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Abstract — In order to quantitatively measure the degree of
pain during mammography, we used a visual analog scale
(VAS) and a device for quantitative analysis of perception
and pain and performed regression analysis of the
relationship between pain degree and VAS score.
Twenty-four subjects underwent a typical mammogram and
we found no correlation between pain degree using the device
compared with VAS scoring.
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1. INTRODUCTION

Mammography is widely performed as a standard breast
cancer screening method in Japan and Western countries. In
mammography, after the papillary glands are adequately
stretched, the breast is compressed with a radiolucent paddle
for fixation and a reduction in the breast thickness. In
examinees undergoing mammography, not only breast
compression but also fixation with the neck being rotated or
the shoulder being flexed is necessary. These imaging
techniques reduce X-ray exposure and ensure the image
quality necessary for diagnosis [1].

Mammography screening, which is considered to be of
the greatest benefit for early detection of breast cancer, is
widely performed as a standardized procedure [2,3].
Mammography is a radiological test during which the breast
is compressed by parallel plates to make breast tissue as even
and as thin as possible. Along with compression of the breast,
positioning during mammography such as twisting the neck
and keeping the arms up is burdensome (Fig.1). It is well
known that mammography screening is physically hard on a
woman. Many women feel the physical burden during
mammography as pain [4-8].

The International Association for the Study of Pain
(IASP) defined a pain as “an unpleasant sensory and
emotional experience associated with actual or potential
tissue damage, or described in terms of such damage” [9].
Therefore, when a pain is measured in humans, multiple areas
including emotional and cognitive/evaluative aspects need to
be taken into account comprehensively, in addition to the
sensory aspects such as the intensity and location of a pain
identified by the subject.

As for the physical and psychological burden
experienced by the examinees at the time of mammography
positioning, we have previously demonstrated empirically the

relationship between muscle activity and pain based on the
imaging method and the process of imaging [10-12]. Based
on these results, we reported that patients experience more
than moderate pain from the start of positioning through the
entire course of breast compression and immobilization and
that pain also occurs at sites other than the breast.

In the past, researchers have used subjective methods to
assess pain in subjects undergoing mammography. Sharp et al.
[13] used the visual analog scale (VAS) [14,15] and Hafslund
et al. [7] have used the McGill Pain Questionnaire [16].
Although subjective assessment of pain is widely used, it is
regarded as inaccurate because it lacks objectivity and
reproducibility. This has led to the invention of a method to
quantitatively assess pain by applying electrical stimulation
and comparing the pain sensation with the sensation of the
stimulus [17]. In this study, we quantitatively measured the
degree of pain during mammography using this method.
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Fig.1 Patient positioning of mammography [1] for
mediolateral oblique (MLO) view

2. MATERIALS AND METHODS

The study included 24 healthy women. Their mean age
was 24.0+6.4 years, mean height was 159.5+6.6 cm, and
mean weight was 52.2+5.6 kg. Of the 24 subjects, 2 had



previously undergone mammography, and 22 had never had
mammograms.

The subjects were given explanation on the study
objectives, methods, and safety, and their informed consent
was obtained. This study was conducted with the approval of
the Research Ethics Committee of Niigata University School
of Medicine (Approval Number 1946).

For this study, mammography was carried out only up to
the completion of positioning, including compression of the
breast, and the tissue was not x-rayed. Only positioning for
the mediolateral oblique view of the right breast was
performed. After the sham mammogram, a device for
quantitative analysis of perception and pain (Pain Vision™
PS-2100; NIPRO Co. Ltd., Japan: Pain Vision™) was used to
measure the degree of pain from mammography; at the same
time, the subject assessments on the VAS were recorded. The
criterion for judging pain measured was defined as maximum
pain experienced upon compression of the breast during
mammography.

The sensory and pain analyzer Pain Vision™ emits a
stimulatory electric current from an electrode attached to the
skin; this pulsed electric current (50 — 3,000 Hz; 0 — 150
1Ams; pulse width, 0.03 mA) consists of not only single
waves, but differential waves with a sharp tip (Fig. 2). With
electric stimulation, the pain threshold is measurable with the
analyzer. The wave frequency emitted from the system
stimulates Af fibers and some AJ fibers of sensory nerves. A
single wave with a sharp edge enables efficient stimulation of
Ap fibers and provides the subject with heteresthesia without
pain [18].

The principle of measurement is based on the inability of
humans to separately evaluate pain at more than one site
simultaneously. At measurement, the minimum sensed
electric current is measured three times, and the average
electric current is defined as the minimum sensed threshold.
Next, an electric current for electric stimulation is gradually
increased and the subject is asked to push a button to indicate
when he/she felt comparable pain intensity. That electric
current level is defined as the pain-equivalent electric current.
The reason why the minimum sensible electric current
threshold is set up is to eliminate any inter-individual
difference in recognizing relative positioning of electrodes
and subcutaneous nerves and sensing it in the brain. With this
system, “pain intensity” is calculated based on the pain
equivalent electric current obtained in this manner and the
minimum sensible electric current threshold according to the
following formula (1).

(a pain equivalent electric current

Pain degree = — a minimum sensible threshold )

a minimum threshold

Q)

For measurement, a disposable distal electrode
(EL-BAND, NIPRO) is attached on the medial side of the
arm, 1 cm from the midpoint between the center of the bend
of the elbow and the center of the wrist on the flexor side of
the forearm (Fig. 3). Pain degree of the measurement results
are displayed in the bottom left of the screen (Fig.4).
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Fig.2 Waveform of electrical stimulation current for the
measurement of minimum perceived current and pain
equivalent current [18].The sensory and pain analyzer Pain
Vision™ emits a stimulatory electric current from an
electrode attached to the skin; this pulsed electric current (50
—3,000 Hz; 0 — 150 4Ams; pulse width, 0.03 mA) consists of
not only single waves, but differential waves with a sharp tip.

Fig.3 Measurements of pain degree that depends on the pain
vision. For measurement, a disposable distal electrode
(EL-BAND, NIPRO) is attached on the medial side of the
arm, 1 cm from the midpoint between the center of the bend
of the elbow and the center of the wrist on the flexor side of
the forearm . An electric current for electric stimulation is
gradually increased and the subject is asked to push a
button.
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Fig.4 Computer display screen at the time of pain degree

measurement. Displayed of minimum sensing current value

(current perception threshold), pain corresponding current
value and pain degree in Japanese version.

The VAS is an assessment method of pain due to
subjective factors. The subjects were asked to point to a
position along a 100-mm line with 1-mm increments, its left
end (0 points) representing “no pain” and right end (100
points) representing “worst pain imaginable,” to indicate the
level of pain they are experiencing as a score. Figure 5 shows
a diagram of the VAS. The participants were asked to point
with their finger to the level of pain they were feeling during
whole mammography.

Regression analysis was performed to define the
relationship between degree of pain and VAS score.
Statistical analyses were performed using SPSS 19] for
Windows and the significance level was set at less than 0. 05.
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Fig.5 Visual analog scale for subjective pain assessment.

3. RESULTS

For the 24 subjects studied, the mean VAS score (and
standard deviation) during mammography was 51.0+£28.0,
and the mean degree of pain value (and standard deviation)
was 388.7+355.0. A guideline for moderate to severe pain on
the VAS is a score of > 40, and the results of our study
showed that the subjects had experienced at least moderate
pain during mammography. Degree of pain can be said, in
theory, to be “no pain” if the score is between 0 and 100, and
a “perceivable quantity of stimulus” if the score is > 100,

suggesting that the subjects in our study experienced intense
pain during mammography. However, there was a wide
variation in values on the degree of pain measurement.

The relationship between VAS and degree of pain was y=
68.10x + 23.766, r* = 0.289 (p<0.01), which showed no
correlation (Fig. 6). The values vary considerably, including
cases where the VAS score was > 60 although the degree of
pain was < 100, and cases where the degree of pain > 200
although the VAS score was < 10.
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Fig.6 The correlation coefficient of the degree of pain during
mammography assessed by degree of pain evaluation and VAS
score.

4. DISCUSSION

Whereas the VAS score is assessed within a range of 0 to
100, the degree of pain (without such range) can assess pain
of a similar degree, as induced pain is converted to the pain
one is actually experiencing. In situations where pain is
largely affected by mental factors, VAS scores judge pain that
has been subjectively overrated; however, the degree of pain
score is considered to be less affected by psychological
factors, because it can assess the degree of pain from a
physical stimulus actually applied by the device.

A study on the effects of pain treatment using Pain
Vision™ versus VAS scoring showed a strong correlation
between the VAS score and degree of pain [19]. In our study,
no significant correlation between the VAS score and degree
of pain was found. This may have been due to psychological
factors related to mammography and the temporal error
caused by the delay between mammography and
measurement of pain. However, one subject showed a
moderate pain score of 40 on the VAS, whereas her pain
degree score was high (approximately 700). Although the
values vary between individuals, quantified measurements of
pain or strain may allow for examination of various factors of
pain during mammography. Further investigation of a greater
number of subjects is needed.

This suggests that they influenced not only the pain and
burden associated with breast compression directly involved
in mammography but also a physical burden on the whole
body and a psychological burden continuously present from
the time before the screening, and were related to the results
we had previously verified [20-23].



The results of this study suggested a few candidate
situations for using the Pain Vision™ system. The first
situation is in combination with a visual analog scale (VAS).
As shown in the definition of pain by IASP, a pain is not
measurable based solely on physical size. Since there is a
difference in subjective sense of a pain, the threshold of a pain
changes. However, it is presumed that the system enables
quantitative measurement and comparison more accurately
than subjective markers such as VAS in quantitation of a pain
produced in an examination with clearly defined physical size
(such as mammography). It is thought that a combination
with VAS is useful for elucidation of not only pain intensity
but also the nature of a pain.

The other situation is evaluation of the benefit of care
when intervention is considered for reduction of a pain. It is
expected that the system will be used as a common tool in a
large-scale survey for measurement of the effect because of
the portability and potential availability of the equipment.

5. CONCLUSION

We quantitatively measured the degree of pain during
mammography using Pain Vision™ and compared it to VAS
scores. Twenty-four subjects underwent mammography and
we found no correlation between degree of pain and VAS
score.
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