usually have poor oral hygiene and 
extensive plaque accumulation and are prone to peri-

Fig 3  (a) Deviation of implant placement from the design and 
(b) panoramic radiograph after final implantation. 

Fig 4  (a to c) CAD/CAM 
of the interim prostheses, 
(d) panoramic intraoral 
view after restoration of the 
interim prostheses.
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implantitis2. Multiple investigations have illustrated that 
poor periodontal status adjacent to implants results in 
implant treatment failure3,20. Preoperative periodontal 
treatment is therefore necessary to achieve a healthy 
periodontal condition prior to implant surgery. Accord-
ing to the European Federation of Periodontology Clin-
ical Practice Guidelines17, the treatment continued with 

bleeding on probing < 10%, shallow probing depths of 
≤ 4 mm and no 4-mm pockets with bleeding on probing. 
Such a periodontal condition is considered a prerequisite 
for implant placement. Besides, the patient should be 
subjected to a stringent periodontal maintenance scheme 
over the entire implant treatment procedure to achieve a 
favourable long-term outcome17. 

Fig 5  (a) Occlusal, frontal 
and lateral views on the day 
of delivery showing healthy 
peri-implant mucosal con-
ditions and (b to d) the final 
reconstruction in situ.

F ig  6   Pos t t rea tmen t 
photo graphs from the 
6-year follow-up: (a) 
intraoral panoramic view, 
(b) occlusal view of the 
prosthesis and (c) pano-
ramic radiograph.
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After initial periodontal treatment, teeth with exces-
sive mobility and severe bone resorption must be 
extracted prior to construction of the implant-supported 
fixed denture17,21. According to the Third International 
Team for Implantology (ITI) Consensus Conference, 
there are three protocols for determining the timing 
of implant placement, i.e., immediate, early and con-
ventional22. Immediate implant placement in patients 
with periodontitis is often associated with greater bone 
loss and a high failure rate23. Conversely, conventional 
implant placement requires a lengthy treatment period. 
Accordingly, the early implant placement protocol was 
utilised in the present case. In this protocol, implants are 
placed approximately 4 to 8 weeks after tooth extraction 
in the absence of pathology around the implant, to opti-
mise primary healing of the soft tissue and bone. After 
implant placement, immediate loading was utilised 
because the strategy restores the compromised aesthet-
ics and function immediately after implant surgery, with 
reduced treatment time24,25. Long-term data on immedi-
ate loading of implant-supported prostheses has shown 
that such a loading strategy has an acceptable success 
rate and clinical outcome26,27.

Gingiva modification is commonly used in implants 
in the anterior maxilla to provide a satisfactory aes-
thetic. The gingiva modification in the present case was 
not only due to the patient’s high aesthetic demands, 
but also to the biological width around implants. 
Maintenance of adequate keratinised mucosa around 
implants and underneath the pontic area is essential 
for long-term survival of implants. The peri-implant 
mucosal tissue and bone establish a stable biological 
dimension after implant insertion, generating a bio-
logical width that is similar to that of the natural den-
tition. The newly formed biological width is essential 
to prevent accumulation of plaque biofilms and their 
bacterial by-products28. It has been reported that a 
minimum peri-implant mucosa width of 2.26 mm is 
required to establish a proper biological width and 
house the prosthetic interface28. Mucosal thickness 
affects marginal bone stability and bone resorption may 
occur with reduced thickness of peri-implant mucosa. 
The soft tissue at the pontic site should therefore be 
manipulated carefully to enable satisfactory implant 
treatment. The anatomy of the peri-implant mucosa 
could be obtained through conventional impressions 
and provisional restorations working as implant impres-
sion copings. In recent years, with the development of 
digital impressions, intraoral scanning technology has 
been introduced in image collection and analysis. The 
digital information provides high-quality images of 
the relationship between soft tissue and bone and has Ta
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become an essential tool in prothesis design6. In the 
present case, a provisional restoration with a margin 
located 2.3 mm above the alveolar bone was designed 
and fabricated by CAD/CAM according to the patient’s 
computed tomography data. We combined the digital 
impression and provisional restoration, forming a suit-
able biological width around the implants.

As a new generation of implant material, PEEK has 
the following advantages. First, it is white in colour 
and eliminates the greyish hue of metal frameworks to 
produce a more aesthetic outcome29. The material is 
comparable to bone in terms of mechanical and phys-
ical properties12. Hence, the PEEK framework here was 
combined with the high-strength resin teeth, aiming to 
reduce the stress concentration caused by natural max-
illary teeth to reduce relative complications. It is also 
resistant to wear and has a high survival rate13. Because 
PEEK is insoluble in water, a PEEK framework does 
not have a metallic taste. For these reasons, a PEEK-
based prosthetic framework has a high level of patient 
acceptance29. In addition, PEEK is highly biocompat-
ible and causes fewer inflammation effects and less 
plaque accumulation15. 

There are still some limitations concerning the 
applications of PEEK. First, PEEK blanks are a greyish-
brown or pearl-white opaque colour and are unsuitable 
for monolithic aesthetic dental restorations, especially 
in the anterior region13. Thus, veneering is required, 
but bonding to veneering composite resin materials 
remains a challenge because of the complex chemical 
structure of PEEK. Besides, in contrast to titanium, 
PEEK has very limited inherent osteoconductive prop-
erties30. Although unmodified PEEK is considered as a 
bio-inert material, there is no conclusive evidence of the 
osteoconductive effects of PEEK in vivo and in vitro. 
Moreover, protheses with a PEEK framework are still 
at risk of mechanical complications.

In the present case, the veneer collapse happened in 
the posterior region after a 6-year follow-up. Veneer 
fracture is the most common mechanical complication 
for protheses with a PEEK framework, which empha-
sises the imperfect bonding between the framework and 
PMMA veneer11. As PEEK is characterised by an inert 
surface, surface pretreatment is crucial for successful 
bonding with the veneer31,32. It was reported that the 
shear bond strength between pure PEEK substrate (with-
out surface pretreatment) and PMMA veneer was only 
0.7 to 18.2 MPa, and that after surface pretreatment, the 
shear bond strength between the veneer and PEEK can 
be increased to about 30 MPa or more33. The surface 
pretreatments include airborne-particle abrasion, silica 
coating and laser, among which airborne-particle abra-

sion was proven to provide superior pretreatment of 
PEEK34. Besides, the bond strength is also related to 
the adhesive system. The prosthesis using the visio.link 
adhesive system, which contains methyl methacrylate 
and 2-propenoic acid reaction products with pentaeryth-
ritol and diphenyl (2,4,6,-trimeth-ylbenzoyl)-phosphine 
oxide35, was proven to show a favourable survival 
rate36. Thus, in the present case, the PEEK surface was 
airborne-particle abraded and treated with a viso.link 
prime and an opaquer catalyst (Bredent) to improve 
bonding between the methacrylate veneer and the 
PEEK framework. In addition, an implant protective 
occlusion splint was applied to protect the protheses by 
reducing the tension from the occlusal force on it37. The 
occlusal splint could help move stress forward towards 
the bone structure to protect the protheses and maintain 
implants for the long term38. The patient did not wear 
the occlusal splint as advised, and veneer collapse still 
happened. Thus, further studies are required to elimi-
nate the occurrence of veneer collapse. 

Microcracks are another commonly occurred mech-
anical complication encountered with the PEEK frame-
work11, which might be related to the fatigue behaviour 
of PEEK33. To address this drawback, some reinforced 
materials were introduced to improve the fatigue perfor-
mance of PEEK. Appropriate design and standardised 
manufacturing might also be conductive to preventing 
cracks, including enough inter-ridge space, proper 
thickness of frameworks, and so on11. Thus, further 
studies should emphasise the relationship between the 
design of the PEEK framework and its integrity.

The limitations of the present study include the fact 
that this was a case report with only one patient, and 
that it was conducted 6 years ago. At that time, the 
relevant technology was not sufficiently developed. The 
3D printing of PEEK frameworks was not developed 
enough, which may have led to deficiencies in frame-
work production, and the multiunit abutment (Screw 
Retained Abutment; Straumann) was not available 
in China 6 years ago. As such, we could only choose 
implant-level impression, which may have caused 
unsatisfactory precision. Further research should focus 
on long-term studies with a bigger sample size to fully 
confirm the validity of the PEEK framework applied in 
patients with periodontitis. 

Conclusion

In the present case, a patient with chronic periodontitis 
received a PEEK framework containing an implant-sup-
ported full-arch fixed prosthesis after appropriate peri-
odontal treatment. At the 6-year follow-up, the patient 
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was satisfied with the prosthesis and there was no recur-
rence of periodontitis or peri-implantitis. Within the 
limitations of this study, full-arch protheses with PEEK 
framework can represent a good alternative treatment 
choice for patients with periodontitis. To further evalu-
ate the clinical effectiveness of this treatment option, 
studies with a larger sample size and over a longer period 
are required.
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