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Objective To evaluate the clinical utility of the electrically calculated quantitative pain degree (QPD) and to
correlate it with subjective assessments of pain degree including a visual analogue scale (VAS) and the McGill Pain
Questionnaire (MPQ).
Methods We recruited 25 patients with low back pain. Of them, 21 patients suffered from low back pain for more
than 3 months. The QPD was calculated using the PainVision (PV, PS-2100; Nipro Co., Osaka, Japan). We applied
electrodes to the medial forearm of the subjects and the electrical stimulus was amplified sequentially. Minimum
perceived current (MPC) and pain equivalent current (PEC) were defined as minimum electrical stimulation
that could be sensed by the subject and electrical stimulation that could trigger actual pain itself. To eliminate
individual differences, we defined QPD as the following: QPD=PEC−MPC/MPC. We scored pre-treatment QPD
three times at admission and post-treatment QPD once at discharge. The VAS, MPQ, and QPD were evaluated and
correlations between the scales were analyzed.
Results Result showed significant test-retest reliability (ICC=0.967, p<0.001) and the correlation between QDP
and MPQ was significant (at admission SRCC=0.619 and p=0.001; at discharge SRCC=0.628, p=0.001). However,
the correlation between QPD and VAS was not significant (at admission SRCC=0.240, p=0.248; at discharge
SRCC=0.289, p=0.161).
Conclusion Numerical values measured with PV showed consistent results with repeated calculations. Electrically
measured QPD showed an excellent correlation with MPQ but not with VAS. These results demonstrate that PV is
a significantly reliable device for quantifying the intensity of low back pain.
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INTRODUCTION
Pain, as a complex and subjective personal experience,
is a major public health problem for which subjects seek
the guidance of healthcare providers [1-3]. The American
Pain Society and Joint Commission on Accreditation of
Healthcare Organizations have designated pain as the
‘fifth vital sign’ in an effort to enhance awareness and the
need for assessment [4]. Thus, understanding a patient’s
pain level may help rehabilitation clinicians in pain
management and in determining the appropriate progression of rehabilitation. Various techniques have been
developed to assess pain accurately. Many multidimensional measures are available, including the McGill Pain
Questionnaire (MPQ) and Western Ontario and McMaster Universities Osteoarthritis Index. Alternatively, simpler single-item measures are available, such as a visual
analogue scale (VAS) and a numeric rating scale (NRS),
which are intended to measure particular qualities of
pain, such as intensity or unpleasantness. Although there
are several pain scales available to clinicians, the VAS
and the MPQ are frequently used. The reliability and
validity of the VAS and MPQ are well established [5-8].
These pain assessments rely on self-reported measures
intended to quantify qualities of pain, such as intensity,
sensory characteristics, affective responses, and coping
[9]. However, the intensity of sensation is obviously highly subjective. Thus, it is difficult to quantitatively evaluate the degree of pain. Additionally, these pain scales
are subjective evaluations by the patients themselves, so
there is considerable individual variation in the evaluative criteria for pain and it is difficult to make comparison
with other individuals.
From these perspectives, the PainVision (PV, PS-2100;
Nipro Co., Osaka, Japan), a device capable of quantitatively assessing pain intensity by substituting pain with
different sensory stimulation, has been developed and is
used mainly in pain clinics [10-13]. In this method, heterogeneous perceptions and senses are aroused by electrical stimulation, and were substituted for pain as felt
by a subject, and evaluated quantitatively. This method
quantifies pain intensity by comparing the intensity of
pain experienced as perception with the intensity of heterogeneous sensations that can be compared to pain.
Ultimately, pain intensity is calculated as pain degree
and the equation for calculating electrically calculated
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quantitative pain degree (QPD) will be explained below.
In this study, we investigated whether pain intensity can
be assessed objectively with PV by a quantitative analysis
of perception and pain sensation. Also, to investigate its
clinical utility, we correlated QPD with subjective assessments of pain degree, including with a VAS and MPQ.

MATERIALS AND METHODS
Subjects
This study was approved by Hanyang University Hospital’s Institutional Review Board and was performed between December 2011 and June 2012.
In total, 25 patients (10 males and 15 females; mean age
48.36±12.84 years) with low back pain caused by sprain
and/or strain of the lumbar region, muscular pain syndrome, spinal stenosis, degenerative spondylosis, or lumbar radiculopathy were admitted at Hanyang University
Hospital for treatment of low back pain and were included in the study. Patients with low back pain combined
with sciatica were included. In these cases, low back pain
itself was evaluated for assessing QPD, VAS, and MPQ.
Subjects were excluded if they had a mentally disorder or
unstable problems that made it impossible to understand
concepts of VAS and MPQ, had any peripheral sensory
neuropathy or musculoskeletal pain in the left medial
forearm that could disrupt measuring QPD, and/or had
polyneuropathy caused by any reason. Clinical diagnoses

Table 1. Characteristics of patients (n=25)
Variable
Value
Age (yr)
48.36±12.84
Gender (male:female)
10:15
Diagnosis
Lumbar radiculopathy
18 (72.0)
Muscle pain syndrome
4 (16.0)
Spinal stenosis
2 (8.0)
Degenerative spondylosis
1 (4.0)
Duration of disease
Lasting less than 3 months
5 (20.0)
Lasting more than 3 months
20 (80.0)
Average (mo)
39.66±64.81
Duration of hospital stay (day)
7.80±4.85
Values are presented as mean±standard deviation or
number (%).

Electrically Quantified Pain Degree
and neurophysiological confirmations were performed
before treatment.
Of the patients, 20 suffered from low back pain for more
than 3 months (Table 1). This study aimed to identify
correlations between objectively assessed QPD and subjectively assessed VAS and QPD. Thus, we permitted any
kind of treatment for the patients’ conditions. The subject
had not previously had discomfort in activities of daily
living (mean duration of the hospital stay was 7.56±4.75
days), all subjects received comprehensive pain control,
and a rehabilitation program. Of them, 17 patients received epidural nerve blocks.
Methods
The PV system consists of the PV device, a hand switch,
an electrode cable, and the EL-BAND. The EL-BAND
that transmits electrical current was attached to the left
medial forearm (Fig. 1) with application of electrode gel
(contact resistance was about 10 kΩ). The medial forearm
was selected for the EL-BAND attachment site because of
the thin skin, flat surface, low distribution of sweat glands
and hair follicles, and the resulting high sensitivity of
electrical stimulation and good electrical conductance.
It was also convenient for examiner access. The electrical stimulus amplified sequentially from low intensity
current (50 Hz, 0−150 μA RMS, pulse width 0.4 ms). The
pain signal travels from the periphery to the spinal cord
along an Aβ-, Aδ-, or C-fibers. The myelinated Aδ-fiber
carries its signal faster (5−30 m/s) than the unmyelinated C-fiber (0.5−2 m/s) [14]. Also, different frequencies of sine waveform stimuli selectively excite different
subpopulations of nerve fibers, based on their different
refractory periods [15]. In the frequency setting of the PV,
the Aδ-fiber conducts the pain signal primarily. Thus,
QPD can be calculated sensitively with less painful electrical stimulation. The subjects themselves compared the

degree of sensation of electrical stimulus. We requested
the subject to the press button on the hand switch at two
moments (Fig. 2). The first was the time the subject perceived any subtle sensation at the EL-BAND attachment
site. The second moment was the time that subject felt
an equivalent degree of pain at the EL-BAND attachment
site to the degree of low back pain itself. First, the current
perception threshold (CPT), defined by the minimum
electrical stimulation that could be sensed by the subject,
was measured three times within a 5-minute interval
and the mean value was used as the measurement. After
current perception, the stimulating current produced by
the device was increased until it could trigger pain. In sequence, the pain equivalent current (PEC), was defined
by the electrical stimulation where the subject started to
perceive the same strength as the ongoing low back pain.
This was also measured three times within a 5-minute interval and the mean value was used as the measurement.
To eliminate individual differences caused by various
factors that can affect thresholds, such as contact with
the EL-BAND, skin conditions, and sensory nerve distribution, we defined QPD as follows:
QPD = (PEC − CPT) / CPT
When there is no pain, the value is 0, and it increases
according to the pain degree with no upper limit. Each
measurement was simple and could be completed within
a few minutes. The results were stored on the hard disk of
a personal computer connected to the PV and recorded

1 cm interval

EL-BAND

Fig. 1. Attachment site of EL-BAND.

Fig. 2. Measurement of the quantitative pain degree by
PainVision.
www.e-arm.org
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Fig. 3. Pain measurement results
from PainVision.
on a connected printer. Such numerical values were correlated with VAS and results were displayed on a monitor simultaneously. We evaluated QPD before treatment
(at admission) and post treatment (at discharge). Serial
changes in QPD were printed on the results print-out (Fig.
3).
The following subjective measures were also used
for assessment : a VAS (range, 1−100 mm) and MPQ.
We scored the pre-treatment QPD three times within
a 5-minute interval at admission for evaluating internal consistency and the post-treatment MPQ once at
discharge. Simultaneously with scoring MPQ, VAS was
scored along the same lines.
Statistical analysis
We assessed the QPD score at admission three times
to investigate the reliability of the device in terms of internal consistency. To determine test-retest reliability of
QPD, intraclass correlation coefficients (ICC) were used.
In sequence, we cross-correlated pain scales (VAS, MPQ,
and QPD) at admission and discharge to investigate convergent validity by evaluating Spearman rank correlation
coefficients (SRCC). Analyses were performed using the
SPSS software ver. 11.0 for Windows (SPSS Inc., Chicago,
IL, USA), and p-values≤0.5 were considered to indicate
statistically significant differences.
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RESULTS
First, we assessed the reliability of PV by evaluating internal consistency of QPD. The results showed significant
test-retest reliability (ICC=0.967, p<0.001). Correlation
coefficients for the relationships among QPD, VAS, and
MPQ were assessed. The results showed excellent positive correlations between QPD and MPQ (at admission
SRCC=0.619, p=0.001; at discharge SRCC=0.628, p=0.001)
(Fig. 4A, 4B). No correlation between QPD and VAS was
found; it was statistically meaningless (at admission
SRCC=0.240, p=0.248; at discharge SRCC=0.289, p=0.161)
(Fig. 5A, 5B).

DISCUSSION
In this study we demonstrate a method that quantifies
pain degree by comparing the intensity of pain and the
intensity of a painless sensation with respect to painless
stimulation. Current pain assessment methods include
the VAS and MPQ, but both methods are subjective [5,17].
The VAS, a well-known unidimensional pain scale, was
developed long ago. Because of its ease of use, the VAS
became popular tool with which to quantitate pain relief
and pain intensity. The VAS has been found to be a valid
and reliable means of assessing pain, depression, anxiety, and mood [5].
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Fig. 4. Correlation between MPQ and QPD at admission (A) and at discharge (B). MPQ, McGill pain questionnaire;
QPD, quantitative pain degree; SRCC, Spearman rank correlation coefficient.
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Fig. 5. Correlation between QPD and VAS at admission (A) and at discharge (B). VAS, visual analogue scale; QPD,
quantitative pain degree; SRCC, Spearman rank correlation coefficient.
Although popular for study purposes, unidimensional
pain scales present certain problems. They were initially
developed for use in experimental pain trials in which
pain was limited and controlled. However, clinical pain
is different in that it may become persistent, unbearable,
and beyond the individual’s control. It is also often associated with a strong emotional component not seen in an
experimental setting [18].
The best known example of a multidimensional pain
assessment is the MPQ [19]. Whereas unidimensional

tools measure primarily the intensity of pain, multidimensional methods also take into account other factors
that influence its perception. These include the quality
and the temporal sequence of pain, the affective contributions, and the patient’s belief system. Although this
comprehensive approach is important, the use and interpretation of these tools are difficult because of their complexity [20]. Additionally, the length of time required to
complete the evaluations usually makes them impractical
in the clinical setting. In these patient-reported methods,
www.e-arm.org
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the intensity of current pain is determined by comparing the reported pain level with a hypothetical ‘pain of
maximum intensity’ value. However, because sensitivity
to pain varies greatly among individuals, it is difficult to
quantitatively compare measurements obtained by these
methods. Moreover, the comparison of measurements
for relatively weak pain is even less reliable.
The present study demonstrated a method that quantifies pain by comparing the intensity of pain with the
intensity of a painless sensation. PV, the system for the
quantitative analysis of perception and pain, has recently
started to be used in pain clinics [11-13,21]. It gives patients an alternative painless sensory stimulation equivalent to pain, mainly by stimulating sensory nerve fibers
-Aβ and Aδ-and measures the intensity of the stimulation. Because individual pain thresholds are evaluated
first to provide accurate subsequent measurements with
the device, pain intensity can be quantitatively compared
among patients. This device has been used in studies on
persistent chronic pain, such as herpes zoster-associated
pain [12,13] and procedural pain, such as wound dressing removal [21]. In these studies, the reproducibility and
validity of PV were confirmed.
To our knowledge, there is no previously reported
study that investigated the quantitative measurement
of low back pain using such electrical stimulation. We
compared the responsiveness of the QPD with subjective pain measurements, such as the VAS and MPQ. QPD
measured by PV showed consistent results with repeated
determinations. These results demonstrate that PV is a
reliable device. When we cross-correlated between QPD,
VAS, and MPQ, electrically measured QPD showed excellent correlation with MPQ. However, against our expectations, the correlation between QPD and VAS was statistically meaningless.
VAS, as a unidimensional pain scale, tends to focus only
on pain intensity, with an increased risk of oversimplification of the experience [22]. Furthermore, actual measurements are relative only to the individual being assessed. Identical stimuli applied to different individuals
can yield markedly different scores. Thus, the numbers,
although reproducible to a high degree for each individual, are simply estimates of the perception of the pain,
based on past personal experience [5]. The use of unidimensional pain scales may be more appropriate in the
setting of acute pain than chronic pain [22-25]. A failure
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rate of approximately 7% is seen in the adult population
[5,22,26].
Chronic pain is usually also associated with other elements, such as degree of support and depression. The
assessment of chronic pain often requires more complex
evaluation tools [22]. MPQ, as a multidimensional pain
scale, has shown good consistency and reliability in the
evaluation acute pain as well as chronic pain [27,28]. It
has also been translated into and validated in many other
languages [29,30]. Although there has been some discussion between theorists and researchers, traditionally the
distinction between acute and chronic pain has relied
on an arbitrary interval of the time from onset; the two
most commonly used markers are 3 and 6 months since
the onset of pain [31]. In another study, the definition
of chronic lower back pain was established by the persistence of pain beyond 3 months [32]. In our study, we
recruited subject suffering from low back pain. Because
we did not write the duration of low back pain into the
inclusion criteria, both acute and chronic low back pain
patients were mixed. However, patients who suffered
from low back pain for more than 3 months represented a
large proportion of the subjects.
Most low back pain does not have a clear cause [33]. Low
back pain is believed to be the result of ‘non-serious’ muscle or skeletal issues, such as sprains or strains [34]. Additionally, obesity, smoking, weight gain during pregnancy,
stress, poor physical condition, poor posture, and poor
sleeping position may also contribute to low back pain [34].
Taken together, chronic low back pain is a complex medical problem. Also, considering the subject composition in
our study, there may be limitations in assessing chronic
low back pain using a VAS. As a result, the poor correlation
between QPD and VAS and the significant correlation between QPD and VAS may be explainable.
Our results indicated favorable reproducibility of electrically measured QPD. Moreover, compared with conventional assessment methods, such as the MPQ, PV can
be considered to be sensitive method, and it may enable
objective quantitative assessments of complex pain situations, such as chronic low back pain.
This study has some limitations. First, the number of
subjects was small. At the beginning of our study, we
restricted subjects to those who had low back pain only.
Later, we will include musculoskeletal pain, such as knee,
shoulder and ankle pains, and it may be possible to ex-

Electrically Quantified Pain Degree
pand the availability of electrically measured QPD. Second, we set the electrical stimulation frequency so as to
conduct the ‘pain’ signal through the Aδ-fiber primarily.
Thus, we did not evaluate pain intensity aroused through
the C-fiber. Because of their higher conduction velocity,
the Aδ-fibers are responsible for the sensation of quick,
shallow pain that is specific to one area, termed ‘first
pain.’ They also respond to a weaker intensity of stimulus.
In contrast, C-fibers respond to stimuli that have stronger
intensities and are the ones that account for the slow, but
deeper and spread out over an unspecific area, ‘second
pain.’ Given this background, evaluating pain intensity
through stimulating Aδ-fibers was appropriate for our
study evaluating low back pain. Also, the quantitative
sensory testing (QST) has been used widely to test specific components of the nociceptive system, such as unmyelinated C-fibers [35]. Third, many patients diagnosed
with lumbar radiculopathy complain of low back pain
combined with sciatica. We requested patients to evaluate their low back pain alone. However, some patients
could not separate low back pain and sciatica accurately.
Thus, they may have evaluated low back pain and sciatica
together. Fourth, acute pain patients and chronic pain
patients were not segregated. Because the majority of
subjects in this study had chronic low back pain, the correlation between QPD and MPQ only was confirmed. In
another study that investigated the correlation between
QPD and VAS in acute pain, a statistically meaningful
correlation was established [21]. In future, we will subdivide subjects into acute and chronic pain groups, and not
only examine the correlation between QPD and MPQ but
also the correlation between QPD and VAS may be investigated.
In conclusions, the PV device was assessed with regard
to the quantitative analysis of pain intensity. With this
device and the frequency setting used, the Aδ-fibers were
stimulated primarily. Thus, the electrically measured
QPD can be calculated sensitively and less painfully. Because of the short measurement time, highly reproducible measurements, and excellent correlation with MPQ,
the electrically measured QPD could provide an effective
way of quantifying various kinds of pain.
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