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Electromyographic assessment of muscle fatigue
after the Biering–Sorensen test in subjects with low back pain

who underwent the McKenzie treatment
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Purpose: Chronic low back pain is a common disorder affecting about 80% of the population, caused by a disorder in the muscular
system. The main aim of this study was to assess muscle fatigue during the Biering–Sorensen Test in people with chronic low back pain
who underwent the McKenzie treatment. Methods: Tests were conducted on 19 men (mean age of 41.4 years) with chronic non-specific
lumbar-sacral pain syndrome, working in the seated position in front of a computer. Assessment of changes in fatigue of erector spinae,
gluteus maximus and biceps femoris using surface electromyography during the Biering–Sorensen Test and subjective pain assessment
using Visual Analog Scale were conducted on three test dates. Time-frequency representation of the electromyographic signal (Fourier
transform) was used for the examination of muscle fatigue. The McKenzie method of diagnosis and therapy was applied before and
between the tests. Results: The McKenzie therapy resulted in increased endurance (test duration) of the examined spinal muscles between
the 1st and 3rd test date ( p = 0.043), and a systematic decrease in pain assessment on the three test dates ( p = 0.000–0.004). Correlations
were obtained between slope coefficients of the simple regression of median frequency of electromyographic signals on the one hand and
duration of the BST ( p = 0.000–0.012) and anthropometric parameters (body mass, height and body mass index, p = 0.001–0.020) on the
other. Conclusions: The McKenzie method is an effective tool in reducing the level of lumbar pain and improving muscle endurance.
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1. Introduction

Chronic low back pain (LBP) is an extremely com-
mon disorder, affecting about 80% of the population
and appearing at different stages of adult life [3], [21].
Characteristic features of back pain are its recurrence
(in 60% of the population) but also spontaneous re-
covery or reduction of pain (75–90% of the popula-
tion) [16]. Available studies indicate that the main
cause of abnormalities and pain in the lumbar and sac-
ral spine are changes in the muscular system, such as
disturbances of muscle balance or muscle activation,
which lead to spinal stability disorders [14], [41]. Ma-
hato [23] identifies potential LBP risk factors. These

include, but are not limited to, musculoskeletal changes,
alterations in muscle functional capacity (e.g., strength
and endurance), changes in muscle activation patterns
[18] or psychological changes associated with LBP.
Dysfunctions of spine stabilising muscles, decreased
muscle capacity or increased anterior pelvic tilt and
increased lumbar lordosis are the consequence of pas-
sive flexion postures (slump sitting). Such a posture
may lead to a decrease in the activity of active spinal
stabilisers, i.e., the muscular system, and an increase
in the load on the passive stabilisers [33].Moreover,
it is even claimed that reduced muscle endurance is
a predictor of LBP development [26], [42].

One of the most advanced muscle endurance test-
ing techniques is based on the analysis of median fre-
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quencies (MF) of electromyographic signals. When
erector spinae muscles (ES) get tired, time shifts in
MF towards lower frequencies can be observed [11],
[37]. During electromyographic assessment of muscle
fatigue, asymmetric patterns of muscle contraction
activity are also observed. Such an imbalance of lon-
gissimus component of the lumbar ES was detected in
LBP subjects while lifting [25]. It contributes to asym-
metric back movements and, consequently, to spinal
load imbalance and pain during everyday activities
[35].

The Biering–Sorensen Test (BST) can be used to
assess the endurance of back muscles. It consists of
determining the maximum time of maintaining a po-
sition in which back muscles work isometrically. The
authors of the test analysed the results of 900 people
and came to the conclusion that shorter time of main-
taining such position was a predictor of LBP in the next
year in men [7]. The BST is used particularly before and
after rehabilitation [13]. A number of studies on the
phenomenon of LBP confirmed the appropriateness of
the BST used to evaluate the endurance of trunk
muscles. It provides a reliable measure of how long
a particular position can be maintained and thus can
help distinguish between subjects with and without
non-specific LBP. Individuals without lumbar pain
were able to maintain a position much longer than
people with LBP [9], [22]. In the BST, the involve-
ment of hip extensor muscles (e.g., BF – biceps
femoris, GM – gluteus maximus) is also noted. Their
fatigue indicates that load is distributed between the
back muscles and hip extensor muscles during the test
[19].

Many researchers emphasise the close relationship
between subjective and objective assessment of muscle
fatigue, [6], [12], [27]. According to the above-men-
tioned authors, not being able to maintain a position
for long was associated with certain mental disorders
or negative beliefs concerning the efficiency of the
participants’ backs. Due to the fact that LBP strongly
correlates with the condition of the trunk muscle corset,
there is a need to restore full muscle efficiency and ca-
pacity. The McKenzie method is a method of mechani-
cal diagnosis and therapy of spinal and extremity pain
syndromes. It consists of the assessment of sympto-
matic reactions during a physical examination. With
this information, the therapist can note the peripherali-
sation or centralisation of pain symptoms [21].

The main aim of this study was to assess muscle
fatigue during the BST in people with chronic lumbar-
sacral pain who underwent the McKenzie therapy.
The activity of ES, GM and BF was analysed using
surface electromyography (EMG) in adult men work-

ing in the seated position. Moreover, the asymmetry
effect and the relationship between subjective pain
assessment and electromyographic parameters of fa-
tigued muscles and also anthropometric parameters
were studied.

2. Materials and methods

Ethics statement

The study was approved by the Bioethics Com-
mittee of the Poznan University of Medical Sciences.
All subjects expressed informed consent in writing to
participate in the study. All procedures were conducted
according to the Declaration of Helsinki.

Participants

Project participants included 19 men (mean age:
41.4 years, standard deviation (SD): 6.55; mean body
mass index (BMI): 27.16 kg/m2, SD: 3.81) with
chronic non-specific lumbar and sacral pain, working
in the seated position in front of a computer (mean
work experience: 13.53 years, SD: 6.19). The lumbar
protocol according to the McKenzie method was used
for preliminary classification of subjects [43].

The criterion for inclusion in subsequent tests in-
cluded the presence of characteristic features of the
derangement syndrome. The following exclusion cri-
teria were defined: history of lumbar spine surgery,
diagnosed spondylolisthesis, history of hip, knee and
ankle joint pain, female sex.

Experimental procedures

The whole experiment involved three stages of
tests. In the first stage, 19 participants were included,
among whom a qualified McKenzie therapist determined
directional preference and centralization of symptoms.
In the second stage (n = 19), the participants under-
went a Computed Tomography (CT) scan of the
lumbar spine. The examination was carried out in an
independent diagnostic imaging laboratory. Descrip-
tions of the test results were prepared by a radiologist.
All examined subjects were diagnosed with overload
degenerative changes in the form of protrusion of
intervertebral discs. The exclusion criteria at this
stage were: neoplastic disease, previous fractures of
the spine. The third stage took place in the Biome-
chanics Laboratory. The participants were obliged to
attend in two independent sessions, during which the
fatigue of lumbar and hip joint extensors following
the McKenzie therapy was evaluated. The break
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between the sessions was 7 days. Prior to the test,
subjects each time took part in a warm-up on a cycle
ergometer.

During the first session, a modified BST was per-
formed for the first time with simultaneous meas-
urement of EMG followed by the McKenzie therapy
(n = 19). After about an hour of rest, a second BST
with EMG was performed. During the 7-day break
between the sessions, the participants followed an
autotherapy schedule. It was recommended to perform
the procedure cyclically, every 2 or 3 hours, inter-
rupting work/seating position for a few minutes. Par-
ticipants had the opportunity to contact a physiothera-
pist by phone. During the second session the BST
with EMG was performed for the third time.

EMG measurement

The subjects were asked to lie face down on a couch
with arms along the body and to expose the test area.
Next, the subject’s skin was shaved and cleaned. Ac-
cording to SENIAM recommendations, disposable,
self-adhesive Ag/AgCl electrodes (SORIMEX, Poland,
1 cm diameter) were placed in a bipolar configuration,
parallel to the muscle fibres. The electrodes were placed
by a physiotherapist as follows: for ES – 2 cm on both
sides from the spinous processes of the L3 vertebra,
for GM – in the middle of the line connecting S2 with
the greater trochanter, for BF – laterally in the middle
of the line between the buttock fold and the knee pit
[10]. Then the respondents were given detailed in-
structions on the performance of the BST. During the
BST, electromyographic measurements were per-
formed with the use of the 16-channel telemetric
EMG TeleMyo 2400T G2 system (Noraxon, USA).
The EMG signal was sampled at 1000 Hz and then
filtered (bandwidth: 10–500 Hz). Fatigue of 6 selected
lumbar and pelvic muscles was analysed. Three re-
corded tests were analysed. Signal processing was
performed with the MyoResearch XP Master Edition
software (Noraxon, USA). Artefacts and noise were
visually inspected. The EMG signal was full-wave
rectified and smoothed using a root mean square algo-
rithm (RMS) with a 50 millisecond window.

Biering–Sorensen test

The participants were placed on a couch so that the
anterior superior iliac spines were aligned with the
edge of the couch (Fig. 1). A modification was ap-
plied consisting in the use of fewer stabilising belts
(no belt around the ankle joints). Initially, the partici-
pants supported their torso with their arms placed on
the ground. Both lower limbs were tied to the couch

with two belts at pelvis and knee level. The test began
by folding the arms across the chest and keeping the
torso in a neutral position through isometric contraction
of the spinal extensor muscles. The time of maintaining
the horizontal position and keeping the head in line
with the torso was measured [7]. The beginning of the
test was announced by the researcher, the test ended at
the discretion of the participant or when the position
of the trunk lowered. A standardised verbal incentive
was used to help the participants maintain the position
as long as possible.

Fig. 1. Illustration of the testing position
for the Biering–Sorensen test

McKenzie method therapy

During the McKenzie therapy, each participant
performed an individual torso movement, thanks to
which the symptoms were centralised or eliminated.
Both static and dynamic procedures were applied ac-
cording to the principle of difficulty grading. The dy-
namic hyperextension model was performed in 4 series,
10–15 repetitions each.

VAS scale

At each stage of the tests, the visual analogue scale
(VAS) was used to determine the intensity of back
pain [28].

Numerical and statistical methods

The median frequency (MF) of the EMG signal is
a reliable parameter used for the analysis of spinal
muscle fatigue [9], [36]. The relationship between MF
and time (Fig. 3) is obtained by applying a fast Fou-
rier transform to the time course of the EMG signal.
The relationship between MF and time can be ap-
proximated by the linear regression model:
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Fig. 2. Relationship between the median frequency and time

MF(t) = MFslope × t + MFi (1)

where:
MFslope [Hz/s] is the slope coefficient of the simple

regression,
MFi [Hz] is the initial frequency, MFi = MF(0),
MFe [Hz] is the final frequency, MFe = MF(Te),
Te [s] is the duration of the BST.
The formula for MFslope:

MFslope[Hz/s] = (MFe – MFi)/Te (2)

is derived from Eq. (1).
The slope coefficient of the simple regression

MFslope is normalized to the initial frequency MFi:

NMFs [s–1] = MFslope/MFi. (3)

The dimensionless quantity dim is also used to de-
scribe the time course of the median frequency MF(t):

dim = (MFi – MFe)/MFi. (4)

There is a relationship between dim and NMFs:

dim = – NMFs × Te. (5)

The NMFs index is useful for the assessment of
muscle fatigue, while Te is related to the assessment
of their endurance.

Asymmetry of electromyographic parameters of
the left and right muscle is assessed according to the
following formulas:

ΔX = |XR – XL| (6)

ΔXN = |XR – XL| / max{|XR|, |XL|}, (7)

where ΔX, ΔXN are the absolute and relative asymme-
try index, respectively; XR, XL are the parameters for
the left and right muscle, respectively.

The parameters MFslope, MFi (Fourier transform in
1-s windows) and Te were calculated in MyoResearch
XP Master software Edition 1.08.38 from Noraxon.
The remaining parameters were calculated in Excel.

Statistica (version 13.3) was used for statistical
analysis. The Shapiro–Wilk test was used for evalua-
tion of the normality of distribution of variables. Re-
sults from the 3 test dates were analysed by ANOVA.
Snedecor’s F-test and Levene’s test were used for the
analysis and verification of the equality of variances.
The statistical significance of differences between the
mean parameters determined on the 3 test dates was
tested with Tukey’s post hoc test.

3. Results

Normal distributions were obtained for 41 out of
a total of 56 variables (taking into account all vari-
ables from the 3 test dates). Levene’s test showed
equality of variances of all the analysed variables. In
the F-test of variance analysis, statistical significance
was obtained only for the PA (pain assessment) pa-
rameter.

The Te duration of the BST (Table 1) increased on
the third date (112.7 s) compared to the first (98.8 s)
and second date (96.5 s). A similar result was obtained in
the case of pain assessment, i.e., a statistically significant
decrease of this parameter on the 3 test dates (Table 1).
Cohen’s effect size coefficient (3.033), particularly con-
cerning the assessment of pain between the first and
the third test date, shows a statistically significant result
(decrease in PA from 6.22 to 2.89, Table 1). The ef-
fects of increased test duration and simultaneous de-
crease in pain assessment confirm the effectiveness of
the McKenzie therapy.

Table 1. Duration of the BST and pain assessment
and the significance of differences between the test dates

Mean
SD

p-value
ES

I II III I–II I–III II–III
Te [s]
n = 19

98.8
37.6

96.5
22.4

112.7
33.2

0.905
0.074

0.043*
0.392

0.015*
0.572

PA [VAS]
n = 18

6.22
0.65

3.94
1.39

2.89
1.41

0.000*
2.101

0.000*
3.033

0.004*
0.750

*p < 0.05, Tukey’s test.
ES Cohen’s effect size.

Six parameters were selected for the analysis of
EMG signals, i.e., MFi and MFe (Table 2) and NMFs,
dim, ΔNMFs, Δdim, determined according to formu-
las (3), (4), (6). The correlation coefficients between
the test duration and pain assessment and mean elec-
tromyographic parameters (mean values for the left
and right muscle) are presented in Table 2. Statisti-
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cally significant correlation for all 3 muscle pairs (ES,
GM, BF) was obtained between the test duration and
NMFs slope coefficients. These correlations, all with
increasing trends, are presented in Fig. 4. Moreover, it
was found that NMFs slope coefficients of the examined
muscles correlate with basic anthropometric parameters
(in 6 out of 9 cases, Table 3). The decreasing tendency
obtained for the correlations presented in Table 3 is in-
dicative of greater fatigue of the examined muscles to-
gether with an increase in the subjects mass, body height
and BMI, taking the relationships presented in Fig. 4 into
account. Therefore, there is a relationship between the
three basic anthropometric parameters and the endurance
of the tested muscle pairs (measured in Te).

Table 3. Correlations between standardised slope coefficients
and anthropometric parameters

Anthropometric
parameters Muscles NMFs

r; p-values

Mass
ES
GM
BF

–0.308; 0.020*
–0.164; 0.247

–0.424; 0.002*

Height
ES
GM
BF

–0.356; 0.007*
–0.457; 0.001*
–0.161; 0.254

BMI
ES
GM
BF

–0.327; 0.013*
–0.122; 0.391

–0.457; 0.001*

* p < 0.05.
Spearman correlation, n = 52–57.

Tukey’s tests of six electromyographic parameters
(mean values for the left and right muscle) concerning

the 3 test dates did not show statistically significant
differences, except for the MFe parameter for ES
muscles between the second and third test date (Table 4).
The values of absolute asymmetry indexes ΔNMFs
and Δdim for the ES, GM, BF muscles on the three
test dates and their differences between the test dates
(I–II, I–III, II–III) are indicative of a lack of changes
in the asymmetry of muscle fatigue following the
McKenzie therapy (Table 4).

Asymmetry of electromyographic parameters (left/
right muscle) is expressed by the ΔNMFs and Δdim
asymmetry indexes. Standardization to the ΔNMFs
and Δdim asymmetry indices Eq. (7) does not trans-
late into a statistical improvement in the significance
of differences on the 3 test dates. The p-value after
standardization of ΔNMFs and Δdim changes from
0.384 to 0.999. Given the lack of differentiation of
asymmetry indexes (Table 4), the significance of dif-
ferences in electromyographic parameters was tested
separately for the left and right muscle (Table 5). A sta-
tistically significant asymmetry effect was obtained only
for the ES muscle and the MFi parameter on the 3rd
test date, however, the asymmetry does not appear for
the MFe parameter on this test date. The asymmetry
of the MFi(MFe) parametersis indicative of the differ-
ence (left/right) in muscle tension at the beginning
(end) of the BST. The absence of statistically signifi-
cant differences in NMFs (left/right) and dim for the
ES, GM, BF muscles on the three test dates confirms
the previously provided result on lack of change in
muscle fatigue asymmetry (Table 5). The significance
of differences between the dates of tests of electromyo-
graphic parameters in Table 5 is presented in Table 6.

Table 2. Correlations between electromyographic parameters on the one hand and test duration and pain assessment on the other

Parameters MFi MFe NMFs dim ΔNMFs Δdim

ES

Te 0.203P

0.177
–0.427P

0.003*
0.449

0.000*
0.548P

0.000*
–0.069
0.612

0.236
0.077

PA –0.197
0.153

–0.093
0.505

0.056
0.687

–0.122
0.380

0.146
0.293

0.128
0.355

GM

Te –0.023P

0.880
–0.228P

0.128
0.348

0.012*
0.165
0.248

–0.362
0.009*

–0.032
0.823

PA –0.181
0.218

0.139
0.347

0.300
0.036*

–0.318
0.028*

0.057
0.701

0.054
0.716

BF

Te 0.068P

0.653
0.045P

0.767
0.480

0.000*
0.152
0.281

–0.048
0.734

0.429
0.002*

PA –0.065
0.657

–0.052
0.724

–0.116
0.428

0.063
0.666

–0.114
0.436

–0.189
0.193

* p < 0.05 (Statistical significance is given below correlation coefficients), P Pearson correlation, n = 46 (in other cases
Spearman’s correlation, n = 48–57).
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Statistically significant differences between the test dates
were obtained only for 3 cases: the MFi parameter (RBF
muscle, 1st and 3rd date), and the MFe parameter (LES
muscle and LGM, 2nd and 3rd date). To summarize, the

results presented in Tables 4–6 are indicative of the fact
that electromyographic examinations did not result, with
few exceptions, in a statistically significant variability
effect on the 3 test dates.

Table 4. Electromyographic parameters and the significance of their differences between the three test dates

Mean
SD p-value Mean

SD p-value

I II III I–II I–III II–III I II III I–II I–III II–III

MFi [Hz] MFe [Hz]

ES 75.6
16.5

76.3
17.2

73.6
13.1

0.911 0.528 0.303 42.7
12.5

45.0
11.2

39.9
9.2

0.474 0.326 0.033*

GM 43.0
2.7

44.0
2.9

44.0
4.3

0.138 0.244 0.944 36.7
4.6

37.3
3.8

35.9
4.6

0.517 0.607 0.114

BF 83.3
12.9

86.8
16.5

87.8
14.9

0.230 0.059 0.758 68.9
14.4

73.2
15.3

72.7
15.9

0.318 0.762 0.725

104 × NMFs [s–1]1 dim [%]1

ES –45.4
16.3

–41.4
10.6

–42.5
16.9

0.233 0.447 0.899 41.9
15.9

39.5
13.2

44.5
13.0

0.547 0.480 0.081

GM –15.5
9.4

–15.7
9.8

–17.7
9.9

0.832 0.716 0.977 14.5
10.1

15.1
8.3

18.1
8.2

0.929 0.142 0.267

BF –21.6
13.0

–17.4
8.9

–17.4
10.8

0.480 0.679 0.943 17.5
9.4

15.6
6.0

17.3
8.1

0.921 0.531 0.320

104 × ΔNMFs [s-1]1 Δdim [%]1

ES 7.0
6.4

7.0
5.6

5.2
4.9

1.000 0.564 0.563 6.5
6.6

6.7
6.0

6.0
5.8

0.998 0.959 0.939

GM 5.3
5.3

6.0
4.5

4.8
4.9

0.909 0.915 0.694 4.4
3.1

5.2
2.7

4.8
3.9

0.713 0.971 0.844

BF 5.0
4.0

5.6
4.0

6.8
4.0

0.732 0.516 0.933 4.1
3.4

5.4
4.1

7.6
4.5

0.476 0.084 0.555

* p < 0.05, Tukey’s test.
The maximum value of Cohen’s effect size is 0.498.
1 Multiplication index of 104 for NMFs and ΔNMFs was introduced to unify the format of data in the table, for the same

reason, dim and Δdim are expressed in %.

Fig. 3. Illustration of the correlation between NMFs slope coefficients and the duration of the BST
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4. Discussion

The aim of this study was to assess the effective-
ness of the McKenzie method in subjects with back
pain by conducting an electromyographic analysis of
selected muscles subjected to the BST on three test
dates. No short-term evaluation of the above men-
tioned physiotherapeutic method using electromyo-
graphic analysis of a specific group of subjects with
LBP has been performed so far. The most important

results of these tests confirm the beneficial effect of
the McKenzie method on pain levels and muscle en-
durance in the selected group of subjects. The dura-
tion of isometric tension of the tested muscles during
the BST was prolonged in the absence of increase in
their fatigue level and the pain level decreased on
subsequent test dates. Comparison of the McKenzie
method with other physiotherapeutic techniques is
a common practice used to confirm or evaluate its
effectiveness [4], [5], [20]. According to Namnaqani
et al. [27], the presented evidence confirms the effec-

Table 5. Electromyographic parameters of left and right muscles and the significance of their differences on the three test dates

MFi [Hz] MFe [Hz] 104 × NMFs [s–1] dim [%]

Mean
SD

Mean
SD

Mean
SD

Mean
SDTest date

L R
p

L R
p

L R
p

L R
p

ES

I 73.4
16.7

77.8
17.1

0.095 42.8
11.2

42.6
14.5

1.000 –43.6
14.6

–47.3
18.9

0.367 40.4
14.2

43.4
18.5

0.622

II 74.1
17.4

78.6
17.8

0.076 44.5
10.1

45.5
12.8

0.974 –40.0
11.6

–42.8
11.3

0.676 38.2
13.7

40.9
14.1

0.722

III 71.1
14.2

76.2
12.8

0.030* 39.3
9.3

40.5
9.8

0.958 –41.4
18.6

–43.5
15.8

0.869 43.1
14.3

45.9
12.8

0.703

GM

I 43.1
3.1

42.5
3.5

0.999 37.0
5.0

36.2
4.2

0.793 –14.6
10.2

–15.6
10.3

0.886 14.0
11.1

14.3
10.1

0.973

II 44.2
3.0

43.5
3.6

0.982 38.3
4.2

36.3
3.6

0.102 –14.6
8.7

–17.9
11.1

0.607 13.5
8.0

16.1
9.2

0.641

III 44.1
4.5

43.3
4.8

0.998 36.5
5.2

36.1
4.8

1.000 –16.8
10.3

–16.2
11.3

1.000 17.2
9.7

16.4
9.0

1.000

BF

I 83.4
13.4

82.2
14.4

0.963 69.8
14.4

67.9
14.9

0.943 –19.8
12.8

–21.8
14.1

1.000 16.4
9.8

17.6
9.7

1.000

II 87.6
15.6

86.0
18.8

0.987 73.9
14.7

72.4
16.6

0.972 –17.2
10.4

–17.6
8.5

1.000 15.5
8.3

15.8
5.3

1.000

III 88.2
15.4

88.5
17.6

0.994 73.7
16.7

73.3
18.0

0.990 –16.8
10.2

–17.2
12.9

1.000 16.8
7.8

17.2
10.8

1.000

* p < 0.05, Tukey’s test.
The maximum value of Cohen’s effect size is 0.377.

Table 6. Significance of differences in electromyographic parameters from Table 5 between the test dates

MFi MFe NMFs dim

I–II I–III II–III I–II I–III II–III I–II I–III II–III I–II I–III II–III
LES 0.953 0.551 0.379 0.608 0.117 0.013* 0.339 0.667 0.841 0.628 0.490 0.109
RES 0.888 0.648 0.372 0.448 0.652 0.102 0.272 0.397 0.965 0.624 0.631 0.167
LGM 0.155 0.371 0.854 0.178 0.603 0.023* 0.999 0.619 0.651 0.977 0.175 0.119
RGM 0.262 0.361 0.976 0.952 0.999 0.937 0.616 0.997 0.662 0.702 0.559 0.971
LBF 0.388 0.595 0.934 0.460 0.997 0.505 0.688 0.788 0.984 0.996 0.617 0.565
RBF 0.276 0.003* 0.108 0.495 0.500 1.000 0.555 0.722 0.960 0.951 0.526 0.357

p < 0.05, Tukey’s test.
The maximum value of Cohen’s effect size is 0.536.
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tiveness of the McKenzie therapy compared to manual
therapy in reducing pain and disability levels in sub-
jects with chronic back pain. Schenk, Jozefczyk and
Kopf [35] and Ahmed et al. [2] also noted a reduction
in lumbar pain following the McKenzie therapy. It
should be noted that in all the analysed articles, sub-
jective assessment was based on, among others, VAS,
Roland Morris Disability Questionnaire or Oswestry
Disability Index. The modified Schober’s test was used
for objective assessment of the flexion and extension
range of motion of the lumbar spine [4]. The advantage
of this paper is the analysis of objective and subjective
results of tests proposed immediately before and after
the application of the McKenzie method. The objec-
tive results include physical measurement (duration of
the test) and EMG, while pain levels were assessed
subjectively. The analysis of BST duration and pain
levels confirm the beneficial effect of the McKenzie
method in the selected group of subjects. The main
findings of Biering–Sorensen [7] after a one-year ob-
servation of subjects were that high isometric endur-
ance of back muscles can prevent the first occurrence
of LBP. Thanks to the application of the McKenzie
method in this study, an improvement in muscle en-
durance was observed, which has practical application
in the rehabilitation of LBP.

Taking the anthropometric parameters in the stud-
ied group of men into account, a statistically signifi-
cant increase in muscle fatigue was observed along
with an increase in body mass, body height and BMI.
Earlier studies also showed significant correlations
between body mass and endurance in the BST [19],
[32]. According to Kankaanapaa et al. [18], in heavier
people, especially women and younger people, spinal
muscle fatigue occurs earlier. All the more so, the
problem will occur in men in whom an increase in
body mass is particularly manifested by the occurrence
of abdominal obesity [15]. As a result, the torque of the
torso, which overloads the L1–S1 section, is going to
increase by extending the lever arm of the gravity.
Thus, the muscular system, whose function is to sta-
bilise the lumbar spine, is additionally loaded, which,
in consequence, over time, causes greater chronic
overloads [1], [34]. Therefore, in this study, a group
of men with a higher body mass and height had
weaker muscles stabilising the lumbar spine already at
the beginning of the study, i.e., a higher muscle fa-
tigue during the BST was to be expected. A signifi-
cant correlation between body mass and BST results
was also observed in male fire fighters [32]. There-
fore, in addition to the previously mentioned increase
in muscle endurance, a reduction in body mass will
also have an impact on preventing LBP in the future.

There were also publications analysing the influence of
psychological factors on the results of the BST [27].
This study did not analyse these factors. According to
Mannion et al. [24], higher levels of mental disorders
or negative beliefs are significant predictors of poor
endurance test results.

Authors of other publications assess muscle endur-
ance using the BST by comparing healthy individuals
with LBP symptoms before and after rehabilitation.
The BST was used in the Nassif et al. [28] study to
assess strength and endurance training. The physical
activity proposed to automotive industry workers con-
firmed numerous health benefits, especially in the
group of people with chronic LBP. Sung [37] studied
the impact of core stabilization and spinal flexibility
exercise on, among other things, back muscle endur-
ance in people with chronic LBP. Changes in muscle
fatigue following a 4-week therapy were not satisfac-
tory.

Electromyographic tests in this study did not show
any changes in asymmetry indices concerning fatigue
of the examined muscles on the three test dates, ex-
cept for the asymmetric ES muscle pair tension at the
beginning of the BST on the third test date, but it iwas
not directly related to the effect of muscle fatigue, as
the MFi parameter (also MFe) did not correlate with
the duration of the BST. The effect of fatigue asymme-
try in the LBP group appeared also in studies by Srini-
vasan and Balasubramanian [36] after a short training
session on a bicycle. The aim of the study was to
show the consequences of short-term physical activity
in people with LBP, i.e., a higher and uneven level of
muscle corset fatigue compared to a healthy group.
The author emphasizes that the possibility of deterio-
ration of the subjects’ condition should be taken into
account when using bicycle as a rehabilitation tool
[39]. In many publications [17], [29], [35], the con-
cept of asymmetry is related to the occurrence of LBP
in subjects. There is a significant relationship between
neuromuscular imbalance of the ES and the occurrence
of LBP [35]. According to Hides et al. [16], asymmetry
may indicate that subjects suffer from unilateral pain.
Nadler et al. [26] studied the relationship between
LBP episodes and hip muscle asymmetry in academic
athletes. The results showed that hip joint extensors in
female athletes with LBP had a 9.6% significantly
higher asymmetry compared to women without pain
symptoms. Hence the conclusion that high levels of
asymmetry are associated with posture problems and
LBP, and screening may be an important tool in their
prevention [29]. Given the fact that muscular imbal-
ance may predispose the onset of back pain, Rose-
Dulcina et al. [33] also focused on the asymmetry
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aspect of the LBP group. It turned out that the ana-
lysed lumbar muscles did not show patterns of asym-
metric fatigue, as it was the case in most published
papers [36].

5. Conclusions

The McKenzie method of diagnosis and therapy is
an effective tool in reducing the level of lumbar pain
and improving ES, GM and BF muscle endurance.
The increase in the endurance of back muscles and
correct body mass contribute to the reduction of LBP
episodes. Electromyographic tests did not show sta-
tistically significant changes in ES, GM and BF mus-
cle fatigue asymmetry indexes during the BST at any
stage of the McKenzie therapy.
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