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Introduction 
Distal radius fractures are one of the most common injuries. Open reduction and internal 
fixation (ORIF) are the most diffused between surgical treatments. Carbon-fiber 
reinforced (CFR) polyetheretherketone (PEEK) plates have been proposed to prevent 
effects linked to stainless steel or titanium alloy traditional plates, such as radio-opacity, 
mismatch of bone-plate elasticity modulus, corrosion, limited fatigue life, 
osseointegration. 

Objective 
This review aims to evaluate the actual safety and reliability of CFR- PEEK plates to treat 
distal radius fractures. 

Methods 
Electronic databases PubMed, Google Scholars, and Cochrane Library were searched in 
December 2020. Eligible studies were published in peer-reviewed journals. Three authors 
independently selected relevant articles and discussed those. Searching identified 13 
titles and abstracts, 11 manuscripts were considered eligible for the full-text analysis. Of 
these 11 papers, 7 studies were included in our review. 

Results 
215 patients were analyzed in this systematic review. The mean age of enrolled patients 
was 52,8 years. 34% were males and 66% were females. Fractures were classified according 
to AO/ASIF classification system. We reported 12 cases of complications specific to this 
device, such as intraoperative plate and screws rupture, erosive flexor tendons synovitis, 
and loosening. 

Conclusion 
CFR-PEEK distal radius plates are potentially an alternative to traditional ones. But we 
believe that the use of this device does not entail a significant advantage in the treatment 
of distal radius fractures, as safe and low-cost traditional devices are available. Further 
comparative studies are needed to demonstrate the superiority of carbon devices. 

INTRODUCTION 

Distal radius fractures are one of the most common injuries, 

especially in elderly female patients. Osteoporosis is the 
most important risk factor.1 

Open reduction and internal fixation (ORIF) are the most 
diffused between surgical treatments, particularly with a 
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volar approach. This surgical approach has become the 
standard of care in the last decade. It reduces the incidence 
of tendinitis and tendon rupture in comparison with the 
dorsal wrist approach, allowing a stable fixation with low 
complication rates in the vast majority of distal radius frac-
tures.2–4 The development of angular stable plating fur-
therly reduced complications such as loss of reduction. This 
system firstly thought for osteoporotic bone, permits to re-
store articular congruity with better precision preventing 
osteoarthritis, allowing early rehabilitation and fast recov-
ery.5–7 

Traditionally, those plates are made of stainless steel or 
titanium alloys, with disadvantages such as radio-opacity, 
mismatch of bone-plate elasticity modulus, corrosion, lim-
ited fatigue life, osseointegration.8 To prevent effects linked 
to those characteristics, carbon-fiber-reinforced (CFR) 
polyetheretherketone (PEEK) plates have been proposed 
(Figure 1). Those implants have proven excellent biocom-
patibility, with very low release of debris in vitro and in 
vivo, and better biomechanical results in bending and fa-
tigue stress compared to other metal devices.9,10 The role 
of the polymer matrix that surrounds the carbon fibers is to 
prevent direct contact with living cells, avoiding a possible 
inflammatory reaction.11 In fact, the main cause of acute or 
chronic inflammatory response seems to be the presence of 
debris originating from carbon fibers.12–14 

The main clinical advantages of CFR-PEEK plates are: ra-
dio-transparency of the material that facilitate intra-opera-
tive reduction and bone healing assessment; absence of ar-
tifacts on magnetic resonance imaging (MRI) and computed 
tomography (CT); absence of corrosion and cold-welding 
phenomenon, making it easier to proceed to plate removal 
(Figure 2).15 

In addition to the already cited possibility to cause an in-
flammatory reaction in case of direct contact between car-
bon fibers and cells – different cases have been described in 
other surgeries using carbon fibers materials such as knee 
prosthesis, cages for back surgery, or acetabular compo-
nents16–19 – main disadvantages of CFR-PEEK implants 
seem to be: weakness to deformation and lower load to 
failure compared to traditional plates that might lead to 
an easier implant breakage, eventual PEEK allergies, and 
higher costs.20 

To our knowledge, only one comparative study between 
traditional plates and CFR-PEEK plates for the distal radius 
fracture treatment has been published21; no other review 
discussing the use of this kind of implant in the distal upper 
extremity is present in the literature. Our proposed review 
aims to determine outcomes and complications associated 
with CFR-PEEK plates for distal radius fracture treatment. 

METHODS 

Electronic literature research was carried out on PubMed, 
Google Scholars, and Cochrane Library, in line with the 
PRISMA statement.22 To find relevant studies, the authors 
used the keywords: “Distal Radius Carbon Plate CFR-PEEK” 
and their MeSH terms in any possible combination. Three 
authors independently selected relevant papers and subse-
quently discussed those. The reference lists of all relevant 
publications were screened for additional pertinent articles, 

Figure 1. Postoperative view of a carbon-fiber-
reinforced (CFR) polyetheretherketone (PEEK) plate 
and screws after surgical removal. 

Figure 2. X-ray showing a carbon-fiber-reinforced 
(CFR) polyetheretherketone (PEEK) wrist plate in 
situ 4 months after ORIF. 

whereas papers with patients’ duplications were excluded. 
Searches were updated to December 2020: seven articles 
were finally selected, among which six are in English and 
one in German– translated by a professional translator be-
fore analysis.23 After screening 13 titles and abstracts, 11 
manuscripts were considered eligible for the full-text analy-
sis. Of these 11 papers, 7 studies were included in our re-
view, considering that four articles by Tarallo et al. refer 
to the same cohort of patients (only the latest one was 
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Table 1. Demographics of the studies included in our review. 

Study 
(Excluding 
case 
reports) 

Cases Mean 
age 

Follow-
Up 
(months) 

Type of fracture (AO-OTA) Clinical 
evaluations 

Union 
time 
(weeks) 

Behrendt 
2015 

26 59.3 12 23-A2-C DASH-score, 
Mayo-wrist 
Score, VAS, 
ROM 

- 

Di Maggio 
2017 

64 56.8 12 9 cases 23-B1, 13 cases 23-B2, 15 
cases 23-B3, 10 cases 23-C1, 7 cases 
23-C2, 10 cases 23-C3 

Modified 
Mayo-Wrist 
Score 

5.8 

Perugia 
2017 

15 56.8 
± 7.1 

15.7 23-B/C ROM, DASH-
score, VAS, 
Grip strength 

- 

Allemann 
2019 

10 53.3 12 23-B ROM - 

Tarallo 
2020 

110 58 48 14 cases 23-A3, 33 cases 23-B3, 18 
cases 23-C1, 30 cases 23-C2, 15 cases 
23-C3 

- - 

included in our review).20,24–26 Merolli et al. published a 
letter to the editor in 2015 and the related case report in 
2016. Consequently, only the latter was included.11,12 Re-
searches included in this review have been performed fol-
lowing the ethical standards laid down in the 1964 Declara-
tion of Helsinki and its later amendments. 

RESULTS 
EPIDEMIOLOGICAL DATA 

Overall, 215 patients were analyzed in this systematic re-
view. The mean age of enrolled patients was 52,8 years. 73 
(34%) were males and 142 (66%) were females. 

All patients were affected by distal radius fracture and 
underwent ORIF with CFR-PEEK plate, except for a 26-year-
old female patient reported by Guzzini et al.27 She was af-
fected by stage I Kienbock’s Disease and underwent to distal 
radius osteotomy core decompression fixed with Carbon-
PEEK plate. 

CLINICAL OUTCOMES AND STUDIES ANALYSIS (TABLE 1) 

In 2015 Berendht et al. reported 14 patients, 3 male and 
11 females, with type 23-A2-C distal radius fracture ac-
cording to AO/ASIF classification system, treated with ORIF 
with a PEEK plate system (2.7 mm Distal Radius Plate).28 

The mean age was 59,3 years (min and max not reported). 
Subsequently, patients were evaluated radiographically 
with X-rays and clinically with DASH-score, Mayo-wrist 
score, VAS, and ROM. The mean follow-up was 12 months 
(min and max not reported). No patients had peri- or post-
operative complications. In 2016 Merolli et al. published a 
case report of a female patient who reported an aggressive 
erosive flexor tendons synovitis after 11 months of ORIF 
with a CFR-PEEK plate.12 This has been the only case re-
ported in the literature until now.23 

Dimaggio et al., in 2017, reported 64 patients treated 

with CFR-PEEK implants. 26 males and 38 females. The 
mean age was 56,8 years (min 23 years - max 84 years). 
Among these, 9 patients were affected by distal radius frac-
ture type 23-B1 according to AO/ASIF classification system, 
13 patients were affected by 23-B2, 15 patients by 23-B3, 10 
patients by 23-C1, 7 patients by 23-C2, and 10 patients by 
23-C3.28 Moreover, all patients were evaluated radiographi-
cally by CT during follow-up. Clinically, patients were eval-
uated by the Mayo modified score. In total, they reported 1 
aseptic loosening at 5 months as an adverse event. Conse-
quently, the CRF-PEEK plate was removed.15 

Perugia et al., in 2017, published a retrospective study 
evaluating 15 patients treated with carbon PEEK plate. 
There were 5 males and 10 females. The mean age was 56.8 
± 7.1 years (range 32–71 years) at the time of surgery. 11 pa-
tients (73.3%) had involvement of the non-dominant arm. 
Fractures were classified according to AO/ASIF classifica-
tion system. There were two type B1, one type B2, three 
type B3, five type C1, one type C2, three type C3. 

All patients were clinically evaluated by ROM, DASH, 
VAS, Grip Strength with a mean follow-up of 15.7 months 
(min: 12 months; max: 19 months). None of the 15 patients 
had postoperative complications.21 

Allemann et al., in 2019, reported 10 patients all affected 
by type B fracture, treated with CFR-PEEK plate (Inc. Icotec, 
Altstätten, Switzerland). These patients were 53.3 ± 16.6 
years old and the male/female ratio was 60:40. Patients 
were radiographically evaluated by X-ray and CT, and only 
ROM was clinically evaluated. The intraoperative rupture of 
the screw head in two screws has been documented, but this 
did not lead to any complication. No other peri- or postop-
erative complications were described.29 

Guzzini et al., in 2019, published a case report concerned 
about a 26-years-old female patient affected by stage I 
Kienbock’s disease and treated with distal radius osteotomy 
and fixed with a Carbon-PEEK plate. Patient follow-up was 
performed with clinical evaluation (ROM analysis, VAS 
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Table 2. Incidence and type of complications occurred. 

Complication Study Study 
cases 

Number of 
complications 

Time from 
surgery 
(months) 

Second surgery 

Aggressive erosive flexor 
tendons sinovytis 

Merolli 
2016 

1 1 11 Plate removal 

Aseptic loosening Di 
Maggio 
2017 

64 1 5 Plate removal 

Intraoperative screws 
rupture 

Allemann 
2019 

10 1 - - 

Infection Tarallo 
2020 

110 1 1 Plate removal, 
debridement, new 
synthesis 

FLP rupture Tarallo 
2020 

110 1 12 Surgical reconstruction 

Extensor tendinitis Tarallo 
2020 

110 2 5; 10 Plate removal 

Intraoperative plate 
rupture 

Tarallo 
2020 

110 5 - Synthesis with new PEEK 
plate 

score, Quick Dash Score), wrist radiographs, and wrist MRI. 
Return to sporting activity was conceded after 3 months 
without any complication.27 

Lastly, Tarallo et al. published a retrospective study in-
cluding 110 patients treated for distal radius fracture using 
a volar fixed-angle plate DiPHOS-RM (Lima Corporate, 
Udine, Italy). All CFR-PEEK plates were implanted between 
May 2012 and December 2017. 33 males and 77 females were 
enrolled. The mean age was 58 years old (min: 23 years; 
max:86 years) and the mean follow-up was 48 months (min: 
14 months; max: 21 months). Among these, there were 14 
cases of A3 fracture according to the AO Classifications sys-
tem, 33 cases of B3, 18 cases of C1, 30 cases of C2, and 
15 cases of C3. All patients, except 10, were evaluated with 
a mean follow-up of four years (range 14–81 months). Pa-
tients were radiographically and clinically evaluated at 1, 
2, 3, and 12 months and then re-evaluated until complete 
healing. Finally, the authors reported one case of flexor pol-
licis longus (FPL) rupture one year after surgery, one case of 
infection, two cases of extensor tendonitis, and 5 cases of 
plate failure.26 

COMPLICATIONS (TABLE 2) 

A further distinction should be made between complica-
tions. There are complications related to perioperative sur-
gical technique factors, independent of the plate’s biome-
chanical structure, and ones related to the plate itself. 

Dimaggio et al. reported one aseptic loosening at 5 
months, while Tarallo et al. described one case of FPL rup-
ture one year after surgery and two cases of extensor ten-
dinitis: we consider these as generic complications.15,26 

Complications related to the type of materials used are in-
stead those reported by Merolli et al. They described an ag-
gressive flexor tendons synovitis consequently to the re-
lease of carbon fibers due to the lesion of the device’s 

coating during its implantation.12 Tarallo et al. documented 
some cases of plate rupture.26 Allemann et al. reported in-
traoperative breakage of the screw head.29 

DISCUSSION 

Fractures of the distal radius are among the most common 
ones in adults, and their incidence continues to rise as the 
average age of the population increases. Most post-
menopausal women are affected due to osteoporosis. The 
initial treatment of non-displaced fractures may be conser-
vative, although not infrequently, secondary displacement 
that requires surgical procedure are observed. ORIF with 
plate and screws is necessary in displaced and / or intra-
articular fractures. To date, numerous types of both dorsal 
and volar plates are available on the market. Industries pro-
duce every year new devices that are increasingly low pro-
file and easy to install. With this goal, carbon plates have 
been introduced to the market. However, they had a low dif-
fusion, likely due to the higher costs of production and not 
widespread distribution. Polyetheretherketone reinforced-
carbon fiber composite radiolucent devices are character-
ized by complete radiolucency, which allows viewing the 
progress of the bone healing optimally. 

Furthermore, they are thin and light to ensure a minor 
impact on the biomechanics of a complex district such as 
the wrist. Moreover, these devices have some other advan-
tages, such as low artifacts on MRI and the possibility of 
being designed with more appropriate strength, toughness, 
stiffness, or better fatigue resistance.9,10 PEEK devices are 
used in orthopedic surgery in different anatomic districts, 
such as the proximal humerus, distal tibia, and vertebral 
surgery. Despite this, there is little literature regarding their 
use for the treatment of distal radius fractures. Even in the 
presence of logical indications for their use, many doubts 
remain about the risk of local complications, even very ag-
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gressive ones. 
In the manuscripts selected for this review, the first com-

plication noted is tendons inflammation or damage. As 
many as two authors reported extensor tendons synovitis. 

Tarallo et al., on a total of 110 patients studied, reported 
2 cases of extensor tendons synovitis.26 We agree with the 
authors in believing that this complication is probably due 
to an error in the surgical technique and not to the im-
planted devices. The implantation of screws that are too 
long from volar to dorsal implies a repeated inflammatory 
stimulus on the extensor tendons during their sliding. And 
therefore, this is a possible complication with implanted 
devices of any material available on the market. Tarallo et 
al. also described 1 case of rupture of the long flexor tendon 
of the thumb approximately one year after surgery; also, in 
this case, the suspicion falls on a surgical technique error.26 

It is documented that the implantation of the distal radius 
volar plate too distal to the watershed line can lead to ex-
cessive impingement with this tendon during its sliding and 
the risk of consequent degeneration and rupture. This com-
plication is documented following the implantation of volar 
plates for distal radius also in other materials.30,31 

The case described by Merolli et al. is different.12 The fe-
male patient came to attention about 11 months after ORIF 
with a PEEK-reinforced-carbon fiber plate for distal radius, 
complaining of swelling, pain, functional limitation of the 
wrist, and a complete loss of active flexion of three fingers. 
The intra-operative inspection showed an aggressive ero-
sive flexor tendons synovitis with eroded stumps of flexor 
tendons; histopathology showed granulomatous fibrogenic 
process with multinucleated giant cells. The plate was in-
tact and well-positioned and the fracture healed. However, 
in the soft tissues, many carbon fibers debris were dis-
persed, which triggered the inflammatory process. A de-
tailed electron microscope analysis of the plate allowed us 
to assess the source: fibers were unmasked and disrupted. 
Inside the holes where screws were tightened. It is correct 
to think that the cause of the adverse event was not found 
in a defect in the carbon plates but in the coating of that 
specific plate. This case report, unique for the complication 
described, draws attention to the risk of release of carbon 
fibers, rare but possible, due to lesions of the device’s coat-
ing during its implantation or coating manufacturing de-
fects. 

Di Maggio et al. reported 1 case of implant mobilization 
at 5 months on 64 cases. The authors of this article think 
that aseptic loosening of the implant is a complication 
linked to an error in surgical technique rather than a corre-
lation with the implanted devices.15 

Tarallo et al. reported 5 cases of plate rupture on 110 pa-
tients studied, among which four were intra-operative and 
one occurred 30 days after surgery subsequently to the pa-
tient falling on his wrist.26 The authors of that article be-
lieve it is “due to technical mistakes caused by lack of ex-
perience using this plate.” Tarallo et al. reported a high 
incidence of complications (8%) and the most frequent 
complication was represented by intraoperative plate rup-
ture (4%). This seems to be excessive if we compare it with 
the percentages present in the other studies. Patients 
treated with first plate models still to be perfected were 
likely included. This would explain the high incidence of 

rupture during implantation, which is not found in other 
studies. It would have been interesting to submit the broken 
plates to biomechanical and metallurgical analysis to un-
derstand the exact mechanism. Afterward, Allemann et al. 
experienced intra-operative rupture of screw heads in 2 
cases that did not lead to any complications.29 Material 
rupture is not usually described among complications in 
distal radius fractures fixation with a volar plate. We might 
hypothesize that this easier implant breakage might be 
linked to significant weakness to deformation and lower 
load to failure of CFR-PEEK compared to traditional 
plates.32–35 

We found no significant differences in the other papers 
analyzed compared to the more widely used devices. 

Three authors reported the average healing time, which 
is in line with what has been experimented with other de-
vices, about 5 weeks.15,26,27 There have also been no doc-
umented periosteal reactions compatible with the biolog-
ical interference of the material used. Three authors also 
reported the mean surgical time, which is not particularly 
higher than that routinely experienced in 2 cases.15,29 

While the time reported by Behrendt et al. appears to be 
higher than that generally used for this procedure, even 
double (101 minutes on average).23 We are convinced that 
this is due to the surgeon’s experience, as the surgical tech-
nique of PEEK-reinforced-carbon fiber devices for distal ra-
dius does not differ particularly from what is already in use 
with titanium implants. Clinical evaluations conducted us-
ing scoring scales met the expected results, in line with 
literature on other devices applied to the distal radius. In 
particular, 3 authors used the DASH scale (2 DASH and 1 
Quick-DASH), and 2 authors the Mayo-Wrist 
Score.15,21,23,27 The current literature lacks long-term fol-
low-up studies comparing ORIF with volar PEEK-rein-
forced-carbon fiber plates and the more widely used tita-
nium plates. 

CONCLUSION 

PEEK-reinforced-carbon fiber distal radius plates are poten-
tially an alternative to traditional ones. These plates are 
radiolucent, low profile, and lightweight. As such, they do 
not interfere with CT and MRI. If properly implanted, they 
do not significantly increase the risk of local complications, 
as happens if the protective layer is damaged due to in-
correct use. The data collected from our review highlights 
how CFR-PEEK plates can represent a valid fixation device 
for wrist fractures. However, the literature on this subject 
is still poor. Comparative studies with traditional plates are 
few and with a limited number of patients enrolled. 

Furthermore, the evolution in the production of these 
devices does not allow the comparison of different models. 
The risk of breaking with widespread tendon damage limits, 
in our opinion, the PEEK-reinforced-carbon fiber plates use. 
On the one hand, the carbon plates offer the advantage of 
radio transparency and lightness. On the other hand, they 
have higher costs and a greater risk of local complications. 
Therefore, their stay in the body is not recommended in 
the long term, and they must be removed when the fracture 
heals (or within 12 months), especially in young subjects. 
Comparative and case studies with a more significant num-
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ber of patients will clarify these doubts in the future. 
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