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 Background: The high incidence and inconsistencies in diagnostic and therapeutic process of low back pain (LBP) stimulate 
the continuing search for more efficient treatment modalities. Integration of the information obtained with var-
ious therapeutic methods and a holistic approach to the patient seem to be associated with positive outcomes.

  The aim of this study was to analyze the efficacy of combined treatment with McKenzie method and Muscle 
Energy Technique (MET), and to compare it with the outcomes of treatment with McKenzie method or stan-
dard physiotherapy in specific chronic lumbar pain.

 Material/Methods: The study included 60 men and women with LBP (mean age 44 years). The patients were randomly assigned to 
1 of 3 therapeutic groups, which were further treated with: 1) McKenzie method and MET, 2) McKenzie meth-
od alone, or 3) standard physiotherapy for 10 days. The extent of spinal movements (electrogoniometry), lev-
el of experienced pain (Visual Analogue Scale and Revised Oswestry Pain Questionnaire), and structure of the 
spinal discs (MRI) were examined prior to the intervention, immediately thereafter, and 3 months after the 
intervention.

 Results: McKenzie method enriched with MET had the best therapeutic outcomes. The mobility of cervical, thoracic, 
and lumbar spine normalized at levels corresponding to 87.1%, 66.7%, and 95% of respective average norma-
tive values. Implementation of McKenzie method, both alone and combined with MET, was associated with a 
significant decrease in Oswestry Disability Index, significant alleviation of pain (VAS), and significantly reduced 
size of spinal disc herniation.

 Conclusions: The combined method can be effectively used in the treatment of chronic LBP.
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Background

Low back pain (LBP) is the most prevalent form of musculoskel-
etal disorder. According to published statistical data, 70–85% of 
people experience LBP at some stage of their lives [1–7]. Only 
39–76% of the patients recover completely after an acute ep-
isode of pain, suggesting that a considerable fraction of them 
develop a chronic condition [8].

The goals of physiotherapy in patients with chronic LBP include 
elimination of pain, restoration of the lost extent of move-
ments, functional improvement, and improvement of the qual-
ity of life. These objectives are achieved by various protocols 
of exercise, manipulation, massage, relaxation techniques, and 
counselling. Although numerous previously published studies 
have dealt with various therapeutic modalities of LBP, the evi-
dence of their efficacy is highly inconclusive [9–12]. At present 
the management of chronic LBP still raises many controver-
sies. Inconsistency of established diagnoses and implement-
ed protocols of management points to the importance of the 
problem in question. Despite extensive research, the issue of 
spinal pain management still constitutes a challenge for phy-
sicians, physiotherapists, and researchers [8,13].

McKenzie method is 1 of many treatment modalities of LBP. It 
is a system of mechanical diagnosis and management of spi-
nal pain syndromes, based on comprehensive and reproduc-
ible evaluation, knowledge of symptoms patterns, directional 
preference, and centralization phenomenon. This method is 
focused on the spinal disc disorders [14]. McKenzie method is 
based on the phenomenon of movement of the nucleus pulp-
osus inside the intervertebral disc, depending on the adopted 
position and the direction of the movements of the spine. The 
nucleus pulposus that is exposed to the pressure from both 
surfaces of the vertebral bodies takes the shape of a spheri-
cal joint. This means that it has the ability to perform 3 rotary 
movements in all directions and has 6 degrees of freedom of 
movement. The nucleus pulposus performs the movements of 
flexion, extension, lateral bend (left and right), rotation (right 
and left), linear displacement (slip) along the sagittal axis, lin-
ear displacement along the transverse axis and the separa-
tion or approximation along the vertical axis [15].Numerous 
studies have shown that during forward bend of the spine it 
is possible to observe extension of the rear surface of the fi-
brous ring, compressing of the front part of the intervertebral 
disc and the shift of nucleus pulposus to the dorsal side. When 
stretching, the mechanism is the opposite [16].

The musculoskeletal system is vital for the maintenance of 
the balanced tension of the body. Musculofascial disorders 
can be associated with various problems, pain, or even loss 
of some motor function. Muscle Energy Techniques (MET) are 
among the most popular therapeutic modalities aimed at the 

improvement of elasticity in contractile and non-contractile 
tissues [17].

High incidence, inconsistencies in diagnostic and therapeutic 
process, and huge costs associated with the management of 
chronic spinal disorders stimulate the continuing search for 
more efficient treatment modalities. This requires the knowl-
edge of neurophysiological processes, proper interpretation 
of pain, identification of unfavorable motor and postural pat-
terns, holistic approach to the patient, and integration of the 
information obtained with various therapeutic methods [18].

The aim of this study was to analyze the efficacy of combined 
treatment with McKenzie method and MET, and to compare 
it with the outcomes of treatment with McKenzie method or 
standard physiotherapy in chronic lumbar pain. We evaluat-
ed the effect exerted by each of the interventions on the ex-
tent of movements, level of experienced pain, and structure 
of the spinal discs as assessed by means of magnetic reso-
nance imaging.

Material and Methods

Patients

The randomized study included 60 men and women with mean 
age of 44 years. All individuals were diagnosed by a specialist 
physician and referred for rehabilitation. The protocol of the 
study was approved by the Local Bioethical Committee of the 
Poznan University of Medical Sciences (decision no. 368/0). All 
patients were diagnosed with chronic spinal pain persisting for 
longer than 1 year. The inclusion criteria of the study were: 1) 
documented magnetic resonance imaging (MRI) of the spine, 
2) confirmed protrusion or bulging in the lumbosacral spine, 
3) intermittent lumbosacral pain, 4) projection of pain to the 
buttock or thigh, 5) unilateral character of the symptoms. The 
exclusion criteria were: 1) confirmed extrusion or sequestra-
tion of nucleus pulposus of the spinal disc, 2) symptoms man-
ifesting below the knee, 3) history of spinal surgery, 4) struc-
tural disorders of spinal discs in more than 2 spinal segments, 
5) evident stenosis of the spinal canal, 6) focal lesions of the 
spinal cord, and 7) spondylolisthesis.

Patients showed great interest and all completed the study.

Protocol

The following tests were used to determine the baseline (i.e. 
pre-intervention) parameters of the studied patients: 1) elec-
trogoniometric determination of the extent of movement in 
all spinal segments and angular values of physiological curva-
tures, 2) Oswestry questionnaire, and 3) Visual Analogue Scale 
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(VAS). Subsequently, the patients were randomly assigned to 
1 of 3 therapeutic groups (20 persons each), which were fur-
ther treated with: 1) McKenzie method and MET, 2) McKenzie 
method alone, 3) standard physiotherapy. Each of the 3 ther-
apeutic protocols included 10 daily sessions, performed dur-
ing 5 consecutive weekdays. 24 hours following the last ther-
apeutic session, the same parameters as at the baseline were 
determined by the investigator blinded to the treatment as-
signment. Moreover, all patients were subjected to repeated 
magnetic resonance.

Therapeutic intervention

McKenzie group

One session lasted 30 minutes. On the basis of the McKenzie 
spinal pain classification, the derangement syndrome was di-
agnosed in all patients [14]. The therapy included hyperexten-
sion techniques, hyperextension with self-pressure or pressure 
by the therapist, and hyperextensive mobilization. These tech-
niques were applied in the sagittal plane, following the rule of 
force progression [14]. Moreover, the patients were asked to 
self-perform the therapeutic procedure at home (5 cycles per 
day with 2-hour intervals, 15 repetitions each).

McKenzie + MET group

The classic McKenzie method enriched with Muscle Energy 
Technique was implemented. McKenzie protocol in both groups 
(McKenzie McKenzie + MET) was the same. All patients in this 
therapeutic group were also diagnosed with the derangement 
syndrome. A technique of post-isometric relaxation was used 
at the end of each therapeutic session. It was characterized 
by the following parameters: 1) time of contraction equal to 
7–10 seconds, 2) intensity of contraction corresponding to 20–
35%, 3) beginning in the intermediate extent of movement for 
a given patient, 4) 3 seconds of interval between consecutive 
contraction phases, 5) 3 repetitions, 6) contraction of antago-
nist muscle at the terminal phase of the procedure, 7) passive 
return to the baseline position. The procedure involved relax-
ation of the erector spinae muscle group and was performed 
in a sitting position. The exercise was performed in an ante-
rior and lateral flexion, and in rotation. The therapy involved 
bilateral parts of the erector spinae so as to balance the mus-
cular tension [17]. The duration of 1 combined session was 
40 minutes. Patients treated with the combined method were 
also asked to exercise at home (5 cycles per day with 2-hour 
intervals, 15 repetitions each).

Standard treatment group

Individuals randomized to this therapeutic group were treat-
ed with classical massage, laser therapy, and transcutaneous 

electrical nerve stimulation (TENS) applied to the lumbosacral 
region. Additionally, the patients were asked to perform gen-
eral exercises strengthening spinal and abdominal muscles 
(once a day at home). The exercises were to be performed for 
15 minutes, in a prone, supine, and lateral position. The aim 
of the training was to strengthen the muscles stabilizing the 
pelvic girdle, i.e. the erector spinae, quadratus lumborum, rec-
tus abdominis, oblique abdominal, gluteal, and iliopsoas mus-
cles. The classical massage lasted 20 minutes. The laser ther-
apy was conducted with a contact technique with Lasertronic 
LT-2S device. The duration of laser therapy was 80 seconds 
(2×40 s). The treatment was applied on both sides of the spi-
nous processes of the lumbar spine. The parameters of the 
procedure were as follows: energy 32 J, power of radiation 
400 mW, wavelength 810 nm, continuous mode. TENS elec-
trotherapy was performed with Diatronic DT-10B device. The 
electrodes were placed on both sides of the lumbosacral spine. 
The parameters of the TENS procedure were as follows: du-
ration 15 minutes, frequency 50 Hz, current 20–30 mA (sub-
jectively adjusted), duration of a single impulse 50 microsec-
onds. The total time per session=36 min 20 sec + 15 min as 
home exercises once a day.

Evaluation of therapeutic effect

Electrogoniometry

The extent of movements and the angles of spinal curvatures 
were determined with tensiometric Penny & Giles electrogo-
niometer in Boocok’s modification [19], which prevents po-
tential measurement bias associated with shifting skin and 
soft tissues in relation to bones. The electrogoniometer en-
ables linear measurement with a bias no greater than 1°. The 
measurements were taken according to Lewandowski’s meth-
odology [20]. The reliability of these measurements was pre-
viously verified by Szulc et al.21 The reference values used in 
our study were calculated on the basis of Lewandowski’s mea-
surements taken in a group of about 20 000 individuals [20].

Revised Oswestry pain questionnaire

The degree to which the dysfunction of the lumbar spine lim-
ited the performance of the activities of daily living was deter-
mined with the Revised Oswestry Pain Questionnaire [22,23]. 
We used the revised version of the questionnaire as it is the 
only variant of this instrument which examines the changes 
in the level of lumbar pain. The survey was conducted twice, 
prior to and after the therapy.

Visual analogue scale (VAS)

To verify the efficacy of the therapy, the participants were ex-
amined with the visual analogue scale (VAS) at the baseline 
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P Mt
 Before After After 3 months

ARM
Two-way
ANOVAM SD M SD M SD

CAF
1 41.40 6.81 58.80 5.28 59.20 5.38

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=48.239; 
p<0.001; h2=0.629
Main effect of “time”: 
F(2.114)=79.920; 
p<0.001; h2=0584
Interaction effect: 
“method × time”: 
F(4.114)=49.319; 
p<0.001; h2=0.633

2 39.55 6.75 45.40 9.01 44.65 8.60
B – A: p<0.01
A– A3m: p>0.05
B – A3m: p<0.05

3 33.75 5.94 32.55 8.11 31.70 7.93
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p<0.001
2–3: p<0.001
1–3: p<0.001

1–2: p<0.001
2–3: p<0.001
1–3: p<0.001

Post – hoc
Scheffe test

CPF
1 52.40 10.60 73.80 9.37 73.20 8.80

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=21.315; 
p<0.001; h2=0.428
Main effect of “time”: 
F(2.114)=74.825; 
p<0.001; h2=0.568
Interaction effect: 
“method × time”: 
F(4.114)=37.838; 
p<0.001; h2=0.570

2 52.85 16.49 57.00 15.58 57.60 15.11
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

3 40.60 13.48 43.15 11.97 39.85 11.78
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2–p<0.05
2–3: p>0.05

1–3: p <0.001

1–2: p>0.05
2–3: p<0.05

1–3: p<0.001

Post – hoc
Scheffe test

CRF
1 29.45 7.42 41.80 3.69 41.60 3.80

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.01

Main effect of “method”: 
F(2.114)=21.942; 
p<0.001; h2=0.435
Main effect of “time”: 
F(2.114)=56.338; 
p<0.001; h2=0.497
Interaction effect: 
“method × time”: 
F(4.114)=33.420; 
p<0.001; h2=0.539

2 27.80 6.77 30.95 6.21 31.05 6.05
B – A: P>0.05
A– A3m: P>0.05
B – A3m: p>0.05

3 27.30 5.23 27.05 6.16 26.35 5.73
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p<0.001
2–3: p>0.05

1–3: p<0.001

1–2: p<0.001
2–3: p>0.05

1–3: p<0.001

Post – hoc
Scheffe test

CLF
1 28.85 5.85 40.35 4.91 39.85 4.27

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=16.716; 
p<0.001; h2=0.369
Main effect of “time”: 
F(2.114)=55..570; 
p<0.001; h2=0.494
Interaction effect: 
“method × time”: 
F(4.114)=27.658; 
p<0.001; h2=0.492

2 27.20 5.49 29.05 4.85 29.30 4.95
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

3 26.45 6.95 27.65 7.64 26.90 7.55
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p<0.001
2–3: p>0.05

1–3: p<0.001

1–2: p<0.001
2–3: p>0.05

1–3: p<0.001

Post – hoc
Scheffe test

Table 1.  Basic statistical characteristics and significance of differences between the angular values of the cervical spine mobility 
depending on the phase of the study and type of implemented therapeutic method.
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(prior to the intervention) and 24 hours after completing the 
treatment [24].

Magnetic resonance imaging

The degree of degeneration of the spinal discs and the ther-
apeutic outcome were verified on magnetic resonance imag-
ing performed prior to and after the intervention, at the same 
time of the day. The examination was conducted in sagittal 
and axial planes, and used T1- and T2-weighted images. The 
displacement of the nucleus pulposus was expressed in mm. 
The methodology of examination was described previously 
by Fazey et al. [25].

Statistical analysis

Statistical analysis was conducted with Statistica 10.0 soft-
ware. Bivariate analysis of variance (AVOVA) with 1 intergroup 

factor (type of intervention) and 1 intragroup factor (measure-
ment prior to intervention, 24 hours and 3 months after the 
intervention) was used to analyze the differences in studied 
parameters resulting from the type of the implemented ther-
apy, and to verify the efficacy of various therapeutic protocols. 
The significance of differences in multiple comparisons was 
verified with the Scheffé’s post-hoc test.

Results

The significant effects of bivariate interaction (method × time) 
suggest that the implemented therapeutic methods exerted 
variable time-dependent effect on the functional parameters 
of the spine, Oswestry questionnaire scores, values of visual 
analog scale, and the results of magnetic resonance imaging 
in patients with chronic low back pain.

Table 1 continued.  Basic statistical characteristics and significance of differences between the angular values of the cervical spine 
mobility depending on the phase of the study and type of implemented therapeutic method.

P Mt
 Before After After 3 months

ARM
Two-way
ANOVAM SD M SD M SD

CRR
1 53.00 7.40 67.75 5.00 66.70 4.60

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=16.514; 
p<0.001; h2=0,367
Main effect of “time”: 
F(2.114)=95.497; 
p<0.001; h2=0.626
Interaction effect: 
“method × time”: 
F(4.114)=29.037; 
p<0.001; h2=0.505

2 44.40 8.79 59.25 5.14 59.45 5.43
B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

3 50.90 7.53 51.25 11.51 48.70 10.46
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p>0.05

1–3: p<0.001

1–2: p>0.05
2–3: p<0.05

1–3: p<0.001

Post – hoc
Scheffe test

CLR
1 54.35 6.47 66.95 4.76 66.25 4.60

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=17.497; 
p<0.001; h2=0.380
Main effect of “time”: 
F(2.114)=70.527; 
p<0.001; h2=0.553
Interaction effect: 
“method × time”: 
F(4.114)=22.115; 
p<0.001; h2=0.434

2 45.05 9.74 58.40 6.70 58.35 5.79
B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

3 50.45 9.12 50.55 10.54 48.45 9.72
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p>0.05

1–3: p<0.001

1–2: p>0.05
2–3: p>0.05

1–3: p<0.001

Post – hoc
Scheffe test

P – functional parameter of the spine; Mt – method; M – mean; SD – standard deviation; Before – results prior to the intervention; 
After – results after the intervention; After 3 month – results 3 months after the intervention; R – intergroup differences; 
ARM – intragroup differences between the phases of the study; CAF – cervical anterior flexion; CPF – cervical posterior flexion; 
CRF – cervical right flexion; CLF – cervical left flexion; CRR – cervical right rotation; CLR – cervical left rotation.
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P Mt
 Before After After 3 months

ARM
Two-way
ANOVAM SD M SD M SD

ThAF
1 11.70 1.72 21.10 3.62 20.15 3.59

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=22.387; 
p<0.001; h2=0.439
Main effect of “time”: 
F(2.114)=115.825; 
p<0.001; h2=0.670
Interaction effect: 
“method × time”: 
F(4.114)=63.195; 
p<0.001; h2=0.689

2 12.00 2.63 13.65 3.03 13.85 3.01
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

3 12.70 2.72 13.20 2.33 12.65 2.18
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p<0.001
2–3: p>0.05

1–3: p<0.001

1–2: p<0.001
2–3: p>0.05

1–3: p<0.001

Post – hoc
Scheffe test

ThPF
1 10.55 2.44 19.10 2.17 18.90 2.36

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=16.630; 
p<0.001; h2=0.398
Main effect of “time”: 
F(2.114)=190.452; 
p<0.001; h2=0.770
Interaction effect: 
“method × time”: 
F(4.114)=80.170; 
p<0.001; h2=0.738

2 10.40 3.23 14.90 2.77 15.60 2.30
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p<0.05

3 12.10 2.90 11.70 3.36 10.95 3.02
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p<0.01
2–3: p>0.05

1–3: p<0.001

1–2: p>0.05
2–3: p<0.01

1–3: p<0.001

Post – hoc
Scheffe test

ThRF
1 12.40 4.00 19.10 2.38 18.70 2.47

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=10.008; 
p<0.001; h2=0.259
Main effect of “time”: 
F(2.114)=90.033; 
p<0.001; h2=0.612
Interaction effect: 
“method × time”: 
F(4.114)=22.295; 
p<0.001; h2=0.439

2 11.90 2.47 16.10 3.96 15.70 3.64
B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

3 12.70 2.96 13.25 2.79 12.75 2.12
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p>0.05

1–3: p<0.001

1–2: p>0.05
2–3: p>0.05

1–3: p<0.001

Post – hoc
Scheffe test

ThLF
1 13.20 4.71 19.05 2.52 18.80 2.74

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=17.549; 
p<0.001; h2=0.381
Main effect of “time”: 
F(2.114)=71.477; 
p<0.001; h2=0.556
Interaction effect: 
“method × time”: 
F(4.114)=20.988; 
p<0.001; h2=0.424

2 12.95 3.15 16.10 3.75 15.80 3.56
B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

3 11.00 3.99 11.35 3.03 10.95 3.07
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p<0.05

1–3: p<0.001

1–2: p>0.05
2–3: p<0.05

1–3: p<0.001

Post – hoc
Scheffe test

Table 2.  Basic statistical characteristics and significance of differences between the angular values of the thoracic spine mobil-
ity depending on the phase of the study and type of implemented therapeutic method.
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Data on the mobility of various spinal segments prior to the 
intervention, and 24 hours and 3 months after the interven-
tion suggests that the implementation of McKenzie method 
enriched with MET was reflected by better therapeutic out-
come compared to classical McKenzie method and standard 
physiotherapy. Mobility of various spinal segments in all axes 
and planes improved significantly as a result of the therapy 
with McKenzie method enriched in MET. In contrast, the least 
pronounced improvement of spinal mobility was documented 
in the case of standard physiotherapy (Tables 1–3).

The analysis of the anterior flexion of the cervical spine re-
vealed that the improvement of mobility was most pronounced 
in McKenzie + MET group (D%=42.02). The lack of significant 
difference between the measurement taken immediately af-
ter the intervention and 3 months thereafter suggests that 
the therapeutic effect was persistent. Less pronounced, al-
beit significant, improvement of the mobility was also docu-
mented in the case of McKenzie method alone (D%=14.79); 
also this effect persisted after 3 months. In contrast, no signif-
icant changes in the extent of anterior flexion of the cervical 

spine were documented in the group subjected to standard 
physiotherapy (Figure 1).

Also, the analysis of changes in the degree of thoracic and lum-
bar spine anterior flexion revealed variability in the outcomes 
of the studied methods (Figures 2, 3).

The greatest improvement of the mobility, equal to D%=80.34 
and D%=40.43 in the thoracic and lumbar segment, respec-
tively, was documented in the McKenzie + MET group. The lack 
of significant difference between the measurements of both 
the segments taken immediately after the intervention and 3 
months thereafter suggests that the therapeutic effect was 
persistent (Tables 2, 3). The changes in the remaining func-
tional spinal parameters followed a similar pattern and are 
summarized in Tables 1–3.

The degree of mobility in various spinal segments observed af-
ter implementation of studied therapeutic methods was com-
pared with respective average normative values published by 
Lewandowski [20[ (Figures 4–6). Implementation of McKenzie 

Table 2 continued.  Basic statistical characteristics and significance of differences between the angular values of the thoracic 
spine mobility depending on the phase of the study and type of implemented therapeutic method.

P Mt
 Before After After 3 months

ARM
Two-way
ANOVAM SD M SD M SD

ThRR
1 12.70 3.91 18.90 3.93 18.35 3.92

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=8.667; p<0.001; 
h2=0.233
Main effect of “time”: 
F(2.114)=69.572; 
p<0.001; h2=0.550
Interaction effect: 
“method × time”: 
F(4.114)=29.552; 
p<0.001; h2=0.502

2 11.35 2.49 13.70 2.64 13.60 2.83
B – A: p<0.01
A– A3m: p>0.05
B – A3m: p<0.01

3 12.60 4.84 12.75 4.05 12.15 3.84
 B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p<0.05
2–3: p>0.05
1–3: p<0.01

1–2: p<0.05
2–3: p>0.05
1–3: p<0.01

Post – hoc
Scheffe test

ThLR
1 12.50 5.29 18.45 3.89 18.30 3.81

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=9.626; p<0.001; 
h2=0.252
Main effect of “time”: 
F(2.114)=37.879; 
p<0.001; h2=0.399
Interaction effect: 
“method × time”: 
F(4.114)=32.758; 
p<0.001; h2=0.535

2 11.20 3.25 13.15 2.78 13.30 2.62
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p<0.05

3 13.10 4.24 12.15 2.89 11.55 2.67
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p<0.05
2–3: p>0.05

1–3: p<0.001

1–2: p<0.05
2–3: p>0.05

1–3: p<0.001

Post – hoc
Scheffe test

ThAF – thoracic anterior flexion; ThPF – thoracic posterior flexion; ThRF – thoracic right flexion; ThLF – thoracic left flexion; 
ThRR – thoracic right rotation; ThLR – thoracic left rotation.
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P Mt

 Before After After 3 months

ARM
Two–way
ANOVA

M SD M SD M SD

LAF
1 44.15 6.72 62.00 5.25 62.95 4.69

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=38.206; 
p<0.001; h2=0.573
Main effect of “time”: 
F(2.114)=236.703; 
p<0.001; h2=0.806
Interaction effect: 
“method × time”: 
F(4.114)=73.933; 
p<0.001; h2=0.722

2 40.55 7.67 59.30 4.33 60.80 3.33
B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

3 39.55 10.51 39.35 10.26 37.20 10.02
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p<0.001
1–3: p<0.001

1–2: p>0.05
2–3: p<0.001
1–3: p<0.001

Post – hoc
Scheffe test

LPF
1 11.40 4.10 23.95 3.98 25.35 2.83

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=13.295; 
p<0.001; h2=0.318
Main effect of “time”: 
F(2.114)=279.486; 
p<0.001; h2=0.831
Interaction effect: 
“method × time”: 
F(4.114)=102.500; 
p<0.001; h2=0.782

2 12.05 5.09 22.70 3.91 24.35 3.25
B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

3 15.05 6.35 14.15 5.19 13.00 4.92
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p<0.001
1–3: p<0.001

1–2: p>0.05
2–3: p<0.001
1–3: p<0.001

Post – hoc
Scheffe test

LRF
1 15.70 4.05 21.45 3.32 21.65 3.36

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=5.633; p<0.01; 
h2=0.165
Main effect of “time”: 
F(2.114)=63.465; 
p<0.001; h2=0.523
Interaction effect: 
“method × time”: 
F(4.114)=23.726; 
p<0.001; h2=0.454

2 12.55 4.15 18.60 5.09 18.50 5.09
B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

3 15.80 5.19 15.65 4.92 14.40 4.93
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p>0.05
1–3: p<0.05

1–2: p>0.05
2–3: p>0.05
1–3: p<0.01

Post – hoc
Scheffe test

LLF
1 16.20 5.15 20.20 3.58 20.70 3.73

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=15.999; 
p<0.001; h2=0.359
Main effect of “time”: 
F(2.114)=34.119; 
p<0.001; h2=0.374
Interaction effect: 
“method × time”: 
F(4.114)=16.563; 
p<0.001; h2=0.367

2 11.45 2.80 16.95 4.44 17.65 4.57
B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

3 13.35 4.55 12.80 3.69 11.90 3.27
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p>0.05

1–3: p<0.001

1–2: p>0.05
2–3: p<0.05

1–3: p<0.001

Post – hoc
Scheffe test

Table 3.  Basic statistical characteristics and significance of differences between the angular values of the lumbar spine mobility 
depending on the phase of the study and type of implemented therapeutic method.
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method enriched with MET was reflected by the most pro-
nounced improvement in the spinal mobility, which fit within 
the respective normative ranges. The functional parameters 
of cervical, thoracic, and lumbar spine normalized at levels 
corresponding to 87.1%, 66.7%, and 95% of respective aver-
age normative values.

Irrespective of the therapeutic method and timing of measure-
ment, the angular values of all spinal curvatures fit within the 
respective normative values and no significant inter- and in-
tragroup differences were documented (Table 4).

The scores of Oswestry questionnaire also differed depending 
on the type of implemented intervention. Implementation of 
McKenzie method, both alone and combined with MET, was 
reflected by a significant decrease in Oswestry Disability Index. 
No significant differences were documented between the out-
comes of these 2 methods. In contrast, standard physiotherapy 

had the least pronounced effect on the Oswestry Disability 
Index (Table 5).

The analysis of visual analogue scale values suggests that both 
McKenzie method enriched with MET and classical McKenzie 
method produced the strongest therapeutic effects, i.e. alle-
viation of pain. Implementation of both these methods was 
reflected by marked augmentation of experienced pain, with-
out any significant intergroup differences. In contrast, stan-
dard physiotherapy reduced pain to a minimal extent, and no 
significant differences were observed between VAS scores ob-
tained prior to and after this intervention (Table 5).

Magnetic resonance imaging performed prior to and after the 
intervention confirmed that McKenzie method enriched with 
MET produced the best therapeutic outcome manifested by 
a reduced size of spinal disc herniation. Smaller, albeit signif-
icant, improvement of this parameter was also documented 

Table 3 continued.  Basic statistical characteristics and significance of differences between the angular values of the lumbar spine 
mobility depending on the phase of the study and type of implemented therapeutic method.

P Mt

 Before After After 3 months

ARM
Two–way
ANOVA

M SD M SD M SD

LRR
1 7.60 2.26 15.60 2.85 15.45 2.78

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=3.745; p<0.05; 
h2=0.116
Main effect of “time”: 
F(2.114)=90.505; 
p<0.001; h2=0.613
Interaction effect: 
“method × time”: 
F(4.114)=20.923; 
p<0.001; h2=0.423

2 7.85 2.91 13.95 2.86 13.90 2.73

B
– A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

3 10.00 5.61 10.80 4.59 9.85 4.49
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p>0.05
1–3: p<0.05

1–2: p>0.05
2–3: p>0.05
1–3: p<0.01

Post – hoc
Scheffe test

LLR
1 9.45 3.87 15.20 3.36 15.45 3.23

B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=7.892; p<0.001; 
h2=0.2168
Main effect of “time”: 
F(2.114)=54.626.; 
p<0.001; h2=0.489
Interaction effect: 
“method × time”: 
F(4.114)=16.558; 
p<0.001; h2=0.367

2 7.60 3.20 13.10 2.84 13.85 2.60
B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

3 9.85 4.49 10.00 4.06 9.10 3.49
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R

1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p>0.05
1–3: p<0.01

1–2: p>0.05
2–3: p<0.05

1–3: p<0.001

Post – hoc
Scheffe test

LAF – lumbar anterior flexion; LPF – lumbar posterior flexion; LRF – lumbar right flexion, LLF – lumbar left flexion, LRR – lumbar right 
rotation, LLR – lumbar left rotation.
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in the case of classical McKenzie method. These 2 therapeutic 
methods did not differ significantly in terms of the post-inter-
vention size of the spinal disc herniation. In contrast, no reduc-
tion in the size of the spinal disc herniation was document-
ed after implementation of standard physiotherapy (Table 5).

Discussion

The number of studies validating the efficacy of combined ther-
apeutic methods and techniques is sparse [3,21,26,27]. Wilson 
et al. [26] concluded that MET is an optimal adjunct technique 
for other therapeutic modalities [26].

Many studies confirmed the positive effects of McKenzie meth-
od [28–36]. Similarly, a body of evidence confirms the thera-
peutic value of MET [37–44]. Moreover, positive outcomes of 
both these techniques were documented in patients with spinal 
pain, including LBP [45,46]. However, to the best of our knowl-
edge, none of the previous studies verified whether the com-
bination of these methods improves the therapeutic outcome.

Noticeably, both the therapies are based on different concepts 
and involve different therapeutic techniques. The McKenzie 
method is oriented at the management of all structural ab-
normalities of the spinal discs. The aim of this therapy is to 
eliminate pain and normalize function of the affected spinal 
segment [14]. Therefore, McKenzie method focuses on the 
treatment of spinal disc pathologies as the principal cause of 
pain. Takasaki et al. [35] documented positive changes in the 
spinal disc, i.e. the resolution of herniation, in patient treated 
with McKenzie method.

However, various injuries and other medical conditions, as 
well as repetitive negative motor pattern, are also reflected 
by the disorders of the musculofascial system. This can be 

Figure 2.  Mean angular values of the anterior flexion of the 
thoracic spine determined at various phases of 
the study in patients treated with three different 
therapeutic methods (McKenzie method + MET, 
McKenzie method alone, standard physiotherapy).
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Figure 1.  Mean angular values of the anterior flexion of the 
cervical spine determined at various phases of 
the study in patients treated with three different 
therapeutic methods (McKenzie method + MET, 
McKenzie method alone, standard physiotherapy).
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Figure 3.  Mean angular values of the anterior flexion of the 
lumbar spine determined at various phases of 
the study in patients treated with three different 
therapeutic methods (McKenzie method + MET, 
McKenzie method alone, standard physiotherapy).
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reflected by the development of certain compensatory mech-
anisms, accumulation of muscular tension, motor limitation, 
and functional disorders [17,40,42]. In contrast, the treatment 
of the musculofascial system is not included in the concept of 
McKenzie method. Therefore, the aim of including the mus-
cle energy techniques in the proposed protocol of combined 
therapy was to potentiate its therapeutic effect through the 
relaxation and stretching of contracted musculature, strength-
ening of weakened muscles, reduction of passive muscular ten-
sion, improvement of joint mobility, and normalization of mo-
tor function [26,43].

The differences observed with regards to the mobility of vari-
ous spinal segments prior to and after the intervention point 
to better therapeutic outcome of the combined methods. 
Noticeably, improved mobility was documented not only in 
the lumbar spine but also in the cervical and thoracic seg-
ment. Therefore, the implementation of MET improved the 
scope of the combined method (McKenzie + MET) as com-
pared to the classical McKenzie method. Our findings suggest 
that musculofascial disorders may to a large extent be respon-
sible for limited spinal mobility in patients with chronic LBP. 
In their papers on the therapeutic effects of manual therapy, 

Figure 4.  Functional parameters of the cervical 
spine (CL – cervical lordosis; 
CAF – cervical anterior flexion; 
CPF – cervical posterior flexion; 
CRF – cervical right flexion; 
CLF – cervical left flexion; 
CRR – cervical right rotation; 
CLR – cervical left rotation) 
– comparison between values 
determined in patients treated with 
three different therapeutic methods 
and respective normative values 
published by Lewandowski.

Figure 5.  Functional parameters of the thoracic 
spine (ThK – thoracic kyphosis; 
ThAF – thoracic anterior flexion; 
ThPF – thoracic posterior flexion; 
ThRF – thoracic right flexion; 
ThLF – thoracic left flexion; 
ThRR – thoracic right rotation; 
ThLR – thoracic left rotation) 
– comparison between values 
determined in patients treated with 
three different therapeutic methods 
and respective normative values 
published by Lewandowski.

Figure 6.  Functional parameters of the lumbar 
spine (LL – lumbar lordosis; 
LAF – lumbar anterior flexion; 
LPF – lumbar posterior flexion; 
LRF – lumbar right flexion; 
LLF – lumbar left flexion; 
LRR – lumbar right rotation; 
LLR – lumbar left rotation) 
– comparison between values 
determined in patients treated with 
three different therapeutic methods 
and respective normative values 
published by Lewandowski.
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Pool et al. [12] and Zaproudina et al. [47] emphasize the im-
portance of limitations in spinal mobility as a sensitive mark-
er of pathological changes.

The magnetic resonance findings documented in patients treat-
ed with combined McKenzie method and MET suggest that 
this combination has no negative effect on the size of spinal 
disc herniation (Figure 7). This confirms the safety of MET and 

plausibility of its application in patients with spinal disc pa-
thologies [26]. Of note, relatively large subjective and objec-
tive improvements were achieved despite the short duration 
of the treatment, which included only 10 sessions through-
out a 2-week period.

Furthermore, control electrogoniometry conducted 3 months 
after the intervention confirmed the persistent effect of the 

P Mt

 Before After After 3 months

ARM
Two–way
ANOVA

M SD M SD M SD

 CL
1 31.40 3.51 33.50 3.09 33.65 2.92

B – A: p<0.001
A – A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=0.454; p>0.05; 
h2=0.016
Main effect of “time”: 
F(2.114)=18.601; 
p<0.001; h2=0.246
Interaction effect: 
“method × time”: 
F(4.114)=12.155; 
p<0.001; h2=0.299

2 31.55 4.06 32.55 4.39 33.00 3.96
B – A: p>0.05
A – A3m: p>0.05
B – A3m <0.05

3 32.05 3.65 31.90 3.94 31.35 3.51
B – A: p>0.05
A – A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–P>0.05
2–3: p>0.05
1–3: p>0.05

Post – hoc
Scheffe test

 ThK
1 24.50 6.29 25.80 6.32 26.20 5.90

B – A: p>0.0.5
A– A3m: p>0.05
B – A3m: p<0.05

Main effect of “method”: 
F(2.114)=2.537; p>0.05; 
h2=0.08
Main effect of “time”: 
F(2.114)=13.089; 
p<0.001; h2=0.186
Interaction effect: 
“method × time”: 
F(4.114)=7.253; p<0.001; 
h2=0.202

2 22.70 4.59 25.80 4.06 24.80 3.97
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p<0.001

3 27.50 4.22 27.50 4.27 26.90 4.29
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

Post – hoc
Scheffe test

 LL
1 30.35 3.69 32.25 4.16 32.85 4.02

B – A: p<0.05
A– A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=3.208; p<0.05; 
h2=0.101
Main effect of “time”: 
F(2.114)=20.571; 
p<0.001; h2=0.265
Interaction effect: 
“method × time”: 
F(4.114)=23.909; 
p<0.001; h2=0.456

2 28.40 3.69 31.25 4.43 32.10 4.09
B – A: p<0.001
A– A3m: p>0.05
B – A3m: p<0.001

3 29.30 5.75 28.65 4.89 27.35 4.65
B – A: p>0.05
A– A3m: p>0.05
B – A3m: p<0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

Post – hoc
Scheffe test

Table 4.  Basic statistical characteristics and significance of differences between the angular values of the physiological spinal 
curvatures depending on the phase of the study and type of implemented therapeutic method.

CL – cervical lordosis; ThK – thoracic kyphosis; LL – lumbar lordosis.
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P Mt

 Before After After 3 months

ARM
Two–way
ANOVA

M SD M SD M SD

OSW

1 24.30 6.78 9.30 6.37 9.19 6.02
B – A: p<0.001
A – A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=18.445; 
p<0.001;
h2=0.392
Main effect of “time”: 
F(2.114)=178.188; 
p<0.001;
h2=0.757
Interaction effect: 
“method × time”: 
F(4.114)=31.057; 
p<0.001;
h2=0.521

2 28.35 7.82 10.90 4.42 10.05 4.38
B – A: p<0.001
A – A3m: p>0.05
B – A3m: p<0.001

3 31.20 10.01 29.20 11.11 28.26 10.20

B – A: p>0.05
A – A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p<0.001
1–3: p<0.001

1–2: p>0.05
2–3: p<0.001
1–3: p<0.001

Post – hoc
Scheffe test

VAS

1 6.35 1.60 2.05 1.00
2.00 0.96

B – A: p<0.001
A – A3m: p>0.05
B – A3m: p<0.001

Main effect of “method”: 
F(2.114)=10.992; 
p<0.001;
h2=0.278
Main effect of “time”: 
F(2.114)=202.454; 
p<0.001;
h2=0.780
Interaction effect: 
“method × time”: 
F(4.114)=36.515; 
p<0.001;
h2=0.561

2 6.25 1.71 2.05 1.00
2.10 1.04

B – A: p<0.001
A – A3m: p>0.05
B – A3m: p<0.001

3 5.70 0.92 5.25 1.33 5.29 1.39

B – A: p>0.05
A – A3m: p>0.05
B – A3m: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p<0.001
1–3: p<0.001

1–2: p>0.05
2–3: p<0.001
1–3: p<0.001

Post – hoc
Scheffe test

MR
1 3.66 0.67 3.13 0.58  – –

B – A: p<0.001 Main effect of “method”: 
F(2.114)=0.313; p>0.05;
h2=0.01
Main effect of “time”: 
F(2.114)=124.601; 
p<0.001;
h2=0.686
Interaction effect: 
“method × time”: 
F(4.114)=32.852; 
p<0.001;
h2=0.535

2 3.58 0.64 3.14 0.58 – –
B – A: p<0.001

3 3.49 0.37 3.49 0.38 – –
B – A: p>0.05

R
1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

1–2: p>0.05
2–3: p>0.05
1–3: p>0.05

–
–
–

Post – hoc
Scheffe test

Table 5.  Basic statistical characteristics and significance of differences between the Oswestry questionnaire scores, values of 
visual analogue scale, and magnetic resonance imaging findings depending on the phase of the study and type of im-
plemented therapeutic method.

P – parameter; OSW – Oswestry questionnaire; VAS – visual analogue scale; MR – magnetic resonance imaging.
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combined treatment. Moreover, a slight improvement was doc-
umented in the case of some functional parameters examined 
immediately after the intervention and 3 months thereafter. 
Perhaps, this phenomenon reflected proper education of our 
patients and further prophylactic self-exercising according to 
McKenzie method.

Chronic low back pain (CLBP) has a multifactorial etiology [18], 
and as such requires multimodal treatment. The evidence of 
therapeutic effects should not be limited to the diagnostic 
imaging, but mostly be reflected by functionality of a patient, 
level of experienced pain, extent of movements, and normal-
ization of motor function.

Conclusions

The following conclusions can be formulated on the basis of 
our findings: 
1.  Comparison of the subjective and objective outcomes of 3 

therapeutic methods – standard physiotherapy, McKenzie 

method alone, and McKenzie method combined with MET 
– in patients with chronic low back pain suggests that the 
combined method is the most effective.

2.  The use of the combined method (McKenzie + MET) exerts 
a positive effect on structural (resolution of spinal disc her-
niation documented on MRI) and functional parameters (im-
proved mobility of various spinal segments), improves the 
quality of life, and reduces the level of experienced pain.
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