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The effect of clinical Pilates combined 
with routine physiotherapy on respiratory 
function in patients with non-specific  
low back pain

OBJECTIVE To examine whether a change in respiratory function could be 

observed after clinical Pilates exercises in patients with chronic low back pain 

of non-specific etiology. METHOD The participants were adults, having low 

back pain for more than three months and being diagnosed with back pain of 

non-specific etiology. Assessments included spirometry and chest expansion 

for evaluating respiratory functionality. A pain intensity 0−10 scale and the 

Quebec Back Pain Disability Scale were used to assess pain and functional-

ity. All assessments were performed at the beginning and at the end of the 

program. RESULTS Seven patients completed all ten sessions that included 

electrophysical agents, massage and four different clinical Pilates exercises. 

A statistically significant difference was found in FEV1%, FEV1/FVC%, chest 

expansion and Quebec Back Pain Disability Scale and the current pain inten-

sity (p<0.05). CONCLUSIONS Clinical Pilates exercises combined with routine 

physiotherapy seems to have a positive effect in the respiratory function of 

patients with low back pain of non-specific etiology.
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The presence of pain in the lumbar spine or higher 

levels can lead to variations in the posture of the body 

to form an antalgic position. This often results in a flexed 

pattern of the thoracic spine.1 As the motion of the thoracic 

spine involves concomitant motion of the ribs, restricted 

rib mobility affects the breathing process, thus limiting 

the degree of lung expansion and functionality of the re-

spiratory system.1 In patients with chronic low back pain, 

respiratory function is often limited and underestimated 

clinically.2 Interestingly, the contrary has been found to 

be true, as dysfunction of the respiratory system reduces 

one’s ability to stabilize their low back during lifting tasks.3 

We should bear in mind that the diaphragm plays a vital 

role in contributing to spinal stiffness through the influ-

ence of intra-abdominal pressure, mechanical effect, and 

attachments of the diaphragm.4 Under laborious tasks 

with increased respiratory demand, its role as a stabilizer is 

certainly compromised.4 This could explain why significant 

diaphragmatic fatigability is observed in patients with low 

back pain.5 It has been noted that these patients’ altered 

breathing pattern could be the cause for diaphragmatic 

dysfunction.6 Improving the function of respiration is no 

less important than improving the back extensor endurance 

and posture.5 It is quite interesting that thoracic mobiliza-

tion has a beneficial effect on respiratory parameters.1,7 

And even when self-mobilization is used, there is beneficial 

effect in chest expansion.8 Similar findings were noticed 

in patients with non-specific low back pain, that prior the 

intervention had significantly reduced diaphragmatic 

mobility and respiratory muscle endurance.9,10 

The study of the effect of diaphragmatic breathing 

during the performance of clinical Pilates exercises and 
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the potential benefits on respiratory function will help to 

identify further positive effects of the approach, broaden-

ing the scope of its application. Breathing during Pilates 

has been found effective in improving chest expansion, 

reducing dyspnea, and increasing the functional capacity 

in other populations even in chronic obstructive pulmonary 

disease (COPD) patients.11,12 It will also be an additional 

therapeutic intervention in the physiotherapists’ quiver for 

the treatment of chronic back pain of non-specific etiol-

ogy and will increase the patient’s functional capacity, as 

well as a confirmation of the literature on the association 

between low back pain and respiratory function, under-

lining the need for a holistic approach to patients with 

musculoskeletal diseases. 

Thus, the aim of the study was to examine whether 

clinical Pilates exercises in patients with chronic low back 

pain of non-specific etiology could have a beneficial effect 

in the respiratory function of these patients, as this popula-

tion has not extensively studied. 

MATERIAL AND METHOD

Participants

The participants were adults, diagnosed with back pain of non-

specific etiology, referred to a physiotherapy in a private clinic. To 

be included in the study, participants should have reported low 

back pain for more than 3 months, not being diagnosed from any 

other pathology based on imaging examination. Women who were 

pregnant, patients with fracture of the spine, chronic respiratory 

disease, and smokers (more than 1/2 pack per day) were excluded 

from the study. Patients were included in the program after signing 

an informed consent.

Rehabilitation program

Patients received an intervention of clinical Pilates exercises 

combined with usual physiotherapy. The usual physiotherapy care 

comprised electrotherapy, massage, laser, and transcutaneous 

magnetic stimulation in the lumbar spine. The patients attended 

10 sessions in a period of 3 weeks. Each session had an average 

duration of 80 minutes. The clinical Pilates exercises were performed 

by a physiotherapist accredited in clinical Pilates and consisted 

of four different exercises: (a) Pelvic press, (b) bridge, (c) single 

leg stretch, and (d) opposite arm and leg reach (bird dog).13 The 

patients were instructed diaphragmatic breathing, and this was 

performed during the effort. The patients fulfilled 3 sets of 12 to 

15 repetitions (depending on the endurance of each patient), for 

each exercise in 30−40 minutes. 

Assessments 

Pulmonary function (FEV1%, FVC% and FEV1/FVC%) was mea-

sured with the spirometer Spirolab III, MIR009 according to the 

guidelines of the American Thoracic Society.14 Prior to performing 

the spirometry, patient’s height and weight were measured and 

their age and sex were also recorded. The test was performed in 

an upright sited position, with feet flat on the floor and with legs 

uncrossed. It is well documented that there is no difference in the 

amount of air the patient can exhale from a sitting position com-

pared to a standing position as long as they are sitting up straight 

and there are no restrictions. The patients were asked to perform 

three maneuvers and the best was recorded. Chest expansion was 

measured with a rated tape at the fourth intercostal space, with 

the arms being positioned at the side, at the sited position.15 The 

patient was asked to exhale fully, and this initial measurement 

was recorded. Next, the patient was asked to inhale deeply, and 

the measurement was repeated. The difference between the two 

measurements represented the extent of chest expansion. Pain 

intensity was measured with a Visual Analogue Scale (VAS) from 

0 to 10.16 VAS has been found to be a valid and reliable scale that 

can be used in clinical practice as an outcome measure tool.16,17 

Prior to intervention, patients were asked their pain intensity dur-

ing the past couple of days. The dysfunction caused by back pain 

was assessed with the Quebec Back Pain Disability Scale. This is a 

condition-specific questionnaire for patients with low back pain.18 

It involves 20 daily activities with a rating from 0 (no effort) to 5 

(not able to) depending on the ease or difficulty to perform each 

activity. The daily activities can be categorized into six domains: 

bed/rest, sitting/standing, ambulation, movement, bending, 

handling of large or heavy objects. The maximum total score is 

100 and represents the highest degree of disability. The scale has 

been adapted in Greek and its reliability and validity has been 

confirmed.19 All measurements were performed at the beginning 

and the end of the therapeutic program in random order. The study 

was approved by the Ethics Committee of the University of West 

Attica (protocol number 59931/28.6.2022).

Statistical analysis

Data were analyzed using the Statistical Package for Social Sci-

ences (IBM SPSS), version 21.0. Dependent variables were tested for 

normality of distribution (Shapiro-Wilk test). Descriptive methods 

were used to present data via mean (standard deviation, SD) and 

median (interquartile range, IQR) statistics, as the sample was small. 

Both parametric (dependent samples T-test) and non-parametric 

(Wilcoxon signed-rank test) tests for pre-post comparisons of 

dependent variables were used for the main analysis. A p-value 

of <0.05 was considered statistically significant. 

RESULTS

Ten patients participated in the study. Two of them 

withdrew for personal reasons and a woman because of 

pregnancy. Finally, seven participants (five women/two 

men) completed the intervention. The participants’ char-
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acteristics are presented in table 1. All participants stated 

that this was their first time they attended a clinical Pilates 

program, and six of them stated that they had physiotherapy 

sessions again in the past.

After the program completion, including clinical Pilates 

exercises all outcomes measures showed statistically signifi-

cant increase (p<0.05) when checked with both parametric 

and non-parametric tests (tab. 2). Lumbar pain was signifi-

cantly reduced (mean±SD: 4.4±1.3 to 1.6±0.9, p<0.001), 

along with the score of Quebec Back Pain Disability Scale 

(mean±SD: 34.71±17.4 to 14.00±8.5, p<0.05). Statistically 

significant differences were also found with the Wilcoxon 

signed-rank test for pain and disability pre-post differences.

DISCUSSION

To our knowledge, the present study was the first study 

that attempted to examine the effect of clinical Pilates com-

bined with usual physiotherapy in adults with chronic low 

back pain of non-specific etiology and showed evidence 

of improvement in respiration volumes, chest expansion, 

pain symptoms and disability. 

The findings of our study provided further proof regard-

ing the positive effect than clinical Pilates have in function-

ality of the respiratory system in chronic low back pain of 

non-specific etiology as there is strong association between 

them.9,20 Chronic lumbar pain affects the strength, endur-

ance, and mobility of the diaphragm.2,5,9 The diaphragm is 

not only an inspiratory muscle but a spinal posture stabilizer 

as well.21 Patients with chronic back pain of non-specific 

etiology, often adopt an antalgic posture to overcome pain-

ful stimuli during activities of daily living.1 This seems to 

lead in biomechanical changes of the posture and support 

of the trunk, which in turn affect the thoracic spine, result-

ing in a reduction of lung expansion and consequently of 

respiratory volumes. The adoption of an abnormal breath-

ing pattern in patients with chronic back pain makes them 

prone to paroxysmal episodes of pain.20 Clinical Pilates 

exercises have a beneficial effect on painful pathologies of 

the spine22,23 and on back pain of non-specific etiology.24,25 

Enhancing the ability of the individual to maintain posture, 

will decrease the load on the diaphragm that acts both as 

stabilizer and inspiratory muscle. Clinical Pilates exercises 

could play an important role in pulmonary rehabilitation 

as the breathing pattern adopted when performing them 

helps to increase the strength of the respiratory muscles, 

increase volumes, achieve better ventilation and diffusion.8 

Further, diaphragmatic breathing, encouraged during 

the performance of the clinical Pilates exercises, leads to 

increased mobility of the ribs as patients give emphasis 

on increasing all diameters of the chest. Each inhalation 

has been found to increase the intercostal space leading 

progressively to an increased chest expansion.26 Although, 

diaphragmatic breathing presents differences in relation 

to usual lateral breathing adopted in clinical Pilates, in the 

present study we were able to notice the same positive 

effects. Additionally, diaphragmatic breathing has been 

found to have greater effect that lateral breathing in COPD 

population, when differences in respiratory pattern were 

examined.27 Yet, we should take into consideration the 

pathophysiology of COPD.

A recent publication has also underlined the positive 

effect of the holistic approach of Pilates in cardiorespira-

tory fitness.8,28 The neuromuscular stimulation and the 

body-mind connection are two key components of this 

approach. The positive results of Pilates method could be 

attributed to the guiding principles of the Pilates.29 The 

authors assumed that centralization (this is the ability to 

maintain control of the pelvis, spine, in order to provide 

a stable base-core) allowed the recruitment of the trunk 

muscles, abdominal wall and diaphragm, which resulted 

in the improvement of the thoracoabdominal mobility 

and thus in respiratory mechanics.29 The present findings 

were in accordance with a recent randomized clinical trial 

involving 62 healthy women that reported significant 

Table 2. Pre- and post-intervention measures of the variables of lung func-
tion and chest expansion (p<0.05* between pre- and post-measurements).

Pre-intervention 

(baseline)

Post-intervention

Mean±SD Median (IQR) Mean±SD Median (IQR)

FEV1% 84.71±6.4 81 (80−90) 89.86±6.5* 90 (86−93)*

FVC% 89.57±8.6 86 (81−98) 95.00±7.3* 98 (87−102)*

FEV1/FVC% 97.86±7.2 100 (90−104) 99.86±6.7* 101 (94−105)*

Chest  
expansion

2.4±0.8 2.1 (1.6−3.5) 2.6±0.9* 2.2 (1.8−3.8)*

FEV1: Forced expiratory volume in one second, FVC: Forced vital capacity, SD: 
Standard deviation, IQR: Interquartile range

Table 1. Participants’ data. 

Gender 5 females and 2 males

Age (mean±SD) 39.16±16.57 years

Body mass (mean±SD) 71.71±13.06 kg

Height (mean±SD) 1.74±0.09 m

Duration of symptoms (median-IQR) 12 (6−96) months

SD: Standard deviation, IQR: Interquartile range
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improvement in inspiratory muscle strength and exhaled 

volumes after 16 sessions of clinical Pilates.30 It was noted 

that deep diaphragmatic breathing during the exercises 

could be the explanation for these results. Other studies 

have included an inspiratory training program to enhance 

this effect.31 Our findings are in accordance with a recent 

study of women with chronic low back pain, that com-

pared clinical Pilates program to a home-based exercise 

program.32 Clinical Pilates was found to alleviate pain and 

to improve FVC in the intervention group, but without 

showing statistical difference in relation to the control 

in terms of the respiratory function.32 In our study, the 

implementation of routine physiotherapy along with the 

clinical Pilates could have a significant impact on pain 

relief, thus a part of the improvement noted could be 

related to this relief. 

Clinical recommendations, in order to augment this 

beneficial effect, underline the importance of an exercise 

frequency greater than two or three times a week, with 

each session lasting at least 60 minutes, with a minimum 

cumulative training of 20 hours. Optimal results could be 

achieved if performed for three to six months.33 Attention 

should be given to incorporating all training principles. We 

should not forget that this exercise program is unique as the 

person needs to perform the exercises with precision; thus 

in full concertation trying to keep control while combin-

ing breathing.34 It is well pointed out from a Delphi survey 

study that indications for Pilates in this specific population 

include primarily maladaptive movement patterns and 

lack of body awareness, and then poor breathing pattern, 

poor postural control, psychosocial factors associated with 

pain, reduced lumbar spine mobility and weak lumbar 

spine stabilizing muscles.34,35 Regarding the use of special 

equipment, it seems that data from different studies are 

controversial and need further investigation.3

The main limitation of the present study is the small 

sample, the lack of a control group and additional out-

comes, such as inspiratory strength and endurance that 

could provide us with more information on the status of 

the diaphragm. As the improvement of the respiratory 

variables due to the reduction of pain intensity in the 

present study was the effect of the implementation of 

both clinical Pilates exercises and routine physiotherapy, 

it is a challenge for further research studies to clarify the 

attribution of solely clinical Pilates. In regard to our pain 

assessment tool, although VAS has been found to be a valid 

and reliable scale, it has a subjective nature, and this should 

be kept in mind. Additionally, the lack of follow-up assess-

ments, prevents us from monitoring the sustainability of the 

improvements noted in respiratory function. These results 

will help physical therapists to understand the impact of 

the musculoskeletal system pathology on the respiratory 

system and the holistic approach required to explore dif-

ferent pathologies to maximize the effectiveness of their 

treatment program. 

In conclusion, the present study offered an additional 

perspective for the implication of clinical Pilates combined 

with routine physiotherapy in patients with back pain of 

non-specific etiology, as it provided evidence of improve-

ment in pain intensity and daily activities, as well as in lung 

function and chest expansion. To reach clearer conclusions, 

randomized clinical trials in this field should be conducted. 

Further investigation of the dosage, the combination of 

exercises and the use of instruments will offer a better 

understanding not only of the program itself but on how 

to augment its effectiveness in different populations.

ΠΕΡΙΛΗΨΗ

Η επίδραση των κλινικών ασκήσεων Pilates σε συνδυασμό με τη συνήθη φυσικοθεραπεία  

στην αναπνευστική λειτουργία ασθενών με οσφυαλγία μη ειδικής αιτιολογίας
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ΣΚΟΠΟΣ Να εξεταστεί εάν θα μπορούσε να παρατηρηθεί αλλαγή στην αναπνευστική λειτουργία μετά από κλινικές 

ασκήσεις Pilates. ΥΛΙΚΟ-ΜΕΘΟΔΟΣ Οι συμμετέχοντες ήταν ενήλικες, με συμπτώματα για >3 μήνες και είχαν διαγνω-

στεί με οσφυαλγία μη ειδικής αιτιολογίας. Οι αξιολογήσεις περιλάμβαναν σπιρομέτρηση και έκπτυξη του θώρακα για 

την αξιολόγηση της αναπνευστικής λειτουργικότητας. Η οπτική αναλογική κλίμακα (VAS) έντασης πόνου 0−10 και η 

κλίμακα αναπηρίας σχετιζόμενη με οσφυαλγία (Quebec Back Pain Disability Scale) χρησιμοποιήθηκαν για την αξιο-



552 V. LAOSOGLOU et al

References

1. BΑΒΙΝΑ R, MΟΗΑΝΤΥ PP, PΑΤΤΝΑΙΚ M. Effect of thoracic mobili-

zation on respiratory parameters in chronic non-specific low 

back pain: A randomized controlled trial. J Back Musculoskelet 

Rehabil 2016, 29:587–595

2. SΗΑΗ SG, CΗΟΕΖΟΜ T, RAJA GP. Comparison of respiratory pa-

rameters in participants with and without chronic low back 

pain. J Bodyw Mov Ther 2019, 23:894–900

3. LIEBENSON C. Functional anatomy and respiration. Dynamic 

Chiropractic 1998, 16

4. BOYLE KL, OLINICK J, LEWIS C. The value of blowing up a balloon. 

N Am J Sports Phys Ther 2010, 5:179–188

5. JANSSENS L, BRUMAGNE S, McCONNELL AK, HERMANS G, TROOST-

ERS T, GAYAN-RAMIREZ G. Greater diaphragm fatigability in in-

dividuals with recurrent low back pain. Respir Physiol Neuro-

biol 2013, 188:119–123

6. ALEX B, ANANDH S. Prevalence of diaphragm dysfunction in re-

lation to breathing pattern in non specific low back pain. In-

dian J Public Health Res Dev 2020, 11:540−544

7. SHIN DC, LEE YW. The immediate effects of spinal thoracic 

manipulation on respiratory functions. J Phys Ther Sci 2016, 

28:2547–2549

8. JUNG JH, MOON DC. The effect of thoracic region self-mobiliza-

tion on chest expansion and pulmonary function. J Phys Ther 

Sci 2015, 27:2779−2781

9. MOHAN V, PAUNGMALI A, SITILERPISANA P, HASHIM UF, MAZLAN MB, 

NASUHA TN. Respiratory characteristics of individuals with non-

specific low back pain: A cross-sectional study. Nurs Health 

Sci 2018, 20:224–230

10. TATSIOS P, KOUMANTAKIS GA, KARAKASIDOU P, PHLIPPOU A. The ef-

fectiveness of manual therapy on musculoskeletal and res-

piratory parameters in patients with chronic low back pain: A 

systematic review. Crit Rev Phys Rehabil Med 2021, 33:71−101

11. HARNET K, MAMAN P. Pilates training: For improving respira-

tory function − a systematic review. Int J Health Sci Res 2019, 

9:280−286

12. WAKDE G, PATIL P. Effects of Pilates breathing on chest expan-

sion, dyspnea and functional capacity in COPD patients − an 

experimental study. International Journal of Research and Re-

view (IJRR) 2021, 8:249−262

13. LOPES S, CORREIA C, FÉLIX G, LOPES M, CRUZ A, RIBEIRO F. Immedi-

ate effects of Pilates based therapeutic exercise on postur-

al control of young individuals with non-specific low back 

pain: A randomized controlled trial. Complement Ther Med 

2017, 34:104−110

14. GRAHAM BL, STEENBRUGGEN I, MILLER MR, BARJAKTAREVIC IZ, COOP-

ER BG, HALL GL ET AL. Standardization of spirometry 2019 up-

date. An official American Thoracic Society and European 

Respiratory Society technical statement. Am J Respir Crit Care 

Med 2019, 200:e70−e88

15. MOHAN V, DZULKIFLI NH, JUSTINE M, HARON R, JOSEPH HL, RATHI-

NAM C. Intrarater reliability of chest expansion using cloth tape 

measure technique. Bangladesh J Med Sci 2012, 11:307−311

16. ROACH KE, BROWN MD, DUNIGAN KM, KUSEK CL, WALAS M. Test-

retest reliability of patient reports of low back pain. J Orthop 

Sports Phys Ther 1997, 26:253–259

17. BEGUM MR, HOSSAIN MA. Validity and reliability of visual an-

alogue scale (VAS) for pain measurement. J Med Case Rep 

2019, 2:394−402

18. KOPEC JA, ESDAILE JM, ABRAHAMOWICAZ M, ABENHAIM L, WOOD-

DAUPHINEE S, LAMPING DL ET AL. The Quebec Back Pain Disa-

bility Scale: Conceptualization and development. J Clin Epi-

demiol 1996, 49:151–161

19. CHRISTAKOU A, ANDRIOPOULOU M, ASIMAKOPOULOS P. Validity and 

reliability of the Greek version of the Quebec Back Pain Dis-

ability Scale. J Back Musculoskelet Rehabil 2011, 24:145–154

20. ABDOLLAHZADEH Z, ABBASI H. Altered respiratory function in 

patients with low back pain: A review article. J Mod Rehabil 

2021, 15:55−62

21. HODGES PW, BUTLER JE, McKENZIE DK, GANDEVIA SC. Contraction 

of the human diaphragm during rapid postural adjustments. 

J Physiol 1997, 505:539–548

22. ZORBA A, EVANGELOPOULOS D. The effects of clinical Pilates ex-

ercises on patients with chronic low back pain: A systematic 

review. Acta Orthopaedica et Traumatologica Hellenica 2022, 

73:292−305

23. YAMATO TP, MAHER CG, SARAGIOTTO BT, HANCOCK MJ, OSTELO 

RWJG, CABRAL CMN ET AL. Pilates for low back pain. Sao Paulo 

Med J 2016, 134:366−367

24. KWOK BC, LIM JXL, KONG PW. The theoretical framework of the 

clinical Pilates exercise method in managing non-specif-

ic chronic low back pain: A narrative review. Biology (Basel) 

2021, 10:1096 

25. PATTI A, THORNTON JS, GIUSTINO V, DRIB P, PAOLI A, SCHULZ JM ET AL. 

Effectiveness of Pilates exercise on low back pain: A system-

atic review with meta-analysis. Disabil Rehabil 2023, 26:1–14

26. KIM ST, LEE JH. The effects of Pilates breathing trainings on trunk 

λόγηση του πόνου και της λειτουργικότητας. Όλες οι αξιολογήσεις έγιναν στην αρχή και στο τέλος του προγράμμα-

τος. ΑΠΟΤΕΛΕΣΜΑΤΑ Επτά ασθενείς ολοκλήρωσαν και τις δέκα συνεδρίες που περιλάμβαναν ηλεκτροφυσικά μέσα, 

μάλαξη και τέσσερις διαφορετικές κλινικές ασκήσεις Pilates. Στατιστικά σημαντική διαφορά βρέθηκε στο FEV1%, στο 

FEV1/FVC%, στην έκπτυξη του θώρακα, στην κλίμακα Quebec και στον πόνο (p<0,05). ΣΥΜΠΕΡΑΣΜΑΤΑ Οι κλινικές 

ασκήσεις Pilates σε συνδυασμό με φυσικοθεραπεία ρουτίνας φαίνεται να έχουν θετική επίδραση στην αναπνευστι-

κή λειτουργία ασθενών με οσφυαλγία μη ειδικής αιτιολογίας.

Λέξεις ευρετηρίου: Αναπνευστική λειτουργία, Κλινικές ασκήσεις Pilates, Οσφυαλγία



THE CLINICAL PILATES EFFECT ON PULMONARY FUNCTION IN LOW BACK PAIN 553

...................................................................................................................................................

muscle activation in healthy female subjects: A prospective 

study. J Phys Ther Sci 2017, 29:194−197

27. CANCELLIERO-GAIAD KM, IKE D, PANTONI CBF, BORGHI-SILVA A, COSTA 

D. Respiratory pattern of diaphragmatic breathing and Pilates 

breathing in COPD subjects. Braz J Phys Ther 2014, 18:291–299

28. FERNÁNDEZ-RODRÍGUEZ R, ÁLVAREZ-BUENO C, FERRI-MORALES A, 

TORRES-COSTOSO AI, CAVERO-REDONDO I, MARTÍNEZ-VIZCAÍNO V. 

Pilates method improves cardiorespiratory fitness: A system-

atic review and meta-analysis. J Clin Med 2019, 8:1761

29. JESUS LT, BALTIERI L, OLIVEIRA LG, ANGELI LR, ANTONIO SP, PAZZI-

ANOTTO-FORTI EM. Effects of the Pilates method on lung func-

tion, thoracoabdominal mobility and respiratory muscle 

strength: Non-randomized placebo-controlled clinical trial. 

Fisioter Pesq 2015, 22:213−222

30. VIEIRA KJV, CARRVALHO LC, BORGES JBC, REIS CJD, IUNES DH. The 

respiratory effects of a Pilates method protocol: Randomized 

clinical trial. J Bodyw Mov Ther 2022, 32:149−155

31. ALVARENGA GM, CHARKOVSKI SA, SANTOS LK, SILVA MAB, TOMAZ 

GO, GAMBA HR. The influence of inspiratory muscle training 

combined with the Pilates method on lung function in el-

derly women: A randomized controlled trial. Clinics (Sao Pau-

lo) 2018, 73:e356

32. BASKAN O, CAVLAK U, BASKAN E. Effectiveness of a clinical Pi-

lates program in women with chronic low back pain: A rand-

omized controlled trial. Ann Clin Anal Med 2021, 12:S478−S482

33. LIN HT, HUNG WC, HUNG JL, WU PS, LIAW LJ, CHANG JH. Effects of 

Pilates on patients with chronic non-specific low back pain: A 

systematic review. J Phys Ther Sci 2016, 28:2961–2969

34. WELLS C, KOLT GS, MARSHALL P, BIALOCERKOWSKI A. Indications, 

benefits, and risks of Pilates exercise for people with chron-

ic low back pain: A Delphi survey of Pilates-trained physical 

therapists. Phys Ther 2014, 94:806–817

35. ELIKS M, ZGORZALEWICZ-STACHOWIAK M, ZEŃCZAK-PRAGA K. Ap-

plication of Pilates-based exercises in the treatment of chron-

ic non-specific low back pain: State of the art. Postgrad Med 

J 2019, 95:41–45

  Corresponding author: 

  Ι. Patsaki, Laboratory of Advanced Physiotherapy, Department 

of Physiotherapy, School of Health & Care Sciences, University 

of West Attica (UNIWA), 122 43 Athens, Greece

  e-mail: ipatsaki@uniwa.gr


