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Summary

Introduction. To optimize fracture healing, Carbon- Fiber-Reinforced-Polyetheretherketon 
Polymer (CFR-PEED) implants have been developed as an alternative to metal plating. Ma-
terial-specific advantages include X-ray radiolucency, better bone-like elastic modulus, low-
er bending stiffness and avoidance of the “cold welding” phenomenon.
The purpose of this study was to evaluate the clinical and radiographic results after distal 
radius fracture fixation with Carbon-Fiber-Reinforced-Polymer Volar Plates at 12 months fol-
low-up.
Materials and methods. We included 40 patients with AO type 23-B and 23-C radius 
fractures who were treated with CFR-PEEK volar plate fixation. Clinical and radiographical 
evaluation were scheduled up to 12 months after surgery.
Results. At 12-month follow-up no adverse events were reported. All fractures had healed, 
and radiographic union was observed at 3 months. The final Quick-DASH average score 
diminished of 75% and the active ROM almost doubled.
Discussion. The X-ray transparency of the device allows easier and truthful intra-operative 
assessment of the articular surface and facilitates its anatomical reduction, which is harder 
to achieve with standard metal plates, improving the functional recovery of the wrist.
Conclusions. Anatomical design, radiolucency and the presence of polyaxial locking 
screws orientation make the CFR-PEEK volar plate a suitable device for the treatment of 
both old and young patients, with simple and complex wrist fracture patterns.
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Introduction

The ORIF (Open Reduction and Internal Fixation) technique has become the pri-
mary surgical treatment for displaced and unstable wrist fractures, permitting quick 
recovery and return to everyday activities.
Volar plating combined with locking-screw technology allows managing com-
plex periarticular distal radius fractures with a low complication rate, providing 

mailto:ma.paracuollo@gmail.com
https://doi.org/10.36149/0390-5276-224
https://doi.org/10.36149/0390-5276-224
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en


M. Paracuollo et al.

186

an immediate stable fixation and preventing distal radius ar-
ticular surface collapse even in the most severe osteoporotic 
cases through direct support of subchondral bone with distal 
screws 1-3.
Along the years, these internal fixation devices have been 
constructed with different materials, from metal to stainless 
steel to titanium alloys, but in the last decade a polymer re-
inforced with radiolucent carbon fibers has been introduced, 
namely Carbon- Fiber-Reinforced-Polyetheretherketon (CFR-
PEEK) 4,5. 
CFR-PEEK radiolucent Volar Plates provide several advan-
tages over the use of conventional orthopedic materials, such 
as radiolucency, low artifacts on magnetic resonance imag-
ing (MRI) and the possibility to be designed with appropriate 
strength and stiffness or to provide better fatigue resistance 6.
The aim of this study is to describe our preliminary experi-
ence with CFR-PEEK volar plates in simple and complex wrist 
fractures, by analyzing the reliability and functionality of the 
new system and discussing the advantages and disadvantages 
of these new biomaterials in wrist surgery.

Materials and methods

We performed a retrospective study by recording clinical and 
radiological results of 40 patients treated for unstable distal 
radius fractures from January 2019 to November 2020 at the 
Orthopedics and Traumatology Unit of “Moscati” Hospital in 
Aversa (CE). We included all consecutive displaced distal ra-
dius fractures that extended to the articular surface and clas-
sified as 23-A2, 23-A3, 23-B and 23-C according to Muller’s 
AO classification 7. Exclusion criteria were: 23-A1 and stable 
23-A2 fractures, since they were treated non-surgically, open 
wrist fractures, previous traumatic and non-traumatic wrist de-
formities, rheumatoid arthritis, surgeries performed more than 
2 weeks after trauma, carpal instability requiring additional 
implants (wires or screws), patients with genetic disorders af-
fecting the musculoskeletal system, oncological patients and 
cognitive impairment affecting the appropriate compliance to 
physical therapy
All the patients underwent surgical fixation, within 2 weeks 
from the original trauma, using CFR-PEEK radiolucent volar 
plates (Unimedical Biomedical Technologies, Turin – Italy). 
The CFR-PEEK volar plate is characterized by a 2.4 mm thick-
ness, polyaxial locking screws and both standard and triangular 
designs.
Common recommendations were explained to patients to 
prevent edema and thrombosis and informed consent was 
collected. When necessary, due to complex distal radius frac-
ture patterns, a CT scan was performed to aid the surgeon in 
pre-operative planning. Surgery was undertaken under regional 
anesthesia with axillary plexus block. The surgical procedure 
was performed by an experienced orthopedic hand surgeon, 
constantly choosing Henry’s modified volar approach to the 

distal radius. The plate was placed directly on the radius af-
ter obtaining reduction of the fracture, and the adequate posi-
tioning of plate and screws was confirmed by intra-operative 
fluoroscopy. A below-elbow wrist splint was used for 1 week 
in all cases. All patients were discharged one or two days af-
ter surgery. The first clinical and radiographic evaluation with 
AP and lateral view was performed at one week after surgery. 
Patients then started a rehabilitation protocol, and the cast was 
replaced with a removable wrist splint to be kept for 4 weeks 
in total 8,9 (Fig. 1).
Subsequent follow-up visits were scheduled at 1, 3, 6 and 12 
months after surgery and were performed exclusively by the 
treating surgeons. Clinical examination included the recording 
of the Range of motion (ROM), pain and grip strength. Radi-

Figure 1. A) Pre-operative fracture pattern AO 23-A2.2 
of left distal radius in a 47 yo woman; B) 1 week post-op-
erative X-ray examination in standard projection, with 
wrist splint, showing stable fixation.

A

B



Clinical and radiographic outcomes of distal radius fracture treatment with Carbon-Fiber-Reinforced-Polymer Volar Plates (CFR-PEEK): analysis of 40 cases

187

ographic evaluation was obtained by standard postero-anterior 
and lateral projections for fracture pattern, assessing the reduc-
tion of the bone cortices, restoration of the volar tilt and radial 
length (Figs. 2-3).
The primary endpoint was the progression of the fracture heal-
ing, assessing the disappearance of the fracture edges in at least 
three of the four cortices by formation of bridging callus or 
remodeled bridging callus, according to the Litrenta scoring 
system  10,11. Secondary endpoints were the improvement of 
wrist function, based on clinical parameters such as the Visual 
Analogue Scale (VAS) for pain, Active Range of Motion, 
Grip strength evaluated using a Jamar Hand Dynamometer 
and Quick-Disabilities of the Arm, Shoulder and Hand Score 
(Quick-DASH). Safety outcome was the absence of second-

ary displacement seen on X-rays at any time during the fol-
low-up 12-14.
VAS, AROM in flexion-extension, Grip (Jamar) and DASH-
score scales were evaluated: the mean, 95% confidence in-
tervals (CI) and standard deviation (SD) were computed for 
all measurement sets. Paired t-tests were performed to test 
differences between means at different time endpoint within 
subjects. The level of significance was set at 0.01 for all tests. 
STATA for Windows data processing was used for the statisti-
cal analysis.

Results

There were 18 men and 22 women, with an average age of 62 
years at the time of injury (range 45-83) in the cohort. Radi-
ographic progressive healing of fractures was confirmed at 1 
month after surgery and was complete at 3 months post-opera-
tively in all patients in our cohort. At 6 and 12 months there was 
no loss of reduction and no implant loosening or failure. No 
adverse events (secondary displacement, malunion, non-union 
or superficial/deep infections at surgical site) were reported.
Mean VAS was on average 6.67 ± 2.0 and 1.62 ± 0.74 at the 
first week and at 12 months of follow-up, respectively, and 
a significant difference (p  <  0.01) was found between mean 
scores (Tab.  I). A significant difference was found between 
mean Quick-Dash scores, with a mean of 49.17  ±  12.6 and 
28.14 ± 9.68 at first post-operative week and 12 months. This 

Figure 2. A) Pre-operative fracture pattern AO 23-C1 of 
right distal radius in a 71 yo woman; B) 1 month post-op-
erative X-ray examination in standard projection, show-
ing stable fixation and initial bone healing.

Figure 3. A) Pre-operative fracture pattern AO 23-A2.2 
distal radius fracture in a 54 yo woman; B) 12 months 
post-operative X-ray in standard projection, showing 
fracture complete fracture healing; C) AROM evalua-
tion at 12 months follow-up.
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indicated that both pain and functional limitation decreased 
within 12 months.
Mean Flexion and Extension were, after the first week, were 
31.62 ± 9.22 and 26 ± 7.52, respectively, and at 12 months were 
62.57 ± 0.94 and 58.72 ± 6.39. Paired T-Student showed a statisti-
cally significant increase (p < 0.01) at 12 months, similar to Grip 
Strength (Jamar), with a mean of 12.8 ± 4.7 and 21.72 ± 5.37 at 
the first week and after 12 months of follow-up, respectively.
All the analyzed variables demonstrated significant validity 
(p < 0.01) in terms of wrist and hand motion and functional 
recovery without major personal and work disabilities.
All patients in working age fully returned to their previous em-
ployment without significant limitations; wrist range of move-
ment was restored to a satisfactory functional level as reported 
by the ROM Score and Quick-DASH Score. No patient com-
plaints due to hardware prominence or wrist pain were record-
ed. None of the patients asked for removal of the plate during 
follow-up and no allergic reactions were reported.

Discussion

Our results at 12 months are largely in line with those reported 
in literature concerning clinical and radiological outcomes us-
ing traditional metal implants and other carbon fiber PEEK re-
inforced implants. Carbon fiber material is radiolucent on X-ray. 
This provides a suitable direct intra-operative assessment of the 
fracture throughout the surgical procedure and good visualiza-
tion of the fracture site on follow-up X-ray, allowing better radi-

ological surveillance of healing. Furthermore, the implant does 
not interfere with MRI and CT of the soft tissues.
CFR-PEEK is an inert material, with a low incidence of tissue 
reaction and need for hardware removal, and suitable to use for 
patients who are allergic to nickel and heavy metals.
CFR-PEEK might better mimic the mechanical properties of 
bone, allowing osteogenesis. Even though it is stronger than 
steel, it is less rigid and has a more suitable modulus of elas-
ticity, permitting micro-movements of bone, which improve 
fracture healing. These plates provide a unique combination of 
biomechanical characteristics with bone-like elastic modulus, 
high strength, and superior fatigue strength 15-20.
CFR-PEEK implants have shown excellent biocompatibility 
with a minimal cellular elicitation response both in vitro and 
in vivo. Compared to titanium and other metal devices, they 
have a low rate of debris release, and show superior results 
in biomechanical analysis for both bending and fatigue stress. 
Composite plates present an elasticity modulus closer to that 
of bone, and therefore modulus mismatch related problems be-
tween bone and plate, which cause stress shielding and bone re-
sorption, are avoided. This possibility is offered by the unique 
characteristic of composite implants of being engineered such 
as to have a varying degree of strength and stiffness on the base 
of the orientation and number of carbon fiber layers to better 
match the modulus of elasticity of the bone.
The carbon fiber implants do not cause cold-related pain and 
do not trigger inflammatory reactions, and are free of the met-
al-metal cold fusion phenomena risk.

Table I. Comparison of functional parameters at 1° week and 12° month post-operative.

1° week 12° month

Mean ± SD° Range 95% CI°° Mean ± SD Range 95% CI P-value**

Pain (VAS*) 6.67 ± 2.0 4-10 6.03-7.31 1.62 ± 0.74 1-3 1.38-1.86 < 0.01

QUICK DASH** score 49.17 ± 12.6 25-70 45.1-53.22 28.14 ± 9.68 15-45 25.04-31.23 < 0.01

Wrist joint extension (degree) 26.0 ± 7.52 10-40 23.59-28.4 58.72 ± 6.39 40-70 56.68-60.76 < 0.01

Wrist joint flexion (degree) 31.62 ± 9.22 20-50 28.67-34.57 62.57 ± 0.94 55-70 60.67-64.47 < 0.01

Grip strenght
(Jamar scale) 12.8 ± 4.7 8-23 11.29-14.3 21.72 ± 5.37 12-30 20-23.44 < 0.01

SD°: standard deviation; CI°°: Confidence Interval VAS*: Visual Analogue Scale for pain; DASH**: Disability of the Arm, 
Shoulder and Hand
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Among all fixation devices, CFR-PEEK radiolucent volar plates 
represent a valid tool in the surgical management of distal radi-
us fractures, benefiting from the above mentioned advantages. 
Radiolucency allows easier and truthful intra-operative assess-
ment of the articular surface reduction and prompt correction 
of a non-anatomical reconstruction, which would be difficult to 
achieve with a standard metal plate, unless with the aid of an 
arthroscope. A cortex-similar modulus of elasticity promotes the 
bone healing process. A low rate of artifacts are also present in 
wrist MRI and CT, which allows secondary investigations in the 
suspect of carpal ligament lesions, tendon injuries or infectious 
processes, and responsible for unexplained wrist pain 21-26.
The disadvantages are comparable to those of all internal wrist 
fixation devices, with the addition of a lower tolerance to plas-
tic deformity, affecting the risk of intra-operative implant rup-
ture (an event that did not occur in the sample under exami-
nation) 27. The overall costs for the implant are around € 1300 
compared to slightly lower average costs of metal plates avail-
able on the market, although they are covered by the national 
health system in Italy.
In case of multi-fragmentary volar rim articular fractures, due 
to the conformation of the device, it is nearly impossible to 
sufficiently control the key-fragments, unlike other devices 
that are currently on the market. It would be desirable that the 
manufacturing company develops new models that are suitable 
for the management of these complex fractures.
In our opinion, wrist and hand functional scores achieved in 
the sample under examination primarily depended on the easy 
anatomical reduction of even complex distal radius fractures. 
By exploiting the radiolucency of the plate, it was possible to 
promptly correct any interfragmentary step-off more easily 
than with common titanium alloy plates.
This study has several limitations. First, its retrospective na-
ture. We did not use questionnaires assessing patient’s global 
health and could not ascertain the quality of the physiotherapy 
path followed by the patients, because of the lack of a rehabili-
tation unit in our orthopedics department. Another limitation is 
the inclusion of patients with a follow-up limited to 12 months. 
The difficulty in recruiting patients over 12 months after treat-
ment was due to the organizational difficulties encountered 
during the midst of the COVID-19 pandemic.

Conclusions

The results of the present study may provide useful in-
formation for physicians when choosing among different 
plate materials for the treatment of distal radius fractures. 
CFR-PEEK yields material-specific advantages, including 
X-ray radiolucency, better bone-like elastic modulus that im-
proves fracture healing, lower bending stiffness and the avoid-
ance of the “cold welding” phenomenon. However, the major 
disadvantage of this plate is represented by the scarce tolerance 
to plastic strain, with the risk of implant breakage.

The plate anatomical design and the presence of poly ax-
ial locking screws orientation makes it a suitable device for 
treatment complex wrist fracture patterns, in both elderly and 
young patients.
Future studies are required to fully understand the pros and 
cons of carbon fiber radius volar plates. It would be useful to 
evaluate and compare the biomechanical properties, including 
volar/dorsal bending and torsional loadings of different plate 
materials (stainless steel, titanium alloys) used for fixation of 
distal radius fractures. 
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