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Abstract
Non-specific low back pain (LBP) is a symptom of unknown cause affecting
one third of the UK adult population, accounting for more than 15 million lost
work days and an estimated annual cost of £12.3 billion. Pilates based exercise
is becoming increasingly incorporated in to spinal rehabilitation, yet there is
limited evidence on the efficacy of the technique. The aim of this study was to
evaluate the effect of a 6-week Pilates based exercise programme on perceived
functional disability, pain, local muscular endurance and lumbar range of motion
in patients with non-specific chronic low back pain. Participants (n=13) with
chronic non-specific LBP (>12-weeks) were recruited to a pre-post intervention
trial. All participants were assigned to a 6-week control period. Subsequently,
participants undertook one hour of a Pilates based exercise intervention twice
per week for 6-weeks. Perceived functional disability and pain were assessed
using the Oswestry functional disability questionnaire (ODQ) and visual analogue
scale (VAS) respectively. Local muscular endurance (CE) and lumbar range of
motion (LF) were assessed using the core endurance test and the fingertip to
floor distance (FFD) respectively. Functional disability (ODQ), pain (VAS), local
muscular endurance and lumbar flexion (FFD) improved after the intervention
period (P<0.05). Improvements in perceived functional disability (ODQ) were
associated with an increase in LF (P<0.05) but not VAS or CE (P>0.05). The
results of this pre-post intervention trial suggest that Pilates based exercise can
be administered safely and is well tolerated by the majority of patients with nonspecific chronic LBP.
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Introduction

Non-specific low back pain (LBP) is a symptom of unknown
cause affecting one third of the UK adult population [1]. In 2013
the UK Government [2] reported that back pain was the leading
cause of long-term sickness and accounted for more than 15
million lost work days with an estimated annual cost of £12.3
billion [3]. However the therapeutic management of LBP varies
widely and the effectiveness associated with many interventions
has not been definitively demonstrated [4]. Exercise has been
reported as an effective strategy for the management of LBP [5].
However the most suitable method of exercise in the treatment
of LBP has been widely debated [6-10]. Recently Pilates based
exercises have been increasingly incorporated into physiotherapy
rehabilitation programmes [11]. The Pilates technique focuses
on the principles of centring, postural alignment, co-ordination,
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concentration, breathing, precision and movement sequencing
[12]. These principles aim to allow dysfunctional movement to be
isolated perfected then integrated back into functional movement
[13] and teach control of spinal movement during activities of
daily living [14]. The centring principle consists of an isometric
contraction of the transverse Abdominis (TrA) and the internal
oblique (IO) muscles which contributes to increased antagonist
co activation of the deep lumbar muscles viz. multifidus (MF)
[15]. Several authors have suggested that Pilates based exercise
incorporates lumbar stabilisation training within dynamic and
functional movement [13,16-17]. Lumbar stabilisation in a
functional context may be key to improving patient self-efficacy
and reducing fear avoidance [18].

Chronic LBP can impact on functional activities of daily living.
The Oswestry Disability Questionnaire (ODQ) was designed to
assess the impact of back pain on activities of daily living and has
been shown to be a valid and responsive measure of functional
disability [19,20]. Scores from the ODQ are expressed as
percentages and interpreted as, <20% minimal disability, 21-40%
moderate disability, 41-60% severe disability, 61-80% crippling
back pain, 81-100% bed bound or patients were exaggerating
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symptoms. A ten percent change in ODQ score is considered the
minimum acceptable change to be clinically meaningful [21].
Interlinked with functional disability is the patient’s perception
of pain. Pain severity and relief is commonly evaluated using the
Visual Analogue Scale (VAS) [22]. The VAS consists of a 100mm
straight line anchored by 0 (no pain) and 10 (worst pain). The
recommended cut offs for the VAS are no pain (0-4mm), mild
pain (5-44mm), moderate pain (45-74mm) and severe pain (75100mm) [23]. The VAS is regarded as a valid tool to measure
pain severity in chronic pain patients and a reduction of 13mm
represents the minimum change in pain to be clinically significant
[24].

Activities of daily living such as bending down to lift an object
from the floor require a combination of strength and range of
motion. Impairments in core endurance have been associated
with LBP and lower extremity injuries in athletes [25]. The core
endurance test is a measure of trunk control and can be used to
assess the fatigability of the trunk muscles [26] with moderate to
high intra-ratter reliability (ICC = 0.66-0.96) [25]. Akaha et al. [27]
reported that deficiencies in trunk flexibility closely reflected selfreported disability in activities of daily living and the fingertip to
floor distance (FFD) test measures trunk flexibility and can be
used to study lumbar impairment. Pilates based exercise has been
suggested to demonstrate positive effects for improved general
function and pain reduction with some evidence to support
improvements in flexibility and enhanced muscle endurance [28]
and as such may offer an alternative cost effective method in the
management of LBP [29]. Increasingly therapists in Australia
and the United States are using Pilates as an intervention in
the management of chronic LBP [12] despite minimal scientific
evidence to support the technique [11,14]. Therefore the aim of
this study was to evaluate the effect of a 6-week Pilates based
exercise programme on perceived functional disability, pain, local
muscular endurance and lumbar range of motion associated with
non-specific chronic low back pain.

Methods

Participants and procedures
Fifteen physically active (defined by the UK Government [30] as
150 minutes of moderate intensity activity per week) participants
(Female n=10, age 57.4±6.6 years, Male n=5, age 50.4 ±9.9 years)
with non-specific LBP (>12 weeks) were recruited to this study.
Exclusion criteria included pregnancy, manual treatment within
the previous 3 months, positive straight leg raise test, prior
spinal surgery, known lumbar disc hernia, severe osteoporosis
and diagnosed inflammatory or malignant disease [31]. Two
participants were excluded from the study due to receiving
previous spinal surgery. The study was designed as prospective
pre-post intervention trial as it is deemed unethical to deny
any participant with LBP access to treatment [32]. Participants
undertook a 6-week control period in which they continued their
daily and physical activities as normal. Subsequently participants
commenced one hour of a supervised (1:4 ratio) Pilates based
exercise intervention twice per week for 6-weeks. After a complete
explanation of the procedures benefits and risks associated with
the study participants were invited to participate and to provide
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written informed consent. All procedures were performed in
accordance with the most recent version of the Declaration of
Helsinki and approved by faculty research ethics committee of
Buckinghamshire New University.

Perceived functional disability and pain

Perceived functional disability and pain were assessed pre
and post control and intervention periods using the ODQ and
VAS respectively. Participants were requested to complete the
applicable sections of the ODQ and their percentage of functional
disability was calculated on the number of questions completed.
Levels of perceived pain in the previous 24-hour period were
established by participants marking a vertical mark through the
100mm horizontal VAS the distance was measured and recorded
in millimetres (mm).

Local muscular endurance and lumbar range of motion

Local muscular endurance was established by conducting a
core endurance test in accordance with protocols established by
Mc Gill [33]. Participants were instructed to hold a static position
for a long as possible the test was terminated when the subject
could no longer sustain the position and the time recorded in
seconds (s). Lumbar flexion range of motion was assessed using
fingertip to floor distance (FFD). Participants were instructed
stand with feet hip width a part arms held straight in front with
hands together then to slowly bend forward in an attempt to
touch the floor. The distance between the tip of the middle finger
and the floor was measured and recorded in centimetres (cm).

Pilates based exercise

Participants completed one hour of a supervised (1:4 ratio)
Pilates exercise twice per week for 6-weeks. Each session included
a 10-minute warm-up concentrating on movements of the trunk
musculature. Participants were taught to find lumbar spine
neutral (LSN) as the intermediate position between retroversion
and anteversion. Activation and control of the TrA and MF muscles
was established with expiration during diaphragmatic breathing
in different positions (standing, sitting, supine, prone and fourpoint kneeling) based on the Pilates technique. The exercise
intervention Figure 1 included the following Pilates movements,
spine stretch forward, spine twist, single leg stretch, rolling, the
hundred, diamond press, side kick and shoulder bridge. Exercise
intensity and duration was progressed in accordance with the
ACSM [34] guidelines for chronic low back pain.

Statistical analysis

To assess normality of the data distribution a Shapiro-Wilk test
was used. Descriptive statistics are reported as mean ± standard
deviation and median (Interquartile range). A paired samples
t-test was used to analyze differences for both the control and
intervention periods from baseline to 6-weeks for core endurance
(CE) and lumbar flexion (LF). Where data were not normally
distributed a non-parametric related-samples Wilcoxon signed
rank test was performed to analyze perceived functional disability
(ODQ) and pain (VAS). A Spearman’s rank-order correlation was
used to investigate any association between percentage change
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in LF, VAS, CE and ODQ after the 6-week Pilates intervention.
Analyses of data were performed using the statistical software
SPSS 22 for Windows (SPSS Inc, Chicago IL, USA). A statistical
significance value of P<0.05 was accepted.
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chronic LBP. Furthermore mean absolute and relative changes
indicated that it may have the potential to promote a clinically
meaningful change in perceived functional disability and pain
in this patient group. These mean changes are underpinned by
75% of the sample having a reduction (>13mm) in pain postintervention. Reductions in ODQ and VAS scores followed a
similar trend for the majority of participants but it is not known
if the reduction in perceived pain led to a reduction in functional
disability. Improvements in LF and CE post intervention were
observed for 92% and 75% of the sample respectively. Moreover
increased LF was moderately associated with a reduction of
perceived functional disability.

Figure 1: Pilates Intervention a. LSN, b. spine stretch forward, c.
diamond press, d. shoulder bridge.

Results
Participant recruitment, exclusion, participation and
withdrawal are presented in Figure 2. Twelve participants
(Female n = 7, age 55.7 ± 6.6 years, Male n = 5, age 50.4 ±9.9 years)
completed the study and their data was analysed. One participant
performed a bout of eccentric exercise (unaccustomed) 24 hours
prior to the end of the intervention which led to a 550% increase
in pain over and above the range for all participants (-74% to
+67%). This data was removed from further analysis. There was
no difference in outcome measures after the 6-week control
period Table 1. Functional disability (ODQ), pain (VAS), core
endurance and lumbar flexion improved after the intervention
period (P<0.05) Table 2. Mean and individual relative percentage
changes in functional disability (ODQ), pain (VAS), core endurance
and lumbar flexion after the 6-week Pilates intervention are
displayed in Figure 3. Relative percentage change in perception
of functional disability had a moderate (rs = 0.645, P = 0.032)
association with improvements in lumbar flexion Table 3. Changes
in perceived pain and core endurance were not associated with
changes in perception of functional disability (P>0.05).

Discussion

The results of this pre-post intervention trial suggest that
Pilates based exercise can be administered safely and is well
tolerated by the majority (11/12) of patients with non-specific

Figure 2: Study Design.

Table 1: Outcome measures at baseline and after the 6-week control
period.
ODQ score (%)
Range

Baseline

6-week

P-value

17.7(9.5)

17.7(9.5)

0.317

15.5- 44.4

15.5-48.8

VAS (mm)

35.5 ± 17.5

36.5 ± 18.6

0.307

CE (s)

11.9±4.6

12.1±4.8

0.137

LF (cm)

25.0±14.1

25.08±14.0

0.821

Range
Range
Range

10-63

5.4-22.2

4.0- 50.0

10-70

5.4-22.5

4.0-50.00

Citation: Llewellyn H, Konstantaki M, Johnson MI, Francis P (2017) The Effect of a Pilates Exercise Programme on Perceived Functional Disability and
Pain Associated with Non-Specific Chronic Low Back Pain. MOJ Yoga Physical Ther 2(1): 00013. DOI: 10.15406/mojypt.2017.02.00013

The Effect of a Pilates Exercise Programme on Perceived Functional Disability and Pain
Associated with Non-Specific Chronic Low Back Pain

Table 2: Changes in pain and function after a 6-week Pilate’s intervention.
ODQ (%)

Baseline

∆ 6-week

% ∆ 6-week

P-value

17.7 (11.1)

7.4 ± 7.0

33.6 ± 28.2

0.008

4.5 ± 5.4

57.9 ± 70.8

0.019

VAS (mm)

38.9 ± 17.4

15.1 ± 18.3

LF (cm)

26.5 ± 13.8

12 (13)

CE (s)

11.2 ± 3.7

40.2 ± 46.3

0.036

54.2 ± 27.3

0.003

Figure 3: Mean (shown as bar) and individual (circles) relative
percentage changes in Oswestry Functional Disability (ODQ), Visual
Analogue Scale (VAS), Core Endurance (CE) and Lumbar Flexion (LF)
after a 6-week Pilates exercise intervention.

Table 3: Spearman Rank-Order Coefficient (rs) between percentage
change in lumbar flexion (LF), perceived pain (VAS) and core endurance
(CE) on functional disability (ODQ) after a 6-week Pilate’s intervention.
ODQ

LF

VAS

CE

0.645, P= 0.032

0.362, P= 0.275

0.247, P= 0.465

The results of the present investigation are in accordance
with Taylor et al. [35] and Natour et al. [29] who observed
improvements in pain and self-reported disability after 6 and 12week Pilates interventions respectively. Importantly our study
observed mean decreases of 33% in the ODQ and 15mm in VAS
scores which represents a clinically meaningful change [21,24].
Both Taylor et al. [35] and Natour et al. [29] employed the VAS
to measure pain and observed similar decreases of 19mm and
15.9mm. However in contrast to our study Natour et al. [29]
measured functional disability using the Roland-Morris Disability
Questionnaire which unlike the ODQ requires a response to
all questions regardless of patient relevance. We cannot infer
causation using the current study design nor did we investigate
mechanisms of action associated with Pilates exercise although
the improvements in functional disability may be suggestive of
muscle recruitment (TrA, MF) which enhance static and dynamic
posture [13]. In a review of exercise interventions for LBP Searle et
al. [36] reported that interventions with an emphasis on isometric
contractions of TrA contributed to lumbo-pelvic stability when
stability was challenged. Furthermore Rio et al. [37] observed
that isometric contractions of the quadriceps femoris induced
greater immediate analgesia in patella tendonopathy patients
compared to concentric eccentric contractions. This has been
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suggested to increase the ability to load or perform in the post
contraction analgesic phase [28]. However it is unclear whether
the benefits of exercise to reduce perceived pain associated with
chronic LBP are as a consequence of muscle loading or movement
repetition [38].
Improvements in the perception of functional disability
and pain as a result of the Pilates exercise may contribute to
improvements in core muscle endurance and range of motion.
Richmond [39] suggested exercise that transcends into integrated
movement may improve resistance to fatigue of muscles associated
with maintaining balance after a postural perturbation. CE
improved post-intervention which is in accordance with the work
of Natour et al. [29] who purported that Pilates improved core
strength because of higher levels of TrA contraction. In addition
Kamioka et al. [28] reported that there was strong evidence that
in a healthy population Pilates exercise improved flexibility and
enhanced muscular endurance in the short term. While our study
did not specifically measure TrA contraction Searle et al. [36]
noted that isolated training of TrA led to an earlier onset of TrA
activation which reflected a more constant activation pattern that
is observed in healthy individuals. The increase in CE found in our
study could not be attributed solely to TrA and MF contraction as
the method of testing recruited both global and local musculature
which was not specifically trained in the intervention. This may
explain the varied response to changes in CE found in our study.
Improvement in LF has a moderate association with a reduction
in scores on the ODQ. This is in agreement with the hypothesis
that improved perception of total lumbar flexion through FFD
may reflect self-reported disability in activities of daily living [27].
However this association must be interpreted cognisant that LF
is measured using an objective test, unlike the OQD which relies
on patient perception and interpretation of functional disability.
The observed improvements in LF could be due to the exercises
that were included in our study. Kumar et al. [40] suggested
exercises that created a stretch in the lumbar muscles, such as the
spine stretch forward, rolling and spine twist performed in our
study, could restore mobility which had been disturbed in chronic
LBP. In contrast to our study Natour et al. [29] did not find any
significant improvements in LF. This may have been due to the
disparity in testing procedures used to measure LF as Natour et
al. [29] used a sit and reach test which may not have sufficiently
represented lumbar spine flexibility and could be influenced by
hamstring flexibility [41].
The current study established the short-term effects of the
Pilates exercise on perceived functional disability and pain and
objectively measured LF and CE. However the long-term efficacy
and maintenance of improvements could not be established and
this should be considered for future research.

Conclusion

The present study has provided sufficient trends to justify
the use of a Pilates programme for the reduction of perceived
functional disability and pain. In addition the Pilates exercise
protocol improved core muscle endurance and lumbar flexibility.
While it is acknowledged that further investigation is required
into the proposed effects of the technique a Pilates based exercise
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intervention could offer a cost-effective alternative to traditional
manual therapy interventions for non-specific chronic LBP.
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