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INTRODUCTION 

The usage of orthesis on patients with motor and sensitive 

disorders is a standard procedure. Low temperature 

thermoplastics are the most efficient material for orthesis 

manufacturing due to their easy manipulation during the 

orthesis preparation and good mechanical properties [1].  

 

During the treatment, the therapist has to mold and remold the 

orthesis to adjust it to the patient’s mobility evolution. 

However, studies [2] show that successive heating can cause 

reduction of its mechanical properties up to 25% of original 

ones, promoting a premature fracture. Even though, a plate of 

thermoforming material costs from U$ 179,00 to U$ 260,00, 

being so expensive for usage in public health service. Thus, 

the need for an alternative material to conventional low 

temperature thermoplastics is urgent. The new material must 

present low cost, good mechanical properties and easy mold 

ability.  

 

Composites materials are an interesting option to solve this 

problem. These materials are composed of a blending of two 

or more organic materials in which one is used as matrix and 

the other as reinforcement. In addition, the usage of 

nanoparticles may enhance the mechanical properties of 

composite materials [3]. 

 

The aim of this study was to develop and characterize a new 

class of composite material nanomodified with graphite 

nanosheets to manufacturing orthosis and compare it with low 

temperature plastic material. 

 

 

METHODS 

Nanomodified composite orthosis structure (Figure 1) is 

formed by a kernel region, which was a fiber/glass nano-

modified epoxy system laminate. 

 

The epoxy system was made DGEBA and the nanographene 

used has its origin from an expandable graphite (HC-11 IQ). 

The nanoparticles concentrations in this research are 1wt%, 

2wt% and 3wt%. New composites thickness is almost 0.7mm.  

 

The kernel was involved by two layers, one above and another 

below, of cellular materials. These cellular materials have a 

double fold purpose, the first  one is to allow a perfect fitting 

between the patient’s skin and the orthesis and the second one 

is to serve as a thermal barrier against any occasional heat 

generated during the laminate cure. As the orthesis is 

molded/prepared directly on the patient’s skin, the laminate 

has to be ready in a short period of time. 

 

Figure 1: Schematic representation of Hybrid Composite 

Othosis 

 

Stiffness and strength were appraised by bending test 

following the ASTM Standards [4] (Figure 2) and compared to 

conventional thermoplastics (Ezeform
®
), which thickness was 

3.2 mm. 

 

 

 

 
Figure2: Bending Test 

 

 

 

 

 



 

 

RESULTS AND DISCUSSION 

 

 
Figure 3: Flexural stiffness of Ezeform

®
 and composites with 

different nanographite loadings 

 

 

 

 
Figure 4: Flexural strenght of Ezeform

®
 and composites with 

different nanographite loadings 

 

 

 

Table 1: Tab. 01: Materials Costs 

 

Material (45,7 cm x 60,9 

cm plate) 

Costs (U$) 

Ezeform
®

 260 

Nanomodified Composite 104 

 

 

All nanomodified composites showed a dramatic improvement 

in mechanical properties compared to Ezeform
®
 (Figures 3 

and 4).  

 

Nanomodified composites made with 1 and 2 wt% 

nanographite showed similar stiffness and strength (p<0.05). It 

can be result of fabrication process [3].  

 

Nanomodified composite made with 3 wt% nanographite 

showed poor stiffness and strength compared to other 

nanomodified composites, what can be result of nanoparticles 

precipitation and voids that acts as stress concentration locus 

[3]. 

 

New composites costs (Table 1) are at least 60% less than 

conventional thermoplastics and are thickness, being useful in 

orthotic manufacturing.  

 

CONCLUSIONS 

It was developed cheaper, lighter and resistant new 

nanomodified composites materials for orthesis 

manufacturing.  

 

This study showed that nanomodified composite should be an 

interesting and cheaper alternative to thermoplastic material 

for orthesis manufacturing in occupational therapy practice in 

public health service (SUS). 
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