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Objective and scope
The goal of this study is to assess the effectiveness of the Pilates method in the treatment of chronic low back pain by reviewing scientific studies in which the Pilates Method was used as treatment. In order to successfully compare the studies and draw reliable conclusions from their results, they were required to meet scholarly standards, be peer reviewed and are randomized and controlled trials. Other review studies and surveys were excluded.
In addition to assessing the effectiveness of the Pilates method, a critical look will also be taken at the types of exercises used. The studies are compared from a movement perspective, aiming to evaluate correct movement origins, as some studies call exercises ‘Pilates’ while they come, in fact, from another movement background.
The results of mat versus Pilates on the equipment will also be compared, as well as classical Pilates versus contemporary Pilates.
Low back pain overview
Low back pain is a common cause of disability and work loss, creating a large socioeconomic burden in developed countries. Between 60% and 80% of adults will be affected with low back pain during their lifetime. It has been reported that between 30% and 40% of individuals with acute low back pain never completely recover, developing chronic low back pain (Lim, Poh, Low, Wong, 2011). Low back pain has become the most common cause of functional limitation in individuals younger than 45 years. It is the leading cause of years lived with disability in developed countries and one of the most common and expensive musculoskeletal disorders in Western countries. It has been suggested that the increasing use of physical therapy for patients with low back pain has contributed substantially to an increase in direct health care costs (Pereira et al., 2012).
In the United States, it is estimated that the direct and indirect costs for treating this condition is about 84.1 to 624.8 billion dollars; therefore, it is a disease of great socioeconomic impact and the search for the most effective treatment is essential (Dagenais, Caro, Haldeman, 2008).
Low back pain is defined as pain localized between the twelfth rib and the inferior gluteal folds, with or without radiation to the lower extremities. It is best defined as a low level continuous or essentially continuous lumbar, sacral or lumbosacral spinal pain that is punctuated by exacerbations of pain, each of which is characterized as ‘acute’. Patients who experience this disability are limited in their daily living activities and may experience inappropriate neuromuscular adaptations to maintain and/or preserve functions such as walking, running, or other activities. In addition to its high prevalence, the source of pain is not well-established in the majority of individuals with back pain, and the term “non-specific chronic low back pain” is often used to describe this population (Posadzki, Lizis, Hagner Derengowska, 2011).
Cause of chronic low back pain
Although causes for low back pain are multifaceted, they are directly related to etiological factors such as social demographic characteristics, habits, physical and psychosocial factors, as well as certain risk factors (La Touche, Escalante, Linares, 2008). Some of these factors are repetitive motion, curvature and torsion of the spine, pushing and pulling activities, stumbles, falls, and static or sitting work posture. One important mechanical function of the lumbar spine is to support the upper body by transmitting compressive and shearing forces to the low body during the performance of everyday activities. To enable the successful transmission of these forces, mechanical stability of the spinal system must be ensured. The lumbar musculature has an effective role in the mechanical stability of the spinal system (da Fonseca, Magini, Helena de Freitas, 2009).
It has been demonstrated that an imbalance between flexor and extensor muscles of the trunk is a risk factor that can cause low back pain to appear. Also, the coordination of the stabilization of low back muscles (mainly the extensors) is reduced in low back pain. Other dysfunctions and weaknesses that have been examined are those of the deep abdominal muscles (transverse muscle of the abdomen, pelvic floor, diaphragm and the multifidus muscles), which can be associated with low back pain because of their important role in maintaining spinal stability.

In contrast to healthy control subjects, individuals with low back pain do not demonstrate feedforward activity of the transverse abdominis during movements of the extremities. This is the foundation of the proposal that there is an underlying motor control dysfunction of the deep abdominal muscles in individuals with low back pain. The Pilates method strengthens these muscles and hence may be an effective modality for low back pain (La Touche et al., 2008; Posadzki et al., 2011).
Therapies for chronic low back pain
A wide variety of therapeutic interventions are available for the treatment of chronic low back pain, ranging from general physical fitness or aerobic exercise to muscle strengthening, as well as various types of flexibility, stretching exercises and spinal stabilization exercises. Educational methods, such as cognitive behavioral and cognitive functional therapy target the beliefs, fears and associated behaviors with back pain and are thought to be effective. This approach focuses on educating people about the real cause of low back pain to ease their stress and fear around the condition. (Vibe Fersum, O'Sullivan, Skouen, Smith, Kvåle, 2013). There are also alternative modalities such as the Alexander Technique, hypnosis, biofeedback, relaxation, massage, spinal manipulation and traction treatment (Posadzki et al., 2011). 
Non-steroidal anti-inflammatory medications (NSAIDs) like Ibuprofen, and acetaminophen seem to work well for acute back pain, but don’t help much with chronic back pain. The results from most studies are mixed, and it is still uncertain how effective these drugs are for any kind of back pain. Surprisingly, muscle relaxants are almost completely ineffective for treating back pain. They’re generally not more effective than placebos or other drugs like NSAIDs and acetaminophen.

Surgery is also remarkably ineffective in the treatment of low back pain and the effectiveness of surgery has still to be proven by acceptable clinical trials. Considering effectiveness, cost, risk, and time it takes, surgery might be one of the worst choices for treating back pain.
In spite of the effectiveness of the cognitive therapies, physical therapists most frequently focus on strengthening and stretching exercises, thermo-therapy, and manual therapy. According to research there is no evidence to support the effectiveness of exercise therapy on functional status, overall improvement, return to work and pain intensity for acute low back pain, but exercise may be helpful for chronic back pain (Pereira et al., 2012). Rydeard, Leger and Smith (2006) support the effectiveness of an exercise approach in a chronic low back pain population with the specific diagnosis of spondylolysis or spondylolisthesis. A significant reduction in pain intensity and functional disability levels was found in the group who received specific exercise with maintenance of effect over a 30-month follow-up.

Van Middelkoop et al. performed a systematic review in 2011 to determine the effectiveness of physical therapy and rehabilitation interventions for chronic low back pain. Moderate evidence was found for multidisciplinary treatment to reduce pain intensity and disability in the short term compared with non-treatment controls. Exercise therapy compared to the usual care improved post-treatment pain intensity and disability, and long-term functioning. In the short-term, cognitive behavioral treatment was found to be effective in reducing pain intensity compared with non-treatment controls.
Introduction to the Pilates method
The Pilates method was developed by Joseph Pilates during the First World War. It was originally referred to as Contrology and was called the Pilates Method after Joseph Pilates died in 1967. This method was introduced in the United States in 1923 and spread in the 1930s and 1940s among choreographers and dance instructors. These professionals were the first to describe the method as a rehabilitation technique that led to recovery from their sports-related injuries (La Touche et al., 2008). Pilates’ initial concept mixed elements of gymnastics, martial arts, yoga, acrobatics and boxing, controlling muscles by performing movements while maintaining as much awareness as possible. For every movement of the method the participant is supposed to incorporate the following 6 principles: Centering, Concentration, Control, Precision, Breathing and, at a more advanced level, Flow.

The exercises involve isometric contractions of the “powerhouse”, which is the muscular center responsible for the static and dynamic stabilization of the body. These exercises are considered to be similar to spinal stabilization exercises. During the exercises, the powerhouse strength center is activated during exhalation, when there is demand for contraction of the multifidus, transversus abdominis, pelvic floor, and diaphragm muscles. The goal of Pilates training is to improve general body flexibility and health, core and overall strength, posture, balance, muscle symmetry, body awareness and proprioception (Posadzki et al., 2011).

The method includes hundreds of exercises, which can be divided into two categories: Mat Pilates (exercises performed on the ground) and exercises with the Pilates apparatus. The first exercises developed by Pilates were performed on the ground; he then created over ten pieces of apparatus on which to perform exercises against resistance provided by springs and pulleys. The latter method can be incorporated to either challenge the participant by working against spring resistance, or for support by working with their resistance comparable to external muscles. The springs and pulleys of each apparatus can be used to make the exercises easier or more difficult. In general, basic Pilates method movements can be used by the general population; and the complexity of all exercises, on mat and apparatus, can be increased gradually as more dynamic movements, requiring increased ranges of motions and increased strength, are progressively added.
The great adaptability of Pilates and its potential for rehabilitation were discovered by the medical community in the 1990s. Original Pilates exercises were modified, often beyond recognition, to meet rehabilitative needs and the term “contemporary Pilates” was coined. Several contemporary Pilates schools were founded, often catering to physical therapists and rehabilitation more than to the original intent of the method, which was “corrective exercise” and fitness. The first scientific studies appeared in the early 2000s, published by physical therapy departments around the world, which had the necessary budget and equipment required for quantitative research. The methods these publications used were contemporary Pilates, which is most likely the reason why Pilates is publicly perceived as a slow, relaxing form of movement rather than a rigorous workout like the original, classical Pilates method.
General limitations in Pilates research
Pilates exercises are being used by physical therapists to support the rehabilitation programs for various musculoskeletal conditions, sports injuries, and neurological disorders, focusing especially on the spine and its stabilization. The increased use of Pilates-based exercises makes it imperative to understand, among other characteristics, its applications, its contraindications, and how to use it appropriately. 
As numerous studies about Pilates and low back pain have been authored, the following limitations were observed:
· Scholarly standards: Some studies don’t meet scholarly standards; the studies are not randomized controlled trials or clinical trials or are not peer reviewed.

· Measurements: Some studies use only subjective data analysis tools (scales and questionnaires) that evaluate parameters such as pain intensity and disability; others also use functional tests, such as balance and flexibility.

· Study methods: While subject numbers are generally >20, which is satisfactory, the most significant factors observed are the differences in intervention length and frequency, with 4 weeks being the shortest intervention time. 
Following are inconsistencies related to movement standards that influence scientific evaluation and are further detailed in subsequent pages:

· Pilates equipment: Most studies use only mat exercises, but some studies also use the original Pilates equipment, which is a different biomechanical approach. A few studies use equipment that is often associated with Pilates, but has its origin in fitness or rehabilitation, such as balls, therabands, and foam rollers.
· Type of Pilates exercises: Even though all studies claim they utilize the Pilates method or Pilates-based exercise, applications vary widely. Most studies use contemporary Pilates, none use the original, classical Pilates. The type of Pilates also determines another important factor, which is the amount of exercises given. 
· Addition of non-Pilates-exercises: Some studies incorporate other types of exercises, such as movement protocols from physical therapy or yoga.
Study inclusion criteria

A Boolean search for randomized controlled and clinical trials using (Pilates) AND "low back pain" on PubMed (including MEDLINE) returned 24 results. 

· 1 study was excluded because it was not available as full text. 
· 1 study was only the protocol of a randomized control without results.
· 11 studies were excluded because they were reviews or not randomized controlled or clinical trials or because they showed up in the results without actually incorporating both keywords.
· 11 studies were selected.
Limitations: Exercise protocol definition and challenges
Most of the exercises taught to physical therapists in the United States for  low back pain patients fall into general categories of spinal range of motion and strengthening exercises that may be described as core stability, dynamic stabilization, lumbo-pelvic and spinal stabilization, co-contraction type mat or ball exercises, progressive resistive exercises with weights or elastic bands, and functional activities.
 
Where is the boundary between such therapeutic exercise protocols and Pilates? A comparison of the 11 selected studies shows that the Pilates protocol used is not always clearly defined and may not even be Pilates. 

	Author
	Type of Pilates
	Non-Pilates additions?

	Borges et al., 2014

	Contemporary
	No

	Cruz-Díaz Martínez-Amat, Osuna-Pérez, De la Torre-Cruz, & Hita-Contreras, 2015

	Contemporary
	No

	Cruz-Díaz et al., 2015

	No info, not identifiable
	No info

	da Fonseca Magini, de Freitas, 2009

	No info, not identifiable
	Only a description of required muscle recruitments.

	da Luz et al., 2014
	Contemporary
	No

	Gladwell, Head, Haggar, Beneke, 2006

	Contemporary
	No

	Lee, Hyun, Kim, 2014

	Contemporary
	1/3 of the mat exercises are yoga based.

	Miyamoto, Pena Costa, Galvanin, Nunes Cabral, 2013

	Contemporary
	Defined as “modified Pilates” in title. 

	Natour, de Araujo Cazotti, Ribeiro, Baptista, Jones, 2015

	Contemporary
	No

	Rydeard, Leger, Smith, 2006

	Not Pilates
	No exercise names but muscle recruitments are emphasized.

	Wajswelner, Metcalf, Bennell, 2012

	Not Pilates
	Therapeutic exercise on Pilates equipment.


Table 1
Surprisingly, 2 studies do not provide any information about the exercises used (Cruz-Díaz et al., 2015 & da Fonseca et al., 2009). Da Fonseca et al. only provide brief information about muscle recruitment concepts, which indicate that the protocol is more closely related to therapeutic exercise than to Pilates.
Rydeard et al. (2006) provide a more detailed description about the exercises used, but the protocol is also about muscle recruitment strategies and doesn’t mention any Pilates exercises, in spite of the title of the study: “Pilates-based therapeutic exercise: effect on subjects with nonspecific chronic low back pain and functional disability”.
Wajswelner et al. (2012) promise “clinical Pilates” in the study title, but they use therapeutic exercises which are performed on the Pilates equipment. It is questionable if the use of equipment makes the exercises Pilates exercises.

Lastly, about a third of the mat exercises that Lee at al. (2014) use are yoga based, such as “seated hip stretch” and “knee over knee twist stretch”, not Pilates.
While it is beneficial to see the Pilates method evaluated in research, there is a trend of the method being more and more mixed with therapeutic exercise. Also, as mentioned above, therapeutic exercise performed on Pilates equipment does not make all exercises Pilates exercises. The Pilates method is a very logical and powerful movement concept with many pro- and regressions to accommodate various levels of impairment which doesn’t require the blending in of other types of exercises and concepts. On the contrary, it would be very interesting to see how the origin of it all, classical Pilates, scores in a scientific evaluation.
Following a general explanation for classical Pilates, contemporary Pilates and therapeutic exercise protocols, and how they differ. 
· Classical Pilates uses Pilates exercise names and has an exercise order on the two main pieces of equipment, the mat and the reformer. Exercises are also divided into beginner, intermediate and advanced systems.

· Contemporary Pilates uses Pilates exercise names, but there is often no set order and no comparable progression system.

· In therapeutic exercise there are no Pilates names and there is no order or progression. The client is often asked to recruit certain muscles groups.

Additional differences are:

· Repetitions: <10x for Pilates, >10x for therapeutic exercise.
· Session flow: In classical Pilates the client moves through the exercise order with hardly ever more than 10 repetitions. In contemporary Pilates and therapeutic exercise exercises are repeated until the desired muscle recruitment is achieved.
· Focus area: Classical Pilates is whole-body exercise, regardless of injury. In contemporary Pilates and therapeutic exercise movements are spot-specific and selected to strengthen the area of injury. 
For further scientific evaluation, to establish Pilates rehabilitation programs, and for prescribing health care providers it is vital that there is a clear definition of what the Pilates method does and does not entail. Only once such a standard has been established, important questions such as the following should be addressed:
· Do Pilates exercises promote the restoration of function, a decrease in pain and positive objective outcome measures in the treatment of low back pain? 
· Does a Pilates exercise program provide the same or improved outcomes as compared with the traditional lumbar stabilization exercises typically provided to low back pain patients?

· Do patients more frequently remain consistent with their home exercises during and after completion of clinical treatment when they are taught Pilates exercises that can be easily continued with videos or gym programs available today?

· Should insurance be reimbursing Pilates treatments for low back pain? 

Limitations: Measurements and intervention frequencies and durations

Table 2 visualizes the diversity of measurements and intervention durations and frequencies. It is desirable that future research uses existing measurements, durations and frequencies (as opposed to additional new ones), so that future meta review analyses will be more successful.
	Author
	Types of measurements
	Frequency & Duration 

	Borges et al., 2014

	Only questionnaires: Pain and quality of life 
	2x/week, 15 weeks

	Cruz-Díaz et al., 2015

	Only questionnaires: Pain and disability 
	2x/week, 6 weeks

	Cruz-Díaz et al., 2015

	Questionnaires: Fear of falling (FoF) and pain. Functional mobility and balance, measured with the timed Up and Go Test

	2x/week, 6 weeks


	da Fonseca et al., 2009

	Vertical ground reaction forces were recorded during preferred and faster walking speeds. Pain.

	2x/week, 7.5 weeks

	da Luz et al., 2014
	Only questionnaires: Pain intensity and disability. 2nd outcome: Global perceived effect, patient’s specific disability, and

Kinesiophobia 


	2x/week, 6 weeks 

	Gladwell et al., 2006

	Questionnaires: Pain, functional status, subjective improvements, sports functioning, and Stork and sit-and-reach tests
	1x/week, 6 weeks PLUS

2x30mins at home

	Lee et al., 2014

	Questionnaires: Pain and balance
	3x/week, 8 weeks

	Miyamoto et al., 2013

	Only questionnaires: Pain intensity and disability. Secondary outcomes were functional disability, global impression of recovery, and kinesiophobia

	2x/week, 6 weeks

	Natour et al., 2015

	Questionnaires: Pain , function, quality of life, satisfaction with treatment, flexibility (sit and reach test) and NSAID intake

	2x/week, 3 months

	Rydeard et al., 2006

	Only questionnaires: Pain intensity and functional status, disability
	3x/week PLUS 6x15-minute home training for 4 weeks.

	Wajswelner et al., 2012

	Only questionnaires: Pain/disability, Patient-Specific Functional Scale, Pain Self-efficacy, quality of life, and global perceived effect of treatment

	2x/week, 6 weeks
Daily at home exercises continued during the 24 week follow-up.


Table 2
In summary:
· Pain intensity is the only parameter measured by all of the 11 studies, but 4 different scales were used.
· 5 studies have the combination of pain and disability measurements in common.
· 5 studies add functional tests to the questionnaires, while 6 studies rely on scales and questionnaires.
· Intervention durations range from 4 weeks to 15 weeks.
· Intervention frequencies range from 2-6 times/week.
The diversity of measurements and the wide ranges of intervention frequencies and durations visualize the lack of homogeneity.
The effectiveness of Pilates in the treatment of low back pain
Regardless of the limitations of the selected studies described above, the success of Pilates-based exercise in the rehabilitation of low back pain is undeniable:
	Author
	Results

	Borges et al., 2014


	There was significant reduction in pain intensity and quality of life after the Pilates exercise protocol. In the control group, the parameters remained the same or deteriorated. When the groups switched, a significant response in almost all parameters was seen during the second evaluation.

	Cruz-Díaz et al., 2015


	There were significant differences between groups after 6 weeks of treatment, with better results in the Pilates group. After 1-year follow-up, only the Pilates group showed better results compared with baseline.

	Cruz-Díaz et al., 2015


	Only the Pilates group showed improvement in fear of falling and functional mobility and balance after treatment, and also had better results in pain than the physiotherapy-only group.

	da Fonseca et al., 2009

	The Pilates method can improve weight discharge in gait and reduce pain compared with no intervention.

	da Luz et al., 2014
	Equipment-based Pilates was superior to mat Pilates in the 6-month follow-up for the outcomes of disability and kinesiophobia. No differences were observed for pain intensity and global perceived effect.

	Gladwell et al., 2006

	Pilates can improve non-specific chronic low back pain compared to no intervention. Pilates can improve general health, pain level, sports functioning, flexibility, and proprioception in individuals with chronic low back pain.

	Lee et al., 2014

	The Pilates Mat group showed greater improvement in pain level and balance compared with Pilates Apparatus group.

	Miyamoto et al., 2013

	Improvements were observed in pain, disability and global impression of recovery in favor of the Pilates group, but these differences were no longer statistically significant at 6 months.

	Natour et al., 2015

	Statistical differences favoring the Pilates group were found

with regard to pain, function and quality of life. Statistical differences were also found between groups regarding the use of pain medication at T45, T90 and T180, with the Pilates group taking fewer NSAIDs than the CG.

	Rydeard et al., 2006

	The individuals in the specific-exercise-training group reported a significant decrease in pain and disability, which was maintained over a 12-month follow-up period. Treatment with a modified Pilates-based approach was more efficacious than usual care in a population with chronic, unresolved LBP.

	Wajswelner et al., 2012


	An individualized clinical Pilates program produced similar beneficial effects as a general exercise program in community volunteers with chronic low back pain.


Table 3
As mentioned above, due to the different measurements and intervention ranges, there is no statistical data analysis possible. Following a comparative result list:
· 8 studies demonstrate greater beneficial effects compared to other exercise therapies or the control group.
· All of these 8 studies measure pain intensity (among other measures), which decreases post Pilates intervention in all studies. 
· 2 studies demonstrate beneficial effects comparing mat and equipment-based Pilates.

· 1 study demonstrates similar beneficial effects compared to other exercise therapies or the control group.
The effectiveness of mat-based Pilates versus Pilates on the equipment

It will be interesting to establish whether mat-based Pilates is as effective as Pilates on the equipment in the field of rehabilitation. This would be of advantage, as mat-based Pilates can easily be done at home. Following a table introducing the various combinations of equipment used:

	Author
	Equipment

	Borges et al., 2014


	Reformer, Cadillac and Mat, foam roller

	Cruz-Díaz et al., 2015


	Mat, Magic circle, Therabands

	Cruz-Díaz et al., 2015


	No info

	da Fonseca et al., 2009

	Mat and ball

	da Luz et al., 2014
	Cadillac, Reformer, Ladder Barrel, and Chair

	Gladwell et al., 2006

	Mat

	Lee et al., 2014

	Mat, Reformer, Cadillac, Barrel

	Miyamoto et al., 2013

	Mat

	Natour et al., 2015

	Mat, Cadillac, Reformer, Barrel, and Chair

	Rydeard et al., 2006

	Mat and Reformer

	Wajswelner et al., 2012


	Reformer and Cadillac


Table 4
Lee at al. (2014) and da Luz et al. (2014) compare the effectiveness of mat versus equipment-based Pilates. Lee at al. (2014) demonstrate that the Pilates Mat group shows greater improvements in pain level and balance, while da Luz et al. (2014) demonstrate that equipment-based Pilates is superior to mat Pilates in the 6-month follow-up for the outcomes of disability and kinesiophobia, with no differences for pain intensity and global perceived effect.
The inhomogeneous results of these 2 studies clearly visualize the need for further research, preferably with similar measurements and equipment.
The effectiveness of classical Pilates versus contemporary Pilates


This paper confirms that a quantitative side-by-side evaluation of classical versus contemporary Pilates for rehabilitative purposes has not been done yet, but would definitely serve the classical Pilates community. Classical Pilates is sometimes regarded as too challenging for persons with injuries or other conditions, while it also has a great reputation for treating low back pain.

Conclusion

There is evidence that Pilates-based exercise in the rehabilitation of low back pain is effective. Additional peer-reviewed and randomized, controlled research is needed to produce scientifically reliable meta analyses, preferably utilizing similar measurements, intervention durations, frequencies and equipment. 

For further scientific evaluation and in order to achieve reproducible exercise protocols and results, a standardization of contemporary Pilates exercises would be desirable. There is also need for further analysis comparing mat Pilates and equipment based Pilates in order to establish if one is superior to the other. 

Lastly, classical Pilates has not been scientifically analyzed. Such analysis would be of benefit as the method is highly regarded in the treatment of low back pain. 
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