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Abstract − Many women feel the physical burden during 
mammography as pain. We examined the pain-related pupil 
dilation response during mammography. The pupil sizes of 24 
women were measured during mammography excluding x-ray 
irradiation. Their mean pupil diameter was 2.9 mm in relaxation 
phase before mammography, while it was 3.2 mm in a few 
seconds after breast compression. The difference in pupil 
diameter between the relaxation and pressure phases was 
statistically significant.  
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1.  INTRODUCTION 

Mammography is the most effective method available 
for the early diagnosis of breast cancer [1] and regular 
screening can significantly reduce mortality [2]. However, it 
is unfortunate that many women experience pain during 
mammography [3-9] because the breast is compressed by 
parallel plates to make the breast tissue as even and thin as 
possible. In addition to the breast compression, the pain is 
due to the positioning required, such as twisting the neck 
and raising the arm (Fig. 1).  

Appropriate techniques for radiography and management 
of the mammography device to obtain accurate images have 
been established. This has made it possible to obtain good 
radiographic images of the breast [10-13]. However, studies 
are lacking on objective methods to measure the physical 
burden on women and the alleviation of pain during 
mammography. 

Several subjective assessment scales such as visual 
analogue scale (VAS) [14,15] and McGill pain 
questionnaire (MPQ) [16] were used to predict pain during 
mammography [6,7]. The MPQ could be considered as the 
most famous pain assessment tool, but the process is a little 
complicated to obtain reliable MPQ scores, while the VAS 
is perhaps the most widely used instrument for the 
measurement of pain intensity because it is a simple, robust, 
sensitive, and reproducible instrument. Furthermore, 
whereas the VAS takes only a few minutes, the MPQ 
requires about 15 minutes. 

As to the alleviation of pain during mammography, a 
few investigators have reported on the usefulness of 
radiolucent cushions [17,18]. However, their use is 
debatable because of the high cost since these cushions are 
single-use. Patient-controlled compression was tested as a 

method to alleviate pain [19]. With this method, one of the 
breasts was compressed by a radiographer and the other was 
compressed by the participant. In 71% of the participants, 
self-compression resulted in significantly less pain than 
compression by a radiographer without a difference in the 
adequacy of the image quality and compression of the breast. 
It has been also reported that the humorous stimuli would 
relieve pain during mammography [20]. According to the 
report, the pain experienced during conventional 
mammography without the funny video was significantly 
greater than the pain experienced during the same 
mammography but with the funny video. There are limited 
options currently available for alleviating pain related to 
mammography and further research will be needed to 
address this problem.   

Recently, muscle activities [21,22] and sympathetic 
nervous activities [23] have been measured to estimate 
physical burden and psychological stress associated with 
mammography, respectively. These were objective 
assessment studies for quantification of pain or stress during 
mammography. The valuable objective assessment tools for 
quantifying the pain intensity should be further investigated. 
More research is therefore required using a validated pain 
measurement to establish the extent of pain and to establish 
the effect of this on future compliance [9].  

 

 

Fig. 1. Mammography positioning with physical and psychological 
burden in addition to the breast compression.   
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In the meantime, the pupil dilates markedly in response 
to increasing noxious stimulation in humans [24]. It has 
been reported that the pupil dilation response increased 
significantly with increasing intensity of pain stimulus [25]. 
These investigations suggest that the extent of pupil dilation 
response may provide a useful objective indicator for 
estimating pain quantitatively.  

We therefore examined the pain-related pupil dilation 
response during mammography. 

2.  MATERIALS AND METHODS 

Volunteers were solicited for this study through poster 
advertisements. Twenty-four healthy women contacted us. 
Their mean age ± standard deviation (SD) was 23.6 ± 6.4 
years, height was 159.5 ± 6.6 cm, weight was 52.2 ± 5.6 kg. 
Two of the 24 women had experienced mammography, and 
the remaining 22 had not. The participants were given 
explanation on the study objectives, methods, and safety, 
and their informed consent was obtained. This study was 
approved by the Research Ethics Committee of the Niigata 
University School of Medicine.  

Observation in the study took place beginning at the end 
of positioning of the right breast, including compression, for 
mediolateral oblique (MLO) imaging but excluding x-ray 
irradiation. During the sham mammography, the Eye Mark 
Recorder (EMR-9; nac Image Technology Inc., Tokyo, 
Japan) (Fig. 2) that is a device for measuring a subject's 
point of visual focus and pupil diameter was used to 
measure pupil sizes of participants. Figure 3 shows a 
screenshot obtained from video output of the Eye Mark 
Recorder.  

The pupil size was measured during the following 4 
phases in mammography. The phase before positioning was 
defined as the Relaxation Phase (RP). The interval between 
the start of positioning and breast fixing was defined as the 
Keep Phase (KP). The interval between breast fixing and the 
end of imaging, which was actually sham because the 
participants were not irradiated by x-ray, was defined as the 
Pressure Phase (PP). The PP was further divided into two 
sections. The first half and later half were defined as PPF 
and PPL, respectively. The phase after the examination was 
defined as the After Phase (AP). 

The subjective intensity of pain during mammography 
was also assessed using the VAS. The VAS consisted of a 
horizontal line of 100 mm with scoring in increments of 1 
mm from “no pain at all” at the leftmost position (0 points) 
to “the worst pain you have ever felt” on the rightmost 
position (100 points). Figure 4 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. 

3.  RESULTS AND DISCUSSION 

Figure 5 shows a graph of mean pupil diameter obtained 
from all participants. Means and standard deviations (SDs) 
of measured pupil diameter in each phase were shown in 
Table 1. The pupil sizes of RP, KP, PPF, PPL and AP were 
2.93 ± 0.79 mm, 2.94 ± 0.92 mm, 3.15 ± 1.36 mm, 2.92 ± 
1.26 mm and 2.82 ± 0.85 mm, respectively. Figure 6 shows 

  

 

Fig. 2.  The Eye Mark Recorder used to measure pupil sizes  (left: 
head unit with camera, right: control unit).   

 

 

Fig. 3.  A screenshot captured from video output of the Eye Mark 
Recorder EMR-9 (upper left: view image, bottom right: eye image, 
upper right: binary image with pupil region automatically detected 

from eye image, bottom left: blank).  

 

 

Fig. 4.  Visual analogue scale for subjective pain assessment. 

 

sequential binary images that represent pupil regions of a 
subject from RP to AP.  

The mean pupil size of PPF was obviously larger than 
that of other phases. The differences in pupil diameter 
between the PPF and other phases were statistically 
significant (p < 0.05). Compressing breast usually gives 
strongest    intensity    of    pain    to    woman   undergoing  
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Fig. 5.  A graph of mean pupil diameter obtained from all 
participants (RP: relaxation phase, KP: keep phase, PP; pressure 

phase, PPF: first half of PP, PPL: later half of PP, AP: after phase). 

 

 

Fig. 6.  Sequential binary images that represented pupil regions of a 
subject. The pupil region of PPF looks larger than that of other 

phases.  

 
mammography. Pupil dilation at PPF must be related with 
this matter. We found out the pain-related pupil dilation 
response during mammography. This finding suggests that 
we may be able to assess objectively the degree of pain 
associated with mammography. 

Figure 7 shows the relationship between VAS scores and 
mean pupil diameters of PPF. The correlation coefficient 
between the VAS scores and the pupil diameters was 0.19. 
This result means that there is no linear correlation or a 
weak linear correlation between the two variables. Although 
the subjective and objective data do not always match, we 
were expecting a strong positive correlation between the 
VAS scores and the pupil diameters. Since one reason of the 
inconsistency may be due to the small number of 
participants, the recruitment of subjects may be necessary to 
our future works. The relation between the intensity of pain 
and the degree of pupil dilation should be further 
investigated.  

 

Table 1.  Mean and standard deviation (SD) of measured pupil 
diameter (mm) in each phase during mammography. 

 
RP KP PPF PPL AP 

Mean 2.93  2.94 3.15 2.92 2.82 

SD 0.79 0.92 1.36 1.26 0.85 

 
 

  

Fig. 7.  The relationship between VAS scores and mean pupil 
diameters of PPF.  

 

4.  CONCLUSIONS 

The pupil sizes of 24 women undergoing mammography 
excluding x-ray irradiation were measured to investigate the 
pain-related pupil dilation response during mammography. 
The pupil size in a few seconds after breast compression 
was obviously larger than that of relaxation phase before 
mammography. This result may give us to quantitatively 
estimate the degree of pain associated with mammography 
in the near future. The visual analogue scale (VAS) was also 
used to assess subjective intensity of pain during 
mammography. There was no correlation between the 
obtained VAS scores and pupil sizes, although we were 
expecting a strong positive correlation. We would need to 
conduct additional investigations into the relation between 
the intensity of pain and the degree of pupil dilation.  
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