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Summary Objective: This study investigated effectiveness of an equipment-based Pilates
protocol for reducing pain and disability in individuals with work-related chronic low back pain
(CLBP).
Methods: Twelve workers with non-specific CLBP participated in a quasi-experimental, onegroup, pretest-posttest pilot study of supervised 6-week equipment-based Pilates exercise.
Pain severity was assessed using a 100-mm visual analog scale (VAS). Physical function was assessed using the Oswestry disability index (ODI).
Results: The Pilates intervention significantly reduced pain (mean decrease in VAS
30.75  20.27, p < 0.0001) and disability (mean decrease in ODI 11.25  13.20, p < 0.02) with
large and borderline large effect sizes, respectively.
Conclusions: Rehabilitative Pilates exercise reduced pain and disability in workers with CLBP.
Further research is needed to investigate Pilates exercise for rehabilitation of work-related injuries in large populations.
ª 2015 Elsevier Ltd. All rights reserved.
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Introduction
Chronic low back pain (CLBP) is a significant contributor to
loss of work, reduced quality of life, and increased
healthcare costs in the industrialized world (Richardson,
2004). The societal costs of CLBP continue to increase
(Bunzli et al., 2013), and worker compensation data indicate recurrent episodes of low back pain are responsible for
70% of the overall cost associated with disability leave
(Young et al., 2013). Additionally, the U.S. Bureau of Labor
Statistics shows that musculoskeletal disorders such as low
back pain account for 33% of all reported cases of injury
and illness (U.S. Bureau of Labor Statistics 2013).
More than 85% of CLBP cases are non-specific and mechanically based (Chou et al., 2007). Although the etiology
of mechanical low back pain is not completely understood,
workplace factors such as repetitive motion, lifting ratios,
and poor ergonomic workstation design have been associated with CLBP (Williams, 2014). Specifically, muscle
dysfunction and weakness in the deep abdominal muscles,
namely the transversus abdominis, the gluteals, and the
lumbar multifidi, along with maladaptive postural changes,
contribute to CLBP (Costa et al., 2012; Wells et al., 2012).
Treatment of work-related CLBP is based on clinical
practice guidelines that may include non-pharmacologic
treatments such as physical therapy, chiropractic care, and
Back School programs (Cifuentes et al., 2011; Jaromi et al.,
2012). However, treatment success varies among individuals, and the availability of multiple individualized
treatment options is essential for effective management of
adult workers with CLBP (Suri et al., 2012).
Recently the Pilates method, developed by Joseph
Pilates in the 1920s for rehabilitation of former soldiers
injured during World War I, has been rigorously evaluated
for its therapeutic benefit for CLBP. The Pilates method,
which focuses on improving body awareness and movement
through particular exercises (Andrade et al., 2015), is
thought to manage CLBP by activating the deep spinal and
abdominal muscles while promoting greater spinal stabilization. This specific stabilization training has been shown
to improve pain, reduce disability, and increase symmetry
of the lumbar multifidi at the vertebral level in healthcare
workers with CLBP (Maraschin et al., 2014).
Lumbo-pelvic posture affects activation of the deep core
muscles (Barbarosa et al., 2015). Specifically, a posterior
pelvic tilt and activities that involve lumbar flexion increase load on the annular and posterior ligaments of the
spine and reduce recruitment of the deep abdominal and
spinal musculature (Mawston and Boocock, 2012). Movement and training these muscles in a neutral pelvic position
in which the symphysis pubis and anterior superior iliac
spines are level on a horizontal plane reduces the load on
the spine and optimizes the use of the transversus
abdominis and lumbar multifidi. Pilates exercises involve
engagement and strengthening of the deep abdominal and
spinal muscles with a neutral pelvis.
Randomized controlled trials have shown that Pilates is
more effective for reducing CLBP and functional disability
than traditional therapies such as back care education,
rest, ice, heat analgesics, and non-steroidal anti-inflammatories (Rydeard et al., 2006; Donzelli et al., 2006).
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Furthermore, individuals with CLBP who undergo one-onone clinical Pilates training with a physiotherapist have a
clinically meaningful reduction in disability (Taylor et al.,
2011; Miyamoto et al., 2013). The use of specialized
Pilates equipment under the direction of a Pilates-certified
therapist has been shown to further reduce disability and
enhance the participants’ value of the exercises (da Luz
et al., 2014). Along with reductions in disability, participants with CLBP have reduced frequency, duration, and
intensity of their pain following Pilates training (Natour
et al., 2015; Wajsweiner et al., 2012; Quinn et al., 2011;
Curnow et al., 2009; Lim et al., 2008; Gladwell et al.,
2006).
Although the usefulness of equipment-based Pilates
exercises has been clearly demonstrated in the general
population with CLBP, it has not been evaluated as a
treatment in an occupational injury setting. Certain
professions may be particularly prone to low back pain,
and determining the effectiveness of Pilates in an occupational injury setting could aid in the development of
targeted therapeutic protocols based on common etiologies of injury. The aim of this pilot study was to determine the effectiveness of a supervised 6-week Pilates
training program for reducing pain and disability in individuals with CLBP from occupational injuries using a
protocol designed for the Pilates Cadillac exercise
machine.

Methods
Preliminary procedures
The interdisciplinary intervention design team was
comprised of stakeholders from primary care (including
nurse practitioners, physicians, and case managers) and
occupational medicine (physicians and physical therapists).
The principal investigator acquired the Pilates Cadillac
(MERRITHEW, Toronto, Canada) on loan exclusively for
the purposes of the project.

Study design and participants
This study used a one-group pretest-posttest quasiexperimental design. Participants were recruited from an
Occupational Medicine clinic within an integrated healthcare system in a suburban region of Northern California.
Individuals were eligible if they had low back pain for more
than 3 months, had not undergone any surgery within the
last 12 months, were 20e65 years of age, and had no previous experience with Pilates exercise. Other prior or current CLBP treatment interventions were not disqualifying
factors. Of the 20 individuals screened, 16 met the eligibility criteria. Of the 16 eligible participants, four were
unable to attend all 12 sessions due to scheduling conflicts
and subsequently withdrew. Twelve participants completed
the 6-week pilot study (Fig. 1). The Institutional Review
Boards of Kaiser Permanente and Samuel Merritt University
approved the study, and each participant gave informed
consent.
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Measures
Pain
Pain was evaluated at baseline and at the end of the
6-week intervention using the pain Visual Analog Scale
(VAS), a continuous measure comprised of a 100-mm
vertical line anchored by two verbal descriptors (one for
each symptom extreme) (Hawker et al., 2011). Participants
were asked to assess their pain at baseline, prior to the
Pilates intervention, as well as on every subsequent day
throughout the 6-week study by recording daily pain level in
a personal pain diary. The subjects also monitored their
average, most severe, and least severe levels of pain daily
in a diary.

Figure 1

Participation flow.

Recruitment of subjects
Recruitment of subjects took place at the Occupational
Medicine Clinic (referred to hereafter as the clinic).
Approximately 80% of the injured workers at this clinic,
which included firefighters, healthcare workers, and retail
sales employees, received treatment for low back pain.
The clinic’s physical therapy department had a large gym
in which the Pilates Cadillac exercise machine was
placed.
The study was advertised with brochures displayed at
the clinic’s registration counter, in the physical therapy
department, and in the occupational medicine patient exam
rooms. Interested participants had the option of contacting
the principal investigator via email or completing an eligibility questionnaire and providing contact information to a
receptionist. Upon initial contact with the potential
participant, the principal investigator conducted a scripted
phone call.
Any participants being treated by an occupational
medicine provider for a Worker’s Compensation injury were
required to have provider approval to participate in the
study by the provider assigned to his/her case. Provider
approval was obtained either verbally or via email request
from the principal investigator. Once the participant
received approval and verbally accepted the invitation to
participate, the participant was given an initial appointment date with the principal investigator. During the first
appointment, informed consent was obtained before any
data collection. After obtaining informed consent, data on
demographics and pre-intervention assessment of pain and
disability (VAS and ODI, respectively) was collected, and
several copies of a daily pain medication diary, along with
instructions for recording daily pain intensity and medication use, were provided to each participant. The anticipated convenience sample was to include 10e30
participants.

Disability
Disability was assessed at baseline and at the end of the
6-week intervention using the Oswestry Disability Index
(ODI), which consists of 10 sections that address different
levels of function (such as pain intensity, walking, sitting,
standing, and sleeping) on a scale from 0 (no pain or affect)
to 5 (severe pain and inability to participate in the activity). Each of the 10 sections was totaled, and the number
was doubled to calculate the percentage of disability
(maximum 100%).

Intervention
Supervised Pilates Cadillac CLBP protocol
The Pilates Cadillac CLBP protocol consisted of eight STOTT
PILATES exercises performed with a neutral pelvic posture
on the Cadillac exercise machine (Figs. 2e9, Photography ª
Merrithew Corporation. Used with Permission). Each exercise was included in the protocol based on its usefulness for
strengthening the transversus abdominis, lumbar multifidi,
and gluteals concentrically and eccentrically as well as
creating an awareness of spinal stabilization during movement. All participants completed two 50-minute Pilates
sessions (with one-on-one supervision by the principal
investigator, who is a STOTT PILATES Certified Instructor)
per week for 6 weeks (12 total sessions). All exercises were
based on the STOTT PILATES five basic principles, which
consist of breath coordination and maintaining a neutral
pelvis and ribcage along with scapular and cervical stabilization. The protocol included eight exercises from the
STOTT PILATES Essential Cadillac Manual (MERRITHEW,
Toronto, Canada) (see Box 1). Each exercise required
proper position set up, stabilization and abdominal
engagement prior to movement. Exercises were cued
verbally with focus on engagement of the transversus
abdominus and the primary muscles used (e.g. the gluteals,
the hamstrings, the latissimus dorsi, etc) during exhale and
maintaining the engagement while inhaling. All movements
were carefully observed and corrected as needed with
tactile cues (e.g. directing initial movements, a hand
placed on the latissimus dorsi). The use of verbal imagery
provided the opportunity to imagine the muscles being
used, and the maintenance of body positioning through
each movement.
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Figure 2 Roll-down bardairplane prep feet only. Subject begins supine on the table with knees flexed and hooked over roll down
bar (A). Subject extends the hip to reach the toes toward the Cadillac bed (B). Photography ª Merrithew Corporation. Used with
Permission.

Figure 3 Trapezedbreathing hip lift. Subject begins supine on the table with feet hooked over the trapeze strap, hips laterally
rotated, heels together, and toes apart (A). Subject engages the gluteals to lift the pelvis toward the ceiling (B). Photography ª
Merrithew Corporation. Used with Permission.

Figure 4 Arm spring supinedmid-back series. Subject begins supine on the table with knees flexed, feet hip-distance apart, and
hands in foam grip handles (A). Mid-back series consisted of triceps presses, straight arm extension (shown in B), 45-degree arm
adductions, and side arm adductions. Photography ª Merrithew Corporation. Used with Permission.
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Figure 5 Feet in strapsdbend and stretch. Subject begins supine with arms overhead, hands braced against upright bars, and feet
in the footstraps (A). Subject straightens knees while maintaining a neutral pelvis (B). Subjects also performed this exercise in the
side-lying position with the top leg in the footstrap (not pictured). Photography ª Merrithew Corporation. Used with Permission.

Home exercise component
During the 6-week study, individuals also participated in
a home exercise component, which consisted of one
30-minute self-directed exercise session performed three
times per week. Exercises were obtained from the STOTT
PILATES Comprehensive Matwork Manual Copyright 2001
(MERRITHEW, Toronto, Canada) (see Box 2). Participants
had access to a video demonstration of each exercise via
a password-protected “Vimeo” link (https://vimeo.com/
home/myvideos). Each home exercise session included
review and practice of the STOTT PILATES five basic
principles. For the home exercises, participants were
positioned on a blanket or yoga mat in supine, prone, or
seated postures (depending on the exercise) while maintaining a neutral pelvic position.

Statistical analysis
The analysis was conducted using SPSS (Statistical Package
for Social Sciences, version 22.0; IBM Corp: Armonk, NY).
Variables were selected based on factors that pertain to
CLBP and have been used in the literature. The differences
in pain and disability before and after the intervention
were compared using a paired samples t-test, with a
calculation of the 95% confidence intervals (CI). Data were
cleaned and checked for logical values, and effect size was
calculated using Cohen’s d. Range checks were conducted
for each variable, and demographic data was described
using frequencies and percentages for categorical variables
and means and standard errors for continuous variables.
Significance was set at P < 0.05.

Results
Subject characteristics
The characteristics of the participants are presented in
Table 1. Most participants were Caucasian females over 40
years of age. Subject demographics and occupations were
representative of patients commonly seen at this Occupational Medicine clinic. Five of the 12 participants were
undergoing active treatment for work-related CLBP with
little to no response; treatment included back care education, rest, ice, heat analgesics, and oral non-steroidal
anti-inflammatory medication.

Pain assessment

Figure 6 Walks. Subject starts
against the upright bars and feet
extended. Subject extends hips in
“scissor” the legs). Photography
Used with Permission.

supine with hands braced
in the footstraps with legs
an alternating manner (i.e.
ª Merrithew Corporation.

The pain score on VAS was 41.83  13.12 mm before the
intervention and 11.08  19.49 mm after the intervention,
and this change (30.75  20.27 mm) was statistically significant (95% CI, 17.87e43.63; P < 0.001). Cohen’s d was
1.85, indicating the Pilates intervention had a large effect
size on reducing pain scores.
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Figure 7 Arms springs standingdchest expansion. Subject stands facing the vertical sliding bar with hands holding foam handles
and arms straight and slightly in front of the body (A). Subject moves both arms behind the hips, holds the position, and turns the
head from one side to the other (B). Photography ª Merrithew Corporation. Used with Permission.

Figure 8 Standing pull down. Subject stands facing away from the vertical sliding bar and hold foam handles with arms straight
slightly above shoulder level and palms facing down (A). Subject pulls arms straight down by sides (B). Photography ª Merrithew
Corporation. Used with Permission.

Disability
The cumulative ODI score was 23.83  16.57 before the
intervention and 12.58  12.29 after the intervention, which

was a statistically significant decrease (11.25  13.20; 95%
CI, 2.86e19.64; P < 0.05). Cohen’s d of 0.77 indicated a
borderline large effect of the Pilates intervention on this
metric of effectiveness.
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Figure 9 Snow angels. Subject stands facing the vertical sliding bar with hands holding the foam handles and arms straight out to
the sides (A). Subject pulls arms down toward hips (B). Photography ª Merrithew Corporation. Used with Permission.

Box 1. Supervised exercises.

1.
2.
3.
4.
5.
6.
7.
8.

Roll-down bardairplane prep feet only
Trapezedbreathing hip lift
Arms spring supinedmid-back series
Feet in strapsdbend and stretch supine and side
lying
Walks
Arms springs standingdChest expansion
Arm springs standingdStanding pull-down
Arm springs standingdSnow angels

Box 2. Home exercises.

1. Breathing exercise
2. Pelvic placement
3. Ribcage placement breathing exercise
4. Arm raises
5. Shoulder stabilization exercise (scapular isolations)
6. Head and neck placement exercise (head nods)
7. Heel slides
8. Shoulder bridge prep
9. Arm scissors
10. Single leg extension prone
11. Breast stroke prep
12. Mermaid

Discussion
This pilot study aimed to determine the effectiveness of a
Pilates exercise protocol, led by a STOTT PILATES Certified
Instructor using the Pilates Cadillac, for reducing pain and
disability in individuals with CLBP. The Pilates Cadillac CLBP
protocol significantly reduced pain and disability in participants, with the VAS post intervention scores having a
dramatic reduction. These results indicate that a Pilates
exercise protocol may be an effective therapeutic modality
to reduce CLBP, particularly in individuals who do not
respond to traditional therapies.
The participants in the present study included professionals with a high incidence of CLBP, such as firefighters
and healthcare workers, who did not respond to traditional
therapies administered by the physicians and physical
therapists at the Occupational Medicine clinic. The

intervention in the present study was an effective alternative therapy for management of work-related CLBP, and
the significant reductions in pain and disability indicate
Pilates training may be an appropriate treatment method
for injured workers. The results from this study agree with
previously published literature that shows Pilates improves
pain (Donzelli et al., 2006; Miyamoto et al., 2013; Natour
et al., 2015; Wajsweiner et al., 2012) and decreases
disability (Rydeard et al., 2006; Miyamoto et al., 2013; da
Luz et al., 2014; Wajsweiner et al., 2012).
Furthermore, Pilates equipment facilitates neuromuscular learning by providing support and stabilization of the
spine, which increases patient confidence and comfort (da
Luz et al., 2014). Mat-based Pilates exercises require more
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Table 1

Participant demographics (N Z 12).

Age, yr
Gender (F)
Race
Caucasian
Asian
Hispanic
Worker’s compensation (Yes)
Occupation
Firefighter
Nurse
Clerical
Educator
Miscellaneous healthcare worker

N (mean)

% (SEM)a

(49.7)
10

(8.7)
83

9
2
1
5

75
17
8
42

2
2
4
2
2

17
17
33
17
17

SEM, standard error of the mean.
a
Percentages may not total 100% due to rounding.

core strength than equipment-based exercises (Lee et al.,
2014), and thus may not be an optimal choice for an
injured, deconditioned worker. Instruction from a certified
Pilates instructor or physical therapist and following a protocol that focuses on the individual’s injury and/or chronic
condition enhances the usefulness and effectiveness of
Pilates in a healthcare setting (Donzelli et al., 2006; da Luz
et al., 2014; Natour et al., 2015; Wajsweiner et al., 2012).
Because of the demonstrated effectiveness of this
Pilates program in our healthcare setting, the occupational
medicine clinic aims to offer the program to all eligible
patients. However, current methods for insurance billing of
Pilates exercise for therapeutic purposes are often complex
and must be studied further to improve accessibility.
If complexities surrounding billing are worked out, the
authors hope to study the expansion of the program in
routine care of eligible workers with CLBP.
This study had several strengths. Each of the exercises
was included in the protocol based on its effectiveness
in targeting the gluteals, transversus abdominis, and lumbar multifidi. An experienced Pilates-certified instructor
provided one-on-one instruction with each participant
throughout the 6-week intervention. Exercises were
learned and mastered using Pilates equipment, which reduces disability and facilitates learning and stabilization as
the core muscles develop strength (da Luz et al., 2014).
Furthermore, the study used two valid and reliable instruments, the VAS and ODI, to analyze changes in pain and
disability, respectively.
This study was limited by a small sample size of 12
participants within a narrow demographic, which might
limit generalizability. Another limitation was that the
principal investigator administered both the face-to-face
Pilates sessions and the pre- and post-test instruments,
which may have introduced researcher bias. Unlike other
studies that follow the participants to assess the effectiveness of the intervention after 6 weeks, 3 months, and 6
months (Miyamoto et al., 2013; Wajsweiner et al., 2012),
this study did not re-evaluate the long-term outcomes of
the Pilates intervention. This study also did not have a
matched group that received conventional therapy to serve

as a control. Nevertheless, this pilot protocol could serve as
a useful model for more rigorous studies.
In conclusion, equipment-based Pilates exercises
developed specifically for patients with work-related CLBP
and supervised by a certified Pilates instructor reduced pain
and disability. The protocol appeared safe when the exercises were selected based on the condition of the individual
and were administered under supervised direction by
trained personnel. Development of protocols for other
work-related conditions, such as chronic neck and shoulder
pain or for pre- and post-operative procedures, warrants
investigation.
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