International Journal of Preventive Medicine Research
Vol. 4, No. 3, 2018, pp. 41-45

http://www.aiscience.org/journal/ijpmr

ISSN: 2381-7038 (Print); ISSN: 2381-7046 (Online)

American
Institute of
Science

£ AIS

The Study on Medication Vial Interface Design for
Pumping Performance

Mei-Wei Yang!, Hsiu-Ching Lu?, Rain Chen' *

'"Department of Visual Communication Design, Southern Taiwan University of Science and Technology, Tainan, Taiwan, R.O.C.
*Department of Styling and Cosmetology, Tainan University of Technology, Tainan, Taiwan, R.O.C.

Abstract

Needlestick incidents are a frequent type of vocational injuries of nursing personnel worldwide. Medication vials are often
used in injection, and during the fine needle aspiration (FNA), medical personnel may be accidentally punctured by the needle.
The present study observed 98 professional medical personnel (with an average of five years of medical experience)
performing a FNA from medication vials with four types of interfaces (MV1, MV2, MV3, and MV4), while the researchers
measured the subjects’ (1) FNA performance time, (2) FNA distance and (3) FNA subjective ratings. The results are as follows.
First, in terms of the FNA performance time, the subjects did not show significantly differences in the FNA performance time
among the four interfaces. In the case of FNA distance, the distance of MV2 was significantly better than of the other three
interfaces. As for FNA subjective ratings, subjects showed the highest satisfaction with MV4. The experimental results
revealed that for the interface design of medication vials, the use of a cross front sight and a yellow-blue contrast color-ring
would significantly enhance the FNA distance and subjective ratings.
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recapping preventive education, significantly fewer puncture
injuries happened. Aside from giving education and training,
studies have shown that safety design can also effectively
improve needlestick injuries [5-6].

1. Introduction

In recent years, needlestick injuries have caused many
medical personnel infected with hepatitis or AIDS, and some

of them even died because of the infection [1]. As a result,
needlestick injuries, a type of vocational injury, has caught
great attention, and procedure related to preventing
needlestick incidents has become a hot topic of discussion
[2]. Needlestick injuries are one of the most frequently
encountered injury by medical personnel, and studies have
shown that 64.7% of nursing personnel had needlestick
injuries by syringe needles, suture needles, and scalpels [3].

Among various types of medical procedure, recapping used
syringes is very likely to cause needlestick injuries (about
16.5%) [4]. After giving one-handed recapping and no-
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Similar to nursing personnel, interns also belong to the high
risk group of needlestick injuries because of their lack of
experience [7]. Relevant studies have shown that due to the
lack of experience, the needle stick injury rate of interns can
be as high as 33%, and moreover, 97% of the injuries
happened to the hands [8]. As for the just graduated nursing
personnel, they in average require three to four months to get
used to pressure from their new role [9].

Color is not only an important factor in medication vial
interface design but also a factor frequently manipulated for
better work efficiency. Studies have shown that when
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proofreading was performed in an office in white, more
proofreading errors were made than proofreading done in
either a red or blue office [10]. There are also studies
demonstrating that color can increase the physical strength of
an individual [11]. It was found in male college students that
when they received a red stimulus, bigger grip strength was
generated than when they received a green stimulus [12].
Another study demonstrated that in competitive sports, a
team wearing red would be more likely to win [13]. Lastly,
color has been applied frequently on product design. For
example, there are studies showing that even though
Alzheimer patients are usually less capable of differentiating
between colors and are more likely to be underweight, the
use of tableware of different colors for serving meals to
patients with severe Alzheimer was found to improve their
appetite and increase their body weight gain [14].

Another interface design factor explored in the present study
was front sight. Relating studies have already applied front
sight for precision improvement in product design [15] to
resolve issues relate to the visual angle of tanks [16] or to
increase the accuracy in shooting training [17].

Many needlestick injury studies consistently showed that
nursing personnel view needlestick injuries as the major
potential risk in the work environment and the injuries have
created a certain level of mental stress affecting nursing
personnel; nursing personnel fear of not only getting punctured
but also getting infected by such injury, and the latter,
according to nursing personnel, is more worrisome. Many
safety devices have been designed and developed to correct the
situation, but few studies explored the area about fine needle
aspiration (FNA), i.e., drawing solution from medical vials.
Some studies explored glass vials and proposed a concept
called "blue dot" to remind nursing personnel to stay away
from hazards [18]. In the present study, the focus was on the
interface design of medication vials, and two designs, cross
front sight and contract color-ring, were compared to
determine which one is better in enhancing the FNA
performance time and distance of nursing personnel while
reducing their fear when performing the FNA.

2. Method
2.1. Subjects

The study randomly picked the subjects, i.e., medical
personnel in Taiwan. Next, the researchers explained the
experiment to the subjects and obtained their consents before
distributing the structural questionnaires and carrying out the
experiment. The research subjects had to meet the following
criteria: (1) They work in the medical domain; (2) they need
to have their handedness determined and use the dominant

hand in the experiment.

To be objective, a total of 98 professional medical personnel
with an average of more than five years of experience in the
medical field were randomly sampled. Among them, 60.2%
were nurses, 20.4% were research personnel, 13.3% were
medical doctors (including doctor’s assistant), and 6.1% were
technicians or others. In terms of their gender, 75.5% were
female, and 24.5% were male. The overall average of their
age was 28.6 years old. All subjects used their dominant hand
to carry out tasks in the experiment.

2.2. Instruments and Materials

Instruments and materials used in the study are as follows:
(1) medication vials (8mm diameter) with a black-white
contrast color-ring, coded as MV1, (2) medication vials
(8mm diameter) with a cross front sight, coded as MV2, (3)
medication vials (8mm diameter) with a red-green contrast
color-ring, coded as MV3, (4) medication vials (8mm
diameter) with a yellow-blue contrast color-ring, coded as
MV4, (5) regular Terumo 3cc syringes, (6) individual profiles
of the subjects, (7) a stopwatch with 1/100 second accuracy,
and (8) a digital camera. The interface designs of MV1 to
MV4 are shown in Figure 1.

MV1 MV2 MV3 MV4

Figure 1. Interface Design of MV1-MV4.

2.3. Tasks

The medication vials (MV) used in the study were a
commonly used type. With all four interface types (all with a
diameter of 8mm), the subjects were asked to perform the
FNA.

The FNA experiment comprised Tasks 1 to 4, and they were
used to collect the following data of MV1 to MV4: (1)
subjects” FNA performance time, (2) subjects’ FNA distance,
and (3) subjects’ FNA subjective ratings.

2.4. Measurements and Experiment
Procedure

The main objective of the study is to explore if the subjects’
FNA use behavior varies depending on the interface design.
With each interface, the researchers measured the subjects’
FNA performance time, FNA distance, and FNA subjective
ratings, and each criterion is described in more details below.

(1) Performance time: It is about the time spent by the
subjects to complete a specific action. Theoretically, the
less time spent by the subjects indicates that the specific
interface has made the injection easier for the subjects.



43 Mei-Wei Yang ef al.: The Study on Medication Vial Interface Design for Pumping Performance

(2) Distance: Subjects’ FNA distance was rated based on the
distribution of the needle insertion points.

(3) Subjective ratings: A psychological scale ranged between
1 (lowest satisfaction) to 5 (highest satisfaction) was
used for assessing the level of fear of the subjects.

The researchers first explained to the subjects about the
experiment actions and procedure and then asked the subjects
to practice the experiment actions and procedure for 3 to 5
minutes. Before the experiment was officially started,
subjects were allowed to arrange the syringe and the
medication vial the way that is convenient for them. When
the experiment began, the subjects were asked to take the
syringe and to draw lcc of water from medication vials MV 1
to MV4 respectively, and when the FNA action was
completed, they needed to return the syringe and the
medication vial to the initially place. The researchers
recorded the time used by the subjects to complete the action.
To eliminate the so-called learning effect, the order of Tasks
1 to 4 was randomly assigned by the researchers. After
completing the FNA experiment with the medication vials,
the researchers asked the subjects to fill out the FNA
subjective ratings questionnaire. The experimental procedure
of Tasks 1 to 4 is as follows. In Step 1, the subjects were
asked to remove the syringe cap. In Step 2, the subjects were
asked to draw water from the medication vials, and the order
of MV1 to MV4 was random. In Step 3, the subjects were
asked to recap the syringe. In Step 4, the subjects were asked
to put the syringe and the medication vials back to the initial
place. Lastly, in Step 5, the researchers recorded the results.
More details of Tasks 1 to 4 are presented below.

(1) Task 1: The subjects used a Terumo 3cc syringe to draw
lcc of water from the medication vial with a black-white
contrast color-ring. The researchers recorded the FNA
performance time (in seconds) and distance (mm) of the
subjects as well as their subjective ratings.

(2) Task 2: The subjects used a Terumo 3cc syringe to draw
lcc of water from the medication vial with a cross front
sight. The researchers recorded the FNA performance
time (in seconds) and distance (mm) of the subjects as
well as their subjective ratings.

(3) Task 3: The subjects used a Terumo 3cc syringe to draw
lcc of water from the medication vial with a red-green
contrast color-ring. The researchers recorded the FNA
performance time (in seconds) and distance (mm) of the

subjects as well as their subjective ratings.

(4) Task 4: The subjects used a Terumo 3cc syringe to draw
Icc of water from the medication vial with a yellow-blue
contrast color-ring. The researchers recorded the FNA
performance time (in seconds) and distance (mm) of the
subjects as well as their subjective ratings.

3. Results

Performance time

Data on FNA performance time were examined by the
ANOVA. The independent variable was the FNA interface,
including MV1, MV2, MV3 and MV4, while the dependent
variable was the time spent for inserting the needle into the
vial. The statistical result gave F=0.377 with P=0.77,
suggesting a lack of significant difference. Therefore,
interface type did not affect the FNA performance time.

3.1. Distance

Data on FNA distance were examined by the ANOVA. The
independent variable was the FNA interface, including MV1,
MV2, MV3 and MV4, while the dependent variable was the
distance between the point where the needle was inserted into
the vial and the center of the circle. The statistical result gave
F=10.920 with P=0.000, suggesting that FNA distance
differed significantly depending on the type of interface. The
Least Significant Difference (LSD) was used for further
analysis, and the result showed that for FNA distance, MV2
was significant better than the other three interfaces.

3.2. Subjective Ratings

Data on FNA subjective ratings were examined by the
ANOVA. The independent variable was the FNA interface,
including MV1, MV2, MV3 and MV4, while the dependent
variable was the level of subjective ratings (rated using A
Liker Scale ranged from 5 (highest satisfaction) to 1 (lowest
satisfaction)). The statistical result gave F=4.087 with
P=0.000, suggesting that FNA subjective ratings differed
significantly depending on the type of interface. The Least
Significant Difference (LSD) was used for further analysis,
and the result showed that the subjective ratings of MV3
were significantly lower than of the other three interfaces.

Statistical data of the effect of interface type (MVI1, MV2,
MV3, and MV4) on the study subjects’ FNA performance time,
distance, and subjective ratings are presented in Table 1.

Table 1. FNA Performance Time, FNA Distance, and FNA Subjective Ratings of MV1 to MV4.

No. Items MVi Mv2 LK) Mv4 F value P value
Mean SD. Mean SD. Mean SD. Mean SD.

1 Performance time 15.92 1.50 15.88 1.29 15.72 1.35 15.86 1.25 0.377 0.770

2 Distance 1.80 0.94 1.19 0.73 1.77 0.85 1.64 0.80 10.920 0.000

3 Subjective ratings 3.59 1.12 3.81 1.06 2.94 1.04 3.73 0.95 14.087 0.000
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4. Discussion

The study used the design of experiment to find out a better
medication vial interface design that could reduce the rate of
needlestick injuries in nursing personnel while allowing the
FNA to be done more quickly and accurately.

For FNA subjective ratings, the obtained experimental results
are presented below. Interface type was found to have a
significant effect on FNA subjective ratings. More
specifically, the interface design of MV3 had a significantly
lower satisfaction score. MV3 was the code for the
medication vial with a red-green contrast color-ring, and
according to the subjective rating results, subjects were
significant dissatisfied with this color pair. On the other hand,
the satisfaction of the MV4 medication vial (with a yellow-
blue contrast color-ring) was significantly better than of the
MV1 medication vial (general medication vial interface). The
reason why subjects in general accepted the medication vial
with a yellow-blue contrast color-ring but not the one with a
red-green contrast color-ring shall be discussed in the next

paper.

5. Conclusion

For FNA performance time, the obtained experimental results
are presented below. No association was found between the
type of interface and FNA performance time. It is possible
that because the subjects were mostly experienced medical
personnel, their accumulated aspiration experience might
have blocked the effect of interface type on their FNA
performance time.

For FNA distance, the obtained experimental results are
presented below. Interface type was found to have a
significant effect on FNA distance, and the FNA distance
of MV2 was significant better than of the other types of
interface. MV2 was the code for the cross front sight, and
aside from color cues, this is the only one from the four
types of interface that provided a clear identification. This
finding suggested that even though color is not very useful
in improving the FNA distance, including a cross front
sight in the medication vial interface, nevertheless, could
significantly and effectively enhance FNA distance,
thereby reducing the needlestick injury rate in nursing
personnel.
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