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Summary

Objective. The purpose of this preliminary study is to investigate whether the use of a 
carbon plate fixation system for distal fibula fracture, applied to an intensive rehabilitation 
protocol, is a good method to accelerate the return to play of professional athletes.
Methods. This is a longitudinal case series with 6 months of total follow-up. Athletes of var-
ious sports, each with a minimum Tegner’s activity score of 7, who underwent fibular ORIF 
with carbon fiber plates in our institute for Weber B fracture were considered. The primary 
outcomes were: return to play (RTP) at the previous level, radiological union, and the com-
plication rate (nonunion, hardware failure, and infection). Secondary outcomes were the 
AOFAS score, VAS on everyday activities and VAS after sport tested at 1, 2, 3, and 6 months. 
Results. Considering primary outcomes, the mean RTP measured was 75.64 days ± 10.96; 
for the union rate 3 patients satisfied union criteria at 1 month follow-up, 7 at 2 months, and 
4 at 3 months. No complication occurred during follow-up.
Conclusions. The improved elastic compatibility of the carbon plate, with respect to the 
bone, allows for an “extended” safety zone to accelerate the patient’s rehabilitation and 
return to a pre-injury athletic level.
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Introduction

Fractures of the distal fibula are particularly common, with an incidence of 100.8 
per 100,000 people per year, accounting for an estimated 9% of all fractures 1. In 
a recent epidemiological study of athletes who sustained a traumatic lower limb 
fracture between 2000 and 2016 in the 5 major European soccer leagues (English 
Premier League, Bundesliga, La Liga, Ligue 1, and Serie A), distal fibula fractures 
were shown to account for 36% of all lower limb fractures 2. 
Although the incidence of this type of trauma in active athletes is not particularly 
high, the loss of about 77 ± 60 3 days from the specific sport affects the career of a 
high performance athlete. For this reason, it is essential to accelerate the recovery 
time of athletes as much as possible while maintaining a margin of safety. 
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Carbon plates for the synthesis of distal fibula fractures have 
been shown to be as effective as other fixation systems in 
the treatment with several advantages, especially for the sur-
geon 4,5. Based on the assumption that the modulus of elasticity 
of carbon plates is more similar to that of bone 6-8, we designed 
this study to evaluate the extent to which this parameter can be 
associated with faster patient recovery.
The purpose of this preliminary study is to investigate whether 
the use of this innovative fixation device, applied to an inten-
sive rehabilitation protocol, is a good method to accelerate the 
return to play of a professional athlete.

Materials and methods

This longitudinal study followed all athletes of various sports, 
each with a minimum Tegner’s activity score of 7, who un-
derwent fibular ORIF with carbon fiber plates from January 
2019 to January 2021(during Covid-19 Outbreak 9,10). All fibu-
la fractures were Weber B. The presence of a syndesmosis le-
sion was evaluated intra-operatively and treated if present. The 
presence of other fractures and vascular or nerve lesions were 
all considered an exclusion criterion. Considering these strin-
gent selection criteria, 14 patients were included in the study 
(demographic data in Table  I). The primary outcomes were: 
return to play (RTP), even if only at the full level of training, 
at the previous level (considering Tegner activity score), and 
radiological union and complication rates (nonunion, hardware 
failure, and infection). Union was defined as a radiographic 
sign of linking bone on at least 3 of 4 cortices (medial/ lateral 

cortex on anteroposterior view and anterior/posterior cortex on 
lateral view) 11. Each fibula was fixated, practicing a direct lat-
eral approach to the fibula, with the CarboFix distal fibula plate 
(Carbofix Orthopedic Ltd, Herzeliya, Israel). The same trauma 
team performed all surgical procedures. Secondary outcomes 
were the AOFAS score, VAS on everyday activities, and VAS 
after sport (this score was taken at the first follow-up after the 
RTP). We evaluated all outcomes at 1, 2, 3, and 6 months.

Post-operative care
All patients followed the same rehab protocol at the same 
physio kinetic center as follows:
• 0-2 weeks: Walker brace immobilization, antideclive posi-

tion of the treated lower extremity, and tolerance weight 
bearing using canes;

• 2-4 weeks: free or tolerance weight bearing on the treated 
lower limb with walker brace. Daily removal of the brace 
for progressive recovery of ankle articulation; 

• 4-6 weeks: recovery of gait pattern and progressive re-
sumption of non-contact cardiovascular activity, such as 
cycling and running, and resistance and proprioceptive 
training. Test and recovery of the specific sport action pat-
tern in water;

• 6-8 weeks: Progressive return to specific sport pattern.

Results

The mean RTP, measured in days starting from the surgical 
procedure and calculated until the return to previous fracture 
activity level, was 75.64 ± 10.96. Considering the union rate, 3 
patients satisfied the union criteria at 1 month follow-up, 7 at 2 
months, and 4 at 3 months.
No complications were present in this case series. The contin-
uous variable outcomes are shown in Table II.

Discussion

The most important finding of this paper is the mean RTP was 
75.64 days ± 10.96, which is acceptable for a young athlete. 
The radiological results also show rapid healing due, in our 
opinion, to two factors: one intrinsic and the other extrinsic. 
The first factor is probably due to the fixation device itself. 
The potential theoretical advantages of carbon fiber plates over 
titanium plates have been highlighted in recent studies and re-
ports 4,5,12. Carbon fibers have a lower Young’s modulus of elas-
ticity than metal and therefore provide more uniform loading at 
the plate-bone interface. Consequently, previous research has 
suggested that internal fixation of fractures with carbon fiber 
plates stimulates better healing than metal plates 13. Metal im-
plants have a high modulus of elasticity (between 110 GPa and 
220 GPa) compared to bone (17-20 GPa) 14. The difference in 
modulus leads to a stress-shielding effect according to Wolff’s 

Table I. Characteristics of patients.
Demographic data Athletes
N 14
Gender
Male 11 78.5%
Female 3 21.5%
Age* 26 4.1
BMI* 18.8 6.2
Side
Right 9 64.2%
Left 5 35.8%
Sports
Soccer 7 50%
Volleyball 1 7.2%
Basketball 4 28.5%
Martial arts 2 14.3%
*expressed as mean and standard deviation
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Table II. Secondary outcomes.
AOFAS* VAS* VAS after RTP*

1-month follow-up 75.2 ± 11 3.2 ± 3 Not recorded
2-month follow-up 88.1 ± 9 2.1 ± 2 Not recorded
3-month follow-up 92.9 ± 11 1.4 ± 1 2.4 ± 3
6-month follow-up 94.4 ± 9 1 ± 1 1 ± 2
*expressed as mean and standard deviation

Figure 1. Ankle of a martial arts fighter before surgery (A,B) and at 1 month follow-up (C,D).
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law, describing a biological mechanism in which bone remod-
els in response to the mechanical stress applied to it so that it is 
better able to withstand subsequent applied forces. With met-
al plates, the fractured bone can be shielded from the applied 
forces, resulting in irregular healing and weaker bones 7,15. To 
minimize all these complications, carbon fiber composites 
have been considered as an alternative material and have been 
shown to reduce stress shielding 7,13,14.
A previous study of tibial fractures in a rat model 16 found that 
carbon fiber plates are a more reliable bone implant material 
than those made of metal because their density is comparable to 
that of bone, resulting in better stress transfer, and their electri-
cal properties promote tissue formation. In this study, research-
ers showed that rats which received carbon fiber rods achieved 
a greater percentage of bone area (PBA) after 14 days than 
rats that those receiving titanium alloy implants. For the carbon 
fiber implant, the PBA was 77.7 ± 7.0 at 0.1 mm from the im-
plant, while the titanium composite implant yielded a PBA of 
only 19.3 ± 12.3 at 0.1 mm from the implant (p < .00000001). 
These results were also confirmed by image characterization 
of histologic slides, which showed osteoinductive responses 
for the carbon fiber implants that were superior to the titanium 
alloy implants. Large bone formation occurred along the entire 
surface of the carbon fiber implant, whereas the titanium alloy 
had only small bone fragments that integrated along the surface 
of the implant. 
Previous studies have shown that carbon fiber implants have 
better osteointegration compared to metal implants due to their 
intrinsic biocompatible conductivity 16. 
Considering the fastest recovery and RTP of athletes herein, 
this is slightly better than that reported by Larsson, Ekstrand 
and Karlsson 3.
However, these two values are difficult to compare for several 
reasons: firstly, the size of the sample; secondly, and in our 
opinion mainly, the level of the athletes being compared. In 
Larsson’s study, these were all patients from the major soccer 
leagues, which have an athletic level that is very different from 
that of the athletes analyzed in this study, which have a much 
lower Tegner score, although all professionals.
This study has several critical issues: the sample is relatively 
small and the significant heterogeneity of the sports analyzed 
does not allow us to make an effective comparison within the 
group itself. There is no control group with the same fixation 
device and a standard rehabilitation protocol versus an acceler-
ated one, nor between different plates and the same accelerated 
RTP protocol.

Conclusions

In conclusion, the improved elastic compatibility of the carbon 
plate allows us to achieve an “extended” safety zone to acceler-
ate rehabilitation and return to a pre-injury athletic level.
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