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Durability Variation Among Medical Gloves Made from
Existing and New Elastomers Poses a Risk to Public Health

Ashley Herkins and Katrina Cornish*

Despite being an essential line of defense in preventing the spread of
diseases, medical glove durability is neither measured routinely nor has
standard specifications. In this study, a new glove durability assessment
device is used to objectively compare the durability of gloves made of a variety
of elastomers from different manufacturers. Results are related to several
mechanical tests, including stress relaxation, tensile and tear tests. Overall,
natural latex gloves far outperformed those made of synthetic elastomers, and
there is great disparity among the different brands of nitrile gloves, some of
which do not meet nitrile glove performance requirements. The study
includes prototype gloves made from guayule latex, a domestic source of
alternative natural rubber latex, currently under commercial development. The
guayule gloves outperformed all other gloves tested, including those made
from Hevea latex, without posing allergy risks. Mechanical analysis
demonstrated that the guayule gloves are as strong as the best alternatives,
are softer and more elastic, have better tear strength, and have such low
stress relaxation that they cause very little hand fatigue during use. Guayule
latex can address the need for domestic production of gloves to resolve
supply chain and quality issues and encourage a shift back to natural latex
gloves, which will significantly diversify the natural rubber supply.

1. Introduction

Healthcare workers rely on medical gloves to protect them and
their patients against illness-inducing pathogens such as bacte-
ria and viruses as well as patient contamination with dangerous
drugs like fentanyl.[1] Medical gloves provide a physical barrier
against blood and other bodily fluids, which may contain harmful
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pathogens. Unfortunately, many of these
gloves may be providing a false sense of
security due to lax manufacturing stan-
dards and inadequate inspection rates.
One study found a 33% leak rate (n= 679)
among post-use latex surgical gloves and
a 5.5% defect rate among unused latex
surgical gloves, which exceeds the allow-
able U.S. Food and Drug Administration
(FDA) defect rate of 1.5%.[2]

While the American Society for Test-
ing and Materials (ASTM) does provide
general standards for surgical and ex-
amination gloves, it does not provide a
standard for glove durability once the
gloves are removed from their packag-
ing and donned. ASTM’s water inflation
test for the detection of holes in medi-
cal gloves, usually used to test samples of
gloves before they are packaged, can be
used to check gloves after they have been
worn, but this is not useful as a durabil-
ity measure without a large amount of
use data.[3,4,5] Additionally, ASTM’s mini-
mum physical requirements for synthetic
gloves such as nitrile, poly(vinyl chloride)

(PVC), and polychloroprene were lowered from the general stan-
dards for examination gloves due to the underperformance of
these materials. Without a durability standard, some glove manu-
facturers may produce low quality, easily damaged gloves to max-
imize profits.

Previous studies have demonstrated that glove durability also
depends heavily on the material and composition (such as filler
loading) of the glove, with natural latex outperforming synthetic
materials.[6–9] Natural latex gloves are also more elastic, softer,
equally as strong as premium synthetics, and have lower stress
relaxation, allowing extended use without significant hand fa-
tigue. However, the widespread occurrence in the 1990’s of life-
threatening Type I latex allergies, caused by high levels of soluble
proteins in gloves not properly washed during manufacture, led
to a shift away from natural latex gloves to petroleum-derived syn-
thetic gloves. Today, ≈62.5% of the global medical glove market is
synthetic.[10] The poorer performance of synthetic gloves forced
the FDA to approve such gloves for sale under the premise that
any glove is better than no glove to control HIV/AIDS transmis-
sion. These gloves could not meet the ASTM standards for nat-
ural latex gloves, and ASTM established lower standards for the
synthetics to accommodate the FDA.[3,4]

Glove durability also reflects the ability of the specific man-
ufacturer, meaning that two gloves of the same material and
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specification can have vastly different mechanical and in-use
performance.[7,8] This large variation in glove quality combined
with the lack of an ASTM durability standard led to the invention
of a glove durability assessment device.[11] The device works by
creating a vacuum within the base of a prosthetic hand, upon that
a glove is donned, and repeatedly moving a sandpaper-covered
roller into contact with the fingertips of the hand, which are made
of porous mufflers.[11] The durability of the glove is quantified
based on the number of sandpaper touches the glove withstands
before perforating.

This study compares the relative durability of dry examination
and surgeon’s gloves made from a variety of elastomeric materi-
als, both natural and synthetic, and by different manufacturers.
Prototype surgical gloves made from guayule latex were also in-
cluded. This new material is under commercial development and
so was assessed in parallel with the existing glove materials.

2. Durability Testing Devices

2.1. Capstone Glove Assessment Device (C-GAD)

The original iteration of the glove durability assessment device
(C-GAD) was created by senior engineering students at the Ohio
State University as part of a capstone design project.[4] The main
drawback of the C-GAD was that the gloves needed to be visually
inspected for perforations while the testing device was stopped,
which reduced the precision of results to a minimum inspection
interval of 5 s.[11]

2.2. New Glove Assessment Device (N-GAD)

The N-GAD was built to improve upon the C-GAD prototype. It
is fully mechanized and automatically detects glove breakage im-
mediately, eliminating the need for visual glove inspection. It is
also more controllable, with adjustable settings for roller force
and motor speed (touch interval), and has a liquid spray system
that allows the user to simulate glove use in wet environments,
although this function was not used in the current study.[11]

3. Results

3.1. N-GAD and C-GAD Comparison

Although the collected data included both time to failure and
number of sandpaper touches to failure, the statistical analyses
focused only on the number of touches because the time inter-
val between touches occasionally varied. The N-GAD was pro-
grammed to maintain a pressure differential by repeatedly de-
pressurizing throughout the test while the timer remained on,
and so the time and number of touches did not directly corre-
spond with one another.

The number of touches to failure was similar with both de-
vices except for the polyisoprene surgical glove (Sensicare Micro)
(Figure 1). The higher C-GAD mean is likely due to the lower
accuracy of manual glove inspection because very small perfo-
rations are often difficult to see and may be missed, artificially
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Figure 1. Comparison of glove durability assessed by two durability testing
devices. Each value is the mean of 3 to 5 samples ± standard error. The
individual points are also plotted (gray circles).

increasing the overall average number of touches to obvious fail-
ure. The N-GAD eliminates human error from the glove durabil-
ity testing process.

No significant difference was observed between the results
from the two devices (Table 1) and there was no interaction be-
tween glove type and device. However, the different gloves did
have significantly different durability (p < 0.0001). The variabil-
ity within the replicates was very high. Surgeon’s gloves “latex
#3” and the polyisoprene version, had gloves which were among
the most and least durable of those tested.

3.2. Durability of a Broad Range of Gloves

When the N-GAD was used to quantify the durability of a wide
variety of glove materials and brands (Figure 2), a one-way anal-
ysis of variance (𝛼 = 0.05) indicated that their durability signifi-
cantly differed (p < 0.0001) (Table 2). Student’s t-tests determined
statistically significant glove-to-glove differences and indicated
that the EnergyEne brand prototype guayule latex gloves were
significantly more durable than all other gloves tested (Table 3,
Figure 2). The two glove brands with the lowest averages, Vglove
and Safeko, were statistically different from the four glove brands
with the highest averages, EnergyEne, Sensicare Micro, Triumph
Green, and U.S. Medical Glove (Table 3).

The durability variability within individual glove types is also
apparent between gloves manufactured by different companies
from the same material (Figure 2). For example, among the
three nitrile examination glove brands tested only the US Med-
ical Glove product was reasonably durable and far outlasted the

Table 1. Two-way analysis of variance comparing glove failure rates on the
C-GAD and N-GAD. Note that 𝛼 = 0.05.

Source of Variation Degrees of
Freedom

Sum of
Squares

F Ratio Probability

Glove Brand 5 558 806 8.115 <0.0001

Device 1 41 798 3.035 0.089

Glove Brand x Device 5 72 774 1.057 0.398
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Figure 2. Average number of sandpaper touches to glove failure ± standard error. Examination gloves are the mean of 5 samples, and surgical gloves
are the mean of 3 samples.

Table 2. One-way analysis of variance comparing glove failure rates for
various glove types using the N-GAD. Note that 𝛼 = 0.05.

Source of
Variation

Degrees of
Freedom

Sum of
Squares

Mean
Square

F Ratio Probability

Glove Brand 9 452746 50305 12.8 <0.0001

Error 30 117934 3931 – –

Total 39 570680 – – –

other nitrile gloves as well as the thin Aloe Touch natural latex
glove. The Vglove was the worst glove tested, and user experience
(Cornish laboratory) of how quickly this glove fails when donned
(within a few seconds) matches the test data.

Table 3. Student’s t-test comparing glove failure rates for various glove
types using the N-GAD. Different letters indicate significantly different
durability. Examination gloves are the mean of 5 samples, and surgical
gloves are the mean of 3 samples.

Connecting Letters Report

Brand Mean

EnergyEne A 411.00

Sensicare Micro B 150.00

Triumph Green B 148.67

U.S. Medical Glove B C 88.80

Triumph Micro B C D 65.67

Neolon B C D 53.33

Aloe Touch C D 24.20

Restore Touch C D 11.20

Safeko D 7.80

Vglove D 6.80

3.3. Glove Thickness and Durability

Gloves tend to be thicker at the fingertips than at the cuff,
and thickness varies depending on material and manufacturer
(Figure 3). The same data are represented in the form of the aver-
age ratio of cuff thickness to fingertip thickness (Table 4), and the
data are also ranked in numerical order. In general, thicker gloves
are more durable, regardless of the material. Thicker gloves also
need more abrasive contact before they puncture (Figure 4),
meaning that they are a more effective barrier against harmful
pathogens.

The large variation in the number of touches to failure for
guayule latex gloves is due to each guayule glove being individu-
ally dipped. Also, different dwell times were used to change thick-
ness. These result in less-consistent durability between these pro-
totype gloves than mass-manufactured gloves.

3.4. Force Testing

One of the adjustable settings on the N-GAD is the force the sand-
paper roller applies to the prosthetic hand.[11] Altering this set-
ting dramatically changes the number of touches to glove failure.
However, durable gloves may take too long to test using the force
required for assessing flimsy gloves (Figure 5). Identifying trends
in break times versus applied force provides a point of reference
for testing gloves on the N-GAD.

It should be noted that not all glove types were tested at all
forces, as the number of touches to failure increased to rather
extreme time periods as the force decreased (consecutive touches
are ≈6 s apart) (Figure 5). Guayule latex gloves were not tested at
forces lower than 15 N due to extremely long times until failure
(over an hour per glove at a minimum). Hevea latex gloves were
also not tested below 10 N for the same reason, with break times
reaching over 26 min per glove.
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Figure 3. Average thickness of various glove types at the cuff and fingertip ± standard error. Four thickness measurements were collected from three
replicate gloves.

Table 4. Average ratio of cuff thickness to fingertip thickness based on three
samples of each glove variety + standard error. Data are ranked from low-
est ratio to highest ratio. Neolon brand does not have a standard error
ratio because the standard error for the fingertip measurements was 0.

Brand Average Ratio of Cuff Thickness
to Fingertip Thickness

Vglove 0.42 + 0.07

Restore Touch 0.51 + 0.35

US Medical Glove 0.60 + 0.25

EnergyEne 0.65 + 0.57

Triumph Green 0.66 + 0.23

Neolon 0.67 + 0.00

Safeko 0.70 + 0.20

Sensicare Micro 0.72 + 1.81

Aloe Touch 0.75 + 0.60

Triumph Micro 0.84 + 0.13
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Figure 4. Number of touches to failure versus glove cuff thickness for He-
vea latex, synthetic nitrile, and guayule latex gloves.

The separation of relative durability of the different glove mate-
rials was maintained at the different forces (Figure 5) and the nat-
ural latex gloves exhibited a negative linear relationship of force
and number of touches to break. Restore Touch nitrile gloves had
two distinct trendlines: the one with a slope of −0.2 is relevant
to glove testing. The second plottable trend line with a slope of
−0.0009 indicates that these gloves basically could not withstand
touches with any force over 13 N. Plotting such trends will aid
with future N-GAD studies in which the force must be adjusted
from its default setting, and provides context for the data collected
in this study at the default force of 15 N.

The unit for applied force used in this study is Newtons rather
than Pascals because Newtons are a measure of force that is in-
dependent of thickness. A Pascal is derived by dividing the force
in Newtons by the area of the test sample, usually in square me-
ters. Since glove thicknesses vary among materials and brands
(Figure 3), Newtons were the more appropriate unit of force for
the N-GAD. Although some ASTM glove standards include New-
tons, most use Mega-Pascals, and reported forces are highly af-
fected by film thickness.

3.5. Material Properties

Natural latex gloves are much more comfortable for the wearer
due to their superior mechanical properties. As shown by the
stress–strain curve (Figure 6), the natural latex gloves, Hevea and
guayule, are more elastic than synthetic gloves (PVC and a high-
quality purple nitrile glove), with guayule being the most stretch-
able. The point at which the plots end is where the testing dumb-
bell broke in two. The nitrile and guayule glove films were of
similar strength, and this is generally the case when high quality
nitrile gloves are tested. The modulus (effectively, softness) dif-
ference is apparent in the vertical plain of these curves: the lower
the number, the greater the softness.
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Figure 5. Number of touches to glove failure versus applied force ± standard error for Hevea latex, synthetic nitrile latex with colloidal oatmeal, and
guayule latex. Each value is the mean of 3 gloves + standard error. Note: some error bars are smaller than the symbol height.

The stress relaxation force reflects the resistance of the glove
to deformation (Figure 7). Thus, the nitrile glove, when first
donned, is very stiff and requires substantial hand energy for sev-
eral minutes as the glove warms and softens. It remains more
resistant to hand movement than the two natural latex gloves.
Neither of these changes much over time. The energy required
to stretch guayule latex films is very low compared to other ma-
terials (Figure 7). This makes for easier donning and more com-
fortable wear, and it fits like a “second skin”.

When stress relaxation was determined at three elongations to
compare PVC, nitrile, Hevea, and guayule, the synthetic gloves
were much stiffer than the natural gloves during the first few
minutes of testing (Figure 8). Although PVC and nitrile sub-
stantially softened during repeated manipulation, PVC remained
the stiffest glove throughout the trial, followed by nitrile, Hevea,
then guayule. PVC was able to reach 300% elongation during the
stress relaxation tests but reached less than 200% elongation in
the tensile stress test. This reflects the presence of manufactur-
ing inconsistencies among the PVC glove samples (Figure 6).

Guayule
HeveaNitrile

PVC

Figure 6. Tensile stress versus percent elongation for PVC, nitrile, Hevea,
and guayule gloves.

Natural latex gloves were more tear resistant than nitrile gloves
and other synthetics (Figure 9). This is because natural rubber
forms crystallites when the material is stretched, and the poly-
mers align. This phenomenon, stress–strain crystallization, is a
main cause of the better performance of natural rubber than syn-
thetic elastomers in many applications.[12–15] When material fail-
ure begins, cracks do not propagate beyond the first crystallite
they encounter. Thus, crystallites block crack propagation and in-
hibit tearing.[16]

3.6. ASTM Standards

ASTM provides standard specifications for surgical gloves as
well as examination gloves.[3,4] However, depending on the spe-
cific material, these minimum physical requirements may be
much lower than the general standards for surgical and ex-
amination gloves. For instance, synthetic gloves such as PVC,
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Figure 7. Stress relaxation over a time of 15 min for nitrile, Hevea, and
guayule latex gloves.
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Figure 9. Average minimum force require to initiate a tear, in Newtons ±
standard error for PVC, nitrile, Hevea and guayule examination gloves.

polychloroprene, and nitrile that are typically used as examina-
tion gloves all have minimum tensile strength and ultimate elon-
gation requirements less than that of the standard for general
Type II unaged synthetic examination gloves (Table 5).[17–19] Poly-
chloroprene and nitrile gloves are also held to a lower standard in
terms of thickness, with their minimum requirement of 0.05 mm
being less than the general exam glove minimum requirement of
0.08 mm (Table 5).

4. Discussion

Our data prove that, in general, natural latex gloves are more
durable than synthetic ones and so provide a more effective bar-
rier against pathogens and toxins. Their mechanical properties
also make them a more comfortable and less tiring glove to
wear.[20] For synthetic PVC and nitrile gloves, the more move-
ments the wearer makes, the more resistance the glove poses
to such movements, unlike guayule that poses little resistance
(Figure 6).

Among the surgical gloves, natural latices tended to outper-
form synthetics. The poorer durability of the natural latex Tri-
umph Micro surgical glove compared to the Triumph Green one
(Figure 2) was not due to a thickness difference (Figure 3), so
probably reflects differences in the manufacturing protocols used
to make them. This raises a serious concern about the quality
control of their manufacturing processes because every user ex-
pects reproducible performance from different examples of a spe-
cific glove and brand.

The large disparity in the average number of touches to failure
for the three nitrile glove brands (6.8 for Vglove, 11.2 for Restore
Touch, and 88.8 for U.S. Medical Glove) indicates that some im-
ported gloves are seriously substandard. These gloves have simi-
lar thickness (Figure 3), so Vglove and Restore Touch either have
serious manufacturing issues, they are not made of 100% nitrile,
or have a high loading of diluent filler(s). In addition, the aver-
age cuff thicknesses of these two glove types fell below the min-
imum ASTM required thickness of 0.05 mm for unaged nitrile
gloves (Table 5).[19] Similarly, the Safeko brand PVC gloves, which
are also synthetic, failed to meet the ASTM minimum ultimate
elongation of 300% for unaged PVC gloves (Table 5), breaking be-
low 200% (Figure 6). This raises serious concerns over the safety
of these medical gloves, which claim to meet ASTM standards.
When healthcare workers use gloves, they rely on them to act as
physical barriers against disease transmission. Cheap synthetic
gloves are cheap for a reason, and it is clearly important to avoid
purchasing them even when they are dumped on the U.S. mar-
ket. Saving a few dollars by acquiring unsafe gloves can cost peo-
ple their health and even their lives. The authors encourage all
glove manufacturers to create high-quality products that will pro-
tect the public from exposure to harmful pathogens.

From the thickness tests, it may initially appear that the so-
lution to the issue of glove durability is to create thicker gloves.
However, thicker gloves are also stiffer and reduce the tactile sen-
sitivity of the wearer’s hands. Both qualities are undesirable for
medical gloves because dexterity is essential for delicate surgeries
and other medical procedures, and thicker gloves may hinder the
performance of the healthcare provider and lead to undesirable
patient outcomes.
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Table 5. ASTM physical requirements for examination and surgical gloves versus specific glove materials. Type I gloves are composed of natural rubber
latex, and Type II gloves are composed of rubber cement or synthetic rubber latex.

Standard Specification Title Designation Type Thickness [mm] Before Aging After Accelerated Aging

Tensile Strength
[MPa minimum]

Ultimate Elongation
[% minumum]

Tensile Strength
[MPa minimum]

Ultimate Elongation
[% minimum]

Rubber Examination Gloves D3578-19 I 0.08 18 650 14 500

II 0.08 14 650 14 500

Rubber Surgical Gloves D3577-19 I 0.10 24 750 18 560

II 0.10 17 650 12 490

Poly(vinyl chloride) Gloves
for Medical Application

D5250-19 II 0.08 11 300 – –

Nitrile Examination Gloves
for Medical Application

D6319-19 II 0.05 14 500 14 400

Polychloroprene Examination
Gloves for Medical
Application

D6977-19 II 0.05 14 500 14 400

The lack of control U.S. users have over glove quality, and
the disruption of supply chains experienced during the corona
virus 2 (SARS-CoV-2) (COVID-19) pandemic, have led to some
onshoring of nitrile glove manufacturing, and increasing empha-
sis on raw material manufacture, including production of natural
rubber and natural rubber latex within our borders.[21]

It is worth noting that properly leached (washed), polymer
coated, unpowdered natural latex gloves made from latex tapped
from tropical rubber trees can be used safely by people who do
not already have Type I latex allergy.[22] Since most natural latex
gloves imported into the U.S. market (at least before the COVID-
19 pandemic), are properly leached and contain very little soluble
protein (< 50 μg g−1, see ASTM D6699) it seems more likely that
a user would contract a disease through synthetic glove breakage
than have a dangerous anaphylactic reaction to residual proteins
in a natural latex glove.[23] However, although data is amassing
proving that COVID-19 has impelled the manufacture and im-
port of cheap, poor quality synthetic gloves there is, as yet, no
information on whether any natural latex glove manufacturers
have chosen to lower their costs by taking their leaching step out
again. If any take this irresponsible approach, a new wave of Type
I latex allergy sensitization would occur. One dental dam manu-
facturer does not leach their natural latex dams, so this concern
is not without precedence.[24] Normal detergents in hot or cold
water do not effectively extract entrained proteins remaining in
unleached, fully cured natural latex films, but human fluids can
do this during medical or dental procedures. Leaching is only ef-
fective during manufacture when applied to partially cured prod-
ucts. Because the findings of our glove study are imperative to
the health and safety of healthcare works, a table summarizing
the authors’ recommendations has been included (Table 6).

5. Conclusions

Examination and surgeon’s gloves are extremely variable in
durability, when tested dry and in air, even within a specific
elastomeric material, indicating fundamental flaws in manufac-
turing protocols, quality control, and inspection rates. Unexpect-
edly flimsy gloves pose a threat to the health and wellbeing of all

wearers, their patients, and their colleagues. Also, medical gloves
are not solely used in dry environments and additional research
will include testing durability under wet conditions, such as in
water, ethanol, and phosphate buffered saline to simulate more
realistic user environments.[6] Durability under these conditions
may be poorer than in air. It will be important to determine any
correlation between wet and dry glove durability before an ASTM
durability standard can be proposed. Overall, gloves made from
guayule latex, an allergy-safe domestic source of alternative nat-
ural rubber latex were more durable than the other gloves tested,
including those made from Hevea latex.[22] Guayule gloves (and
condoms) have previously been demonstrated to be effective
barriers against viruses, including the 𝜑X174 virus, which, with
a diameter of 27 nm, is smaller than the smallest known human
pathogenic virus.[25] This indicates that guayule latex gloves are
also effective barriers against larger pathogenic viruses.

Guayule latex is as strong as nitrile and as tear resistant as
Hevea latex while also having a more comfortable, lightweight
feel that allows the user to almost forget they are wearing gloves.
Compared to other products such as the FlexiPalm, guayule

Table 6. Author recommendations for healthcare workers. The quality of
gloves was ranked using the following scale: Excellent, Good, Fair, Poor,
Very Poor. Please note that examination and surgical gloves are not directly
comparable in terms of quality rating.

Brand Material Intended Use Quality Rating

Vglove Nitrile Examination Very Poor

Restore Touch Nitrile Examination Poor

US Medical Glove Nitrile Examination Excellent

Safeko PVC Examination Very Poor

Aloe Touch Hevea Latex Examination Poor

Triumph Green Hevea Latex Surgical Good

Triumph Micro Hevea Latex Surgical Fair

Neolon Polychloroprene Surgical Fair

Sensicare Micro Polyisoprene Surgical Good

EnergyEne Guayule Latex Surgical Excellent
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latex gloves have similar features such as an inconspicuous and
comfortable design, but guayule gloves have the added bene-
fit of providing a barrier for the entire hand, rather than just
the palm.[26] Although the palm may be the main transmission
point for pathogens, a hand that is fully covered is fully protected
from transmitting or being contaminated by harmful bacteria
and viruses. Guayule latex gloves are currently not produced on a
commercial scale. However, examination, surgical, and radiation
attenuation guayule latex gloves have been prototyped by mul-
tiple companies, tested by consumer groups, and consistently
judged best in class.

Guayule latex can address the need for domestic production
of gloves to resolve supply chain and quality issues. A shift back
from synthetic latices, which are made from petroleum, to nat-
ural latices made from plants, would greatly reduce the carbon
footprint of the medical glove industry as a whole and biologi-
cally and geographically diversify the natural rubber supply.

6. Experimental Section
Glove Durability Tests: A variety of gloves were tested in random order

on the N-GAD and the C-GAD, and the results were compared. Both surgi-
cal and examination gloves were tested, and the glove materials included
natural latex, nitrile, polychloroprene, and polyisoprene. To ensure that the
results from each glove tester were comparable, both the number and size
of each glove type were kept as consistent as possible between the C-GAD
and the N-GAD. It should be noted, however, that glove sizes 6 and 6.5
were too small for the prosthetic hand of the current N-GAD, so size 7 was
used instead. In addition, while the N-GAD was capable of testing both left
and right-handed gloves due to the lack of a thumb on the prosthetic hand,
the C-GAD was only capable of testing right-handed gloves. Therefore, due
to limited availability of larger-sized polychloroprene gloves, sizes 6, 6.5,
and 7 were tested using the C-GAD. For both devices, the default micro-
controller settings were used to maintain consistency, including an applied
force of 15 N and a motor speed of 3.5 mm s−1 that supports a touching
interval of approximately one touch every 6 s. The data collected included
the time and number of touches until the glove was punctured.

A larger array of gloves was then tested using the N-GAD in order to
compare glove materials and brands. The tested gloves included three
types of nitrile gloves (Vglove, Restore Touch, and U.S. Medical Glove; all
examination gloves), three types of Hevea latex gloves (Aloe Touch; exam-
ination, Triumph Green; surgical, and Triumph Micro; surgical), one type
of polyisoprene glove (Sensicare Micro; surgical), one type of polychloro-
prene glove (Neolon; surgical), one type of PVC glove (Safeko; examina-
tion), and one type of guayule latex glove (EnergyEne; surgical). Examina-
tion gloves were sizes medium and large, and surgical gloves were sizes 7
and 8. Depending on availability, either three or five replicate gloves were
tested from each type. The time and number of touches until the glove
was punctured were recorded, as well as the force used.

Thickness Measurements: Four thickness measurements were col-
lected for three gloves of each type, using an electron caliper: three around
the cuff and one at the fingertip. The third (ring) finger was selected for
fingertip thickness sampling because it is one of the fingers that meets
the rough surface of the drum on the N-GAD. Fingertip thickness mea-
surements were performed after durability testing because these measure-
ments required the removal of the glove finger, effectively destroying the
glove.

Force Tests: Three samples of nitrile, Hevea latex, and guayule latex
examination gloves were tested at forces of 8, 10, 13, 15, and 20 N to
determine the correlation between the force applied by the N-GAD and
the number of touches until the glove failed and validate the use of higher
forces for thicker gloves. The most durable gloves were not tested at the
lowest force levels, however, due to extremely long wait times until glove
breakage.

Guayule Gloves: Guayule gloves were made one at a time, as described
for guayule radiation attenuation gloves except that no Bi2O3 filler was
added.[27] The same xanthate-based curing package was used that pre-
vents the contact reactions and Type IV skin allergies often caused by
the traditional carbamate, thiuram and thiazole chemical cross-linking
accelerators.[28] Thus, guayule latex gloves are circumallergenic because
they avoid Type I systemic reactions and Type IV and contact allergic reac-
tions.

Mechanical Tests: Tensile measurements according to ASTM D412
were used to compare the performance of guayule gloves and gloves made
from tropical natural latex, nitrile, and polyvinyl chloride.[29] Five dumb-
bells were cut using Die D from glove films (CCSI, Akron, OH, USA). Sam-
ple tensile properties were determined using a tensiometer (model 3366,
Instron, Norwood, MA, USA) with a 50 N static load cell (model 2530–
50N, Instron), equipped with a contact extensometer (model 3800, Ep-
silon Tech. Corp., Jackson, WY, USA). Tensile strength (stress), elongation
to break, and modulus at 500% strain) were derived using Bluehill v. 2.26
software (Instron, Norwood, MA, USA). Stress relaxation was measured
by elongating a sample to the desired strain (100%, 300%, or 500%), and
recording the decrease in stress over a 15 min period. Tear strength was
determined according to ASTM D624 using notched dumbbells and the
tensiometer described above.[30] Tear strength was measured by pulling
the notched test sample apart and measuring the minimum amount of
force required to initiate the tear.

Statistical Analysis: One- and two-way analyses of variance (𝛼 = 0.05)
were performed using the statistical software JMP 14. Except for the direct
comparison of the C-GAD and N-GAD, extreme outliers were removed
from the data to ensure that the mean value accurately represented the
data set. A student’s t-test was also performed on individual data gath-
ered using the N-GAD so that specific glove-to-glove variability could be
identified.
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