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ARTICLE INFO ABSTRACT

Introduction: Pisa syndrome is a disabling, medication-resistant, postural abnormality that may affect 7-10% of
patients with Parkinson's disease. In this study, we sought to assess the efficacy of botulinum toxin injections in
Parkinson's disease-associated Pisa syndrome using a Magnetic Resonance Imaging-, Ultrasonography-, and
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Posn;re ) Electromyography-guided combined approach.
E;}g inum toxin Methods: We conducted a pilot study to evaluate the efficacy of botulinum toxin type-A injection in paraspinal

and non-paraspinal axial muscles after a Magnetic Resonance Imaging and ultrasound-guided electromyography
evaluation. Inclusion criteria were Pisa syndrome, idiopathic Parkinson's disease, and stable dopaminergic
medications. Exclusion criteria were previous treatment with botulinum toxin, history of major spine surgery,
and severe orthopedic diseases. As primary endpoint, we measured the rate of patients improving by at least 5° in
the lateral trunk flexion 2 months after therapy. Secondary endpoints were the extent of lateral trunk flexion
improvement, and changes in PS-associated pain/discomfort, measured by the Visual Analogue Scale.

Results: Out the 15 patients initially enrolled, 13 completed the follow-up assessment, while 2 joined a re-
habilitation program and were excluded from the analyses. The rate of responders was 84.6% (n = 11/13), with
40% average reduction in trunk bending. Pain/discomfort improved in all patients, with 52.2% amelioration at
the Visual Analogue Scale. The procedure was well tolerated in all cases, without side effects or complications.
Conclusion: A combined imaging and EMG botulinum toxin approach to Pisa syndrome may yield a success rate
greater than 80% in Parkinson's disease.

1. Introduction

Pisa syndrome (PS), defined as a lateral trunk flexion that improves
with passive mobilization and supine positioning [1], is an acquired
postural abnormality observed in 7.4%-10.3% of patients with Par-
kinson's disease (PD).

The clinical management of PS might be challenging. While the
response to levodopa is usually minimal or absent [2], dopamine-ago-
nists, cholinesterase inhibitors, or neuroleptics may have a detrimental

effect or even precipitate the severity of PS in predisposed subjects [1].
Promising data have been reported in PS patients treated with Botu-
linum toxin (BoNT) injections. The clinical experience, however, re-
mains limited to small sample size studies and single case reports not
providing a systematic assessment of the target muscles [3-6]. New
insights provided by neurophysiological studies documenting the in-
volvement of diverse groups of muscles, characterized by different
patterns of muscle hyperactivation, may explain the low rate of re-
sponders in previous reports assessing the BoNT efficacy in PD patients
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with PS [3,4].

We used a combined Magnetic Resonance Imaging (MRI)-,
Ultrasonography (US)-, and Electromyography (EMG)-guided approach
to ensure the maximal accuracy in the treatment of PD-associated PS
with BoNT injections.

2. Materials and methods
2.1. Study population

In this prospective, pilot study 15 consecutively consenting PD pa-
tients with PS were recruited from the Movement Disorders Unit of the
University of Torino (Italy) between December 2015 and September
2017.

Inclusion criteria were idiopathic PD, as per the UK Brain Bank
criteria [7]; PS, defined as a lateral trunk flexion of at least 10° im-
proved by passive mobilization and supine positioning [1]; and stable
dose of dopaminergic medications for at least 4 weeks prior the en-
rollment.

Exclusion criteria were previous treatment with BoNT injection,
history of major spine surgery, and severe spine orthopedic diseases,
including vertebral fractures, spondylodiscitis, and idiopathic scoliosis
with vertebral rotation.

2.2. Endpoints

Our primary endpoint was to evaluate the rate of responders, de-
fined as the number of patients receiving an objective, clinically
meaningful postural improvement 2 months after BONT injection. In the
absence of validated criteria for defining a clinically meaningful re-
sponse to treatment in patients with PS, we relied on previous literature
[4], and set a cut-off of 5° to define a significant improvement in the
lateral bending. Therefore, as primary endpoint, we assessed the rate of
responders, defined as the number of patients improving by at least 5°
in the lateral trunk flexion.

Changes in the lateral trunk flexion, defined as the angle between
(a) the vertical axis and (b) a line connecting the fulcrum of the bent
spine with the 7th spinous process (Fig. 1), were calculated from planar
view pictures of the patient standing in front of a wall goniometer using
“ImageJ”, an open source image processing program developed by the
National Institute of Health and validated for posture analysis [2].

Fig. 1. Example of measurement of the lateral trunk flexion.
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Pictures were analyzed by an operator blinded to the two study con-
ditions, namely TO (baseline, before BoNT injection), and T1 (follow-
up, 2 months after BoNT injection). No changes were allowed in do-
paminergic medications for the entire duration of the study. Patients
enrolling in programs of physical therapy were excluded from the
analysis.

As secondary analyses, we evaluated the improvement in PS-asso-
ciated pain/discomfort on a VAS score of 0-10. Procedure-related ad-
verse events (AEs) and side effects were collected and classified as per
the FDA guidelines [8] at TO, during and till 1 h after the treatment, and
at T1.

2.3. Procedure

2.3.1. Phase 1: morphological evaluation of axial muscles using TI1-
weighted MRI images

T1-weighted axial MRI (1.5 T) sequences of the thoracic and lumbar
spine were used to assess atrophy of paraspinal and non-paraspinal
axial muscles, which is a sensitive marker of muscular involvement in
PD-associated PS [9]. A visual comparison between ipsilateral and
contralateral muscle areas was performed to identify hypertrophy and
atrophy in the paraspinal muscles (longissimus thoracis, iliocostalis
lumborum, and spinalis dorsi) at L2-L4 level, and in the non-paraspinal
muscles (internal and external abdominal oblique, and iliopsoas). In
addition to the visual assessment, muscle atrophy was evaluated ac-
cording to the extent of fatty degeneration (T1-weighted hyper-
intensity) and rated as moderate (< 50%) or severe (> 50%) according
to the methodology described by Mercuri and colleagues [10].

2.3.2. Phase 2: functional evaluation of axial muscles using a US- and
EMG-guided approach

A functional assessment of the target muscles was carried out using
an US- (Esaote, MyLab™) and EMG-guided (Dantec’ Keypoint™ G4
Workstation) approach to evaluate muscle groups predominantly in-
volved in the pathogenesis of the PS: paraspinal muscles (longissimus
thoracis, iliocostalis lumborum, and spinalis dorsi) at L2-L4 level and
non-paraspinal muscles (internal and external abdominal oblique, and
iliopsoas) [9,11].

EMG assessments were carried out using a concentric 26 or 23
gauge single-use needle connected to a multichannel amplifier (1,000x
gain), band-pass filtered at 300-3000 Hz, and sampled at 10,000 Hz, in

Example of measurement of the lateral trunk flexion angle in one patient before (left picture) and 2 months after BONT-A injections (right picture).
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the two following conditions: lying down on an examination table
(prone on the examination table with arms along the trunk), and after
standing. Muscle hyperactivity was defined as the persistence of motor
unit potential (MUP) during activation of antagonist muscle groups
with the following maneuver: the subject was asked to press down
against the bed with the shoulder contralateral to the EMG explored
paraspinal muscles [3]. Each muscle was assessed by visual inspection
and rated on a scale of 0-3 as follows: 0 = rest firing pattern, 1 = single
fiber firing pattern, 2 = transitional pattern, 3 = full interference pat-
tern PS [13].

2.3.3. Phase 3: BoNT injection

OnabotulinumtoxinA (BoNT-A), dissolved as 100 units in 2ml of
saline, was injected under US and EMG guidance in muscles with: a)
pathological muscular hyperactivity on EMG study when standing; and
2) absence of severe muscle atrophy on MRI imaging (Supplementary
Fig. 1). When muscular hyperactivity was observed bilaterally, the
more active muscle was treated. When EMG in standing position was
not performed or no asymmetry was found, the treatment was based on
findings from the EMG performed in the lying position. Doses of BONT-
A ranged from 50 to 75 units for each paraspinal muscle injected, and
from 25 to 50 units for each non-paraspinal muscle injected, based on
the EMG abnormal activity rate and the experience of the neurophy-
siologist.

2.4. Statistical analysis

Continuous data were summarized as mean * standard deviation
or percentages, as appropriate. The percentage of responders was cal-
culated as the rate of patients reporting an improvement of at least 5° in
lateral bending between TO and T1. Change in the lateral trunk flexion
and VAS score between TO and T1 were analyzed using the nonpara-
metric Wilcoxon signed-rank test.

All tests were two-tailed and considered a p-value < 0.05 as sta-
tistically significant. Data were analyzed using the Statistical Package
for the Social Sciences (SPSS 22 for Mac, Chicago, IL).

The local institutional review board approved this study, and all
patients gave their written informed consent to participate.

3. Results

Out of the 15 patients treated with BoNT, 2 joined a rehabilitation
program between TO and T1 and were excluded from the analyses as
per the study design (Supplementary Fig. 1). Clinical and demographic
characteristics of the 13 patients included in the analyses are reported
in Supplementary Table 1.

3.1. Functional and morphological evaluation of axial muscles involved in
PS abnormal posture

The MRI assessment detected an asymmetry of muscle trophism in
84.6% of paraspinal (n = 11/13), 61.5% of iliopsoas (n = 8/13), and
38.4% of abdominal (n = 5/13) muscles. All patients had a moderate
(< 50%) fatty degeneration in the paraspinal muscles, which was
unilateral to the bending side in 69.2% (n = 9/13) and bilateral in
30.8% (n = 4/13).

BoNT injections were performed in 92.3% (n = 12/13) of patients
in the paraspinal muscles, ipsilateral to the bending side in 33.3%
(n = 4/12) and contralateral to the bending side in 66.7% (n = 8/12).
Abdominal muscles were injected in 38.5% (n = 5/13) of patients, ip-
silateral to the bending side in 20% (n = 1/5), and contralateral to the
bending side in 80% (n = 4/5). The iliopsoas was injected in 15.4%
(n = 2/13) of patients, contralateral to the bending side in all cases.
Data on EMG findings, sites, and doses of BoNT injection administered
are reported in Table 1.

The average dose of BONT-A used was 151.9 + 53.5 units.

233

Parkinsonism and Related Disorders 62 (2019) 231-235

3.2. Primary and secondary outcomes

The rate of responders was 84.6% (n = 11/13). One patient did not
improve his lateral trunk flexion, and 1 patient worsened. On average,
the angle of lateral trunk flexion improved by 40% between TO and T1
(p < 0.001), from 15.7 * 8.4to 9.4 *+ 11.8° (Supplementary Fig. 2).

Pain/discomfort showed a 52.2% reduction in the total VAS score
(p < 0.001), from 6.9 * 2.2 to 3.3 = 1.6 (Supplementary Fig. 2).

All patients tolerated the procedure well. There were no intra- or
peri-procedural AEs, sustained bleeding, or cutaneous reactions. No
cases of therapy-related adverse effects were observed during the
follow-up.

4. Discussion

In this pilot study, we used a combined MRI-, US-, and EMG-guided
approach to treat PD-associated PS with BoNT-A, observing a clinically
significant improvement in 84.6% of patients, with a 40% average re-
duction in the bending angle, and a 52.2% amelioration at the VAS
score. There were no significant AEs or complications.

To the best of our knowledge, the current experience with BoNT in
PD-associated PS is limited to 2 small trials and 2 case reports showing
that BoNT may variably enhance the effect of programs for physical
rehabilitation [3-6]. In this study, we decided to assess the effect of
BoNT without the confounding effect of rehabilitation excluding,
therefore, patients who joined programs of physical therapy during the
study period.

Interestingly, we observed an extent of improvement similar or even
greater than those reported by previous authors [3], suggesting that
BoNT has an important effect on the functional outcome of PS, in-
dependently from the adjuvant effect of physical therapy. In addition,
we exploited the major innovation of using a multimodal MRI-, US-, and
EMG-guided approach for BoNT injections to ensure optimal targeting.
Following the indications of recent EMG studies in patients with PS
[9,12], we injected muscles with signs of pathological hyperactivity,
regardless of whether they were ipsilateral or contralateral to the
bending side. In fact, the pattern of functional alterations associated
with PS can be multifaceted, with evidence of fatty degeneration and
hyperactivity of paraspinal muscles located ipsilaterally, con-
tralaterally, or even bilaterally to the bending side [12]. All the as-
sessments were performed in standing and lying positions. The decision
of which muscle to inject was based on the pattern of muscular hy-
peractivity observed in the standing position [4]. An MRI evaluation of
muscle trophism was used to avoid injections in hypotrophic muscles
ipsilateral to the bending side, which could have potentially worsened
the lateral trunk bending. Despite this extensive assessment, one case
failed to improve and another one worsened shortly after his treatment.
A critical revision of data suggests that both cases might be, at least
partly, associated with technical difficulties in the differentiation be-
tween pathogenic vs. compensatory muscle hyperactivity. Overall, we
observed positive both objective and subjective improvements on the
main measures of functional outcome, suggesting that a combined,
multimodal, approach to BoNT injections in PD-associated PS may yield
a success rate of 80%.

The strength of our conclusions, however, should be tempered by
several limitations. First, the absence of a control group to test the
placebo effect, even though previous studies did not show any relevant
placebo effects in PD patients with PS [3,4]; second, the relatively small
number of patients enrolled in this pilot study, and third, the short-term
duration of follow-up. Taking into account all of these limitations, our
data support the notion that BoNT injections with an MRI-, US-, and
EMG-guided approach can provide significant benefit in most PD pa-
tients with PS.
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Table 1

EMG findings of asymmetric muscle activity and sites and doses of BoNT injection.

Parkinsonism and Related Disorders 62 (2019) 231-235

Side of trunk
flexion

Side of muscle hyperactivity: Standing
position

Side of muscle hyperactivity: Lying
position

Muscles injected (BONT % reduction of lateral % reduction of
units) trunk flexion VAS

Paraspinal Non-paraspinal Paraspinal

Non-paraspinal

#1 Right Left Left Left

#2 Left Right None Left

#3 Right Right None Right

#4 Right Left Left Left

#5 Right Left Left Right

#6 Right None Left None
#7 Right Left None Right
#8 Right NA. N.A. Right
#9 Right Left None Left
#10 Left Right None Right

#11 Right Left None Right

#12 Right Right None Right

#13 Right Right None Right

Left L longissimus (50), 80% 50%
L iliocostalis (50),
L int. abd. ob. (50)
Left R longissimus (50), R 13.2%
iliocostalis (50),
R spinalis (50)
None R longissimus (50), R 100% 60%
iliocostalis (50),
R spinalis (50)
Left L longissimus (50),
L iliocostalis (75),
L int. abd. ob. (50),
L ext. abd. ob. (50),
L iliopsoas (25)
None L longissimus (75), L 0%
iliocostalis (75),
L int. abd. ob. (50)
Left L int. abd. ob. (50), 100% 50%
L iliopsoas (25)
Right L iliocostalis (75), 100% 60%
L spinalis (50)
Right R iliocostalis (50),
R int. abd. ob. (50)
Right L longissimus (50),
L iliocostalis (50)
None R iliocostalis (50), 50% 100%
R spinalis (50)
None L longissimus (75), 28%
L iliocostalis (75),
L spinalis (50)
None R longissimus (50), R 73%
iliocostalis (50),
R spinalis (50)
None R longissimus (75), R
iliocostalis (75),
R spinalis (75)

55.6%

64.7% 40%

42.9%

-39.2% 25%

74.2% 40%

33.3%

57.1%

36.4% 40%

VAS = Visual Analogue Scale.

N.A. = not available. In this patient EMG in standing position was not performed because of the pain caused by the prolonged standing position.

R = right.
L = left.

Declarations of interest

None.

Authors' roles

Carlo Alberto Artusi: study concept and design, analysis and inter-
pretation of data, drafting of the manuscript.

Sara Bortolani: acquisition, analysis and interpretation of data,
drafting of the manuscript.

Aristide Merola: critical revision of manuscript for intellectual
content, revision of the statistical analysis.

Maurizio Zibetti: interpretation of data, critical revision of manu-
script for intellectual content.

Marco Busso: acquisition and interpretation of data.

Stefania De Mercanti: acquisition and interpretation of data.

Paolo Arnoffi: acquisition and interpretation of data.

Simone Martinetto: acquisition and interpretation of data.

Elena Gaidolfi: acquisition and interpretation of data.

Andrea Veltri: critical revision of manuscript for intellectual con-
tent, supervision of the study.

Pierangelo Barbero: study concept and design, acquisition and in-
terpretation of data.

Leonardo Lopiano: study concept and design, critical revision of

manuscript for intellectual content, supervision of the study.

Authors' financial disclosures

Carlo Alberto Artusi received travel grants from Zambon.

Sara Bortolani reports no disclosures.

Aristide Merola is supported by NIH (KL2 TR001426) and has re-
ceived speaker honoraria from CSL Behring, Cynapsus Therapeutics,
and AbbVie. He has received grant support from Lundbeck.

Maurizio Zibetti has received speaker's honoraria from Medtronic,
Lundbeck, UCB Pharma, and AbbVie.

Marco Busso reports no disclosures.

Stefania De Mercanti reports no disclosures.

Paolo Arnoffi reports no disclosures.

Simone Martinetto reports no disclosures.

Elena Gaidolfi reports no disclosures.

Andrea Veltri reports no disclosures.

Pierangelo Barbero received speaker and/or consulting honoraria
from Eisai, Ipsen and Bayer.

Leonardo Lopiano received honoraria for lecturing and travel grants
from Medtronic, UCB Pharma, and AbbVie.



C.A. Artusi et al.

Acknowledgment

This research did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://

doi.org/10.1016/j.parkreldis.2018.11.003.

References

[1] K.M. Doherty, B.P. van de Warrenburg, M.C. Peralta, L. Silveira-Moriyama,

[2

[3

[4

]
1

=

J.P. Azulay, O.S. Gershanik, B.R. Bloem, Postural deformities in Parkinson's disease,
Lancet Neurol. 10 (2011) 538-549.

H. Kataoka, S. Ueno, Can postural abnormality really respond to levodopa in
Parkinson's disease? J. Neurol. Sci. 377 (2017) 179-184.

L. Bonanni, A. Thomas, S. Varanese, V. Scorrano, M. Onofrj, Botulinum toxin
treatment of lateral axial dystonia in Parkinsonism, Mov. Disord. 22 (2007)
2097-2103.

C. Tassorelli, R. De Icco, E. Alfonsi, M. Bartolo, M. Serrao, M. Avenali, 1. De Paoli,
C. Conte, N.G. Pozzi, P. Bramanti, G. Nappi, G. Sandrini, Botulinum toxin type A
potentiates the effect of neuromotor rehabilitation of Pisa syndrome in Parkinson
disease: a placebo controlled study, Park. Relat. Disord. 20 (2014) 1140-1144.

[5]

[6]

[7]

[8]
[9]

[10]

[11]

[12]

Parkinsonism and Related Disorders 62 (2019) 231-235

A. Santamato, M. Ranieri, F. Panza, S. Zoccolella, V. Frisardi, V. Solfrizzi,

M.T. Amoruso, L. Amoruso, P. Fiore, Botulinum toxin type A and a rehabilitation
program in the treatment of Pisa syndrome in Parkinson's disease, J. Neurol. 257
(2010) 139-141.

A. Dupeyron, E. Viollet, F. Coroian, C. Gagnard, D. Renard, G. Castelnovo,
Botulinum Toxin-A for treatment of Pisa syndrome: a new target muscle, Park.
Relat. Disord. 21 (2015) 669-670.

A.J. Hughes, S.E. Daniel, L. Kilford, A.J. Lees, Accuracy of clinical diagnosis of
idiopathic Parkinson's disease: a clinico-pathological study of 100 cases, J. Neurol.
Neurosurg. Psychiatry 55 (1992) 181-184.
https://www.fda.gov/Safety/MedWatch/HowToReport/ucm053087.htm. Accessed
February 01, 2018.

M. Tinazzi, I. Juergenson, G. Squintani, G. Vattemi, S. Montemezzi, D. Censi,

P. Barone, T. Bovi, A. Fasano, Pisa syndrome in Parkinson's disease: an electro-
physiological and imaging study, J. Neurol. 260 (2013) 2138-2148.

E. Mercuri, S. Counsell, J. Allsop, H. Jungbluth, M. Kinali, G. Bonne, K. Schwartz,
G. Bydder, V. Dubowitz, F. Muntoni, Selective muscle involvement on magnetic
resonance imaging in autosomal dominant Emery-Dreifuss muscular dystrophy,
Neuropediatrics 33 (2002) 10-14.

C. Tassorelli, A. Furnari, S. Buscone, E. Alfonsi, C. Pacchetti, R. Zangaglia,

A. Pichiecchio, S. Bastianello, A. Lozza, M. Allena, M. Bolla, G. Sandrini, G. Nappi,
E. Martignoni, Pisa syndrome in Parkinson's disease: clinical, electromyographic,
and radiological characterization, Mov. Disord. 27 (2012) 227-235.

C. Geroin, G. Squintani, A. Morini, F. Donato, N. Smania, M.G. Gandolfi,

S. Tamburin, A. Fasano, M. Tinazzi, Pisa syndrome in Parkinson's disease: electro-
myographic quantification of paraspinal and non-paraspinal muscle activity, Funct.
Neurol. 32 (2017) 143-151.


https://doi.org/10.1016/j.parkreldis.2018.11.003
https://doi.org/10.1016/j.parkreldis.2018.11.003
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref1
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref1
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref1
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref2
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref2
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref3
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref3
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref3
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref4
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref4
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref4
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref4
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref5
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref5
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref5
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref5
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref6
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref6
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref6
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref7
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref7
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref7
https://www.fda.gov/Safety/MedWatch/HowToReport/ucm053087.htm
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref9
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref9
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref9
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref10
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref10
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref10
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref10
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref11
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref11
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref11
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref11
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref12
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref12
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref12
http://refhub.elsevier.com/S1353-8020(18)30485-1/sref12

	Botulinum toxin for Pisa syndrome: An MRI-, ultrasound- and electromyography-guided pilot study
	Introduction
	Materials and methods
	Study population
	Endpoints
	Procedure
	Phase 1: morphological evaluation of axial muscles using T1-weighted MRI images
	Phase 2: functional evaluation of axial muscles using a US- and EMG-guided approach
	Phase 3: BoNT injection

	Statistical analysis

	Results
	Functional and morphological evaluation of axial muscles involved in PS abnormal posture
	Primary and secondary outcomes

	Discussion
	Declarations of interest
	Authors' roles
	Authors' financial disclosures
	Acknowledgment
	Supplementary data
	References




