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Abstract: An innovative high-speed lancing device has a lancet that moves so fast that it is not
affected at all by the vibration of its spring, and does not pierce the skin repeatedly, greatly reducing
the pain that is caused to diabetes mellitus (DM) patients during blood sampling. As revealed by
experimental measurements of the acceleration of a lancet using an accelerometer, the lancet pierces
the skin only once. The maximum acceleration and the instant piercing velocity of the lancet are
9.4 times and 1.78 times those of a conventional lancing device, respectively. Meanwhile, the period
for which the lancet remains in the skin is 0.014 s shorter than that of the conventional lancing device.
A clinical trial that involved 100 participants yielded statistical results concerning the numeric rating
of pain scale (NRS) of pain intensity, which is internationally recognized as the pain with the highest
validity, that showed that the NRS of participants who used the innovative high-speed lancing device
was 2.65 less than that of those who used the conventional lancing device, and the duration of the
pain after blood sampling was 76.1 min shorter.

Keywords: lancing device; self-monitoring of blood glucose (SMBG); accelerometer; numeric rating
scale (NRS)

1. Introduction

In 2015, the number of diabetes mellitus (DM) patients globally exceeded 400 million people.
To control their physical condition, DM patients must use a blood glucose meter to perform
self-monitoring of blood glucose (SMBG) many times daily. The first step in SMBG is to collect
several microliters of blood from a blood capillary. This step requires the use of piercing device to
perform an invasive act into a finger or another part of the body. Although only a very small amount
of blood is required, the pain and psychological barrier of piercing are the main causes of the failure of
general DM patients to fail to perform SMBG as frequently as required by their doctors [1-4].

According to the relevant literature, to reduce the pain that is caused by piercing, many SMBG
methods have been developed, as follows. (1) Change the shape and bevel angle of the lancet tip to
reduce the size of the wound that is produced by piercing [5,6]. (2) Coat the lancet surface with a
special material to reduce the friction between the skin and the lancet and thereby to reduce pain [7].
(3) For patients with various skin conditions, use a lancing device with an adjustable piercing depth
or with a small lancet diameter. For example, when sampling blood from babies with thin skin, the
depth of piercing depth of the lancet on can be adjusted to reduce the pain caused [8-10]. (4) Change
the mechanical design of the lancing device to reduce the vibration of the lancet to cause a smaller

Appl. Sci. 2016, 6, 111; doi:10.3390/app6040111 www.mdpi.com/journal/applsci


http://www.mdpi.com/journal/applsci
http://www.mdpi.com
http://www.mdpi.com/journal/applsci

Appl. Sci. 2016, 6, 111 20f8

wound [11-15]. Reducing both the period for which the lancet remains in the skin and the number
of piercings of the skin will be very helpful in reducing the pain that is caused by the lancet during
blood sampling [16,17]. However, the above improvements cannot ensure that the lancet pierces the
skin only once after the finger is pricked. Additionally, the piercing velocity, piercing acceleration and
duration of puncture have not been analyzed.

The main purpose of this study was to significantly reduce pain in the blood sampling process
and shorten the duration of the pain after blood sampling. Motivated by the inadequacy of the relevant
literature and defects in the marketed lancing devices, this work develops an innovative high-speed
lancing device, which has the characteristic that when it pricks a finger, the lancet pierces the skin
only once and remains in the skin for an extremely short period, enabling the sampling of the blood
to be completed rapidly. The innovative high-speed lancing device is compared with a common,
commercially available lancing device. Furthermore, clinical trials that involve a questionnaire survey
to elucidate the pain index are performed to prove further that the innovative high-speed lancing
device can reduce the pain level of diabetes patients during the blood sampling process [18,19].

2. Experimental Details

2.1. Lancing Device Principle

The internal structure of a conventional lancing device comprises a main carrying pillar, a lancet
holder and a spring. The compressive force of the spring is used to generate a puncture force. To prevent
the lancet from moving as the spring vibrates, the spring of the new lancing device is separated from
the lancet holder. The major difference from the conventional lancing device is that the front end of its
main carrying pillar is attached to an iron cube of greater mass, which is also connected to the spring
to form a single structure. Figure 1 compares the internal structures of the conventional lancing device
and the high-speed lancing device. As presented in Figure 1, the high-speed lancing device is designed
with its spring separate from its lancet, and an iron cube of greater mass is attached to the spring.
The metallic block has a mass of 1.2 g, and the lancet holder has a mass of 0.54 g. The specifications
of its spring are those of the marketed lancing device, whose spring is made of piano wire, with a
wire diameter of 0.6 mm, an outer diameter of 6.1 mm, an effective coil number of 20, a free length
of 32 mm, a k value of 0.113 kgf/mm, and a required load force of 1.2 kgf. The conventional device
used in this study is Sterolance (SHILI Co., Ltd., Taiwan). The lancet used in the high-speed lancing
device has the same specifications as the commercially available lancing device, and both are Easy
Touch 28 gauge lancets (MHC Medical Products, Fairfield, OH, USA).
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Figure 1. Comparison of main internal structures of conventional lancing device and high-speed
lancing device.
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After the high-speed lancing device pricks a finger, its iron cube instantly strikes the lancet holder.
From one-dimensional elastic collision theory, Equation (1) gives the velocity of the iron cube (v1’) and
the velocity of lancet holder (v2') after striking.
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Under the special conditions of elastic collision, the following three situations may pertain.

(1) If ml =m2, then
V] =0
/ @
Uy = 20
(2) If ml>m2and v2 =0, then

21’!’!1
my+my

/o my—np
U= my+my U1+

(%]

®)

2my _ mp—m2
= mptmy Y1 my+my

v =0
{ , )
Uy = 20

From supposition (3) above, if the mass (1) of the iron cube (impactor) considerably exceeds
that of the lancet holder (m2), then after striking, the velocity of lancet holder is close to double the
velocity of the conventional lancing device, implying that the lancet of the high-speed lancing device
exhibits high-speed motion. Since the spring and the lancet holder are designed to be separate, after
the lancing device strikes a finger, its lancet is not affected by the to-and-fro vibration of the spring,
and so it pierces the skin only once. Therefore, the duration of the lancet in the skin can be greatly
shortened, and the pain is greatly reduced.

In this work, an accelerometer is used to measure the slight motion of the lancet, and acquisition
schemes are used to obtain its acceleration. In Figure 2, which presents the setup of the experiment for
measuring the acceleration measurement of the lancing device, hop (1) clamps a lancing device (2), and
an accelerometer (3) is used to measure the acceleration of the lancet immediately after it strikes the
lancing device. The acceleration and velocity data are transmitted to an acquisition device (4), which
is connected to a computer (5). Subsequent analysis is performed using Pico Scope 6 (2013, PICO
Technology, Eaton Socon, England) and Matlab software packages (Version 7, The MathWorks, Natick,
MA, USA, 2014). The sampling interval of the acquisition device, which is set using the analytical
software Pico Scope 6, is 2 us, so 500,000 samples are taken per second, and continual sampling is used.
In addition, each experiment is performed in triplicate, and the mean of the measurements is used in
the subsequent calculations.
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Figure 2. Experimental setup for testing performance of high-speed lancing device.

2.2. Clinical Study

The numeric rating scale (NRS) is used herein to evaluate pain. Figure 3 presents the use of the
NRS in this study to evaluate pain levels, and the duration of the pain that is associated with the
wound. The NRS quantifies the amount of pain felt, as self-assessed by users when they feel the most
pain. The NRS runs from 0 to 10 to represent pain levels. A low score indicates that the user feels little
pain. The lancing device produces not only acute pain during piercing, but also the pain that is caused
by destruction of blood vessels and soft tissue in an inner layer of the skin, which persists for some
time following blood sampling. Therefore, the time that is required for wound healing depends on the
pricking and piercing conditions. Every period of 15 min after blood sampling is a potential period of
pain. Participants can specify one of seven ranges of the period of pain. Additionally, in the test of the
performance of the lancing device, Sample A is a conventional lancing device, and Sample B is the
new high-speed lancing device.

A. Numeric Rating Scale (NRS)

| | | | | | | | | |
| | | |

|
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pain pain possible
pain

Please pomt to the position on the line between 0-10 to indicate how much pain

they are currently feeling.

B. How long will the pain last after using this lancing device?
o0~15min  ol5~30min  o30-60min  ol~2h o2~4h

46 h oother: h

Figure 3. Numeric rating scale (NRS) and available periods of pain associated with wound.

One hundred people participated in the clinical trials and questionnaire survey. The DM
participants were randomly collected from type 1 (T1IDM) and type 2 (T2DM) patients, and were
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all frequent users of SMBG. Visually impaired DM patients and those who had participated in a
similar experiment were excluded. In addition, none of the participants had any blood disease, such
as anemia, white blood cell disorders, or coagulation abnormalities, etc. Of the 100 participants, 61
were male (61%) and 39 were female (39%). The mean age of the participants was 32.25 years old
(SD =21.2), and the highest proportion, 30%, were aged 21 to 30. Table 1 presents the age distribution
of the participants.

Table 1. Age distribution of the participants taking clinical trials of pain (N = 100).

Variables (Age) = Number (n) %

Below 20 10 10%
21-30 30 30%
31-40 23 23%
41-50 24 24%
51-60 10 10%

Above 61 3 3%

3. Results and Discussion

3.1. Characterization of Innovative High-Speed Lancing Device

Figure 4a presents the 3D structurally expanded view of the new lancing device. Figure 4b
presents a simulation of its 3D assembly. The actual dimensions of the finished product are a length of
105 mm, an outer diameter of 16 mm, and a mass of 15.5 g.

(a) (b)

Figure 4. Innovative high-speed lancing device: (a) structurally expanded view; (b) schematic
3D assembly.

Following the accelerometer experiment, the measured accelerations of the lancet after the lancing
devices are used to prick fingers are compared, as presented in Figure 5a. Figure 5a reveals that the
acceleration of the conventional lancing device is 0.236 m/s?, and the lancet clearly vibrates four
times as the spring vibrates. The high-speed lancing device has an acceleration of 2.23 m/s?, which is
9.4 times that of the conventional lancing device, and its lancet reaches a stable state very rapidly after
the first piercing. Integrating the acceleration signals with respect to time in Matlab yields velocity
in the time domain. As presented in Figure 5b, the maximum velocity with which the conventional
lancing device pierces the skin is 1.468 m/s, and the maximum velocity at which the high-speed lancing
device does so is 2.62 m/s, which is 1.78 times the former. From here, the developed high-speed lancing
device has an iron cube of greater mass to strike the lancet holder, so the lancet pierces at a higher
speed. Integrating velocity with respect to time yields the relationship between the displacement of
lancet and time, which is plotted in Figure 5c. In Figure 5¢, the displacement of 5.5 mm corresponds
to the position where the lancing device, attached to a rotational cap, comes in contact with the skin.
As revealed by the figure, the conventional lancing device pierces the skin three times, and the lancet
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remains in the skin for a total duration of 0.018 s. The lancet of the high-speed lancing device pierces
the skin only once, and remains in the skin for only 0.004 s, which is 0.014 s less than the former value.
Since the lancet of the new high-speed lancing device pierces the skin only once and stays in the skin
for a much shorter period than does that of the conventional device, the pain is expected to be much
less and the healing time of the wound shorter. The commonly marketed lancing device is sold at
USD 13-50. The prepared high-speed lancing device, due to its simple structure, has its cost lower
than conventional lancing device, but its functions surpass all other lancing devices produced by
internationally famous pharmaceutical company.
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Figure 5. Relationships between (a) acceleration, (b) velocity, (c) displacement, and time after two
types kinds of lancing device prick a finger.

3.2. Results of Clinical Trial

The test results were analyzed in SPSS. Table 2 presents the statistical results concerning the pain
index and the duration of pain in the experiment in which both types of lancing device were used.
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Figure 6a compares the values of the pain index on the numeric rating scale (NRS) obtained using the
two types of lancing device. From Table 2 and Figure 6a, the mean NRS score for Sample A is 6.46,
and that for Sample B is 3.81, which is 2.65 less than the former value. Therefore, the conventional
lancing device gives participants greater pain, whereas the high-speed lancing device causes only slight
pain. Most participants selected an NRS score of 2. Table 2 reveals that the 95% confidence intervals
for Samples A and B are 6.01-6.90 and 3.24-4.35, respectively. Figure 6b compares the durations of
pain time after the two types of lancing device were used for sampling blood. When Sample A was
used for sampling blood, the wound caused no pain after an average of 129.5 min. When Sample
B was used, the pain completely disappeared approximately 53.4 min after blood sampling—76.1
min sooner than when Sample A was used. The duration of the pain was therefore only 0.41 times
that obtained when Sample A was used. Most participants stated that pain disappeared 30 min after
blood sampling. Table 2 reveals that the 95% confidence intervals for Samples A and B are 83.9-160
and 37.9-68.8, respectively. As proved by the above pain evaluation experiment, not only is the pain
index obtained using the new high-speed lancing device much lower than that obtained using the
conventional lancing device, but also the duration of the pain was much lower.

Table 2. Statistical results of pain experiment using two types of lancing device.

Variables Pain levelM + SE 95% CI
NRS
Sample A 6.46 + 0.22 6.01-6.90
Sample B 3.81 +£0.27 3.24-4.35
Pain duration time
Sample A 1295 + 15 83.9-160
Sample B 534 + 7.67 37.9-68.8
* Sample A 140 Sample A|
B Sample B 1205 B Sample B

Time(min)

Pain Time

(a) (b)

Figure 6. Comparison of (a) pain index, (b) duration of pain after blood sampling in pain evaluation
experiment using two types of lancing device.

4. Conclusions

The new high-speed lancing device effectively overcomes the shortcomings of the marketed
conventional lancing device, which pierces the skin several times owing to vibration of the
spring, and so it causes much less pain in the blood sampling process. Measurements of the
acceleration of this innovative high-speed lancing device and the results of a clinical trial support the
following conclusions.

(1) After the conventional lancing device pricks a finger, its lancet pierces the skin three times,
whereas the lancet of the new high-speed lancing device pierces the skin only once. The acceleration
and velocity of the lancet of the new high-speed lancing device are 9.4 and 1.78 times those of the
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conventional lancing device, respectively. The lancet of the innovative high-speed lancing stays in the
skin for 0.014 s less than that of the conventional lancing device.

(2) From the statistical results of the clinical trials, the mean NRS score for the pain of the users
of the new high-speed lancing device is 3.81, which is 2.65 less than that of those of the conventional
lancing device, and the duration of the pain after blood sampling is 53.4 min, which is 0.41 times that
obtained using the conventional lancing device.
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