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SUMMARY Frameworks made of carbon fibre-

reinforced composites (CFRC) seem to be a viable

alternative to traditional metal frameworks in

implant prosthodontics. CFRC provide stiffness,

rigidity and optimal biocompatibility. The aim of

the present prospective study was to compare

carbon fibre frameworks versus metal frameworks

used to rigidly splint implants in full-arch

immediate loading rehabilitations. Forty-two

patients (test group) were rehabilitated with full-

arch immediate loading rehabilitations of the upper

jaw (total: 170 implants) following the Columbus

Bridge Protocol with four to six implants with

distal tilted implants. All patients were treated

with resin screw-retained full-arch prostheses

endowed with carbon fibre frameworks. The mean

follow-up was 22 months (range: 18–24). Differences

in the absolute change of bone resorption over time

between the two implant sides (mesial and distal)

were assessed performing a Mann–Whitney U-test.

The outcomes were statistically compared with

those of patients rehabilitated following the same

protocol but using metal frameworks (control group:

34 patients with 163 implants – data reported in

Tealdo, Menini, Bevilacqua, Pera, Pesce, Signori,

Pera, Int J Prosthodont, 27, 2014, 207). Ten implants

failed in the control group (6!1%); none failed in the

test group (P = 0!002). A statistically significant

difference in the absolute change of bone resorption

around the implants was found between the two

groups (P = 0!004), with greater mean peri-implant

bone resorption in the control group (1 mm)

compared to the test group (0!8 mm). Carbon fibre

frameworks may be considered as a viable

alternative to the metal ones and showed less

marginal bone loss around implants and a greater

implant survival rate during the observation period.
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Background

In implant prosthodontics, frameworks are used to

improve the prosthesis rigidity and stiffness, reducing

possible complications such as prosthesis fractures

while rigidly splinting the implants together (1).

Moreover, thanks to a rigid framework a more aes-

thetic prosthesis can be realised, especially when the

prosthodontic space is limited. The final result is an

immediate prosthesis showing a more natural appear-

ance without pink soft tissue reconstruction. Stiff

prosthesis materials are supposed to distribute the

stress more evenly to the abutments and implants in

order to achieve osseointegration of immediately

loaded dental implants and reducing the risk of tech-

nical complications (2).

Until today metal frameworks have been the gold

standard to increase the prosthesis rigidity and to pro-

tect implants from overloads and micromotions (3, 4).

Recent improvements in composite materials have

made it possible to fabricate metal-free fixed partial

dentures by using fibre-reinforced frameworks (5, 6).
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Prosthodontic frameworks made of carbon fibre-rein-

forced composites (CFRC) seem to be a viable alterna-

tive to traditional metal frameworks in implant

prosthodontics, providing similar stiffness and rigidity

and optimal biocompatibility (7). An in vitro study by

Menini et al. (7) reported that CFRC demonstrated

optimal biocompatibility and mechanical characteristics

and they appear suitable for the fabrication of frame-

works for implant-supported full-arch dentures (7).

The objective of the present prospective study was

to evaluate the clinical and radiographic outcomes of

metal versus carbon fibre frameworks in patients reha-

bilitated with full-arch immediate loading prostheses

supported by a reduced number of implants. The null

hypothesis was that there would be no significant dif-

ferences in CSR (cumulative survival rate) and crestal

bone resorption of implants rehabilitated with prosthe-

sis reinforced with carbon fibre frameworks versus

those reinforced with a metal framework.

Methods

This study was designed as a prospective cohort study

with an historical control group. Between September

2015 and March 2016, a sample of 42 patients (17

male and 25 female) with a mean age of 64 years

with edentulous maxillae or compromised dentition

of the upper jaw was identified for this study (Fig. 1).

Patients referred to the Division of Implant and

Prosthetic Dentistry (Dep. DISC) of the University of

Genoa were enrolled if they met the following crite-

ria: desire to be treated with fixed prostheses sup-

ported by dental implants, good general health and

no contraindications for undergoing oral surgery. A

history of smoking or parafunctional habits did not

disqualify any patients, although smokers were

advised to give up smoking. All patients also agreed to

return for the required recall appointments. Subjects

with opposing mandibular complete dentures were

excluded (Figs 2 and 3).

In total, 42 maxillae were rehabilitated and 170

implants were inserted. All patients were treated

according to the Columbus Bridge Protocol as

described in previously published papers (4, 8)

(Figs 4–5). All patients were treated by the same

operators (TT, PP, FP) using four to six Osseotite NT

implants (Biomet 3i, Palm Beach Gardens, FL). Tilted

implants were inserted in distal areas. Resin screw-

retained full-arch prostheses endowed with a CFRC

framework were delivered within 48 h.

Subjects underwent a professional oral hygiene ses-

sion every 4 months for the first year.

Fig. 1. Carbon fibre framework. [Colour figure can be viewed

at wileyonlinelibrary.com]

Fig. 2. Intraoral photograph before treatment. [Colour figure

can be viewed at wileyonlinelibrary.com]

Fig. 3. Radiographic examination before treatment.

Fig. 4. Radiographic examination at the prosthesis delivery.
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Outcomes were statistically compared with those of

patients rehabilitated following the same clinical proto-

col but using metal frameworks (control group). Data

were reported in a previously published paper by the

same team of authors comparing immediate and

delayed loading rehabilitation; the immediate loading

group of the previous research was used as a control

group in this study (4, 8, 9). The control group con-

sisted of 34 patients (15 male and 19 female) with a

mean age of 58 years rehabilitated at the upper jaw

with full-arch immediate loading prostheses provided

with metal frameworks. A total of 163 implants were

inserted and followed up for 10 years. Patients were

treated at the Department of Implant and Prosthetic

Dentistry of the University of Genoa using the same

surgical and prosthetic protocols and maintenance pro-

grammes described above for the test group. The only

difference between the two groups was the material of

which the prosthetic framework was made (gold alloy

for the control group versus CFRC for the test group).

The study was conducted in accordance with the

Helsinki Declaration and was approved by the Scien-

tific Ethical Committee of the University of Genoa. All

patients accepted to participate in the study by signing

an informed consent explaining the study details

according to the Italian law for the protection of the

patient rights. The radiographs performed represented

a routine procedure used in the Division of Implant

and Prosthetic Dentistry with patients rehabilitated

with dental implants.

This article was written following the STROBE

guidelines.

Framework manufacturing process:

To realise the prosthesis, master casts were created

with type IV die stone (GC Fujirock EP, GC) and

non-hexed conical cylinders (SintTech Tecnology)

were placed onto the conical abutment analogues

prior to developing acrylic resin patterns.

For the metal framework, resin patterns were

developed (Pattern Resin, GC Corp) and then cast

in palladium alloy (New Start).

For the carbon fibre framework, resin patterns were

developed (Pattern Resin, GC Corp) and a silicon

mould former of the master cast and one of the

framework were created. The carbon framework

was created superimposing 15 plain fabrics of isotro-

pic carbon fibres with 0°–90° orientation (Dream

Frame) impregnated with a vegetal-origin epoxy

resin (Bio Resin, DEIitalia). The carbon multilayer

was then cut in a horseshoe form and adapted on

the master cast to incorporate the conical cylinders.

After that, the two mould former were closed in a

muffle and then fired at 80 °C for 2 h.

Assessment

An implant was classified as surviving if it fulfilled its

supporting function and was clinically stable when

tested individually, and no pain or signs of infection

were detected during clinical examinations. Bone-

implant contact had to be present on radiographs

without evidence of radiolucencies.

Radiographic examination

Before surgery, a cone beam scan was used to select

and plan implant placement sites and intraoral periapi-

cal radiographs were accomplished to assess interproxi-

mal bone levels at the prosthesis placement (T0) and at

the 24-month follow-up appointments (T1). Radio-

graphs were obtained with the parallel long-cone tech-

nique. The implant–abutment interface was used as a

reference point for bone level measurements. Inter-

proximal bone levels were assessed from these refer-

ence points to the most coronal bone levels at the

mesial and distal surfaces of each implant. Two exam-

iners (P.P. and F.S.) performed the clinical measure-

ments after a calibration exercise demonstrating 95!7%
concordance within "0!5 mm for measurements.

Statistical analysis

Descriptive analysis was reported as mean and stan-

dard deviation and median with range (minimum–
maximum).

Fig. 5. Intraoral photograph 24 months after treatment. [Colour

figure can be viewed at wileyonlinelibrary.com]
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Differences in the absolute change (delta: T1 # T0)

of bone resorption over time between two implant

sides (mesial and distal) were assessed performing a

Mann–Whitney U-test.

The same analysis was used to assess any differ-

ences in the absolute change (delta) of peri-implant

bone resorption over time between the two types of

prostheses (metal versus carbon fibre framework)

regardless of the side.

A P ≤ 0!05 was considered statistically significant.

Results

The null hypothesis has to be rejected. In fact, 10

implants failed in the first 3 months after implant

placement in the control group (6!1%); none failed in

test group. The cumulative implant survival rate was

100% in the test group and 93!9% in the control

group, with a statistically significant difference

(P = 0!002). Of the 10 implants that failed in the test

group, six new implants were placed into the distal

areas to increase molar support in the prostheses and

were immediately loaded.

A statistically significant difference in the absolute

change of bone resorption around the implants was

found between the two groups (P = 0!004), with

greater peri-implant bone resorption in the control

group (mean: 1!0 mm) compared to the test group

(mean: 0!8 mm; Table 1; Fig. 6).

No significant difference over time between the two

implant sides (mesial versus distal) was found

(P = 0!47) as reported in Table 2.

No prosthetic complications occurred during the fol-

low-up period, resulting in a cumulative prosthodon-

tic success rate of 100%.

Discussion

The main objective of the present prospective study

was to understand whether a CFRC framework may

be a viable alternative to metal ones in full-arch

immediate loading rehabilitations. To the authors’

knowledge, no studies are available in the scientific

literature on this topic.

The outcomes support the rejection of the null

hypothesis because a significant difference in CSR was

noted between the test and the control group

Table 1. Differences in the absolute change over time (Delta)

between two types of frameworks

Type of framework

PTotal Metal Carbon

Bone resorption T0

Mean #0!6 #0!5 #0!6
Standard deviation 1!1 0!7 1!3
Median #0!5 0!0 #0!7

Bone resorption T1

Mean #1!4 #1!4 #1!4
Standard deviation 1!1 0!9 1!3
Median #1!5 #1!5 #1!6

Delta (T1 # T0)

Mean #0!9 #1!0 #0!8
Standard deviation 1!0 1!1 0!9 0!004*
Median #0!8 #1!0 #0!6

Fig. 6. Differences in bone resorption between the two types of

framework at time 0 (T0) and at the follow-up appointment

(T1). [Colour figure can be viewed at wileyonlinelibrary.com]

Table 2. Differences in the absolute change in bone level over

time (Delta) between two sides of the implants

Side

PTotal Mesial Distal

Delta (T1 # T0)

Mean #0!9 #0!8 #0!9
Standard deviation 1!0 1!0 1!0 0!47
Median #0!8 #0!7 #0!9
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(P = 0!002). Carbon fibre-supported prostheses pre-

sented a reduced implant failure (CSR: 100%) with

respect to implants rehabilitated with metal ones

(CSR: 93!9%).

Additionally, a statistically significant difference in

mean bone resorption around the implants was found

between the two groups (P = 0!004). In particular, at

the 2-year follow-up, mean bone loss was 1 mm for

the control group and 0!8 mm for the test group.

However, it should be underlined that differences of a

few tenths of a millimetre are not clinically significant

and could be due to imprecisions while taking mea-

surements.

One of the main limits of the present study is the

long time elapsed because the control group was trea-

ted (2005–2006) before the test group was treated

(2015–2016). A learning curve must be considered

during the 10 years and the operators were more

skilled in the surgical and prosthodontic phases when

they treated the test group. This could be a possible

reason explaining the better outcomes recorded for

the test group.

Compared to metal frameworks, CFRC frameworks

present some advantages: they are cheaper, easy to

produce (avoidance of casting and of the luting tech-

nique for passivation), lighter, they allow chemical

adhesion to the veneering acrylic resin, and no costly

machineries or instruments are needed for their man-

ufacturing. In particular, chemical adhesion to the

resinous veneering material is expected to reduce the

occurrence of chipping of the veneering material,

which is a common technical complication in implant

prosthodontics (7, 10, 11).

Similar to metal frameworks, the high stiffness of

CFRC helps distributing occlusal load over all the sup-

porting implants (1).

Differences in CSR and bone resorption between

metal and carbon fibre framework prostheses could

depend on the different elastic properties of carbon

fibre compared to metal. In a previous in vitro study, a

denture with a gold alloy framework showed a more

plastic behaviour than the denture with a CFRC

framework. Once the load was removed, the prosthe-

sis with the gold alloy framework did not completely

restore its previous shape. This may induce technical

or biological complications.

CFRC can distribute the applied forces evenly

through the entire prosthetic framework, providing

high resistance, rigidity (modulus of elasticity

>60 000 MPa), strength and thermal stability. The

polymeric matrix binds the fibres together transferring

the load among them and guarantees the fibres pro-

tection against chemical attack and mechanical dam-

age (12).

On the other hand, it is important to underline that

Menini et al. demonstrated that manufacture tech-

nique strongly affects the material mechanical charac-

teristics (7). For this reason, they suggested the

development of a strict protocol for fabrication of

these devices and a specific training for dental

technicians.

Conclusions

Within the limits of this study, CFRC frameworks

may be considered as a viable alternative to the metal

ones in immediate loading fixed full-arch rehabilita-

tions of the maxilla. They presented less marginal

bone loss around the implants and a better implant

survival rate during the observation period.

Conflict of interest

The study was conducted in accordance with the

Helsinki Declaration and approved by a local ethical

committee, and all subjects provided written

informed consent prior to their entry into the study.

This research was founded by the Division of

Prosthodontics of the Department of Surgical

Sciences (DISC) of the University of Genoa, Italy.

The authors declare no potential conflict of interests

with respect to the authorship and/or publication of

this article.

References

1. Menini M, Pesce P, Bevilacqua M, Pera F, Tealdo T, Barberis

F et al. Effect of framework in an implant-supported full-

arch fixed prosthesis: 3D finite element analysis. Int J

Prosthodont. 2015;28:627–630.
2. Skalak R. Biomechanical considerations in osseointegrated

prostheses. J Prosthet Dent. 1983;49:843–848.
3. Menini M, Signori A, Tealdo T, Bevilacqua M, Pera F, Rav-

era G et al. Tilted implants in the immediate loading rehabil-

itation of the maxilla: a systematic review. J Dent Res.

2012;91:821–827.
4. Tealdo T, Bevilacqua M, Pera F, Menini M, Ravera G, Drago

C et al. Immediate function with fixed implant-supported

maxillary dentures: a 12-month pilot study. J Prosthet Dent.

2008;99:351–360.

© 2017 John Wiley & Sons Ltd

F R AMEWORK S I N F U L L - A R C H IMMED I A T E L O AD I N G R E HA B I L I T A T I O N S 5



5. Nakamura T, Waki T, Souchiro K, Hideaki T. Strength and

elastic modulus of fiber-reinforced composites used for fabri-

cating FPDs. Int J Prosthodont. 2003;16:549–553.
6. van Heumen CC, Tanner J, van Dijken JW, Pikaar R, Lassila

LV, Creugers NH et al. Five-year survival of 3-unit fiber-

reinforced composite fixed partial dentures in the posterior

area. Dent Mater. 2010;26:954–960.
7. Menini M, Pesce P, Pera F, Barberis F, Lagazzo A, Bertola L

et al. Biological and mechanical characterization of carbon

fiber frameworks for dental implant applications. Mater Sci

Eng, C. 2017;70:646–655.
8. Tealdo T, Bevilacqua M, Menini M, Pera F, Ravera G, Drago

C et al. Immediate versus delayed loading of dental implants

in edentulous maxillae: a 36-month prospective study. Int J

Prosthodont. 2011;24:294–302.
9. Tealdo T, Menini M, Bevilacqua M, Pera F, Pesce P, Signori

A et al. Immediate versus delayed loading of dental implants

in edentulous maxillae: a 6-year prospective study. Int J

Prosthodont. 2014;27:207–214.
10. Narva KK, Lassila LV, Vallittu PK. The static strength and

modulus of fiber reinforced denture base polymer. Dent

Mater. 2005;21:421–428.
11. Ogawa S, Dhaliwal I, Naert A, Mine M, Kronstrom K,

Sasaki J et al. Impact of implant number, distribution and

prosthesis material on loading on implants supporting fixed

prostheses. J Oral Rehabil. 2010;37:525–531.
12. Bahajan S, Manocha L. Carbon fibers. In: Buschow KJ,

Cahn R, Mahajan S, eds. Encyclopaedia of materials: science

and technology, 2nd ed. London: Elsevier; 2001:906–916.

Correspondence: Paolo Pesce, Department of Surgical Sciences

(DISC), Implant and Prosthetic Dentistry Unit (PAD. 4), Ospedale S.

Martino, L. Rosanna Benzi 10, 16132 Genova, Italy.

E-mail: paolo.pesce@unige.it

© 2017 John Wiley & Sons Ltd

F . P E R A et al.6


