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Abstract:

Chronic non-specific low back pain (NCLBP) is one of the main spinal disorders that impairs many daily
activities and limits functional skills. The role of exercise in NCLBP is well documented, although the debate
over the most effective type of training. This study aims to investigate the effects of a 4-week specific training
program on pain, trunk mobility, and muscle flexibility in adults with this condition. Thirty people (aged 30-50
years) were recruited for the study. All participants were untrained and affected by NCLBP. Participants were
divided into two groups, each consisting of 15 people: the Core Stability Training (CST) group (46.67% female)
and the McKenzie exercises (MCK) group (53.33% female). Both groups trained twice a week for four weeks
(eight sessions in total), with each session lasting 30 minutes, and repeated the exercises at home (two times per
week). All participants were assessed pre- and post-training to evaluate pain intensity (Numerical Rating Scale —
NRS), posterior chain muscles flexibility (Forward Bending Test - BEND) and trunk mobility (Schober Test —
SCHOB). NRS and SCHOB improved significantly in both CST and MCK, whereas no difference was observed
for BEND. The interaction effect comparison showed significance for NRS, with greater improvements observed
in CST (-56.84%). Previous results suggest that both types of training are effective for reducing pain and
improving lumbar spine mobility. Since Core Stability exercises led to better outcomes in NCLBP
symptomatology after four weeks of specific training, combining both types of exercises could be helpful for
people with NCLBP.
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Introduction

Low back pain (LBP) is one of the major disorders of the spine. It seriously impairs many daily
activities and limits functional skills, representing a leading cause of disability worldwide (Urits et al., 2019; Van
Middelkoop et al., 2011). LBP can be defined as “pain located in the area of the posterior aspect of the body,
extending from the lower margin of the twelfth ribs to the lower gluteal folds; this pain may or may not radiate
into one or both lower limbs and must persist for a minimum duration of one day” (Hoy et al., 2014). Annually,
the prevalence of LBP in the United States adult population is about 10-30%, and the lifetime prevalence is 65-
85% (Longo et al., 2010). In 2020, there were more than half a billion prevalent cases of LBP worldwide, and by
2025, a 36.4% increase is globally expected (Ferreira et al., 2023). Among the different types of LBP, the
chronic non-specific low back pain (NCLBP) is the most common form of this pathology and represents a global
disease independent of age and sex (Cheng et al., 2025). The aetiology of NCLBP is mainly myofascial pain
(related to mechanical and musculoskeletal factors), lasting more than 12 weeks, without a clear underlying
cause defined by medical tests (injury, tissue damage, and structural deficits) (Pergolizzi & LeQuang, 2020). In
this regard, it is imperative to manage symptoms and improve primary, secondary, or tertiary prevention
programs to reduce functional limitations and healthcare costs (George et al., 2021; Pergolizzi & LeQuang,
2020). The conservative treatment of NCLBP primarily focuses on pharmacological therapy, physical therapy,
massage and manual therapy, specific exercises, and behavioural and educational strategies provided by
healthcare professionals within a multidisciplinary approach (Pergolizzi & LeQuang, 2020; Urits et al., 2019;
Van Middelkoop et al., 2011). In particular, the role of exercise in NCLBP management has been widely
investigated to understand the effectiveness of different types of training across several populations (Garcia-
Moreno et al., 2022; Hayden et al., 2021; Li et al., 2023). Exercises for NCLBP are promoted to improve global
muscular strength and endurance, increase trunk muscle activation and movement control, enhance trunk
mobility and aerobic fitness (George et al., 2021; Hayden et al., 2021; Wang et al., 2012). Recently, the review
of Li et al. (Li et al., 2023) reported that core stability exercises, Yoga, Pilates, Thai Chi and motor control
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exercises improve physical function in people with NCLBP. In addition, the review by Hayden et al. (Hayden et
al., 2021) underscores that there is moderate-certainty evidence that exercise can reduce pain and functional
limitations compared with no treatment or other conservative treatments. However, more high-quality studies are
needed to strengthen these conclusions. Among various exercise and methodology approaches, core stability
training (CST) and the McKenzie Method (MCK) have been investigated and promoted over the last few years.
The purpose of CST is to enhance lumbar-pelvic stability and motor control between the trunk and pelvis,
thereby reducing mechanical loads on the spine and facilitating efficient muscular coordination (Belli et al.,
2022; Ghorbanpour et al., 2018; Kumar et al., 2015; Marshall et al., 2011; Wang et al., 2012). CST seems to be
more effective than general training in reducing pain and improving physical function in people with NCLBP in
the short term (Wang et al., 2012). Kumar et al. (2015) demonstrated that a 6-week CST program focused on
trunk strength and lumbar flexibility is an effective treatment for individuals with NCLBP, regardless of pain
duration (more or less than one year). Similarly, Ghorbanpour et al. (2018) found greater improvements in pain,
functional limitations, and lumbar range of motion after applying a specific CST protocol compared with
conventional exercises during the same training period. On the other hand, the McKenzie Method involves
repeated movements or sustained positions, accompanied by manual mobilisation and overpressure from a
trained specialist (Mann et al., 2025). MCK is a system of mechanical diagnosis and management of spinal pain
and is commonly used during physiotherapy for acute and chronic LBP (Alhakami et al., 2019; Hosseinifar et al.,
2013; Machado et al., 2010; Muji¢ Skiki¢ & Trebinjac, 2003; Szulc et al., 2015). The review by Alhakami et al.
(2019) found that both CST and MCK exercises are superior to conventional exercises for reducing functional
disability in people with NCLBP. Contrarily, Hosseinifar et al. (2013) found superior benefits of CST compared
to MCK after 6 weeks of individual training sessions on pain, disability and lumbar musculature thickness.

Although the benefits of CST and MCK have been reported, their effectiveness remains debated
(Mannion et al., 2012; Saragiotto et al., 2016). In particular, a comparison between the two approaches for pain
and disability management, especially in the short term, could be useful for healthcare professionals. Therefore,
the present work aims to investigate the effects of a 4-week training program on lumbar pain, trunk mobility and
global muscular flexibility in adults with NCLBP. It’s hypothesised that CST could yield better improvements
than MCK.

Material & methods
Subjects and study design

This is a longitudinal randomised study design with a 4-week duration and two evaluation times (pre
and post). Participants were recruited from Torre Lasie Medical Centre (Imola, Bologna, Italy). The selection
criteria included a diagnosis of chronic non-specific low back pain, a medical prescription for exercises issued by
a physician, and an age range of 30 to 50 years. Exclusion criteria were neurological or other orthopaedic disease
in the last 12 months. No gender restrictions were defined. All participants were informed and gave voluntary
consent to participate in the study. They were randomly allocated to one of two groups: the Core Stability
Training group (CST, n=15; seven males and eight females) and the McKenzie group (MCK, n=15; eight males
and seven females). No nutritional information was collected. The research was approved by the Ethics
Committee of Ovidius University of Constanta (Approval code nr. 45, 23rd January 2024) in accordance with
the Declaration of Helsinki.
Test and functional evaluation

The pre- and post-training evaluations were conducted the week before and after the training period,
respectively. Tests were run in a single session before and after the treatment in the medical centre with a
comfortable temperature of 20° and humidity of 51% and lasted about 20’ for each participant (Russo, Belli, et
al., 2023). All testing was performed in the afternoon, between five p.m. and eight p.m., due to participants'
availability, as with training sessions. The following tests were selected (Hjermstad et al., 2011; Muyor et al.,
2014; Russo, Panessa, et al., 2023): the Numerical Pain Rating Scale (NRS) for pain assessment, the Forward
Bending test (BEND) for posterior muscular chain flexibility, and the Schober Test (SCHOB) for lumbar spine
mobility. Before performing each test, participants were instructed by a trained physiotherapist who explained
the procedure in detail and ensured it was accurate and safe. No specific preparation or warm-up of the patients
was requested for the test session. The tests were conducted in the following order: NRS, BEND and SCHOB. A
single measure for each test was performed, and five minutes of rest were allowed between BEND and SCHOB
(Muyor et al., 2014). The participant was examined wearing underpants and barefoot, and the assessment phase
lasted 20 minutes. A physiotherapist with more than 15 years of experience in LBP and two kinesiologists
performed all tests.
Numerical Pain Rating Scale

The Numerical Pain Rating Scale (NRS) is a practical and valuable test for pain assessment (Stratford
& Spadoni, 2001). It is widely used in several medical fields, and literature reports that NRS provides sufficient
discriminative power for chronic pain patients to describe their pain intensity (Hjermstad et al., 2011; Russo,
Panessa, et al., 2023). Consensus-based studies indicate that researchers and clinicians prefer this quantitative
scale to other instruments for measuring pain intensity in LBP (Chiarotto et al., 2019). NRS is a 10-point scale in
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which 0 represents the absence of pain and 10 the maximum level of pain. Patients were asked to mark the
number corresponding to their pain intensity on that day with a pen.
Forward Bending Test

The Forward Bending test (BEND) is a standard, quick test to evaluate global flexibility (Muyor et al.,
2014). It allows a qualitative and quantitative assessment of trunk and lower-body muscular flexibility and
movement patterns (Esola et al., 1996). The current literature describes this test as the “Toe-touch test” or “Stand
and reach test” to distinguish it from other flexibility tools performed in different positions (e.g., the Sit and
Reach test; Jankowicz-Szymanska et al., 2022; La Greca et al., 2022; Lopez-Minarro & Rodriguez-Garcia, 2010;
Russo, Montagnani, et al., 2023). The participant was asked to stand on a step connected to a vertical measuring
bar, with the reference point “0” at the height of the feet' contact surface; positive values indicated the direction
toward the floor, and negative values indicated the opposite direction. Then, the subject bent their trunk forward,
keeping the knees, arms, and fingers extended, and trying to touch the lowest point on the numerical scale with
their hands. The feet were positioned at shoulder’s width, and the palm of the dominant hand was placed on the
dorsal side of the other hand. Once the participant reached the further point on the measuring bar, the position
was held for 3 seconds to collect the correct number (Lopez-Minarro & Rodriguez-Garcia, 2010).
Schober Test

The Schober test (SCHOB) is a practical and quick test to determine the range of lumbar flexion
(Hershkovich et al., 2022). It allows analysis of lumbar spine flexibility during the forward bending test by
comparing changes in lumbar length from standing to the bending position. Historically, several versions of the
test have been proposed to better quantify this parameter (Tousignant et al., 2005; Williams et al., 1993). In this
study, the original version of SCHOB was performed (Jankowicz-Szymanska et al., 2022). Subjects were asked
to stand in the same position as BEND during the starting assessment. Then, two points were marked on the
lower back: the S1 spinous process and a point 10 cm above it, using a metric ruler. After the points marker, the
participant performed a forward bend, as in the previous test. In the bending position, the distance between the
two points was measured again, and the change in this distance was compared with the standing distance.
Normal range of motion in the lumbar spine should expect a five cm improvement (Williams et al., 1993).
Training protocol

CST and MCK were submitted to a four-week training protocol. Training frequency was two sessions
per week, and the total number of sessions was eight, according to previous research demonstrating benefits for
pain and functional outcomes after a short time period (Hayden et al., 2021; Szulc et al., 2015). The duration of
each session was 30’ and was performed with a 1:1 ratio between the physical therapist and patients. Two
specialised kinesiologists supported the physical therapist during work. This choice allowed us to guarantee the
quality of training and the correct execution of each exercise. The time of rest between each training session was
72 hours (training days were Monday or Tuesday, Thursday or Friday in the afternoon, ranging between 5.00
and 7.00 PM). Figures 1 and 2 show the training protocol exercises for the MCK and CST groups, respectively.

MCK protocols (Fig. 1) consisted of six exercises focusing on static and dynamic trunk mobility,
lumbar spine flexibility, and antalgic positions (Hosseinifar et al., 2013; Mann et al., 2025). Each exercise lasted
between 3’ and 5’ and was progressed during the training period. The number of repetitions for dynamic
exercises ranged between 5 and 10 in relation to individual condition, while the static postures time was
increased by 1’ every three sessions (Ghorbanpour et al., 2018; Muji¢ Skiki¢ & Trebinjac, 2003). The CST
protocol (Fig. 2) consisted of 7 exercises focused on core muscle activation and trunk stabilisation (Machado et
al., 2010; Marshall et al., 2011). Static and dynamic exercises were performed for 3 sets with an individual
progression from 15s to 30s and from 10 to 15 repetitions, respectively (Anderson et al., 2016; Mannion et al.,
2012). During the testing session, each subject received specific information about the training protocol (type of
exercises, equipment, duration) from the two specialised kinesiologists. Since the individual sessions were held
twice per week, participants were encouraged to repeat the exercises at home. They were instructed to continue
the same weekly program for two additional sessions per week and received written details (exercise, set,
repetitions, rest). They were requested to perform 100% of home sessions in addition to physiotherapy, and were
directly monitored by the kinesiologists during this part
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Figure 1. The McKenzie protocol exercises.
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Figure 2. The Core Stability Training protocol exercises.

Statistical Analysis

A priori sample size estimation was computed according to the following parameters: type I error = 5%,
type II error = 20%, tested effect between-within variance of 0.125 (delta = 0.56), number of groups = 2, number
of repeated measures = 2, correlation between repeated measures = 0.2. The estimated sample size was 28 (14
per group). A 10% participant was added to avoid sample attrition and bias the effect size. Descriptive statistics,
such as mean and standard deviation, have been calculated. The distributions of the dependent variables and the
residuals have been checked using the Shapiro-Wilk test. The Cook distance was used for the’ presence of
outliers. The sphericity error was checked and adjusted using the Geisser-Greenhouse epsilon. The repeated-
measures ANOVA was used to test the full and reduced models. Interaction, main and simple contrasts were
computed.
All statistical analyses were conducted with Stata 18 (64-bit, Windows edition).

Results

Table 1 presents summary statistics and adjusted repeated-measures ANOVA results for the McKenzie and Core
groups at both pre- and post-evaluations.

Table 1. Repeated-measures ANOVA table.

McKenzie Core treatment time Interaction
Mean SD Mean SD Fase p Fuse p Fgsy P
Bending 0.37 0.544 1.76 0.19 0.360  0.552
pre -3.33 641 -330 16.80
post -1.47 492 1.63 6.84
Schober 1448 <0.001* 13.89 <0.001* 0.24 0.624
pre 15.10 1.83 13.71 1.88
post 16.87 1.55 15.07 1.10
NRS 1046  0.002* 4122 <0.001* 16.05 <0.001*
pre 6.07 094 6.33 1.29
post 523 098 273 1.91

Figure 3 shows longitudinal variations between CST and MCK for the forward bending test, Schober
and the numerical pain rating scale. While no significant differences emerged between groups and time in the
bending test, CST showed a steeper trend, 5.25% greater than McKenzie, with a contrast of 3.1 (95% CI: -6.82,
13.02). The contrast between McKenzie pre and post was 1.87 (95% CI: -8.05, 11.78), whereas for Core it was
4.93 (95% CI: -4.98, 14.85).

Concerning the Schober test (Figure 3 B), the McKenzie and Core groups reported different baseline
levels (95% CI: -2.57, -0.2), but similar trends over time, with a contrast at post of -1.8 (95% CI: -2.99, -0.61).
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Whilst the Schober score varied by 11.7% from pre to post within McKenzie, the Core participants increased by
9.99%. Marginal linear predictions reported significant results for McKenzie post vs pre (F (i s6) = 8.9, p= 0.004,
95% CI of contrast: 0.58, 2.95) and Core post vs pre (F (1,56 = 5.22, p= 0.004, 95% CI of contrast: 0.17, 2.54).
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Figure 3. Longitudinal means plots for Bending test (A), Schober test (B) and NRS (C).

Regarding NRS (Fig. 3C), treatments showed different slopes over time, with mean reductions of
13.74% and 56.84% in McKenzie and Core, respectively (Table 1). When corrected by the Bonferroni method,
McKenzie post vs pre did not report significant differences (95% CI of contrast: -1.81, 0.14), while Core training
showed an essential contrast of 3.6 (95% CI: -4.58, -2.62; F (;, 56 = 54.36, p<0.001). Whilst no significant
difference appeared between McKenzie and Core at pre (95% CI of contrast: -1.07, 1.60), relevant changes
emerged at post (95% CI of contrast: -3.83, -1.16; F (5 55, = 13.26, p<0.001).

Discussion

The current study aimed to analyse the effects of a 4-week training program on pain and flexibility in
NCLBP. The main findings indicate that both McKenzie and Core Stability improve lumbar spine mobility,
posterior muscular chain flexibility, and pain, with a significant difference reported in the post vs pre comparison
in favour of CST. The debate over the efficacy of both methods for NCLBP treatment remains in the literature
(Alhakami et al., 2019; Ghorbanpour et al., 2018; Hosseinifar et al., 2013; Kumar et al., 2015; Machado et al.,
2010; Mann et al., 2025; Mannion et al., 2012; Marshall et al., 2011; Muji¢ Skiki¢ & Trebinjac, 2003; Russo,
Belli, et al., 2023; Saragiotto et al., 2016; Szulc et al., 2015; Wang et al., 2012). Hosseinifar et al. compared the
effects of CST and MCK on pain, disability, and the thickness of the transverse and multifidus muscles
(Hosseinifar et al., 2013). After 18 individual sessions (3 times per week over 6 weeks), the authors found
similar results for pain and superior benefits of CST on disability and muscular thickness in adults with NCLBP.
The protocol focused on 6 MCK exercises and a specific progression of core segmental control (CST) exercises
in a similar sample (15 participants per group). Recently, the systematic review by Alhakami et al. concluded
that there is insufficient evidence to support the superiority of MCK or CST over pain and disability in NCLBP
management and found that both methods are more efficient than conventional exercises (Alhakami et al., 2019).

The hypothesis of the present study is partially confirmed with relevant practical and operational
implications. Core Stability Training not only proved non-inferior to the McKenzie Method in lumbar mobility
as measured by the Forward Bending Test and Schober Test, but also demonstrated significant superiority in
pain control (p<0.001). Pain reduction for the CST group was 56.84% compared to 13.74% measured in the
McKenzie group, supporting the role of physical exercise as a primary, secondary, and tertiary prevention factor
for low back pain, an aspect discussed in reviews but not always scientifically evident due to study quality issues
(Alhakami et al., 2019; Belli et al., 2024). This result is of considerable importance for professional and daily
practice because it challenges the traditional paradigm that favours approaches focused exclusively on segmental
mobility, highlighting the need for more global movement approaches conducted by qualified kinesiologists and
physical therapists. The data obtained confirm findings from other meta-analyses, showing that core training
produces improvements in pain and disability superior to those of general exercise in the short term (Frizziero et
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al., 2021; Wang et al., 2012). This efficacy could be explained by specific motor control mechanisms favoured
by training deep muscles oriented toward spinal stabilisation, which could promote better management of
repetitive mechanical stresses on vulnerable tissues. In this way, the aim is to interrupt the vicious cycle of pain-
motor dysfunction-pain typical of LBP (George et al., 2021; Marshall et al., 2011).

Looking at the results in detail, although the statistical analysis did not reveal a significant superiority of
CST in the Forward Bending Test, there is an evident trend of greater improvement (+5.25%) in CST compared
to MCK. This pattern suggests a potential effect that may not be fully apparent in the present study due to two
main factors: the reduced sample size and the intervention duration. This consideration is rational and supported
by the scientific literature, which suggests that longer periods (8-12 weeks) are required to manifest the desired
neuromuscular adaptations (Frizziero et al., 2021; Niederer & Mueller, 2020). Conversely, the 4-week period in
the present study may not have been sufficiently long and may have captured only the initial phase of this
adaptive process. The substantial equivalence between CST and the McKenzie Method in the Schober Test must
be interpreted in light of the test's well-documented methodological limitations (Hershkovich et al., 2022; Taheri
et al.,, 2024). Furthermore, the minimal detectable change of 1 cm represents 15-20% of the typical total
excursion, limiting the test's ability to discriminate minor differences that could actually be clinically relevant
(Tousignant et al., 2005). The minimal difference observed between the two methods in the pre-post results of
the Schober Test must also be analysed from a rational perspective. The results obtained are perfectly coherent
with the typical characteristics of the interventions. McKenzie exercises focus specifically on segmental lumbar
mobility, using repeated movements in preferential directions (extension and flexion). It is reasonable to assume
that this stimulation optimises articular range of motion during a test of lumbar flexion (Lam et al., 2018;
Namnagani et al., 2019). In contrast, CST favours a more global approach, promoting active stabilisation and
neuromuscular control rather than range of motion. Based on these considerations, it appears logical and
potentially expected that MCK would show marginal advantages on a specific lumbar mobility test. At the same
time, it must be underlined that what was previously highlighted regarding the test's validity limitations.

The central result of this study, which supports Core Stability Training as the elective approach for
short-term management of NCLBP, is a 56.84% reduction in pain in the CST group compared with 13.74% in
the McKenzie group (p<0.001). From an operational and scientific perspective, this is not exclusively a
statistical datum; instead, it should be interpreted as a global improvement in the quality of life of study
participants. This result aligns perfectly with the international consensus on primary outcomes in low back pain
(Chiarotto et al., 2015). This document highlights that the three domains to consider as outcomes in studies of
NCLBP are pain intensity, physical functioning, and health-related quality of life. It is noteworthy to emphasise
that range of motion was not included in the core outcome set of this international consensus, highlighting that
pain control and functional recovery have clinical priority over segmental mobility. This dismantles the
traditional conceptual assumption that improving ROM is necessary or sufficient for pain reduction.

Limitations

The current study presents several limitations that should be addressed to improve the interpretation of
results and guide future quality research. First, the reduced sample size (n=30; 15 participants per group) must be
considered, which can significantly limit the statistical power of the results. A larger sample could have better
generalised the results, but given the difficulty in recruiting subjects, a lower number had to be chosen. The
second aspect to highlight is the short intervention duration (4 weeks), which may not have captured all potential
benefits. The choice of a brief time period reflected the usual time patients spend in a medical centre during the
initial exercise approach, led by physical therapists supported by kinesiologists. In addition, the lack of a follow-
up period at the medium- to long-term (3-6 months) should also be noted. This is a significant gap because it
prevents evaluating the maintenance of results and identifying potential relapses. Unfortunately, it was not
possible to carry out this procedure due to organisational reasons of the facility where the activities were
conducted. Finally, the absence of functional disability and quality-of-life evaluation (e.g., the Roland-Morris
Disability Questionnaire), as well as the limits of the chosen tests and home training, must be evidenced.

Conclusions

Core Stability Training and McKenzie exercises may reduce pain intensity and improve flexibility in
adults with chronic non-specific low back pain. Core stability Exercises could better reduce pain after only four
weeks of individual training integrated with home exercises under the lead of physical therapists and specialised
kinesiologists.

Since both approaches are characterised by specific exercises and focus on different elements, the
combination of core stability and McKenzie training may be a helpful support in the management of chronic
non-specific low back pain.

Data availability statement The dataset is freely available at the following DOI: 10.17605/0SF.IO/QFAM6
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