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Abstract:
Heated gloves have been gaining popularity due to increasing work safety demands. The objective of the present
work was to evaluate the effects of the presence of chemical hand warmers in protective gloves. The study involved
three types of gloves appropriate for work activities performed in cold environments. Several hand warmer variants
were designed, differing in terms of shape and location within the glove, which are of great relevance to the comfort
of use. Manual dexterity tests were designed to approximate real conditions of the work environment, allow for
simulation of occupational activities, and involve various aspects of manipulation.

Keywords:
Gloves, warmers, design, comfort, manual dexterity

Introduction

remain expensive and energy-intensive. Another source of
heating is offered by phase-change materials, which may store
and release large amounts of energy. Those materials can be
implemented in different ways, but the effectiveness of their
various applications is not always sufficient to satisfy user
expectations. Wired solutions tend to make gloves rigid and
uncomfortable, in which case their heating advantages may be
outweighed by difficulties related to occupational performance.
Alternatively, one can use chemical hand warmers in which
thermal energy is generated by various mixtures of powdered
iron, alkaline, alkaline earth, or transition metals, activated or
nonactivated carbon, as well as other components, depending
on the application [17]. These solutions have been applied
in patented glove designs for maintaining and releasing
thermal energy [18–20]. The aforementioned warmers are
typically placed in special pockets integrated with the dorsal
or palmar parts of gloves. Given the great complexity of the
problem, many workers remain at risk of excessive upper
and lower limb cooling upon exposure to cold. Although new
technologies are being developed to alleviate this problem, so
far no universal practical solution has been designed. Taking
into consideration the need to ensure safe working conditions,
gloves with chemical warmers seem to offer a promising,
practical alternative to existing electrical heating systems.
The former contains active mineral components, such as a
mixture of iron, activated carbon, sodium chloride, diatomite,
and vermiculite, which enter into simple and safe chemical
reactions in the presence of oxygen from the air. It is possible to
adjust the warmers to the individual needs of the users in terms
of the amount of heat produced under different cold exposure
conditions, while maintaining glove functionality and hygiene.
The applied mineral compounds are environmentally friendly,

Cold environments are defined as locations with an air
temperature equal to or less than 10°C. They put workers at risk
of excessive cooling of distal body parts, and thus necessitate
the use of protective gloves with enhanced insulation
properties. Such gloves are usually made from textile systems,
including waterproof leather and coated materials. In addition,
textiles with superior thermal insulating capacity are often used
to further reduce heat loss. In practice, cold-protective gloves
should be primarily characterized by effective insulation [1, 2],
good ergonomic properties and comfort of use [3–5], as well as
the ability to actively maintain optimum hand temperature [6]. If
gloves worn by the workers do not correspond to work duration
and temperature exposure, they may lead to excessive cooling
of the upper extremities [7–9] or frostbite as a result of contact
with cold surfaces [10, 11].
Since traditional insulation materials often fail to meet
user requirements, new state-of-the-art glove designs may
incorporate active or passive warmers, including chemical
hand warmers. Many of such solutions have been patented
[12–16]. However, traditional batteries (whether rechargeable
or not) are rather large, which in practice adversely affects
user’s comfort. Another drawback is the risk of discharging
before the completion of a task. These disadvantages have
motivated some scholars to undertake research in the field of
fibrous power supply (FPS), which is also known as textronic
technology of power generation. While FPS products are
characterized by a considerable ability to store electric energy,
they still need to be improved in terms of strength, elasticity, and
compatibility with textiles. It should be noted that such solutions
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easily biodegradable, and safe for humans. The warmers are
filled with a mixture of powdered iron; alkali metal, alkaline earth
metal, or transition metal salts; activated and nonactivated
carbon; and other components, depending on the application
[21]. Active mineral compounds in the form of “hot packs” were
first used in sports medicine and physical therapy. Local heat
treatment was intended to improve motor performance [22,
23]. Over time, several exothermic reactions were patented;
they involved mixtures of mineral components [24]; alkali
metal and alkaline earth metal oxides and hydroxides [25]; iron
oxidation in water [26]; reactions involving water, sand, and
anhydrous magnesium sulfate [27]; reactions involving iron
powder, sodium chloride, water, and activated carbon in an airpermeable bags made of polyethylene–hydrophobic polyolefin,
in which the product maintains a temperature of 38–44°C for
1 h after activation [28]; and reactions of iron powder, carbon,
alkali metal, and alkaline earth metal salts [29, 30]. These
solutions led to the development of gloves with integrated
pockets containing thermal packs retaining and transmitting
heat energy that can be used, for example, in the prevention of
Raynaud’s disease [18]; winter sports gloves [19]; and gloves
and pads for local heat therapy [20].

Therefore, the objective of the present work was to evaluate
the effects of the presence of commercially available chemical
hand warmers in protective gloves. In addition, the study was
designed to determine which warmers in which positions within
the glove are most favorable for user comfort and safety.
This paper is the first step toward a better understanding of the
effects of the chemical hand warmers in the glove structure on
user comfort in five manual dexterity tests. The main limitation
was that the applied warmers were passive (turned off), as
physiological response was not investigated.

2. Materials and methods
2.1. Experimental protective gloves and the applied
chemical hand warmers
The study involved three types of gloves: mitts (variant 1),
five-finger gloves (variant 2), and rubber gloves with knitwear
inserts (variant 3). These variants were selected as appropriate
for work activities performed in cold environments. The
characteristics of the three glove variants are given in Table 1.

However, there are few research papers concerning the design
and use of warmers in gloves, one notable exception is in
Sands et al. [31]. The authors reported that some of the studied
devices exceeded packaging claims while others fell short, that
the thermal behavior of the devices was variable over time,
and that there appeared to be a simple but strong relationship
between the mass of the devices and the duration of their heat
production. Furthermore, they suggested that future research
should include a wider variety of warmers using different
chemical processes and address the influence of insulation on
user warmth and comfort.

Protective gloves designed to improve the comfort of work
in cold environments have been equipped with warmers
containing mineral substances which release heat upon
contact with air. Four models of warmers were tested (Table
2); they differed in shape and weight, and were tailored to the
glove types in which they were implemented.
The tests were performed in two variants: with warmers and
without them (as reference measurements). The warmers were
integrated within designated pockets and placed:

Table 1. Material characteristics of composite layers used in the tested glove variants

Mitts –Variant 1
PU-coated PA 220 g/m2
Chlorinated PET CSM—coated PA 235 dtex or 212 den (370 g/m2)
100% PE microfleece (130 g/m2)
100% PE nonwoven (110 g/m2)
Five-finger gloves – Variant 2
Grain leather 0.8–0.9 mm    
100% PE microfleece 130 g/m2
50% PA, 50% PU fleece (500 g/m2)
100% PE nonwoven, (110 g/m2)
89.5% PES/6.5% spandex/4% PU (380 g/m2), membrane—100% PU
Five-finger rubber gloves with knitted inserts – Variant 3
The system consists of:
Rubber five-finger gloves made of 100% polyacrylonitrile
Knitted five-finger inserts made of 100% PAN fiber
http://www.autexrj.com/

2

Unauthenticated
Download Date | 11/21/19 11:32 AM

AUTEX Research Journal, DOI 10.2478/aut-2019-0061 © AUTEX
Table 2. Models of warmers used in the tested gloves

•

in the palmar part of the gloves;

•

in the dorsal part of the gloves;

•

in both palmar and dorsal parts.

for simulation of occupational activities, and involved various
aspects of manual dexterity.
The first manual test involved the gripping and pulling of a
metal cylinder. The experimental apparatus consisted of a
table with a cylinder equipped with a handle and connected to
a dynamometer measuring the exerted force. During the test,
the subjects stood at the table in a comfortable upright position,
with one hand holding the cylinder handle. The subjects were
asked to initially pull the cylinder with maximum force.

A schematic illustration of warmer location in the gloves is
shown in Figure 1.
2.2. Manual dexterity tests of cold-protective gloves with
warmers

The second test evaluated hand and finger dexterity using the
Purdue Pegboard consisting of two parallel rows with 25 holes
in each. The subjects were asked to pick up pegs and place
them in the holes during 30 s.

The study was conducted on a group of 10 professionally
active men and included 5 manual dexterity tests as presented
in Table 3. The first one is specified in the standard PN-EN
1082-2:2002 [32]. The second one is commercially available,
but its application for assessing the ergonomic properties
of gloves was proposed by the present authors, while the
remaining three tests were originally developed by the authors
and described in another work [33]. The tests were designed
to approximate real conditions of the work environment, allow
http://www.autexrj.com/

In the third test, the subjects stood erect at the experimental
stand, looking at the proximal side of the pulley. They gripped
the board with one hand, and then pulled it aside to a deflected
position until a marker on the proximal side of the pulley
became visible. In this test, the moment of force reflected
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Figure 1. Schematic illustration of warmer location in the gloves.
Table 3. List of applied manual dexterity tests

Test

Manual dexterity test

TEST 1

Cylinder grip and pull test for the evaluation of gross hand and arm movements

TEST 2

Purdue Pegboard Test for the evaluation of fine finger movements

TEST 3

Simulated occupational task of pulling aside for the evaluation of gross arm movements

TEST 4

Simulated occupational task of holding down for the evaluation of gross hand movements

TEST 5

Simulated occupational task of rotating for the evaluation of gross movements of the hands and arms

muscle loading. The subjects were supposed to hold the board
at the deflected position for 30 s, simulating occupational hand
movements.

distribution. Calculations were made using SPSS Statistics
23.0.

In test 4, the subjects also stood erect in front of the experimental
stand. They placed one hand over the cart, at an angle of
45°, and positioned the three middle fingers on the indicated
points. Subsequently, the subjects pushed the cart up to the
designated marker. After 10 s, the experimenter measured
finger displacement (the distance the subjects’ fingers moved
along the surface of the cart in the process of holding it down).

3. Results and discussion
Many studies have investigated the physiological effects of
low temperatures and hand cooling, which significantly impair
manual dexterity. To prevent that, thermal comfort may be
maintained using multilayer systems of materials implemented
in protective gloves. However, it is difficult to determine the
optimum number of layers, given the fact that the heavier and
thicker the resulting composite is, the more it tends to hinder
manual dexterity and worker productivity [34]. This was also
observed in the present study (Table 4) of holding down for
the evaluation of gross hand movements. The results of the
holding down test (Test 4) were not included in statistical
analysis as they did not reveal differences between the studied
glove designs or warmer parameters.

During test 5, the subjects stood erect at the table with the
measurement apparatus, holding the handle. Upon the
experimenter’s signal, they started to drive in the handle by
rotating it for 10 s. The initial handle setting was the same for
all subjects.
2.3. Statistical analysis

Other authors who examined the effectiveness of electrically
heated gloves in maintaining warm hands found that the
users appreciated the advantages of such gloves in terms
of higher thermal comfort and manual dexterity. Electrically
heated gloves were also developed and evaluated with a
view to alleviating the pain associated with constrained blood

Analysis of variance (ANOVA) was used with a posteriori
Bootstrap resampling (1,000 replicates). Post hoc comparisons
were made with the Bonferroni test. A 95% confidence interval
[±2 standard deviation (SD)] for mean variable values was
adopted. The measured values were consistent with normal
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Table 4. Analysis of variance (ANOVA) statistics for the effect of protective glove design on manual dexterity

Protective glove design

Test 1

Maximum force [N]

Force maintained for 10 s [N]

Test 2

Test 3

Number of pegs

Pulling away [s]

Test 5

Driving in [mm]

Variant 1

Variant 2

Variant 3

M

83.11

101.23

92.97

SD

27.21

22.13

22.48

M

43.40

52.26

47.57

SD

17.18

15.72

13.16

M

3.74

6.14

SD

1.54

M

Post hoc
test
F(2. 102)

p

1<2

4.98

p < 0.01

1<2

2.88

p < 0.05

14.29

1 < 2,5

289.84

p < 0.001

1.80

2.33

2<5

26.94

27.80

27.14

0.41

ns

SD

4.54

3.94

3.86

M

13.46

17.09

13.69

1<2

21.91

p < 0.001

SD

1.56

2.92

2.97

2 >5

*
The results of the holding down test (Test 4) were not included in statistical analysis as they did not reveal differences between the studied glove
designs or warmer parameters.

Table 5. Analysis of variance (ANOVA) statistics for the effect of warmer shape on manual dexterity in protective gloves

Heating element shape
Without
Model 1 Model 2 Model 3 Model 4
heating
Test 1

Maximum force [N]

Force maintained for
10 s [N]

Test 2

Test 3

Test 5

Number of pegs

Pulling away [s]

Driving in [mm]

M

114.60

81.20

77.87

96.80

89.90

SD

26.41

25.95

26.74

19.31

19.94

M

67.93

40.60

38.93

48.37

45.00

SD

22.34

12.98

13.37

9.68

9.93

M

7.20

3.40

4.13

10.47

10.37

SD

4.48

1.45

1.55

4.63

4.72

M

28.47

28.53

25.53

27.03

27.23

SD

3.62

3.14

5.10

4.31

3.86

M

17.67

13.60

12.67

15.10

14.53

SD

3.46

1.24

1.11

3.09

3.00

flow [35]. Research showed that such gloves had beneficial
effects on individuals suffering from circulatory conditions [36].
Heating systems may maintain finger temperature at 22–25°C
for 2–3 h during exposure to ‑15°C ambient air [37]. However,
in the reviewed papers, hand skin temperature was measured
at several isolated points on the surface of the hand under
http://www.autexrj.com/

Post hoc
test

F(4,
100)

p

0>1,2,3,4

6.41

p<
0.001

0>1,2,3,4

11.88

p<
0.001

1,2 < 3,4

13.98

p<
0.001

-

1.39

ns

0>1,2,3,4

7.31

p<
0.001

laboratory conditions, without a comprehensive evaluation of
the hand as a whole, with manual dexterity being associated
exclusively with hand skin temperature.
No works to date have evaluated the effects of the physical
presence of an additional warmer in the glove structure on
5
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Table 6. Analysis of variance (ANOVA) statistics for the effect of warmer location on manual dexterity

Heating element location
Dorsal Dorsal and palmar Palmar
Test 1

Maximum force [N]

Force maintained for 10 s [N]

Test 2

Test 3

Test 5

Number of pegs

Pulling away [s]

Driving in [mm]

M

93.87

85.37

87.00

SD

23.51

22.01

22.82

M

46.93

42.67

43.53

SD

11.74

11.01

11.39

M

7.77

8.23

8.60

SD

5.04

5.04

5.05

M

27.97

26.40

26.93

SD

3.56

4.30

4.54

M

14.47

14.00

14.30

SD

2.60

2.77

2.78

Post hoc test F(3. 86)

p

–

1.18

ns

–

1.18

ns

–

0.21

ns

–

1.10

ns

–

0.23

ns

manual dexterity under real work conditions. The current
results revealed some correlations between manual dexterity
(comfort of use) and glove design as well as the shape (but not
location) of the warmer. It was thus determined which warmers
were optimum from the point of view of manual dexterity and
comfort of use. Table 5 presents a summary of ANOVA statistics
for the effect of warmer shape on manual dexterity in protective
gloves.

the years 2015–2018 by the National Centre for Research and
Development in Poland.

Finally, Table 6 presents ANOVA statistics for the effect of
warmer location on manual dexterity in protective gloves (all
variants). The tests did not reveal any statistically significant
correlations for this parameter.

[2] Bertaux, E., Derler, S., Rossi, R. M., Zeng, X., Koehl, L., et
al. (2010). Textile, physiological, and sensorial parameters
in sock comfort. Textile Research Journal, 80(17), 18031810.
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