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ABSTRACT

There are different methods for quantifying the flexion-relaxation phenomenon
(FRP). However, there is little standardization for them. This study aimes to evaluate the sensitivity of the
ratio method in identifying the FRP in people with non-specific low back pain (LBP) and healthy people.
[VIETEEE In this study,10 patients with nonspecific LBP and 10 healthy people participated voluntarily.
They performed a trunk flexion with a straight knee. Each trunk flexion was done in four modes: (1)
standing in the starting position, (2) trunk flexion at a fixed speed (using a metronome), (3) full flexion,
and (4) trunk extension to the standing position. Each mode took 5 seconds and was performed 3 times.
Then, the FRP was investigated using the ratio method as well as the visual inspection method.

[EHTTE The sensitivity of all ratios in identifying the FRP in healthy people was 100%, except for the third
ratio (the root mean square of EMG activity in a standing position divided by the root mean square in
flexion mode), which was 60%. In the LBP group, the sensitivity of the first ratio was 70%; for the second
ratio, it was 80%; for the third ratio, 40%; for the fourth ratio, 50%; for the fifth mode (the root mean
square in extension mode divided by the root mean square in full flexion mode), 40%; and for the sixth
mode, 50%.

All ratios (except for the second ratio) are valid for identifying the FRP in healthy people, but
caution should be taken in using the ratio method for people with LBP; only the second ratio (maximum

Received: 07 May 2021 EMG activity in the extension mode divided by the average EMG activity in the full flexion mode) should
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xtended Abstract
Introduction

hronic low back pain (LBP) is one of the

main causes of disability [1]. One of the

factors affecting the prevalence of chronic

LBP is performing activities in which the

upper limbs are involved. For example,
moving heavy weights or helping patients with mobil-
ity disabilities can lead to trunk flexion and increase the
risk of injury [4, 5]. During standing trunk flexion, spine
relaxation occurs in the full flexion phase. This flexion
relaxation (FR) is assessed by observing and analyzing
surface electromyography (EMG) signals in a maximum
voluntary flexion [8]. Such a phenomenon is known as
the flexion-relaxation phenomenon (FRP) [9]. The rea-
son for this phenomenon is that when trunk flexion oc-
curs, the lumbar muscles (especially the erector spinae)
balance the torque produced by the trunk and shift it to
the passive tissues of the lumbar spine. The occurrence
of FRP following trunk flexion can be a predictor of back
injuries [8].

Previous studies have shown that FRP occurs more in
healthy people and is less common in people with chronic
LBP [3, 6]. Therefore, the evaluation of this phenomenon
is important to investigate lumbar dysfunction [4, 10].
This has led to the development of various methods to
quantify this phenomenon [8]. The most important meth-
ods include visual inspection, statistical approach, and
ratio method, each has specific criteria for identifying the
FRP. In recent studies, the auditory method has been used
more to identify the FRP, along with other methods. The
ratio method, in addition to determining the FRP size and
identifying the appropriate cross-sectional area, can pro-
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vide a quantitative FRP value. For this reason, it is prefer-
able to other methods. Since in quantification methods,
the ratio method is used more than the visual inspection
method, this study aims to evaluate the sensitivity of dif-
ferent ratios to identify the FRP in people with chronic
nonspecific LBP and healthy people.

Materials and Methods

In this study, 10 patients with nonspecific chronic LBP
and 10 healthy people participated. They were asked to
stand with feet shoulder-width apart and hands at the
sides while looking at a fixed spot on the wall. Then, they
performed the FR with a straight knee. Each movement
was performed in four modes: (a) Standing in the starting
position, (b) flexion at a fixed speed (standardised with a
metronome), (c) full flexion, (d) extension to the standing
position. Each mode took 5 seconds. The metronome was
used to control the correct timing. Each participant made 5
successful attempts. To record muscle electromyographic
activity, an 8-channel EMG device (BioVision) was used.
To extract the time of the occurrence of FRP, visual in-
spection method was used as the basis method along with
six ratios. Three technicians (experienced and proficient
in EMG signals) performed the visual inspection method.

Results

According to the results in Table 1, the sensitivity of all
ratios (except for the third ratio) in the identification of
FRP in healthy people was 100%. The sensitivity of the
third ratio was 60%.

Table 1. True positive, false negative, and sensitivity of the methods for the healthy group

Method True Positive False Negative Score Sensitivity
Visual inspection (standard method) 10 - 10

Ratio 1 10 0 10 1
Ratio 2 10 0 10 1
Ratio 3 6 4 2 0/6
Ratio 4 10 0 10 1
Ratio 5 10 0 10 1
Ratio 6 10 0 10 1
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Table 2. True positive, false negative, and sensitivity of the methods for the chronic nonspecific LBP group

Method True Positive False Negative Score Sensitivity
Visual inspection (standard method) 10 - 10 -
Ratio 1 7 3 4 0/7
Ratio 2 8 2 6 0/8
Ratio 3 4 6 -2 0/4
Ratio 4 5 5 0 0/5
Ratio 5 4 6 -2 0/4
Ratio 6 5 5 0 0/5
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According to the results in Table 2, the sensitivity of the Conflict of interest
first ratio in the identification of FRP for the chronic non-
specific LBP group was 70%; for the second ratio, 80%; The authors declared no conflict of interest.
for the third ratio, 40%; for the fourth ratio, 50%; for the
fifth ratio, 40%; and for the sixth ratio, 50%.

Conclusion

The used ratios (except for the second ratio) are sensi-
tive in identifying the FRP in activities with trunk flexion-
extension; however, caution should be taken in using ratio
method for people with LBP, and only the second ratio
should be used.
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