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ABSTRACT
The purpose of this study was to build a methodology to support the diagnosis of
back pain. This study used easy posture and frequency analysis of EMG for non-MVC
normalizing to focus on avoiding damage to back-pain patients during the test.
Participants were asked to perform a simple walking task. Measured muscles were
biceps femoris (BF) muscle, lateral gastrocnemius (LG) muscle. In the BF muscle, the
mean of healthy persons was 46.28 (±8.66), the mean of back pain patients was 26.11
(±10.69). In the LG muscle, the mean of healthy persons was 58.36 (±15.69), and the
mean of back pain patients was 20.97 (±10.78). In both t-test results of muscles showed
significant differences. It is considered to be a compensation mechanism transferring
the body weight to lower body related to muscle weakness. Also, this study can support
back-pain diagnosis through a stochastic approach using Bayes theorem.
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1. INTRODUCTION
The final goal of this study is to construct a methodology to support back pain discrimination
using electromyography to support physician's discrimination before testing such as X-ray or
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expensive MRI. An additional goal is to minimize the load on the low back pain patient during
the test.
Back pain is a major cause of disability and economic costs, and equipment such as MRI
has been developed to reduce this economic loss. Currently, the most accurate anatomic test for
diagnosis of back pain is magnetic resonance imaging (MRI). The researchers considered MRI
to be a miracle-like technology and used it extensively to detect and treat the anatomical and
structural problems of the spine. However, this diagnostic technique is costly, and it is difficult
to diagnose the lumbar spine because abnormal discs are often found in healthy individuals
when lumbar MRI is performed. Boos et al. [1] reported that 96% of patients showed disk
escape, and 35% of patients showed disk rupture in patients who showed disk. On the other
hand, in the control group, which had no symptoms at all, 76% of the patients reported disk
escape and 13% of the patients had disk rupture. According to Jarvik et al. [2], MRI findings,
clinical findings and treatment results of nonspecific low back pain patients did not show
significant response. Pain, not a skeletal problem such as posterior spinal pain and sacroiliac
arthralgia, is difficult to diagnose using imaging diagnostics. It is useless to perform imaging
diagnosis of MRI, CT, etc. in patients who are not clinically verified. Therefore, there is a need
for a clinical diagnostic methodology that assists discrimination of low back pain through a
simple measurement protocol and can determine the necessity of imaging test.
In this study, we focused on minimizing the pain during the examination of patients with
back pain. Generally, patients are required MVC (maximum voluntary contraction) to obtain
an independent EMG signal. However, patients often fail to perform MVC or feel pain and
cannot secure credibility. Therefore, we decided to use a measurement method that requires a
minimum posture such as sitting or standing in a chair regardless of the degree of pain or an
average in a sitting posture and a comfortable sitting posture. McGill [3] and O'Sullivan et al.
[4] reported that the SVIC (submaximal voluntary isometric contraction) is more reliable in the
pain population, and According to O'Sullivan et al. [4], Allison et al. [5], Snijders et al. [6],
SVIC is more sensitive when evaluating low-level muscle activity, so it was considered
appropriate for electromyography in low back pain patients.
In this study, it is expected that the painless diagnosis methodology will be embodied in the
patients with low back pain, and it will minimize the errors by identifying the patients with low
back pain and judging the necessity of expensive MRI or CT in the future. It will also provide
clinicians with a reliable basis for rational diagnosis.

1.1. Normalization of Muscle Activity
In Dankaerts’ study [7], the general sitting posture was set as Sub-MVIC (maximal voluntary
isometric contraction), and the difference in sitting position was evaluated using this. Van
Damme et al. [8] also reported that sub-MVIC was used and that quasi-maximal contraction is
more appropriate for EMG normalization in pain group and more sensitive when evaluating
low-level muscle activity. Also, this study shows no significant difference in MVC between the
CLBP patient group and the control group. As a result, it can be seen that there is no difference
in MVC between the back pain patient and the control group, and it is difficult to discriminate
the back pain through muscle strength itself. Also, in studies involving patients with low back
pain, MVC measurement for muscle activity normalization should be avoided, considering that
the participant is vulnerable to pain.

1.2. Selection of Measuring Muscles
Penney et al. [9] compared the differences between low back pain patients and controls in the
SLS (single leg stance) test. The measurement muscles were femoral and gluteal muscles and
found that the patients had weakened gluteus than the control group with the same age and sex.
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Also, patients with low back pain used more femoral muscle when using one leg, which is
presumed to be a compensation mechanism associated with weakness.
The results of the present study suggest that the muscle use pattern of back pain patients is
different and that other muscles are used mainly to avoid the use of the affected muscle rather
than the back muscle itself which directly affects the pain. We know that the function of body
weight support, which is the main function of the waist, is transferred to the lower body.
Therefore, in this study, it is considered that the focus should be on the muscles of the lower
body rather than the muscles of the waist itself.

1.3. Probabilistic Approach for Diagnosis
In this study, the Bayesian theorem is used to calculate the probability of belonging to each
group (healthy, patient) based on the range of data when new measured data is input by using
parameter value. In the probabilistic approach using Bayes’ theorem, we set the prior
probability for each group to 0.5.

2. METHODS
In this study, a pilot test was performed on five healthy subjects and five patients with low back
pain. Measurement posture was set as a simple walking gesture; measurement muscle was
biceps femoral muscles, lateral gastrocnemius muscles. The left and right muscles were
measured at the same time to reflect the characteristics of both muscles. The EMG data were
analyzed by separating relative power (band1: 5-64Hz, band2: 64-128Hz, band3: 128-256Hz,
band4: 256-512Hz, band5: 512-1024Hz) after frequency analysis. The final parameters used in
the study were set to the ratio of the 5th band to the 4th band (Fig. 1).

Figure 1 Flowchart of data analysis

3. RESULTS
3.1. Results of Frequency Analysis
The mean and standard deviation of the parameters for each muscle is shown in Table 1. In the
biceps femoris muscle, the mean was 46.28 (±8.66) in healthy subjects and 26.11 (±10.69) in
the patient group. In the case of the lateral gastrocnemius muscle, the mean was 58.36 (±15.69)
and 20.91 (±10.78) for healthy subjects and patient group, respectively. The t-test analysis
showed a significant difference (p<0.05).
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Table 1 The mean and standard deviation of the parameters for each muscle
Muscles
Biceps femoris muscle
Lateral gastrocnemius
muscle

Subject

Mean

SD

Healthy
Patient
Healthy
Patient

46.28
26.11
58.36
20.91

8.66
10.69
15.69
10.78

Result of ttest
p<0.05
p<0.05

Based on the mean and standard deviation results, the probability distribution of parameters
values for each muscle and group shown in Fig. 2.

Figure 2 The probability distribution of parameter of biceps femoris muscle and lateral gastrocnemius
muscle (a: the distribution biceps femoris muscle in healthy person (dotted line) and patient with low
back pain (continuous line), b: the distribution lateral gastrocnemius muscle in healthy person (dotted
line) and patient with low back pain (continuous line))

3.2. Results of Probabilistic Approach
In this study, we use a probabilistic approach to determine whether a patient has low back pain.
For this purpose, it is assumed that new data of the subject is measured. The range of new data
calculated by measuring EMG signals for biceps femoris muscles and lateral gastrocnemius
muscles is each 49.17-55.25 and 54.23-59.92 through 3 times measurement (Table 2).
Table 2 The example data of new subject for diagnosis method
1st

2nd

3rd

Range of
data

Biceps femoris muscle

50.70

55.25

49.17

49.17-55.25

Lateral gastrocnemius
muscle

59.92

54.23

57.16

54.23-59.92

Muscles

The range of this example data can be displayed on the probability distribution shown in
Fig. 2, as shown in Fig. 3.
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Figure 3 The range of example data displayed on the probability distribution (a: biceps femoris
muscle, b: lateral gastrocnemius muscle, hatched area means the probability of a healthy group, a
region of dotted area implies probability of a patient group)

Hatched areas either lines/dots indicate the probability of groups. In case of biceps femoris
muscle, the combined value for the healthy group was 0.255, and the combined value for the
low back pain patient was 0.015. The probability of being included in the healthy group is
94.4%, and the probability of being included in the low back pain group is 5.6%.
In case of the lateral gastrocnemius muscle, the combined value for the healthy group was
0.176, and the combined value for the low back pain patient was 0.001. The probability of being
included in the healthy group is 99.4%, and the probability of being included in the low back
pain group is 0.6%. As described above, if the data distribution is measured, it is possible to
determine probabilistically whether the subject has back pain when new data is input.

4. CONCLUSIONS
In this study, two muscles related to body support at standing were measured, and only a pilot
test was performed to verify the set hypothesis. In future studies, we will increase the number
of participants, measuring muscles, postures to increase the separation power of the model.
The prior probability is also an important factor in Bayes’ theorem. The prior probability
means the probability that the measurement data can exist in the group by the preliminary
information. If the measurement data is assigned to the back pain discrimination, the physical
activity level and the occupation type of the measurement subject can be influenced. In this
regard, Penney et al. (2014), there was no significant difference in age, sex, weight, and height
between the low back pain patient group and the control group. But there was a difference
between the subjective Oswestry Back Disability Index and physical activity level. In this way,
since there is a variation in each individual, it is necessary to apply a model that can reflect this
to the probabilistic approach.
In future studies, we will add electrocardiogram to quantitatively reflect the degree of
subjective pain and the degree of difficulty experienced by individuals when taking a specific
action or posture. Also, we consider the type of occupation that can induce back pain; we will
continue to analyze to increase discrimination power.
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