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Abstract
Introduction Polyethylene terephthalate glycol (PETG), the material used to fabricate prosthetic check 
sockets is expensive and not locally available. This study aimed to develop an alternative material for 
fabricating prosthetic check sockets. Specifically, it aimed to determine the material properties of the 
alternative and to compare it against the standard check socket, PETG.
Methods  Alternative materials were made from recycled plastic bottles (PETR), sando bags (PER) and 
a plasticizer. A two-roll mill and a compression molder were used to fabricate the alternative materials. 
All samples were prepared and tested according to the American Society for Testing and Materials for 
each property test. Kruskal-Wallis test with post-hoc analysis of Mann-Whitney-U test was used for 
impact resistance test results while descriptive analysis was used for Vicat softening point and tensile 
strength test results.
Results PER performed well against PETR in all tests and exhibited acceptable Vicat softening point 
(126 vs 75ºC) and impact resistance (235 vs 71 J/m) compared to the standard PETG. On the other 
hand, PETR performed poorly in all three tests: tensile strength (0 vs 56 MPa), Vicat softening point (0 
vs 75ºC) and impact resistance (20.3 vs 71 J/m).
Conclusion PER was shown to have acceptable properties as an alternative to the standard material. 
However, further testing must be implemented to improve its tensile strength.
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The Philippines, producing almost three million 
metric tons of  plastic garbage annually, is the third 

major contributor to leakage of  plastic to the world’s 
oceans.1 In Manila alone, major portions (17%) of  the 
total recyclable wastes are plastics and among these 
wastes, plastic bags and plastic bottles are the most 
abundant.2 Polyethylene terephthalate (PET) is more 
commonly used for the production of  plastic bottles 
while high density polyethylene (HDPE) is a material 
commonly used for manufacturing plastic trash bags 
and biomedical liquid containers.3,4 Both plastics are 
a good moisture barrier, lightweight, transparent, 
easier to manufacture, and resistant to chemicals 
and ultraviolet rays which make them important for 
packaging.5-9 
	 Plastics play an important role in the field of  
prosthetics and orthotics (PO), particularly in the 
fabrication of  sockets, the part of  the prosthesis which 
encloses the residual limb. Polyethylene terephthalate 
glycol (PETG) and HDPE are among the most 
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commonly used plastics in manufacturing check 
sockets.8-10 Check sockets allows accurate inspection 
of  the residual limb during fitting procedures.11 
Important properties that enable PETG and HDPE 
to fulfill check socket functions are 1) transparency,  
2) Vicat softening point, 3) tensile strength, and 
4) impact resistance.5 Transparency  allows the 
prosthetists to see how the residual limb of  the 
patient fits within the socket and how pressures are 
distributed.9,10,12 Vicat softening point determines the 
capability of  PETG and HDPE to withstand being 
formed into variously shaped or sized prosthetic 
sockets and be further adjusted during fittings 
without easily melting.8-15 Tensile strength and impact 
resistance are two properties that reflect the ability of  
sockets to withstand forces involved in weight bearing 
activities such as standing and walking.8,16-17 
	 Despite being very useful in PO, PETG and HDPE 
limit its usability due to their unavailability in the 
country as these materials are imported from other 
countries.8,9,18-20 Additional costs from shipment fee 
and import tax restrict its full utilization in Philippine 
settings.21-22

	 Mismanaged plastic waste brings about a steady 
increase of  landfill waste, greenhouse gas and cost of  
plastic goods, which is why the applications of  recycled 
plastic waste in material production have been given 
more attention.23-31 Although PO institutions have yet 
to incorporate recycled plastic into prosthetic sockets, 
Prosthetic & Orthotic Component Clearinghouse 
(POCC), Limbs of  Hope Foundation, and Ability 
Prosthetics & Orthotics with Physicians for Peace, 
recycle second hand devices and prosthetic components 
to repurpose them into prosthetic components that can 
be used to assemble new devices.32-33 This concept of  
recycling and repurposing of  plastic is encouraged 
by the World Health Organization (WHO) together 
with the International Society for Prosthetics and 
Orthotics (ISPO), and USAID for developing and 
underdeveloped countries.34

	 Research focused on testing the durability of  PETR 
soda bottles as used in upper extremity prostheses.35 

Results suggest that PETR bottles that are reheated 
and remolded for a transradial prosthetic socket can 
withstand an axial load not more than 4 kg, implying 
that the socket can only be used for simple, light-duty 
activities such as feeding and self-care.35 However, 
standard lower extremity prosthetic components are 
typically expected to withstand 70 to 100 kg of  body 
weight. According to the statistics on amputees of  

the Philippine School of  Prosthetics and Orthotics 
(PSPO), lower limb amputee cases outnumbered 
the upper limb amputee cases in 2016.36 A study 
by Jivacate, as cited by Emmons, had lower limb 
prostheses made from milk bottles for human and 
elephant subjects with lower limb amputations.37 
Literature did not explicitly mention whether the 
sockets, componentry, or feet fabricated was made 
out of  recycled plastics. Furthermore, it was unclear 
if  the recycled prostheses were at par with prostheses 
made from unrecycled materials due to the absence 
of  material property testing and comparison.
	 M a t e r i a l ’ s  P ro p e r t y  Te s t i n g .  O n e  o f  t h e 
characteristics needed for fabricating a prosthetic 
socket is Vicat softening point because this helps 
determine the appropriate processing temperature 
of  thermoplastic sheets prior to vacuum forming 
into a posit ive mold of  a  patient’s  residual  
limb.38-43 Gerschutz investigated the ultimate strength 
of  various prosthetic socket materials currently 
available in the market on prosthetic component 
adapters using the ISO standard 10328, the highest 
form of  reference available for prosthetic material 
standards which simulates the forces of  gait.8 The 
researchers, however, could not determine whether 
preliminary material properties contributed to socket 
material pass or failure of  ISO 10328 testing since the 
study was limited to standard procedure testing of  
only the distal end of  the socket material, and not the 
socket as a whole.8 Gerschutz later determined that 
tensile strength and impact resistance was paramount 
in verifying material safety prior to application on 
a patient with an amputation.20 In the absence of  
standardized procedures for prosthetic sockets, results 
of  the study suggest that tensile strength of  around 54 
MPa and impact resistance of  at least 85 J/m, should 
be referenced for future researches which determine 
the quality and safety of  prosthetic thermoplastic 
materials. 
	 Therefore, the aim of  the study is to determine if  
the structural integrity and processing temperature of  
PETR and PER is comparable to that of  PETG.

Methods
A quasi-experimental research design was utilized to 
fulfill objectives of  this study. A range of  five to ten 
samples was prepared from each material (PETR, 
PER, and PETG) per property of  interest based on 
American Society for Testing and Materials (ASTM) 
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standards and those required by the Department 
of  Science and Technology Industrial Technology 
Development Institute (DOST-ITDI) Standards 
Testing Division.8,16,17 Three materials were tested 
in this study --- PETR, PER and PETG, with PETG 
serving as the standard. PETR was made from two 
components namely: a large portion of  recycled plastic 
bottle flakes and a small percentage of  additives.44 
PER, on the other hand was plainly repurposed 
from its clear sando bag state. PETR and PER 
were constructed through two-roll-mill mixing and 
compression molding. All sample groups were fabri-
cated according to specified ASTM dimensions of  
each of  the three property tests.
	 Vicat softening point. Vicat softening point was 
tested according to ASTM D1525: standard test 
method for Vicat softening temperature of  plastics.13 
Resultant values are approximately between 80°C to 
160°C, where values close to the lower margin of  the 
acceptable range is favored.9,16 For this measurement, 
a Heat Deflection-Vicat Softening Temperature (HDT) 
tester was used. At room temperature of  23 ± 2°C, 
the specimen was immersed in a silicon oil bath for 
uniform heating. A needle was applied on the sample 
with a load of  10 ± 1.0 newtons (N) until penetration 
into the specimen, while temperature was initially set 
at 23°C and gradually increased at a rate of  50°C per 
hour. The temperature upon needle penetration was 
recorded as Vicat softening temperature, measured in 
degrees centigrade.
	 Tensile strength.  Tensile strength was tested 
according to ASTM D638: standard test method for 
tensile properties of  plastics using a universal testing 
machine with test fixtures for tensile strength testing.16 
Resultant values are approximately 54 MPa, where the 
higher the value the better.5,10 Parallel to its long axis, 
the two ends of  the specimen were mounted between 
the grips of  the machine and were pulled away from 
each other. Measurements, in units of  megapascals 
(MPa) were taken once the material started to stretch, 
and when the material broke into two.
	 Impact resistance. Izod impact testing was performed 
according to ASTM D256: standard test methods for 
determining the Izod pendulum impact resistance 
of  plastics.17 Resultant values are approximately at 
85 J/m, where the higher the value the better.8 A 
pendulum impact tester was used for this measurement. 
Measurements were taken at room temperature 23 ± 
2°C. The sample, with a notch cut angled at approxi-
mately 45°, was clamped vertically onto the vise 

with the notch facing away from the pendulum. The 
hammer was released onto the sample and data was 
recorded, in units of  joules per meter (J/m), once the 
material broke in two from the force exerted by the 
pendulum hammer.
	 This study involved PETG, PETR and PER’s 
data on Vicat softening, tensile strength and impact 
resistance. Data gathered in raw and average form 
were emailed to the researchers after testing. For the 
Impact resistance test, Kruskal-Wallis test with post-
hoc analysis using Mann-Whitney U test, was used 
for the differences between values of  PETR, PER, 
and PETG samples. Significance level was set at p 
= 0.05. Kruskal-Wallis and Mann-Whitney U test 
results were computed by hand and using MS Excel 
2017. For tensile strength and Vicat softening point, 
a descriptive analysis was used to compare the results 
of  PETR and PER with PETG. 

Results
As shown in Figure 1, the standard material PETG 
had a Vicat softening point of  75°C. Between the two 
alternative materials, sando bag (PER) surpassed the 
Vicat softening point of  PETG at 126°C, while plastic 
bottle (PETR) was at 0°C. Figure 2 shows that PETG 
had a mean tensile strength of  56 MPa. Both plastic 
bottles (PETR) and sando bag (PER) had lower tensile 
strength at 0 and 25.2 MPa, respectively. As seen in 
Figure 3 PETG’s impact resistance was measured at 71 
J/m. Sando bag (PER) had higher impact resistance 
at 235 J/m; the difference with PETG was significant. 
Plastic bottles (PETR), had a lower impact resistance 
at 20.3 J/m.

Figure 1.  Mean Vicat softening point of PETG, PER, and PETR
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Discussion
The standard material displayed similar tensile 
strength results with other published works. The 
studies of  Gerschutz and Curbell Plastics showed 
that PETG’s tensile strength is approximately around 
54 MPa.8,45 However, the standard material exhibited 
noticeable differences with literature in terms of  
impact resistance and Vicat softening point. Impact 
resistance of  PETG showed lower results (71 J/m) 
compared to the standard value  of  85 J/m.8 For 
Vicat softening point, only PETG met the reference 
standard of  80-160° according to the data sheet from 
North Sea Plastics.18 This may be because testing 
procedures differed from that of  North Sea Plastics, 
since temperature for the study’s PETG was recorded 
when the surface of  the material began to soften 
secondary to heat applied by the silicon oil bath as 
per ASTM standard D1525, whereas temperature for 

Figure 2.  Mean tensile strength of PETG, PER, and PETR

Figure 3.  Mean impact resistance of PETG, PER, and PETR

North Sea Plastics® PETG was taken once the entire 
material started to soften and became processable.8,9 

The first alternative material PETR performed poorly 
in all three materials tests done, indicating that PETR 
was not at par with the standard material, PETG, in 
terms of  Vicat softening point, tensile strength and 
impact resistance. Results show that PETR possesses 
a lower Vicat softening point (0˚C) compared to 
PETG (75˚C). Since PETR’s Vicat softening point 
could not be recorded, temperature setting of  ovens 
prior to vacuum forming for fabricating check 
sockets could not be determined. Tensile strength 
and impact resistance also displayed a lower value 
compared to PETG, where PETR scored 0 MPa and 
20.3 J/m while PETG scored 56 MPa and 71 J/m for 
tensile strength and impact resistance, respectively. 
Resulting material properties of  PETR also displayed 
no similarities to reviewed articles, as their results 
showed a range of  2-7 kJ/m2 for impact resistance, 
around 50-60 MPa for tensile strength, and 83˚C for 
Vicat softening point.46-48 

	 The possible reasons for the poor performance of  
PETR could have included 1) the different fabrication 
method, 2) the plasticizer, and 3) the plastic recycling 
generation. Differences with the fabrication method of  
samples were noted as PETR was fabricated through 
two roll mill and compression molding machine while 
plastic extrusion and injection molding process were 
used in the literature.46,47 The extrusion method and 
injection molding process make the plastic more 
ductile and impact resistant. Compression molding, 
on the other hand, increases the plastic’s rigidity and 
brittleness.49 Likewise, only pure recycled plastic 
bottles were used whereas a plasticizer was added 
to PETR which produced no effect on the sample as 
it may have evaporated prior to melting of  recycled 
plastic bottle flakes during fabrication.46,47 
	 Plastic recycling generation was not taken 
into account when provided with the raw recycled 
plastic bottle flakes. This may have been another 
contributing factor to PETR’s poor mechanical and 
thermal performance since its recycling generation 
was not consistent throughout the entire structure 
of  the sample. Comparing third, fourth, and later 
generation plastics to second generation plastics, 
performance is best in favor of  the latter in terms of  
mechanical properties.50 Moreover, lower results for 
Vicat softening point, indicate that PETR does not 
have the ability to be moldable to any shape. 
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	 The second alternative material PER performed 
well in terms of  Vicat softening point (126°C) as it 
surpassed the standard (75°C). The Vicat softening 
point of  PER is similar to NorthPlex plastics’ molding 
temperature which then implies that PER has the 
ability to be easily molded when adjusting the material 
in different forms.18 The tensile strength of  PER (25.2 
MPa) was lower compared to the standard (56 MPa), 
as this was also recorded at yield. This indicates that 
the sample deformed earlier than expected before 
splitting apart. Although PER is weaker compared to 
PETG, it is still comparable to another check socket 
material, thermolyn rigid.8 
	 Fabrication method and reinforcement procedures 
may also influence the mechanical properties of  PER 
especially in terms of  tensile strength.  In another 
study, a twin-screw extruder and an injection molding 
machine were used to manufacture a sheet of  plastic. 
Reinforcement with polyacrylonitrile (PAN) fiber 
was added to the mixture in different percentages 
to improve the properties which resulted to a higher 
tensile strength and Vicat softening point.51 This 
signifies that PER as a socket may possibly deform if  
patient puts weight but will not break easily. Lastly, 
the impact resistance of  PER performed well (235 
J/m) compared to the standard (71 J/m). The value 
of  impact resistance is comparable to the results of  
copolymer prosthetic sockets (211 J/m) from the study 
of  Gerschutz.8 Zhu, on the other hand, stated that 
the values of  PER for impact resistance performed 
closely to that of  recycled pure HDPE.52 The result 
was expected due to PER’s inherent ductility which 
allowed the material to absorb increasing amounts 
of  force.5 In another study where PAN fibers were 
added, the impact resistance property of  the sample 
was compromised due to the brittle nature of  PAN 
fibers and because of  the improved crystallinity which 
decreased the impact strength of  the material faster.51

	 Since contracted plastic manufacturers and raw 
material providers sell by the ton, the study was limited 
to 3 kg of  PETR flakes which contained unsegregated 
and unaccounted for plastic generation. The amount 
of  raw material available limited the number of  trials 
in determining the best plastic to additive ratio for 
a good sheet output despite the plastic generation. 
Furthermore, equipment for processing samples into 
sheets were also limited to using the two-roll mill 
and compression molding, where samples fabricated 
from this technique tended to be more rigid and brittle 
as evidenced by results of  PETR.46 This technique, 

however, inversely affected PER in terms of  its Vicat 
softening point and impact resistance. 
	 Even though transparency is enumerated as 
another important property of  a prosthetic check 
socket, testing it was not performed due to the 
lack of  locally-available testing apparatus despite 
extensive search, while ISO 10328, the highest form 
of  standardized testing for PO materials, was not 
performed due to the lack of  recommended vacuum 
forming techniques for processing PETR and PER 
into a prosthetic socket.38,20 
	 The researchers therefore recommend that PETR 
be processed into sheets through an extrusion or 
injection molding process and be polymerized with 
a different plasticizer or reinforcement. Likewise, 
the three mechanical properties should be tested 
again before proceeding to the properties not yet 
tested. Since PER displayed potential to become 
an alternative material for prosthetic check socket 
fabrication, the researchers recommend changes to 
improve the tensile strength property through the 
addition of  reinforcements without affecting Vicat 
softening and impact resistance. Furthermore, tensile 
strength testing should be reperformed together 
with the properties not yet tested. Additionally, the 
researchers would like to further recommend testing of  
PER for structural testing of  ISO 10328 to determine 
its integrity with distal prosthetic componentry 
attached, biological hazards to determine reactions of  
skin when in long-term contact with the plastic, and 
to explore the use of  PER as a definitive prosthetic 
socket. Since budget exceeded the allocated amount 
for funding the study, where one ton of  PETR flakes: 
and fabrication of  bigger sheets cost PHP 11,000.00, 
an extensive prospective review of  the cost of  
manufacturing recycled plastics on a large scale should 
be considered. 
	 The aim of  this study was to produce an alternative 
material made of  recycled plastics with properties 
comparable with PETG. These mechanical properties 
include Vicat softening point, tensile strength and 
impact resistance. PETR performed poorly against 
PETG in all three tests. This may have been due to 
several factors which include fabrication method, 
plastic sample generation, and ineffectiveness of  
plasticizer. The investigators therefore conclude that 
PETR, in its current state, cannot to be used as a 
check socket due to its brittleness and weak thermal 
properties. PER displayed lower tensile strength 
compared to PETG but performed better in the Vicat 
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softening point and impact resistance tests. PER may 
be a viable prosthetic check socket alternative because 
of  its high impact strength and thermoformability 
provided that the tensile strength is increased without 
affecting the Vicat softening point and impact 
resistance.

Disclosure: The study was funded by a grant from 
UERMMMCI-The Nippon Foundation Fund.
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