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SUMMARY
Introduction. Disc Protrusion (DP) is a degenerative spinal disorder. Lumbar interver-
tebral disc protrusion is one of the most common   orthopedic injuries, leading to low 
back pain that radiates to the lower limbs. Physical exercise is the main element in the 
conservative treatment of low back pain. 
Objective. Comparing the effects of the McKenzie method and core stabilization exer-
cises on the rehabilitation of patients with lumbar DP. 
Methods. We allocated sixty-nine patients with low back pain due to disc protrusion 
to the Core Group (CG), the McKenzie Group (MG), or the Core + McKenzie Group 
(CMG). All groups underwent three interventions per week for four weeks, totaling 12 
sessions. We assessed pain intensity, hamstring flexibility, functional capacity, muscle 
strength, and lumbopelvic stability. 
Results. All intervention groups significantly reduced pain intensity and functional 
disability, besides improving posterior muscle chain flexibility, quality of life, trunk 
muscle strength, and lumbopelvic stability (p < 0.05). For functional capacity, assessed 
through the SF-26 Questionnaire, as well as for posture holding time in the lumbopel-
vic stability tests, the CG and CMG significantly improved the results compared to the 
MG (p < 0.05). 
Conclusions. The results suggest that both exercise methods were efficient in reducing 
pain and improving function in patients with low back pain due to disc protrusion. 
However, the groups that used stabilization exercises showed better results in activat-
ing lumbopelvic stabilizing muscles.
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Low back pain; intervertebral disc displacement; physical therapy modalities; exercise 
therapy; spine osteoarthritis.
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INTRODUCTION
Low back pain is a major health problem, with enormous 
economic and social costs (1). Disc Protrusion (DP) is a 
degenerative spinal disorder (1). The degenerated disc has 
focal or localized abnormalities on the disc margin (2, 3). This 
disorder relates to age, gender, prolonged workload, trauma, 
and pregnancy (4). Lumbar intervertebral disc protrusion is 
one of the most common orthopedic conditions, producing, 
in many cases, low back pain that radiates to the lower limbs 

(5, 6). Lumbar radiculopathy may be the result of a lumbar 
disc protrusion or hernia that can irritate a sacral plexus 
trunk, leading to intraneural inflammation (6). A protrud-
ing or herniated degenerated disc can cause paresthesia and 
weakness in the lower limbs, in addition to pain (6). In the 
worst cases, lumbar radiculopathy can be chronic, resulting 
in pain, disability, and substantial burden in the long run (6). 
This condition leads to health-related socioeconomic conse-
quences that directly affect well-being and quality of life (5, 7).



741Muscles, Ligaments and Tendons Journal 2020;10 (4)

M. B. Dohnert, C. SChwanCk BorgeS, a. Steffen evalDt, et al.

Degenerated protruding discs and narrow spinal canals 
are common conditions in the elderly (8). However, most 
subjects adapt perfectly well to the degenerative findings of 
imaging tests, keeping in shape, and avoiding poor posture 
(8). Physical activity is the main element in the prevention 
and treatment of low back pain (9). It does not require 
expensive materials, therefore providing an accessible inter-
vention in which the patient directly controls pain (9). 
Spinal stabilization and the McKenzie approach are two 
different interventions for the treatment and preven-
tion of low back pain (9). The core stabilization program 
emphasizes the training of specific deep or local stabiliz-
ing muscles of the spine, keeping the lumbar region in a 
neutral position during occupational and daily life activities 
(10). The McKenzie method, also called Mechanical Diag-
nosis and Therapy (MDT) (8), emphasizes an examination/
treatment that incorporates repeated spinal movements 
(10, 11). The patient’s response to these repeated move-
ments determines a classification and a preferred direc-
tion for therapeutic exercise (11-14). Postural correction 
and maintenance of normal lordosis are an integral part of 
the McKenzie program, and treatment programs general-
ly emphasize the performance of repeated lumbar move-
ments for the effective management of specific syndromes 
(13). This method considers the patient’s symptomatic and 
mechanical response to repeated movements and sustained 
postures for evaluation and treatment (8, 14). Therefore, 
it uses a directional preference to reduce or increase the 
patient’s symptoms (12, 14). 

The spinal stabilization system, also called core system, 
is composed of the spinal column, which provides intrin-
sic stability, muscles that provide dynamic stability, and a 
neural control unit that evaluates and determines the stabil-
ity and coordination requirements of the muscle response 
(8). The central stabilizing muscles, also called core muscles, 
are categorized, according to their function, as glob-
al muscles (rectus abdominis, spinal erectors, and external 
obliquus abdominis) and local muscles (transversus abdomi-
nis and lumbar multifidus) (15). Global muscles participate 
in trunk movements, while local muscles play an important 
role in stabilizing the core (15). The transversus abdominis 
and the lumbar multifidus play important roles in the func-
tional activities of the spine (15). Core stabilization exercis-
es aim to activate central muscles, including the transversus 
abdominis, lumbar multifidus, and paraspinal, abdominal, 
diaphragmatic, and pelvic muscles. This provides spinal 
stability and prevents lumbopelvic injuries by controlling 
joint tension, strengthening muscles, increasing resistance, 
and correcting posture (7, 16-20). 
The present study compares the effects of the McKenzie 
method and core stabilization exercises, as well as their 

association, on the rehabilitation of patients with low back 
pain due to disc protrusion.

METHODS
Blind randomized clinical trial conducted from August 
2017 to June 2019. The study was registered in the Brazil-
ian Clinical Trials Registry (REBEC) under the identifica-
tion number RBR-5mcvt6. The study was approved by the 
Committee of Ethics on Human Research of Universidade 
Luterana do Brasil under the number 2, 152, 592 (21).

Sample calculation
We used pain intensity, measured by VAS, as the primary 
outcome of the study. Based on the study by Hasanpour-De-
hkordi, Dehghani and Solati (11), we used a study power of 
80%, a 95% Confidence Interval, and a sample size ratio 
of 1:1:1 (Core; McKenzie; Core + McKenzie) to estimate 
the number of participants for each intervention group. 
Believing that losses and refusals would be around 20%, we 
reached the final number of 23 participants for each study 
group, totaling 69 participants.

Sample randomization 
After the initial assessment, we randomized the eligible 
participants by using a list of random numbers provided by 
the EPI-Info® software. We allocated a total of 69 patients 
to the following groups: McKenzie Group (MG), which 
performed only one McKenzie exercise protocol, Core 
Group (CG), to which we applied lumbopelvic stabiliza-
tion exercises, and Core + McKenzie Group (CMG), which 
performed both protocols (figure 1).

Elegibility criteria
The study included 69 patients of both genders, aged 
between 18 and 65 years, who had low back pain due to 
disc protrusion. The participants should have complemen-
tary exams (magnetic resonance or computed tomogra-
phy) showing DP and/or herniated disc, and should not be 
performing any other type of physiotherapeutic approach 
for low back pain at the time of the study. All participants 
signed the Informed Consent Form (ICF).
We excluded from the study patients who had severe spinal 
pathologies (fractures, tumors, and inflammatory pathol-
ogies such as ankylosing spondylitis), who had previous-
ly undergone lumbar surgery, patients with severe cardio-
vascular and cardiorespiratory disease, pregnant women, 
patients who did not attend three consecutive or intermit-
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study (N=104)

Excluded (n=18)
• Age over 65 years (n=2)
• Referral for surgery (n=2)
• No schedule availability (n=5)
• Without MRI or CT examination (n=8)
• Performing another type of physical 
therapy approach (n=1)

Figure 1. Flowchart – Recruitment and evaluation of patients with disc protrusion. 
RM: MRI; CT: Computed Tomography; CG: Core Group; MG: McKenzie Group; CMG: Core + McKenzie Group.

tent consultations, and those that presented some neuro-
logical disorder that prevented them from performing the 
proposed exercises.

Data collection
The evaluation protocol was conducted by a blind evalua-
tor, that is who did not know which group the participant 
belonged to. The evaluation took place in two stages of the 
study: initially – prior to the randomization of the subjects, 
and at the end of the intervention protocol.

Anthropometric assessment
We calculated the Body Mass Index (BMI) by measuring 
body height and weight. 

Pain intensity assessment
We assessed pain intensity by using the Visual Analogue 
Scale (VAS). In this scale, the evaluator asks the patient 
about his/her pain level on a scale from zero to ten, where 
zero means total absence of pain and ten the maximum 
tolerable pain.

Quality of life assessment
We assessed quality of life by using the SF-36 Question-
naire. This instrument consists of 11 questions and 36 items 
that encompass eight domains represented by functional 
capacity, physical aspects, pain, general health status, vital-
ity, social aspects, emotional aspects, and mental health. 
The application of this questionnaire takes place through 
the attribution of a score for each question, later trans-
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formed into a scale from “0” to “100” per domain, where 
“0” corresponds to the worst quality of life and “100” the 
best quality of life.

Functional capacity assessment
To quantify disability, we used the Roland-Morris Disabili-
ty Questionnaire. This instrument consists of 24 items that 
describe daily tasks that patients have difficulty performing 
due to low back pain. The questions have a dichotomous 
answer (yes or no), and the result corresponds to the sum 
of the yes answers. This result can vary between 0 and 24, 
with zero corresponding to a person without complaints, 
and the maximum value corresponding to a patient with 
very severe limitations. The greater the number of alterna-
tives filled in, the greater the functional impairment. We 
instructed the individuals to complete the items that better 
described them on the day of application.

Hamstring flexibility assessment
We measured hamstring flexibility by using the Wells bench. 
For performing this test, the patient seated with legs extend-
ed and feet supported on the device. Then, the individual 
should flex his/her trunk and hips the maximum possible, 
with hands superimposed and supported on the measuring 
tape installed on the upper part of the Wells bench. The 
evaluator asked the patient to stretch his/her hands as far as 
he/she could reach without bending the knees, thus obtain-
ing the maximum reach point.

Trunk extensor muscle strength assessment
We assessed trunk extensor muscle strength by using 
the Crown® dorsal dynamometer. In this test, the patient 
remained standing, with feet supported and parallel, knees 
extended, and the spine initially flexed. At the command 
of the examiner, the patient extended the spine by holding 
the lever bar with his/her upper limbs for dynamometer 
measurement.

Lumbopelvic stability assessment
To analyze lumbopelvic stability, we applied the Single Leg 
Squat Test (unilateral squat), the Runner Pose Test, the 
Prone Instability Test, the Right and Left Lateral Bridge 
Test, and the Sorenson Test (extensor endurance test).

Intervention protocol
The intervention protocol consisted of three interventions 
per week for four weeks, with all study groups performing 
a total of 12 sessions. The service took place individually. 
Each session lasted between 40 and 60 minutes. Initial-
ly, all participants performed a 10-minute stationary bicy-
cle warm-up. Afterwards, we performed the intervention 
according to the randomized group. The intervention proto-
col was applied by a researcher previously trained and famil-
iar with the protocol. The interventor controlled during the 
sessions the technique of performing each exercise, as well 
as its intensity and duration in both intervention groups.

Intervention protocol for the McKenzie Group
The intervention protocol for the MG consisted of three 
sets of exercises with 10 repetitions each, with a 30-second 
interval between sets. We maintained the exercises for five 
seconds initially, subsequently maintaining them for 10 
seconds according to the patient’s performance. We defined 
the treatment from the result of the evaluation performed 
prior to the randomization stage, and guided it according to 
the preferred direction of movement, that is flexion, exten-
sion, or lateral displacement of the spine. We applied the 
McKenzie protocol according to Garcia et al. (13) (table I).

Intervention protocol for the Core Group
In the CG protocol, we developed the exercises accord-
ing to the studies of Moon et al. (21), who used eight exer-
cises based on static postures, initially maintained for five 
seconds. As the program evolved, the degree of difficulty 

Table I. McKenzie group exercise protocol. 

Exercise Number of repetitions
Exercise 1. Flexion of the lower limbs on the bench press 3 sets with 10 repetitions

Exercise 2. Bending the trunk while sitting on the chair 3 sets with 10 repetitions  

Exercise 3. Standing trunk flexion 3 sets with 10 repetitions

Exercise 4. Prone trunk extension 3 sets with 10 repetitions

Exercise 5. Standing trunk extension 3 sets with 10 repetitions

Exercise 6. Lateralization of the standing pelvis 3 sets with 10 repetitions for each side

Exercise 7. Lateralization of the pelvis against the wall 3 sets with 10 repetitions for each side
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in controlling the posture increased, with the posture hold-
ing time changing to 10 seconds. Participants of this group 
repeated each exercise 10 times, with a 30-second inter-
val between them. The researcher commanded continuous 
contraction of stabilizers (“abdominal press”) in all exercis-
es (table II). 

Intervention protocol for the Core + McKenzie group
In the CMG protocol, patients performed both exercise 
methods in association. The patients started with McKenzie 
exercises and performed core stabilization exercises after a 
five-minute rest according to the defined protocol.

Statistical analysis
We used the Statistical Package for the Social Sciences (SPSS) 
version 23.0 for data and statistical analyses. We entered the 
data twice so as to avoid typing errors, and expressed them 
as mean and standard deviation. Afterwards, we statistical-
ly analyzed the data by parametric tests: Analysis of Vari-
ance (ANOVA) for repeated measures within each group 
from baseline to endpoint, and unpaired Student’s t Test 
for intergroup analysis at each time point. For nonparamet-
ric variables, we used the Wilcoxon and Chi-Square Tests, 
respectively. We established the level of significance of p < 
0.05 for the statistical test.

RESULTS
The study initially included 104 participants. Of these, 18 
were excluded and 86 were randomized to the study groups. 
Among the randomized participants, 17 discontinued inter-
vention due to withdrawal. Thus, the present study analyzed 
a total of 69 participants (figure 1). Of these, 25 (36.23%) 

were men, with an average age of 46 years. The groups were 
homogeneous for the variables skin color, occupation, time 
of pain, and anthropometric aspects (table III).
All intervention groups decreased pain intensity after the 
intervention protocol, with no differences between them (p 
< 0.001) (figure 2).
Hamstring flexibility increased significantly in all interven-
tion groups, with no differences between them (figure 3).
All intervention groups decreased the Roland-Morris 
Disability Questionnaire (RMDQ) score (p < 0.001). The 
scores did not differ between the intervention groups 
(figure 4).
All study groups also improved quality of life according 
to the SF-36 Questionnaire, with no differences between 
them (figure 5). The three intervention groups improved 
all domains of the questionnaire. However, for the Func-
tional Capacity domain, the CG showed a more significant 
variation in the score than the MG and CMG (p=0.018) 
(table IV).
Regarding isometric trunk muscle strength (MVIC), all 
groups increased isometric strength after the intervention, 
with no differences between them (figure 6).
Regarding lumbopelvic stability tests, all study groups 
significantly improved the scores of the Single Leg Squat 
Test, Runner Pose Test, and Prone Instability Test (p < 
0.05). Notwithstanding, when analyzing the results between 
the groups, the CG and CMG scored better than the MG (p 
< 0.05) (table V).
All intervention groups improved the scores of the Lateral 
Bridge and Sorenson tests after the intervention (p < 0.05). 
The CG and CMG showed a significantly higher variation 
in posture holding time than the MG in the Left and Right 
Lateral Bridge Test (p=0.009 and p=0.012, respectively) 
(table VI).

Table II. Core stabilization Group exercise protocol.

Exercise Number of repetitions
Exercise 1. Bench press 10 times from 5 to 10 sec., 10 sec. rest

Exercise 2. Bird dog 10 times from 5 to 10 sec. for each side

Exercise 3. Lateral bridge 10 times from 5 to 10 sec. for each side

Exercise 4. Prone bridge 10 times from 5 to 10 sec., 10 sec. rest

Exercise 5. Isometry (lower portion of the rectus abdominis) 10 times from 5 to 10 sec., 10 sec. rest

Exercise 6. Supine bridge with extended lower limbs 10 times from 5 to 10 sec., 10 sec. rest

Exercise 7. Minisquat on the wall with a Swiss ball 10 times from 5 to 10 sec., 10 sec. rest

Exercise 8. Isometry (bench press flexion) 10 times from 5 to 10 sec., 10 sec. rest
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Table III. Characterization of the study sample (n=69).

Intervention group
Variable CG (n=23) MG (n=23) CMG (n=23) p
Age, years (mean ± SD) 45.43 ± 10.40 51.00 ± 6.81 43.96 ± 10.56 0.034#

Gender, M/F 9/14 8/15 8/15 0.757$

Skin color, n (%) 1.000$

White 23 (100.0) 23 (100.0) 23 (100.0)

Black 0 (0.0) 0 (0.0) 0 (0.0)

Occupation, n (%) 0.454$

Farmer 1 (4.3) 5 (21.7) 6 (26.0)

Homekeeper 2 (8.7) 7 (30.4) 3 (13.0)

Joiner 1 (4.3) 1 (4.3) 0 (0.0)

Teacher 1 (4.3) 0 (0.0) 2 (8.7)

Physiotherapist 1 (4.3) 0 (0.0) 1 (4.3)

General Services 1 (4.3) 1 (4.3) 0 (0.0)

Other 16 (69.8) 9 (39.3) 11 (48.0)

Time of pain, months (mean ± SD) 72.70 ± 66.44 112.83 ± 80.88 104.74 ± 117.63 0.135&

Directional preference 0.129$

Flexion 13 (56.5) 16 (69.6) 10 (43.5)

Extension 6 (26.1) 7 (30.4) 11 (47.8)

Side slope 4 (17.4) 0 (0.0) 2 (8.7)

Weight, Kg (mean ± SD) 77.42 ± 11.15 76.70 ± 14.26 72.96 ± 13.50 0.465#

Height, cm (mean ± SD) 167.22 ± 9.47 164.39 ± 7.52 157.90 ± 35.37 0.330#

BMI, Kg/cm2 (mean ± SD) 27.69 ± 3.52 28.21 ± 3.79 26.80 ± 4.08 0.448#

Legend: CG=Core Group; MG=McKenzie Group; CMG=Core + McKenzie Group; Kg: kilogram; cm: centimeters; M: male; F: female.
# One-way ANOVA.
$ Chi-square.
& Kruskal-Wallis test. 

DISCUSSION
This study compares the effectiveness of two exercise 
programs for low back pain due to DP, also analyzing 
the association of these two programs. The results do not 
support the initial hypothesis that the core stabilization 
exercise program is more effective than the McKenzie 
exercise program in relieving pain and improving posteri-
or muscle chain flexibility and functional disability scores 
in individuals with low back pain secondary to disc protru-
sion/degeneration. Both programs, alone and in association, 
led to positive results.
The analyses did not reveal statistical differences in pain 
intensity, isometric trunk extensor strength, and function. 
These results corroborate those found in other previously 
published studies (10, 22, 24, 25). However, specific tests 
for lumbopelvic-hip complex stabilization showed that 
the groups that performed core stabilization exercises had 

greater postural control than the group that performed only 
the McKenzie exercise program.
Spinal stabilization exercises and the McKenzie approach 
are two different interventions generally used to treat low 
back pain. The stabilization program applied in this study 
addressed specific muscle abnormalities associated with 
low back pain due or related to degenerative discopathy 
and DP. The program emphasized the training of deep and 
local spinal stabilizing muscles, keeping the lumbar region 
in a neutral position (10, 22, 23). The McKenzie approach 
emphasizes an examination/treatment that incorporates 
repeated spinal movements. The patient’s response to 
these repeated movements determines a classification and 
a preferred direction for therapeutic exercise (10, 22, 23).
O’Sullivan et al. (26) observed that several participants in 
their study needed four to five weeks to learn how to coact-
ivate Transverse Abdominis (TrA) and multifidus muscles. 
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Figure 2. Pain intensity assessment in the study groups 
before and after intervention.
CG: Core Group; MG: McKenzie Group; CMG: Core + 
McKenzie Group; VAS: Visual Analogue Scale.
# p < 0.001 compared to baseline in the same group. Student’s 
t test.

Figure 3. Hamstring flexibility assessment through the Wells 
bench in the study groups before and after intervention.
GC: Core Group; MG: McKenzie Group; CMG: Core + 
McKenzie Group.
# p < 0.001 compared to baseline in the same group. Student’s 
t test.
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Figure 4. Roland-Morris Disability Questionnaire (RMDQ) 
score in the study groups before and after intervention.
GC: Core Group; MG: McKenzie Group; CMG: Core + 
McKenzie Group.
# p < 0.001 compared to baseline in the same group. 
Student’s t test.

Figure 5. Total SF-36 score in the study groups before and 
after intervention.
GC: Core Group; MG: McKenzie Group; CMG: Core + 
McKenzie Group.
# p < 0.001 compared to baseline in the same group. 
Student’s t test.
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Table IV. Evaluation of the SF-36 questionnaire subitems (n=69).

SF-36 
items Group Baseline, 

mean ± SD
Postintervention, 
mean ± SD pa Effect

Size
Score variation 
within the group (95% CI) F pb

Functional 
capacity

CG 40.44 ± 22.20 73.04 ± 19.99 0.000 -7.07 -32.61 (-42.16 to -23.05)
4.272 0.018#

MG 29.35 ± 14.73 57.61 ± 21.47 0.000 -6.19 -28.26 (-37.72 to -18.80)

CMG 45.21 ± 23.86 74.57 ± 23.69 0.000 -5.19 -29.34 (-39.64 to -19.05)

Physical 
Limitation

CG 19.57 ± 34.51 73.91 ± 35.74 0.000 -5.56 -54.34 (-74.61 to -34.08) 1.577 0.214

MG 7.61 ± 13.97 56.52 ± 43.33 0.000 -5.93 -48.91 (-66.00 to -31.82)

CMG 21.74 ± 37.16 73.26 ± 32.98 0.000 -6.66 -51.52 (-67.57 to -35.47)

Pain

CG 31.61 ± 19.26 64.00 ± 23.58 0.000 -5.20 -13.61 (-45.30 to -19.48) 2.163 0.123

MG 34.91 ± 15.73 55.48 ± 15.97 0.000 -5.17 -20.56 (-32.56 to -9.35)

CMG 32.52 ± 22.99 67.48 ± 20.11 0.000 -7.60 -34.96 (-44.49 to -25.42)

Health 
Condition

CG 53.26 ± 22.81 66.87 ± 22.82 0.001 -3.83 -13.61 (-20.97 to -6.24) 0.800 0.454

MG 38.18 ± 20.28 59.13 ± 20.79 0.001 -3.74 -20.96 (-32.56 to -12.31)

CMG 46.61 ± 24.79 64.96 ± 21.18 0.000 -4.24 -18.35 (-27.33 to -9.37)

Vitality

CG 41.52 ± 19.51 60.65 ± 22.92 0.001 -3.85 -19.13 (-29.43 to -8.83) 2.498 0.090

MG 41.08 ± 21.74 56.96 ± 20.77 0.001 -3.98 -15.86 (-24.13 to -7.60)

CMG 49.57 ± 25.49 70.35 ± 19.08 0.000 -4.66 -20.78 (-30.04 to -11.52)

Social 
Aspect

CG 48.80 ± 22.88 77.63 ± 21.97 0.000 -5.39 -28.83 (-39.93 to -17.73) 0.472 0.626

MG 52.09 ± 23.74 75.52 ± 21.49 0.001 -3.89 -23.43 (-35.91 to -10.95)

CMG 44.02 ± 28.71 82.09 ± 26.41 0.000 -6.61 -30.06 (-50.01 to -26.12)

Emotional 
Aspect

CG 52.12 ± 45.86 76.76 ± 40.78 0.037 -2.21 -24.66 (-47.74 to -1.57) 0.073 0.930

MG 40.47 ± 38.81 78.37 ± 31.14 0.000 -4.64 -37.90 (-54.82 to -20.97)

CMG 40.56 ± 47.09 74.33 ± 36.00 0.001 -3.88 -33.77 (-51.81 to -15.72)

Mental 
Health

CG 56.35 ± 24.39 71.13 ± 18.84 0.011 -2.78 -14.78 (-25.79 to -3.78) 0.890 0.445

MG 54.26 ± 23.00 65.74 ± 22.10 0.034 -2.26 -11.48 (-22.00 to -0.95)

CMG 62.78 ± 22.45 73.39 ± 21.43 0.003 -3.36 -10.61 (-17.15 to -4.07)

Legend: CG: Core Group; MG: McKenzie Group; CMG: Core + McKenzie Group; CI: Confidence Interval; SD: Standard Deviation.
Bold values are statistically significant.
a Intragroup Student’s t-test.
b One-way ANOVA.
# Significant difference between the MG, CG, and CMG.
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Figure 6. Trunk muscle strength (Maximum Voluntary Isomet-
ric Contraction) assessment in the study groups before and 
after intervention.
GC: Core Group; MG: McKenzie Group; CMG: Core + 
McKenzie Group.
# p < 0.001 compared to baseline in the same group.
$ p < 0.005 compared to baseline in the same group. 
Student’s t test.
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Table V. Results of lumbopelvic stability tests in the study groups before and after intervention (n=69).

Variable CG (n=23) MG (n=23) CMG (n=23)
Initial Final Initial Final Initial Final p$

Single Leg Squat Test 0.043
Positive 23 (100.0) 9 (39.1) 23 (100.0) 16 (69.6) 20 (87.0) 11 (47.8)

Negative 0 (0.0) 14 (60.9) 0 (0.0) 7 (30.4) 3 (13.0) 12 (52.2)

p# 0.000 0.006 0.007
Runner Pose Test 0.003
Positive 15 (65.2) 5 16 (69.6) 11 5 (21.7) 1

Negative 8 (34.8) 18 7 (30.4) 12 18 (78.3) 22

p# 0.002 0.025 0.046
Prone Instability Test 0.019
Positive 20 8 21 15 17 6

Negative 3 15 2 8 6 17

p# 0.001 0.014 0.002
Legend: CG: Core Group; MG: McKenzie Group; CMG: Core + McKenzie Group.
Bold values are statistically significant.
$ Chi-square test.
# Wilcoxon test.

The ability to perform an isolated contraction of these 
muscles is the basis of the specific stabilization approach. 
Inability to master this exercise component prevents 
patients from progressing on their exercise program (26). 
The stabilization exercise program applied in this study last-
ed four weeks. Perhaps many of these patients who partici-
pated in the study could have responded more favorably to 
the program with a longer intervention period. The exer-
cise dosage can significantly affect the treatment of low back 
pain (25). Miller et al. approached 30 subjects with chronic 
low back pain using the McKenzie exercises and stabiliza-
tion exercises for six weeks (9). Both groups improved pain 
and function after the intervention (10).
Both exercise programs significantly reduced pain intensity 
after four weeks of intervention. Notwithstanding, it seems 
to us that the reduction in pain intensity occurs through 
different mechanisms in the two proposed programs. The 
positive results associated with the McKenzie approach may 
relate to the activation of pain gate control mechanisms or to 
relaxation and/or decompression of neural tissues (10, 16). 
The application of controlled forces to the spine through 
active exercises or techniques can temporarily reduce pain 
intensity by altering the fluid dynamics of the injured tissue 
(10, 16). Another theory that may justify this analgesic 
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Table VI. Results of the posture holding time in the core stabilization tests of the intervention groups (n=69).

Functional Test Group Baseline, 
mean ± SD

Postintervention, 
mean ± SD

pa Effect 
Size

Score variation within 
the group (95% CI)

F pb

Right side bridge CG 17.13 ± 17.42 42.30 ± 35.05 0.000 -5.33 -25.17 (-34.97 to -15.38) 5.093 0.009#

MG 14.83 ± 15.04 22.17 ± 20.25 0.001 -6.19 -7.35 (-37.72 to -18.80)

CMG 22.17 ± 15.98 42.08 ± 25.41 0.001 -3.83 -19.91 (-11.32 to -3.37)

Left side bridge CG 20.34 ± 16.84 44.30 ± 24.98 0.000 -6.59 -23.96 (-31.50 to -16.41) 4.757 0.012#

MG 15.78 ± 16.44 23.87 ± 24.49 0.003 -5.93 -8.08 (-13.14 to -3.04)

CMG 22.48 ± 15.48 43.17 ± 26.26 0.000 -4.09 -20.69 (-31.20 to -10.19)

Sorenson Test CG 37.70 ± 29.55 62.96 ± 37.82 0.001 -3.90 -25.26 (-38.69 to -11.83) 2.860 0.069

MG 21.35 ± 16.84 41.57 ± 35.04 0.005 -5.17 -20.56 (-32.56 to -9.35)

CMG 30.22 ± 32.58 68.17 ± 46.25 0.000 -6.21 -37.95 (-50.64 to -25.27)
Legend: CG: Core Group; GM: McKenzie Group; CMG: Core + McKenzie Group; CI: Confidence Interval; SD: Standard Deviation.
Bold values are statistically significant
a Intragroup Student’s t-test.
b One-Way ANOVA.
# Significant difference between the MG, CG, and CMG.

effect in the McKenzie method is that stimulation of arte-
rial, venous, and lymphatic drainage or mechanoreceptive 
stimulation with subsequent increase in the afferent path-
way to the central nervous system can result in pain modu-
lation and inhibition of the hypertonic muscle (10). Trunk 
extension programs have improved some of the main stabil-
ity measures with activation of the local and global muscle 
system, stabilizing the region around the spine and reducing 
pain (22).  

The literature describes the effects of core stabilization 
exercises on pain through several mechanisms. These mech-
anisms include reducing the load and improving the quality 
of movements after improving trunk muscle coordination 
(16). Furthermore, stabilization exercises aim to activate 
mainly the deep muscles, commonly affected by low back 
pain (16). 

Regarding spinal instability, Panjabi (27, 28) describes 
a neutral zone where there is a synergistic interaction 
between passive and active elements and the neural control 
of the spine to control the movement between intervertebral 
segments (10, 29). If one of these elements is compromised, 
for example, by disc degeneration, spinal injury, or muscle 
dysfunction, an imbalance occurs within the neutral zone 
resulting in instability of this complex and, consequently, 
pain (10, 29).
Hence, lumbosacral spine instability in the studied popula-
tion may relate to the presence of an advanced discogenic 
pathology that was most affected by the extension program. 
Although McKenzie’s conceptual model of pulpal nucleus 
displacement with repeated movements in the final range 
so as to reduce abnormal disc pressures remains controver-

sial, several studies have demonstrated anterior or posterior 
nuclear migration away from the compressive forces of flex-
ion or extension movements in the sagittal plane.
Some studies describe core muscle imbalance in patients 
with low back pain compared to healthy individuals (23). 
In comparison with general exercises or spinal manipula-
tion, motor control exercises for patients with low back pain 
improve the size and recruitment of deep spinal muscles, 
including TrA, improving pain and short-term function 
(24). De Georgio, Padulo and Kuvacic (30) reported that 
people who develop chronic pain in the absence of other 
associated pathologies, as in the case of chronic non-specific 
low back pain, may be predisposed to avoid some gestures, 
movements, daily routines and/or sports activities with the 
intention to decrease the pain. This can lead to a significant 
reduction in the level of physical activities, that is, a “disuse 
syndrome”, which increases the perception of stiffness and 
back pain. All of these aspects can lead to the develop-
ment of a vicious circle that results in the worsening of the 
patient’s quality of life.
The proposed mechanism of action for motor control exer-
cises involves better coordination of deep spinal and trunk 
muscles, such as TrA and Internal Oblique (IO) muscles 
(24). There is a better ratio between TrA and IO muscle 
activation and rectus abdominis improvement in individ-
uals treated with core stabilization exercises (30). These 
exercises increase the activation of segmental muscles, 
reducing pain in individuals with chronic nonspecific low 
back pain (30). 

Hosseinifar et al. demonstrated that stabilization exercis-
es were more effective than McKenzie exercises in increas-
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ing the resting thickness of the left and right TrA muscles 
and the multifidus muscle (15). These findings corrobo-
rate those of the present study, where the CG had a greater 
activation of these muscle groups, as shown by the Lateral 
Bridge, Single Leg Squat, and Prone Instability tests.
One of the most widely validated outcome measures for low 
back pain is the Roland-Morris Disability  Questionnaire 
(RMDQ) (23). The present study showed a significant reduc-
tion in the RMDQ score in all intervention groups, with no 
differences between them. The possible explanations for 
these findings are the improvement of trunk muscle activ-
ity and the increase in the range of lumbar motion, leading 
to less disability and functional recovery. According to the 
fear-avoidance model, people’s fear of low back pain aggra-
vates pain, leading to chronic pain and, ultimately, perma-
nent functional disability (22). 
In the treatment of low back pain using McKenzie and, 
especially, stabilization exercises, focusing on the preferred 
direction of the TrA and multifidus muscles, respectively, 
relieves pain, which helps patients to recover physically and 
psychologically (22). Exercises combat chronic pain and 
functional disability by conquering fear and, subsequent-
ly, preventing pain in patients (22). Thus, patients report 
reduced pain and disability scores after interventions (22). 
The specificity of the exercises helps in managing pain that 
stems from tense muscles and therefore facilitates healing 
(22). In other words, exercises help patients to cope with 
their pain, leading to recovery (22). Chopani et al. (32) 
approached 24 subjects with spondylolisthesis, randomly 
divided into a group of stabilization exercises or a group 
of general exercises. The authors observed that pain and 
disability improved in both groups, but the variables of 
postural stability were not changed in different directions 
in the stabilization group. This result can demonstrate that 
several exercise methods can offer benefits on low back 
pain and disability. Notarnicola et al. (33) approached 60 
people with chronic non-specific low back pain divided into 
a group receiving the Pilates method and a control group. 
Participants in the Pilates group received an hour of daily 
exercise, five times a week for six months. The Pilates group 
demonstrated an important improvement in pain, disability, 
and physical and psychological health perception.
Results suggest that both exercise programs improve pain 
and functional disability through their own and distinct 
mechanisms. The choice of one or the other seems to be 
an important contributor to the previously considered clin-
ical outcomes (26). Patients and clinicians may use either 
approach to improve long-term clinical outcomes. However, 
this choice must consider both the clinical experience with 
the technique and the response of each patient. In addition, 
it is important to emphasize the importance of exercise as a 

routine physical activity program in the prevention of low 
back pain originating from a degenerative process of the 
intervertebral disc.

Study limitations
This research has limitations such as the lack of evalua-
tion and control of analgesic intake by patients during the 
study period. Another limitation is the lack of a follow-up 
to observe the long-term effects of the exercise programs 
administered. The results are further limited by a small 
sample size that limits statistical power. In addition, the study 
was pragmatic, without a true control group (non-interven-
tion). Future studies are necessary to include such variables 
so as to correlate and enhance the results of this research.

CONCLUSIONS
The results of this study suggest that McKenzie and core 
stabilization exercises, either alone or in association, are 
effective in treating low back pain due to Disc Protrusion 
(DP). In particular, core exercises enhanced lumbopelvic 
complex stabilization and functional capacity according to 
the domains of the SF-36 quality of life questionnaire.
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