Lasers in Medical Science (2019) 34:1167-1176
https://doi.org/10.1007/510103-018-02706-z

ORIGINAL ARTICLE

@ CrossMark

Monitoring of functional blood flow on human hand due to effect
of different treatments by laser biospeckle imaging

Shubhashri Kumari' - Anil Kumar Nirala’

Received: 14 September 2018 / Accepted: 10 December 2018 /Published online: 8 January 2019
© Springer-Verlag London Ltd., part of Springer Nature 2019

Abstract

In the proposed work, we report on qualitative as well as quantitative biospeckle monitoring of functional blood flow on the
human hand. Intensity-based algorithms namely generalized difference and our earlier proposed algorithm parameterized global-
average Fujii have been approached for the first time to analyze various physiological changes due to effect of different treatments
such as hot and cold water treatments on the palm which can be helpful in examining cardiovascular and related diseases. In
addition, blood flow has been monitored for the first time on face scrub, beauty creams, and pain relief ointments applied over the
back of the palm. It has been found that, on application of four beauty creams namely Fair & Lovely, Ponds White Beauty, Vicco
Turmeric, and Lotus Herbals Safe Sun on the back of the palm, blood flow increases and becomes highest (mean activity, 154.87)
for Fair & Lovely among the four beauty creams. In addition, pain relief ointments such as Volini, Fast Relief, Molid Gel, and
Zandu Gel increase blood flow after their applications on the back of the palm and Volini gives maximum increase of average
blood flow (31.59) and hence can be considered one of the best among the four ointments. It has been further concluded that the
person having more hemoglobin (14) and higher blood pressure (120/90) may have more blood flow or mean activity (85.80). In
addition, it has been also concluded that although hot and cold water treatments can be used for increment in blood flow,

temperature should be retained according to need and sensitivity of the sample.

Keywords Laser biospeckle imaging - Functional blood flow - Intensity-based algorithms - Cardiovascular disease

Introduction

In most optical techniques, either the Doppler effect [1] or the
temporal statistics of time-varying laser speckle [2] has been
used to monitor blood flow. Doppler effect has been used for
capillary blood flow measurement which has been a great
interest to clinicians in the diagnosis of vascular diseases.
Forrester et al. compared laser speckle imaging (LSI) and laser
Doppler perfusion imaging (LDPI) and found that higher tem-
poral resolution of the laser speckle imager was more sensitive
to measure the hyperemic response immediately following
occlusion in comparison to LDPI [3]. It has been also shown
by them that LSI gives higher resolution and quicker response
time, which provides a significant advantage over LDPI for
some application [4]. Laser speckle technique is a non-
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invasive, non-contact, and non-destructive technique to detect
the biological vitality [5]. The technique has been used for
quality analysis of fruits and vegetables [6, 7] and for assess-
ment of biological leaf tissue [8]; viable and non-viable seeds
have been classified with different specific humidity levels
using this technique [9]. Sierra-Sosa et al. used this technique
for localized analysis of paint coat drying [10]. Kumari and
Nirala [11] used this technique for studying drying process of
adhesives on plywoods. Qiu et al. used this technique for
spatiotemporal laser speckle contrast analysis for blood flow
imaging with maximized speckle contrast [12]. This technique
has also been used to monitor capillary blood flow using
SLASCA and tLASCA [13] and used in a modified form with
improved spatial resolution [14]. Ansari et al. reported on laser
speckle technique to detect drug action in Trypanosoma cruzi
parasites through motion history image method [15].
Perfusion in hand surfaces has been found related to the vas-
culature network, blood flow, blood pressure, and tissue me-
tabolism [16].

The present study deals with blood flow monitoring on the
human hand during various physiological changes due to the
effect of different treatments on the palm non-destructively
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Fig. 1 Experimental setup to
capture biospeckle images of the
palm during various
physiological changes

using intensity-based algorithms. In the proposed work, sev-
eral existing intensity-based algorithms namely Fujii,
Parameterized Fujii, Inverse Fujii, Weighted Parameterized
Fujii, and Parameterized Temporal Difference methods have
been applied by us for the blood flow monitoring but their
results are abrupt and noisy, and do not lead to a definite
conclusion. Only two algorithms such as existing generalized
difference (GD) [17] and parameterized global average Fujii
(PGAF) [18] have been found applicable for monitoring of
functional blood flow quantitatively as well as qualitatively.
Blood flow has been monitored during various physiological
changes of the human body such as for hot and cold water
treatments. In addition, blood flow has been monitored for the

(I1)

Personal Computer with
biospeckle imaging software

CCD Camera He - Ne Laser

Neutral density
filter

Spatial
filtering
arrangement

Sample

first time on beauty creams, pain relief ointments, and scrub
applied on the palm. Furthermore, blood flow (BF) has been
correlated with blood pressure (BP) and hemoglobin (Hb).
Materials and methods

Different treatments

Hot and cold water treatments

Healthy blood flow can affect everything such as blood
pressure and also our risk of cardiovascular disease. Hot

120

Fig.2 Spectral maps obtained for a normal front palm, b hot water treatment, ¢ cold water treatment, and d normal back of the palm using (I) GD and (II)

PGAF at p=0.5
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Table2 Mean activity difference between normal front palm and different treatments

Mean activity (GD) Mean activity difference between Mean activity (PGAF) Activity difference between
normal palm and treatment normal palm and treatment
Normal front palm 78.33 0 137.61 0
Hot water treatment 85.77 7.44 138.50 0.89
Cold water treatment 87.02 8.69 141.53 3.92

water plays an important role in increasing and circulating
blood more effectively throughout the circulatory organs,
arteries, and veins and our body. Thermal vasodilatation
following warm-water bathing is good for improvement in
cardiac function for a patient [19]. Cold exposure to a
small surface area produces compensatory vasodilatation
in the deeper vascular system due to which blood flow
increases to the tissues underlying the site of exposure.
This vascular reaction is helpful to maintain constant deep
tissue temperature [20]. Cold water treatment includes the
benefits of overall blood circulation to help alleviate per-
sistent cold hands or feet. The hand has been kept in hot
water or cold water for exposure of 1 min. The hot and
cold water treatments have been discontinuously moni-
tored while waiting in between for 30 min for each exper-
iment. The temperature range was 30.7 to 50 °C at the
interval of 5 °C for hot water treatment and 5 to 30.5 °C
at the interval of 5 °C for cold water treatment.

Scrub, beauty creams, and pain relief ointment treatment

The details of composition, uses, and manufactures of scrub,
beauty creams, and pain relief ointments have been provided
in Table 1.

Scrub, beauty creams, and ointment provided in
Table 1 were applied over a human’s back of the palm.
The time gap between each application of creams and
ointments was nearly 2 h. The data were taken after com-
plete removal of the creams using standard Dettol skin
care everyday protection PH-balanced hand wash. The
same hand was used for each agent.

Relation among BP, Hb, and BF
Higher blood pressure is the indicator of increasing blood flow

and hemoglobin levels in peripheral blood are positively corre-
lated with blood pressure levels. The increase of pressure may

0 255
Count: 34080768 Min: 0 Count: 34080768
Mean: 40.626 Max: 94 Mean: 42.585
StdDev: 7.255 Mode: 40 (2039469) StdDev: 10.097

0 255
Min: 0 Count: 34080768 Min: 0
Max: 92 Mean: 44.891 Max: 94
Mode: 39 (1244650) StdDev: 11.587 Mode: 37 (1024459)

Fig. 3 Spectral maps obtained using GD for a normal back of the palm, b scrub massaged over the back of the palm for 20 min and ¢ scrub massaged
over the back of the palm for 25 min with their corresponding histograms, respectively

@ Springer
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Fig. 4 Spectral maps obtained from GD for a normal back of the palm, b
with Lotus Herbals Safe Sun, ¢ with Ponds White Beauty, d with Vicco
Turmeric, and e with Fair & Lovely massaged over the back of the palm
for 10 min along with 3D graphs of biospeckle images of each
corresponding cream applied over the back of the palm, respectively. f

be mainly due to the hypertension. Hypertension is also known
as high blood pressure which can cause several complications
such as heart disease, stroke, and death [21, 22]. BP measure-
ment has been done using a sphygmomanometer with the help
of a medical expert. Hb test was done from a standard laborato-
ry. BF was obtained from results extracted using processed data.

Experimental setup

Figure 1 represents the schematic of the experimental arrange-
ment for biospeckle recording. The test specimen is illuminated
using a He-Ne laser (Newport Corporation) of wavelength
632.8 nm and power 10 mW. Expanded and spatially filtered

154 87

g

Mean Activity
3

Normal Lotus HerbalsPonds White Vicco

Fair & Lovely
Palm  Safe Sun Beauty Turmeric

Beauty Creams

(f)

(9)

Bar chart of mean activity obtained for the normal palm and different
creams massaged over the palm. g Pie chart obtained for mean activity
difference of normal palm and cream massaged over the back of the palm
(%)

light beam has been allowed to fall on the rough surface of the
human hand. Intensity has been adjusted throughout the exper-
iment using neutral density filter. CCD camera (Basler
scA1300-32fc FireWire, Germany) having resolution of
1294 x 964 pixels with frame rate 32 fps and pixel size 3.75 x

3.75 has been used to capture the sequential images of 512 x

512 pixels. A set of 128 images of 8-bit digitized images were
acquired at every 80 ms. The whole experimental work was
performed in the dark and on vibration isolation table at room
temperature. The distances from the CCD camera to the target
area (palm) and from the target area to the He-Ne laser were
35 cm and 56 cm respectively. The angle of illumination of the
laser beam with the CCD camera was maintained at 35° to
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Fig. 5 Spectral maps obtained using GD for (I) Volini, (II) Fast Relief,
(II1) Molid Gel, and (IV) Zandu Gel on a normal back of the palm and
ointment applied on the palm with passage of time at b 10 min, at ¢
20 min, and at d 30 min, respectively. (V) Plot of a blood flow
variations versus time and b average blood flow variations versus
ointments

capture high-contrast images and to minimize specular reflection
of light. All the experiments have been performed on seven
healthy volunteers of different genders (male and female) and
age groups repeatedly. The four male genders of ages 23 years
old, 27 years old, 30 years old, and 57 years old and three female
genders of ages 26 years, 27 years, and 29 years participated in
the experiment. The average age is 31.28 years.

Algorithms to process biospeckle images
Existing algorithms

GD GD has been used for biospeckle activity (BA) analysis of
fruits [23] and activity analysis of root tissues [24], etc. In the
present paper, the given algorithm has been used for function-
al blood flow monitoring in the human hand.

The equation is defined as:

GD(xvy) :%;Uk(x’y)_]kﬁ—l(xay” (1)

Where, k and / are the image sequence. If & is fixed and / is
varying, then [, ; represents the intensity matrix of successive
images in the image sequence followed by ;.

PGAF PGAF has been used to distinguish between the two
regions namely bruised and fresh regions of Indian Apple
[18]. In this paper, this algorithm has been used for functional
blood flow monitoring in the human hand.

The equation is given:

PGAF (x,,p)

]l(xay)+12(x7y)+"'+1n(xay) ’

_Ik <x7y>
n

Where, p is a parameter whose value may be a positive integer
as well as fraction for PGAF.

(2)

=2
k

Table 3  Correlation among BP, Hb, and BF

Results and discussion

Qualitative as well as quantitative
analysis—comparative analysis between algorithms

Figure 2 shows the spectral maps obtained for normal palm,
hot water treatment, cold water treatment, and normal back of
the palm with activity color bar using GD and PGAF. In color
bar, red color shows the highest contrast with more blood flow
and blue color shows the lowest contrast with less blood flow.
More blood flow has been found for hot water treatment and
cold water treatment in comparison to normal front palm.
Furthermore, it has been also observed that more blood flow
has been found on normal back of the palm in comparison to
normal front of the palm.

On comparing the results, it has been found that GD gives
better result than PGAF with more contrast and relatively
higher mean activity difference between normal palm and
different applications as shown in Table 2. However, the ac-
tivity maps generated using PGAF give also good visualiza-
tion keeping the resolution the same as obtained for GD.

Effect of scrub on the back of the palm

Figure 3 shows the spectral maps obtained using GD for nor-
mal back of the palm and scrub massaged over the back of the
palm with passage of time. From the figure, it is clearly visible
that BA increases and hence blood flow also increases when
scrub is massaged over the palm. In addition, increase in mean
values and therefore increased brightness as well as broaden-
ing of histogram also indicates increase in blood flow for
scrub applied on the back of the palm.

Effect of beauty creams on the palm

Figure 4 shows the spectral maps obtained using GD for nor-
mal back of the palm and different beauty creams applied over
it for 10 min. It is evident from the spectral maps that BA
increases and hence blood flow increases when beauty creams
are applied over the back of the palm. On comparative analy-
sis, it 1s concluded that blood flow increases maximum for
Fair & Lovely applied over the back of the palm among the
four creams. In addition, Fig. 4 also shows the 3D graphs of

Palm with treatments BP, Hb, and BF (obtained using GD) for

29-year-old female hand

27-year-old male hand

26-year-old female hand

BP 110/70, Hb 12.5, BF 78.33
BP 110/90, BF 85.77
BP 120/90, BF 87.02

Normal palm
Hot water treatment
Cold water treatment

BP 120/90, Hb 14.0, BF 85.80
BP 120/95, BF 93.71
BP 125/100, BF 106.07

BP 100/70, Hb 11.0, BF 71.53
BP 110/70, BF 92.43
BP 100/80, BF 91.88
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Fig.6 Graph between mean activities obtained using GD versus hot water treatment for a 29-year-old female palm, b 26-year-old female palm; and cold
water treatment for ¢ 29-year-old female palm, d 26-year-old female palm with increasing temperatures

biospeckle image for normal back of the palm and the differ-
ent creams applied over the palm. The activity on the whole
surface of blood is seen as a peak of the 3D image that in-
creases when the cream is applied over it. The plateau raises
maximum for Fair & Lovely. Hence, we can conclude that
blood flow increases maximum for Fair & Lovely applied
over the palm. Figure 4f shows the bar chart of mean activity
obtained for the normal palm and different creams applied
over the normal palm. Mean activity has been found maxi-
mum for Fair & Lovely and hence it can be used for maximum
increment in blood flow. From the pie chart as indicated in
Fig. 4g, it is evident that Fair & Lovely contributes the highest
blood flow variation among all the four creams.

Effect of pain relief ointments on the palm

Figure 5 (I-1V) shows the spectral maps with increasing time
obtained using GD for the ointments rubbed over the back of
the palm. From the spectral maps, it is found that BA increases
and hence blood flow increases with the passage of time for all
the four ointments. Blood flow becomes higher in the back of
the palm after massaging the ointment. Moreover, blood flow
variations, 1.e., difference of mean activities, obtained for

@ Springer

normal palm to ointment applied palm have been calculated
for each ointment for time intervals shown in V(a) and then
average blood flow variations have been calculated for all the
four ointments separately and plotted in V(b). V reveals that
the maximum blood flow variation is for Volini (31.59) and
minimum is for Molid Gel (4.4); and hence, it can be conclud-
ed that Volini is one of the best ointment for increment in
blood circulation

Quantitative analysis
Relation among BP, Hb, and BF

BP, Hb, and BF corresponding to different treatments have
been measured for all the healthy volunteers. The results are
shown in Table 3.

From Table 3, it is observed that blood pressure has
been found to increase with hot water and cold water
treatments. In addition, it is also concluded that if BP
and Hb are high, BF is also found to be high.
Furthermore, it is also found that increase in BF is almost
the highest for cold water treatment.
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Hot and cold water treatments

We have taken the data for healthy volunteers for both hot and
cold water treatments. Results for hot and cold water treatment
are shown.

Graphs have been plotted in Origin and fit adjustment has
been done using the line joining B-spline curves. Graphs in
Fig. 6a and b show hot water treatment for 29-year and 26-
year-old female palms, respectively. It is observed that blood
flow increases up to 35 °C and then decreases; however, value
of blood flow remains more than that of normal palm up to
45 °C and then decreases at 50 °C for the 29-year-old and
increases up to 45 °C and then decreases at 50 °C for the
26-year-old female palm; however, value of blood flow re-
mains more than that of normal palm up to 50 °C. The reason
behind the decreasing nature of the blood flow after a certain
temperature may be attributed to the sensitivity of the sample
for hot water. It is further concluded that though blood flow
increases after hot water treatment, burning sensation may
cause decrease in mean activity and hence less blood flow is
obtained for 29-year-old female palm at 50 °C. Therefore, it is
concluded that for therapeutic effect of hot water on human
skin, an appropriate temperature and their variations should be
selected according to the need and sensitivity of the sample.
Graphs in Fig. 6¢ and d show cold water treatment for 29- and
26-year-old female palms, respectively. Blood flow almost
increases for cold water treatment for both the samples in
comparison to normal palm. The normal room temperature
was 30.6 °C.

Conclusions

These are the conclusions made on the basis of the results after
the experiment performed and analysis done.

* GD and PGAF have been used for the first time to
monitor blood flow in the human hand during different
treatments. Comparative study between the results ob-
tained using the two algorithms reveals that GD gives
better result than PGAF with more contrast and rela-
tively higher mean activity difference between the nor-
mal palm and the palm with different applications.

e Scrub, beauty creams, and pain relief ointments can be
used to increase blood circulation. The blood flow has
been found to increase on application of four beauty
creams, namely, Fair & Lovely, Ponds White Beauty,
Vicco Turmeric, and Lotus Herbals Safe Sun, and has
been found maximum for Fair & Lovely with the
highest mean activity (154.87). Furthermore, the blood
flow also increases for all the four ointments namely,
Volini, Fast Relief, Molid Gel, and Zandu Gel on their
application on the palm and Volini gives the maximum

increase of average blood flow (31.59) and hence can
be considered one of the best among them.

¢ The person having more hemoglobin (14) and higher
blood pressure (120/90) may have more blood flow
(mean activity, 85.80). This may be useful for the treat-
ment caused by hypertension.

* Hot and cold water can be useful to treat cardiovascular
and other related diseases. In addition, it is also concluded
that though hot and cold water are used for therapeutic
treatment, temperature should be appropriate and temper-
ature variation should be decided according to the need
and sensitivity of the sample.
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