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Abstract:

As a material that can release infrared rays, volcanic rock polymer fibers can be used in textiles to improve human
microcirculation, which is helpful to relieve chronic inflammatory diseases such as perishoulder arthritis. In this
article, there are two different kinds of exterior yarns. Volcanic rock blended polyester, volcanic rock blended
polyamide, polyester and polyamide are chosen as the material type of exterior yarn Ⅰ, whereas the material type
of exterior yarn II is conductive polyamide yarn. The exterior yarn feed ratio of exterior yarn Ⅰ and exterior yarn II is
designed as 8:0, 7:1 and 6:2 when weft plain stitch, 1 + 1mock rib and 1 + 3 mock rib are used as the knitted structure
of the fabric. According to the three-factor four-level orthogonal experimental design method, the sample protocol
was established, and 16 knitted sample fabrics were produced. Then, the promotion multiple of blood flow velocity on
human epidermal microcirculation of each sample was tested and analyzed. The results show that the promotion
multiple of blood flow velocity on human epidermal microcirculation of the fabrics woven by volcanic rock polymer
fibers is better than that of the blank control group, and the difference between fabrics with different volcanic rock
polymer fibers is small. The higher the proportion of exterior yarn Ⅰ is, the better the promotion multiple of blood flow
velocity on human epidermal microcirculation of fabric will be. The effect of knitted structure on the promotion
multiple of blood flow velocity on human epidermal microcirculation of fabrics is not obvious. This study provides
reference for the design of medical or health textiles for chronic inflammatory diseases.
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1. Introduction

At present, the proportion of people with various chronic dis-
eases and subhealth is increasing [1]. As a chronic inflamma-
tory disease [2], the most common treatment of periarthritis of
shoulder is taking medicine internally at present, but the cura-
tive effect is not good. On the contrary, using external treatment
can strike the pathogeny with a better curative effect [3]. Cur-
rently, many controlled experimental studies and clinical appli-
cations use conventional infrared therapy as well as integrated
infrared therapy as external treatment methods [4]. Zhao [5]
had treated 96 cases of periarthritis of shoulder with traditional
Chinese medicine by using an LD-AF digital low- and medium-
frequency far-infrared heating machine which achieved a
satisfactory curative effect. Wang et al. [6] cured 67 cases of
periarthritis of shoulder with acupuncture plus multi-functional
far-infrared local irradiation and functional exercise and got
satisfactory results. Vatansever and Hamblin [7] concluded
that technological progress has provided a new technology
for transmitting far-infrared radiation to the human body. It is
safe, effective and widely used to employ professional lamps
and sauna providing pure far-infrared radiation as a light source
for producing therapeutic effects.

Because of the presence of volcanic rock composite powder,
volcanic rock polymer fibers not only can make the fibers store
more heat and remain warm [8] but also can release far-infrared
radiation beneficial to the human body to improve human
microcirculation [9]. Most of the conventional external treatment
methods for periarthritis of shoulder are not wearable clothes
[10], so the research and development of fabrics with far-
infrared property are of great significance in meeting the needs
of consumers in medical and healthcare textiles.

At present, most studies on volcanic rock fibers are limited to
the mechanical properties of volcanic rock fibers. The studies
on far-infrared and thermal storage functions are mostly limited
to the far-infrared emissivity and far-infrared radiation tempera-
ture rise of fabrics, but the promotion multiple of blood flow velo-
city on human epidermal microcirculation is relatively lacking.
There is also no research on the differentiation of different vol-
canic rock polymer fibers. In this article, volcanic rock blended
polyester fibers and volcanic rock blended polyamide fibers are
selected asmaterials that can release far-infrared rays. Aiming at
the requirements of autumn and winter clothing, volcanic rock
polymer yarn and conductive polyamide yarn are combined by
the seamless knitting technology to weave the samples, and the
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promotion multiple of blood flow velocity on human epidermal
microcirculation of the samples is tested and analyzed. It pro-
vides a theoretical basis for the application of volcanic rock
polymer fibers on far-infrared seamless knitted clothing in tradi-
tional infrared therapy and integrated infrared therapy.

2. Materials and methods

2.1. Sample protocol establishment

This article mainly investigates the influences of different yarn
materials, exterior yarn feed ratio and knitted structure of the
sample fabrics on the promotion multiple of blood flow velocity
on human epidermal microcirculation, so three fabric factors
(Factors A, B and C) were established first. Combined with the
basic performance requirements of autumn and winter clothing
like warmth and antistatic, 77.8 dtex (70 D) volcanic rock blended
polyester, volcanic rock blended polyamide, polyester and poly-
amide fibers are respectively used as exterior yarn I, 22.2 dtex
(20 D) carbon black polyamide/77.8 dtex (70 D) semi-gloss poly-
amide blended with conductive polyamide yarn were used as
exterior yarn II, and 22.2 dtex (20 D) polyamide/55.6 dtex (50
D) polyurethane wrapped yarn were used as the inner yarn; the
specifications of yarn are presented in Table 1. In addition, polye-
ster and polyamide fibers are chosen for the exterior yarn Ⅰ as a
blank control.

The knitted structure of fabric affects the surface texture and
mechanical properties of the fabrics as well as wear properties
of the textiles. Because the sample fabrics will eventually be
used in the clothing products which will be in direct contact with the
skin, the weft plain stitch whose appearance is smooth and soft to
touch is selected as one of the knitted structures. Considering that
autumn and winter clothing have certain requirements for fabric
thickness, 1 + 1 mock rib and 1 + 3 mock rib are added as the
knitted structure of the sample protocol.

In order to comprehensively analyze the effects of different
fabric factors, the fabric factors are set as follows: factor A is
different material types of exterior yarn Ⅰ, composed of four
levels (volcanic rock blended polyester, volcanic rock blended
polyamide, polyester and polyamide). Factor B is the exterior

yarn feed ratio of exterior yarn Ⅰ and exterior yarn II, composed
of three levels (8:0, 7:1 and 6:2). Factor C is a knitted structure
of the fabric, composed of three levels (weft plain stitch, 1 + 1
mock rib and 1 + 3 mock rib). The sample protocol was obtained
according to the three-factor four-level orthogonal experimental
design method, as shown in Table 2. Sixteen samples were
knitted on a 28-needle SM8-TOP2 electronic seamless knitting
machine with the same weaving parameters as follows: machine
number, 28 needles/inch; cylinder diameter, 14 inches; 1,248
needles, and the same positions of the loop forming triangle.

2.2. Basic specification of sample fabrics

The thickness of the fabric will directly affect the style and wear
properties of the fabric, such as feeling, warmth, air permeability
and stiffness. The per square meter weight of fabric can be used
as a reference for the subsequent performance test and analysis.
The thickness, per square meter weight and horizontal and long-
itudinal densities of the sample fabrics are shown in Table 3.

2.3. Air permeability test

As a basic index of fabric permeability, fabric air permeability
has a great impact on the wearing comfort of clothing [11].

Experimental equipment: YG461E-III automatic air permeability
apparatus.

Experimental procedure: Following the Chinese standard GB/T
5453-1997 [12] operating specifications, ten wrinkle-free loca-
tions were selected for each sample to test, and the sample
fabric was placed on a round table. The apparatus was started,
and the apparatus would automatically stop when it reached the
set pressure difference, and the viewing screen would display
the gas flow data. Finally, the average value was calculated.

2.4. Human epidermal microcirculation blood flow
velocity test

2.4.1. Experimental equipment and principle

Laser Speckle Contrast Imaging (LSCI) is a non-contact ima-
ging technique that utilizes the backward dynamic scatter

Table 1. Materials and specifications of yarn materials

Type of yarn Fineness Supplier

Volcanic rock polyester filament 77.8 dtex (70 D) Taicang Kekai Textile Technology Co., Ltd.
(Taicang, China)

Volcanic rock polyamide filament 77.8 dtex (70 D) Taicang Kekai Textile Technology Co., Ltd.
(Taicang, China)

Polyester filament 77.8 dtex (70 D) Yiwu Huading Polyamide Co., Ltd. (Yiwu, China)

Polyamide filament 77.8 dtex (70 D) Yiwu Huading Polyamide Co., Ltd. (Yiwu, China)

Conductive polyamide yarn 22.2 dtex (20 D)/77.8 dtex
(70 D)

Taicang Kekai Textile Technology Co., Ltd.
(Taicang, China)

Polyamide/polyurethane
wrapped yarn

22.2 dtex (20 D)/55.6 dtex
(50 D)

Yiwu Huading Polyamide Co., Ltd. (Yiwu, China)
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contrast values generated by the movement of red blood cells
in the blood vessels to obtain information about the blood flow
velocity [13]. When the scattered particles of the observed
object remain stationary, that is to say the red blood cells in

the human epidermal microcirculation blood flow are in a sta-
tionary state. The scattering pattern formed by the backscat-
tered light also remains stationary and has high contrast gray
scale undulation. When red blood cells in the blood flow are in

Table 2. Fabric sample protocol

Sample number A (material types of exterior yarn Ⅰ) B (exterior yarn feed ratio) C (knitted structure)

1# Polyamide 8∶0 Weft plain stitch

2# Polyamide 8:0 1 + 1 mock rib

3# Polyester 8:0 Weft plain stitch

4# Polyester 8:0 1 + 3 mock rib

5# Volcanic rock blended polyamide 8:0 Weft plain stitch

6# Volcanic rock blended polyamide 8:0 1 + 3 mock rib

7# Volcanic rock blended polyester 8:0 Weft plain stitch

8# Volcanic rock blended polyester 8:0 1 + 1 mock rib

9# Polyamide 7:1 Weft plain stitch

10# Polyester 7:1 1 + 1 mock rib

11# Volcanic rock blended polyamide 7:1 Weft plain stitch

12# Volcanic rock blended polyester 7:1 1 + 3 mock rib

13# Polyamide 6:2 1 + 3 mock rib

14# Polyester 6:2 Weft plain stitch

15# Volcanic rock blended polyamide 6:2 1 + 1 mock rib

16# Volcanic rock blended polyester 6:2 Weft plain stitch

Table 3. Basic specification of sample fabrics

Sample
number

Thickness (mm) Per square meter
weight (gm−2)

Horizontal density
(coil (5 cm)−1)

Longitudinal density
(coil (5 cm)−1)

1# 0.72 247.3 83.3 150.0

2# 0.98 302.9 47.6 148.6

3# 0.78 257.3 77.2 153.4

4# 1.80 425.1 43.6 147.8

5# 0.76 240.8 83.1 147.5

6# 1.60 392.4 41.3 138.7

7# 0.81 249.5 81.6 146.7

8# 1.15 300.9 54.1 142.6

9# 0.73 248.4 93.3 145.5

10# 1.05 307.7 58.5 143.8

11# 0.77 244.6 81.9 143.2

12# 1.90 422.3 41.6 138.3

13# 1.66 393.2 36.3 134.4

14# 0.79 252.3 82.5 137.1

15# 1.03 293.8 52.8 129.1

16# 0.79 255.4 80.1 130.6
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motion, the intensity distribution of the scattering pattern formed
will fluctuate. It means that there exists a special correlation
between the contrast of the image and the speed of movement
of the scattered particles [14]. Compared with other blood flow
monitoring methods, LSCI adopts a full-field optical imaging
method without scanning, which is a non-scanning optical ima-
ging technology that can detect blood flow velocity in a wide-field
way. Due to its characteristics of good spatial and temporal reso-
lution rates, rapid real-time imaging, non-direct contact, and
quantitative analysis of blood flow changes, LSCI is widely
used in the field of blood flow imaging detection [15].

A BVI microcirculation blood flow imager (Shenzhen Shengqiang
Technology Co., Ltd) was used to test the effect of sample
fabrics’ promotion multiple of blood flow velocity on human epi-
dermal microcirculation. The experimental equipment and prin-
ciple are shown in Figure 1; the imager adopted the principle of
LSCI. Rays were emitted by the host machine, the incident rays
were exposed to the human skin, and the scattered rays gener-
ated on the skin were received by the host machine and trans-
mitted to the computer system through an optical system for
image and data analyses. Then, the scanning images, microcir-
culation blood flow images as well as the microcirculation blood
flow velocity of the subjects were obtained [16].

2.4.2. Experimental materials and methods

On the basis of standard CAS 115-2005 [17] and the test
sample size and test time being verified by Chen [18], the
human epidermal microcirculation blood flow velocity of the
sample was measured.

2.4.2.1. Subjects
The subjects were 20 healthy female graduate students aged
22–26 years old. The test position was about 1.5 cm2 in size,
and the points were selected at a distance of no less than 5 cm
from the wrist and no less than 2.5 cm from the elbow socket.
The test points C1 and C2 are shown in Figure 1.

2.4.2.2. Experimental sample

The sample size was set as 20–25cm in length and 10 cm in width.
Velcro was sewn on both sides of the sample, and a circular hole
with a diameter of about 2 cmwas cut in the middle of the sample to
serve as the test selection area, which corresponded to the location
of the arm test point C2. The hole area was covered with the same
material as the sample during the wrapping period, and the sample
was removed covering the hole during the testing period to per-
form the test, which can avoid the error caused by removing
the whole test sample. The samples were humidified for 24 h
according to the Chinese standard GB/T 6529-2008 [19].

2.4.2.3. Experimental conditions

The temperature and humidity of the laboratory were controlled
at 24–26°C and 40–60%, respectively, and kept free of wind,
shielded from direct sunlight, and indoor lighting was used. The
day before the test, the subjects should not consume functional
beverages, tea, coffee and other foods that will cause excite-
ment in the human body [20].

2.4.2.4. Experimental procedure

Two test points C1 and C2 were marked on the inner side of the
subject’s arm. For the LSCI assay, after the blood flow velocity
of the subject’s arm was relatively stable, the test point C1 was
exposed as a blank control. After keeping the test pointC2 exposed
for 20min, the software was used to select the test area and mea-
sure the dynamic microcirculation blood flow velocity at test points
C1 andC2.When the blood flow velocity reached a relatively stable
state, the blood flow velocity was taken for 5min. The ratio of the
average values of blood flow velocity at test points C1 and C2 was
taken as the original ratio of the subject’s epidermal microcirculation
blood flow velocity. After completing the test, the subject was
required to sit still for 10min. The scanning image andmicrocircula-
tion blood flow image of the subject’s arm without covering the two
test points are shown in Figure 2(a1) and (a2).

Test point C1 was continued to expose as a blank control,
sample 1# at test point C2 was covered for 20min, and the
test procedure of the original ratio of blood flow velocity was
repeated. The ratio of average values of blood flow velocity at
test points C1 and C2 was taken as the changed ratio of micro-
circulation blood flow velocity acted on the subject by sample
1#. The changed ratio of the microcirculation blood flow velocity
of sample 1# to the original ratio is the promotion multiple of
blood flow velocity of sample 1# for the subject. After the test
was completed, the subject had to sit still for 10min. Then, the
aforementioned steps were repeated to obtain the promotion
multiple of blood flow velocity on human epidermal microcircu-
lation of the subjects from the 16 samples sequentially. As
shown in Figure 2(b1) and (b2), the scanning image and the

Figure 1. BVI microcirculation blood flow imager and experimental
principle.
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microcirculation blood flow image were obtained by covering
the sample 1# at test point C2 for 20min without removing
the covered sample from the test area. The scanning image
and the microcirculation blood flow image were obtained after
covering the sample 6# for 20min and the covered sample at
test point C2 was removed, as shown in Figure 2(c1) and (c2).

The changed ratio of the microcirculation blood flow velocity to
the original ratio of all samples was calculated as the promotion
multiple of blood flow velocity on human epidermal microcircu-
lation, using the formulas shown in (1) and (2):

Y
φ

φ
= ,

C

C

2

1
(1)

F
Y

Y
= ,

m

n
(2)

whereφC1 is the microcirculation blood flow velocity at test point
C1, and φC2 is the microcirculation blood flow velocity at test
point C2.Y is the ratio of the microcirculation blood flow velo-
city. Yn is the original ratio of the microcirculation blood flow
velocity, while Ym is the changed ratio of the microcirculation
blood flow velocity. F is the promotion multiple of blood flow
velocity on human epidermal microcirculation.

3. Results and discussion

3.1. Air permeability test results and discussion

Following the above steps, the air permeability of the sample
fabrics was tested, and the results are shown in Table 4.

Figure 2. Scanning images and microcirculation blood flow images of the subject’s arm. (a1) Scanning image without covering the sample. (a2)
Microcirculation blood flow image without covering the sample. (b1) Scanning image of covering sample 1#. (b2)Microcirculation blood flow image
of covering sample 1#. (c1) Scanning image of covering sample 6#. (c2) Microcirculation blood flow image of covering sample 6#.
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Table 4. Air permeability of sample fabrics

Sample number Air permeability rate (mms−1) Sample number Air permeability rate (mms−1)

1# 127.08 9# 131.76

2# 119.78 10# 121.30

3# 115.08 11# 158.68

4# 138.26 12# 142.56

5# 168.92 13# 153.82

6# 167.48 14# 129.46

7# 114.42 15# 148.64

8# 119.80 16# 120.42

Table 5. Results of between-subjects effects of air permeability results

Observational variable: Air permeability rate

Source Class III sum of squares Mean square F Sig.

A (material types of exterior yarn Ⅰ) 3464.857 1154.952 23.460 0.000

B (exterior yarn feed ratio) 80.672 40.336 0.819 0.475

C (knitted structure) 1203.062 601.531 12.218 0.004

Error 393.851 49.231

Corrected total 5142.442

Figure 3. Contour graphs of the estimated marginal mean of air permeability. (a) Exterior yarn I is taken as the independent variable. (b) Exterior
yarn feed ratio is taken as the independent variable. (c) Knitted structure is taken as the independent variable.
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SPSS software was used to analyze the air permeability results
displayed in Table 4, so as to further study the influence of
material types of exterior yarn Ⅰ, exterior yarn feed ratio and
knitted structure on fabric air permeability. The test results of
between-subjects effect are shown in Table 5. The significant
P-value of factor A (0.000) and factor C (0.004) is less than
0.01, which means the material types of exterior yarn Ⅰ and
knitted structure all have significant influence on the air perme-
ability. The significant P-value of factor B (0.475) is higher than

0.05, which illustrates that the exterior yarn feed ratio has less
effect on air permeability.

Furthermore, the marginal mean is used for intra-group
comparison, and each point in the contour graph represents
the marginal mean at a certain factor level corresponding
to that point. The three factors are used as horizontal axes
and separate lines and crossed to make a contour graph
of the estimated marginal mean, as shown in Figure 3. While
the independent variable is material types of exterior yarn Ⅰ,
the order of fabric air permeability is as follows: volcanic rock
blended polyamide > polyamide > polyester > volcanic rock
blended polyester. According to the line features, the volcanic
rock blended polyamide fabric is significantly higher than the
other three levels, and the air permeability of volcanic rock
polymer fabrics is not deteriorated by adding the volcanic
rock composite powder. While the independent variable is a
knitted structure, the point represents that 1 + 3 mock rib fabric
is higher than the weft plain stitch and 1 + 1 mock rib. It shows
that the air permeability of the fabric with different structures is
different. The above analysis shows that the volcanic rock
polymer fabrics have good air permeability.

3.2. Human epidermal microcirculation blood flow velocity
test results and discussion

The mean value of promotion multiple of microcirculation blood
flow velocity of 16 samples from 20 subjects is taken as the
promotion multiple of blood flow velocity on human epidermal

Table 6. Promotion multiple of blood flow velocity on human epidermal microcirculation results

Sample
number

Promotion multiple of blood flow
velocity on human epidermal

microcirculation

Sample
number

Promotion multiple of blood flow
velocity on human epidermal

microcirculation

1# 1.04709 9# 1.04532

2# 1.04634 10# 1.04480

3# 1.04537 11# 1.05760

4# 1.04546 12# 1.05737

5# 1.06378 13# 1.04304

6# 1.06978 14# 1.04281

7# 1.05938 15# 1.05207

8# 1.07077 16# 1.05315

Figure 4. Line chart of promotion multiple of blood flow velocity on
human epidermal microcirculation.

Table 7. Results of between-subjects effects of the promotion multiple of blood flow velocity on human epidermal microcirculation results

Observational variable: promotion multiple of blood flow velocity on human epidermal microcirculation

Source Class III sum of squares Mean square F Sig.

A (material types of exterior yarn Ⅰ) 0.001 0.000 16.699 0.001

B (exterior yarn feed ratio) 0.000 9.619 × 10−5 5.029 0.039

C (knitted structure) 1.465 × 10−5 7.326 × 10−6 0.383 0.694

Error 0.000 1.913 × 10−5

Corrected total 0.001
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microcirculation of each sample, and the results are listed in
Table 6. The order of promotion multiple of blood flow velocity
on human epidermal microcirculation of each sample is as fol-
lows: 8# > 6# > 5# > 7# > 11# > 12# > 16# > 15# > 1# > 2# > 4#
> 3# > 9# > 10# > 13# > 14#. This means that the promotion
effect of sample 8# is the best, followed by sample 6#, but
sample 14# performed the worst.

The line chart of the results of promotion multiple of blood flow
velocity on human epidermal microcirculation of 16 samples is
shown in Figure 4. It illustrates that 20 healthy subjects also
show certain differences in promotion multiple of blood flow
velocity on human epidermal microcirculation due to the indivi-
dual differences.

SPSS software was used to conduct a homogeneity test on the
value of promotion multiple of blood flow velocity on human epi-
dermal microcirculation, which proved that the variance has no
significant difference. The randomized group design ANOVA
method was used to analyze Table 6 data, and the between-sub-
jects effects test values are presented in Table 7. The significant
P-values of factor A (0.001) and factor B (0.039) are less than
0.05, and the P-value of factor A (0.001) is less than 0.01, while
the P-value of factor C (0.694) is more than 0.05. This shows that
the material types of exterior yarn Ⅰ has a great difference in the
microcirculation blood flow velocity, and the exterior yarn feed ratio
has a bit difference, while the knitted structure has no effect.

The contour graph of the estimated marginal mean of the pro-
motion multiple of blood flow velocity on human epidermal

microcirculation is shown in Figure 5. The integrated analysis
results are as follows: when the independent variable is mate-
rial types of exterior yarn Ⅰ, the order of promotion multiple
of blood flow velocity on human epidermal microcirculation of
the fabrics is as follows: volcanic rock blended polyamide >
volcanic rock blended polyester > polyamide > polyester. In
the chart, the points representing the promotion multiple of
blood flow velocity on human epidermal microcirculation of
volcanic rock polymer fabrics are obviously higher than the
others. It shows that volcanic rock composite powder is rich in
metal elements, which can release far-infrared rays to improve
human microcirculation and significantly enhance the blood flow
promotion effect of fabric. While the independent variable is the
exterior yarn feed ratio, the exterior yarn feed ratio of 8:0 has the
best impact on the promotion multiple of blood flow velocity on
human epidermal microcirculation, while the exterior yarn feed
ratio of 7:1 has a slight influence and the exterior yarn feed ratio
of 6:2 has the worst effect. The graph illustrates that the blood
flow promotion effect of fabric increases when the content of
volcanic rock polymer fiber is augmented. This shows that the
volcanic rock composite powder added in the polymer makes a
great difference in the promotion multiple of blood flow velocity.
As the independent variable is a knitted structure, the order of
promotion multiple of blood flow velocity on human epidermal
microcirculation of the fabrics is as follows: 1 + 3 mock rib > 1
+ 1 mock rib > weft plain stitch. On the basis of the fabric thick-
ness of these three kinds of fabric structures, the weft plain stitch
fabric which is relatively flat and compact has a low porosity,
preventing the infrared energy from reaching the skin surface
through the fabric. Therefore, the blood flow promotion effect is

Figure 5. Contour graph of the estimated marginal mean of the promotion multiple of blood flow velocity on human epidermal microcirculation. (a)
Exterior yarn I is taken as the independent variable. (b) Exterior yarn feed ratio is taken as the independent variable. (c) Knitted structure is taken as
the independent variable.
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slightly lower than the other fabric structures. However, in accor-
dance with the P-value of factor C in Table 5, the influence of the
knitted structure can be ignored.

4. Conclusions

This article mainly explores the influence of different material
types of yarn Ⅰ, exterior yarn feed ratio and knitted structure on
the air permeability and the promotion multiple of blood flow
velocity on human epidermal microcirculation. A total of 16
sample fabrics were tested and analyzed. According to the air
permeability experimental results, it concluded that the air per-
meability of the volcanic rock polymer fabrics is good and can
be used in the clothing in direct contact with the skin.

The promotion multiple of blood flow velocity on the human
epidermal microcirculation experiment explains the following:

(1) With regard to material types of exterior yarn Ⅰ, the fabrics
made of different volcanic rock polymer fibers have less
variability in the promotion multiple of blood flow velocity
on human epidermal microcirculation, and all are superior
to those made of common fibers.

(2) From the aspect of exterior yarn feed ratio, the promotion
multiple of blood flow velocity on human epidermal micro-
circulation of fabrics becomes better with the increase of
the content of exterior yarn Ⅰ. In addition, the promotion
multiple of blood flow velocity on human epidermal micro-
circulation of fabrics with an exterior yarn feed ratio of 8:0
is significantly higher than that of 6:2.

(3) In terms of knitted structure, the fabric with weft plain stitch
has a slightly lower promotion effect on the promotion
multiple of blood flow velocity on human epidermal micro-
circulation than the other two structures.

The experimental results show that volcanic rock polymer fibers
have better promotion influence on the human epidermal micro-
circulation blood flow velocity due to the far-infrared emitting
property of the added volcanic rock composite powder. In addi-
tion, the higher the content of the volcanic rock composite
powder is, the better the promotion of the blood flow velocity
will be. It means the fabric made of volcanic rock polymer fibers
is beneficial to chronic inflammatory arthritis, which provides
theoretical reference for the application of volcanic rock polymer
fibers in the external treatment of shoulder periarthritis.
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