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et al. 
Pain is one of the most 
frequent (the average 
prevalence is about 67%) 
and disabling non motor 
symptom in PD. 
Patients with PD suffer from 
pain of variable quality and 
localization, at different 
stages of disease.



Classification
International Association for the Study of Pain (IASP) 

o Nociceptive: chronic pain associated with an ongoing 
input from real or threatened tissue injury 

o Neuropathic chronic pain caused by injury or disease 
affecting the peripheral nervous system or CNS. 

o Nociplastic chronic pain states not characterised by 
obvious activation of nociceptors or neuropathy, “but in 
whom clinical and psychophysical findings suggest altered 
nociceptive function”.



Classification  
o Dystonic Pain (associated to 

visible dystonia): paroxysmal, 
variable duration 

o Non Dystonic Pain 
- Musculoskeletal pain 
       aching, cramping, joint pains

- Peripheral neuropathic pain
      burning, tingling discomfort nerve/root

- Central neuropathic pain 
       stabbing, burning, tingling Unusual pain syndromes: face, 

head, pharynx, epigastrium, abdomen, 
pelvis, rectum, and genitalia. 

Ford, Mov Disord 2010



1. Is pain a non motor symptom in PD ?

oPain is a prevalent symptom in the 
general population

o Is the frequency of pain greater in PD 
than in the general population from 
the same age group? 

oNine controlled studies 



First Author,
Journal, year

Pain 
type

No. PD 
patients (% 

pain)

No. control 
subjects (% 

pain)

P

Chauduri, Mov 
Disord 2006

All pains (27%) (30%) 0.6

Etchepare, Joint 
Bone Spine 2006

Back 
pain

104 (60%) 100 (23%), <0.001

Broetz, Mov 
Disord 2007

Back 
pain

101 (74%) 132 (27%) <0.001

Negre-Page, Mov 
Dis 2008

All pains 450 (61%) 98 (58%) 0.74

Defazio, Arch 
Neurol 2008

All pains 402 (70%) 317 (63%) 0.04

Beiske, Pain 2009 All pains 176 (83%) Norway people 
(30%)

<0.001

Ehrt,Am J Geriat 
Psychiatry2009

All pains 227 (67%) 100 (39%) <0.001

Brefel-Courbon, 
Pain 2009

All pains 11.456 (33%) 11.200 (20%) <0.05

Madden, Mov 
Disord 2010

Shoulder 
pain

25 (80%) 25 (40%) 0.006



Bari
Genova
Napoli
Milano 
Pavia
Pisa
Roma
Torino
Verona



61 %

56 %

CONTROL SUBJECTS
N. 98

CHRONIC PAIN
N. 57

Crude P =  0.74

2008

Pain was twice more 
frequent in PD patients 
than in patients without PD 
after adjustment for osteo-
articular comorbidity, OR = 
1.9; 95% CI 1.2–3.2



Pain can be related to PD in different ways. 

- Temporal and topographical relationship with 
PD (onset and location)

- Influence of motor complications 
(fluctuations, ‘off’ dystonia, ‘on’ dyskinesia)

- Influence of antiparkinson medication

- Patient’s opinion about the relationship 
between pain and PD. 

Classification

Wasner et al, Nat Rev Neurol 2012



o In a French study (Negre-Pages et al. 2008) PD-related pain was 
diagnosed in 60% of patients

o In a Norwegian population-based study (Beiske et al. 2009),

PD-related pain was diagnosed in: 
- 51% of patients with dystonic pain
- 43% of patients with musculoskeletal pain
- 34% of patients with peripheral neuropathic pain
- 80% of patients with central neuropathic pain. 

PD – (motor signs) related pain



Several authors proposed to distinguish PD-related pain and     
PD-unrelated pain (Lee et al., 2006, Negres-Pages et al., 2008; Wasner and Deuschl, 2012). 

However:
• Diagnosis of PD-related pain is not based on objective criteria
• There is no evidence that pain lacking an apparent relationship with 

motor symptoms is also related to PD.
• PD neurodegenerative process extends beyond the substantia 

nigra, and a number of non motor symptoms have been included in 
the spectrum of PD.

PD – (motor signs) related pain?

.



• Severity of motor symptoms
• Presence of motor complications 
• Younger age at PD onset
• Female gender
• Depressive symptoms
• Medical conditions potentially associated with 

painful symptoms (i.e., diabetes mellitus, osteoporosis, 
rheumatic disease, degenerative joint disease, arthritis, disc 
herniation) (Goetz et al., 1986; Vela et al., 2002;Tinazzi et al., 2006; Broetz et al., 2007; Defazio
et al., 2008; Negre-Page et al., 2008;  Ehrt et al., 2009; McNamara et al., 2010; Zambito et al., 2011). 

Clinical predictors of pain in PD 



3. Dopaminergic drugs and 
    Spontaneous Pain

2009

Pain associated with OFF 
complications may improve during ON 
periods, at least in some patients

This was observed for muscular pain 
as well as for pain types for which a 
relationship with muscular conditions is 
unlikely (arthralgic, oral and genital 
pain)



p Pain diminished with L-dopa challenge in 50% of  
stable responders, 89% of fluctuators, and and 
100% of dyskinetic patients (P=0.03) (Lim et al. 2011). 

p Pain responses are highly susceptible to placebo

p Patients with motor complications may  have a high 
rate of placebo response.

Mixed pain response to 
dopaminergic drugs



2010

Rotigotine had the effect to improve early-
morning motor symptoms, sleep and pain.



BG are involved not only in motor control but also in non-
motor functions, such as the processing of nociceptive
inputs.

Multiple parallel pathways connect the BG to a number of
structures involved in nociception (intralaminar nuclei of
the thalamus, SII, insula, the amygdala, cingulate cortex,
prefrontal areas).

Pain processing in PD



1) PD patients WITH 
pain vs Controls

2) PD patients 
WITHOUT pain vs 
Controls

3) PD WITH pain vs PD 
WITHOUT pain



Reduced cold water Pth in pain-free PD

Using the cold water test, 
a PET study in pain-free 
PD patients documented a 
reduced pain threshold 
associated with an 
increased activation of 
brain structures involved 
in the processing of 
nociceptive stimuli, such 
as insula, prefrontal 
cortex, ACC that were 
normalized after acute L-
dopa administration (Brefel-
Courbon et al. 2005)



Reduced LEPs in pain–free PD

LEPs from the hand in 2 Normal subjects LEPs from the hand in 2 pain-free PD patients

The N2/P2 amplitude was significantly lower in pain-free emiparkinsonian 
patients (regardless of the affected body side) than in controls. (Tinazzi et al. 2008)



In both PD patients (13) and 
control subjects (12), laser 
stimulation (YAP) gave rise to a 
main negative N2/P2 complex 
at the vertex (which originates 
from the cingulate gyrus and 
insula) preceded by a 
lateralized N1/P1 response 
(originating from the opercolar
cortex/SII). 

N2/P2 peak-to-peak amplitude 
was significantly lower in PD 
patients (regardless of the 
clinically affected body side) 
than in controls. 

The N1/P1 amplitude was not 
significant different between PD 
patients and control subjects. 
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Tinazzi et al. 2017



In both groups of PD (with and without pain), the mean N2/P2 amplitude was significantly 
reduced when compared with controls on both the affected and unaffected side. 

Reduced LEPs in PD with muscular pain 



ü Common factors shared by pain patients, regardless of 
the clinical heterogeneity of pain 

ü Additional factors probably contributing to the quality and 
localization of pain:

- postural abnormalities secondary to rigidity/bradikinesia
- motor fluctuations
- medical conditions associated with painful symptoms
- genetic factors

Two mechanisms 
underlying pain in PD? 

Defazio G, Tinazzi M, Berardelli A. Eur J Neurol, 2013





Pain assessment

Clinical assessment of pain focuses on pain diagnosis and/or the assessment of 
specific clinical features (pain intensity, quality, and disability) to plan specific 
treatments.

No standardized, specific clinical assessments have been developed yet for the 
evaluation of pain in PD patients. Many clinical and instrumental measures were 
used in several observational/interventional studies involving patients with 
different types and qualities of pain both on and off medication. 



2010

Rotigotine had the effect to improve early-
morning motor symptoms, sleep and pain.







13 out of 20 patients improved
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Abstract
Pain is a common and disabling non-motor symptom (NMS) of Parkinson’s disease (PD), which occurs through the course 
of the disease, often unrecognized and undertreated. For this study, we evaluated the efficacy and safety of safinamide to 
reduce pain in PD patients with motor fluctuations. A total of 13 PD patients with pain receiving safinamide (Xadago®, 
100 mg/daily) were prospectively evaluated for 12 weeks. The primary outcome measures were changes in the total score 
of the King’s Pain Scale for Parkinson’s Disease (KPPS), Brief Pain Inventory (BPI) Intensity and Interference, and the 
Numeric Rating Scale (NRS). Secondary outcomes were the proportion of pain responders, changes in the Clinical Global 
Impression of Change (CGI), the Parkinson’s disease Quality of Life 39 (PDQ39), the Unified Parkinson’s Disease Rating 
Scale parts III and IV (UPDRS III and IV), and laser-evoked potentials (LEPs). LEPs were used to assess potential changes in 
the central processing of nociceptive inputs. The safety profile was evaluated based on the occurrence of treatment-emergent 
side effects and the dropout rate. After 12 weeks of add-on safinamide therapy, a significant improvement was noted in the 
primary (KPPS, BPI Intensity and interference, and NRS) and the secondary outcomes (UPDRS III, IV, CGI, and PDQ39). 
No significant changes in LEP complexes were observed. All patients completed the study and no treatment-emergent side 
effects were reported. Our preliminary findings suggest that safinamide 100 mg/day may be effective for the management of 
pain in PD patients with motor fluctuations and is safe. Further randomized controlled trials are needed to confirm its efficacy.

Keywords Parkinson’s disease · Pain · Non-motor symptoms · Safinamide

Introduction

Pain is a common and disabling non-motor symptom (NMS) 
of Parkinson’s disease (PD), occurring through the course of 
the disease (Rukavina et al. 2019), even as a prodromal feature, 
which is often unrecognized and undertreated (Antonini et al. 
2018). Several subtypes of pain have been described in PD, 
including musculoskeletal, neuropathic, dystonic and, less fre-
quently, nocturnal, central and visceral chronic, discoloration/

edema/swelling and orofacial pain (Defazio et al. 2008; Was-
ner et al. 2012; Ha AD et al. 2012; Antonini et al. 2015, 2018; 
Geroin et al. 2016; Chaudhuri et al. 2015). Despite its rel-
evance, the pathophysiological mechanisms underlying pain 
in PD are not fully understood and therapeutic management 
remains a challenge (Antonini et al. 2015, 2018). Abnormal 
nociceptive input processing in the central nervous system 
(CNS) leading to hypersensitivity to evoked pain probably 
underlies the different types of (spontaneous) pain experienced 
by PD patients and by pain-free PD patients, as well (Tinazzi 
et al. 2008, 2009; Zambito-Marsala et al. 2017). Additional 
factors (e.g., female sex, depression, disease duration, motor 
complications, postural abnormalities) and medical conditions 
(osteoporosis, rheumatic or degenerative joint disease) prob-
ably contribute to the quality and spread of spontaneous pain 
(Wasner et al. 2012). Moreover, genetic factors can modu-
late pain perception and susceptibility in PD. In particular, 
the impact of single nucleotide polymorphisms (SNPs) of 
genes encoding for the catechol-O-methyltransferase (COMT) 
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Fig. 1  Changes on the Kings Parkinson’s Pain Scale (KPPS), the 
Brief Pain Inventory (BPI) intensity and interference, the 11-point 
Numeric Rating Scale (NRS), the Unified Parkinson’s Disease Rating 
Scale (UPDRS parts III and IV), and the Parkinson’s disease quality 

of life (PDQ39) total and subitem bodily discomfort before and after 
safinamide treatment. Plus–minus values are the mean ± standard 
deviation

After 12 weeks of add-on safinamide therapy, a 
significant improvement was noted in the primary 
(KPPS, BPI Intensity and interference, and NRS) 
and the secondary outcomes (UPDRS III, IV, 
CGI, and PDQ39). 

Safinamide has mainly a direct effect on pain in 
PD and only partially improves pain with an 
indirect effect secondary to the improvement in 
motor complications.



Pain treatment should target the:

1) mechanisms underlying the abnormal 
nociceptive input processing in the CNS

2) locoregional factors possibly triggering 
spontaneous pain in predisposed patients 

Pain Treatment in PD



Dopaminergic medication may relieve pain, particularly in patients
with motor complications, by:
-normalizing pain processing abnormalities
-improving rigidity or bradykinesia.

Drugs acting on non dopaminergic neurotransmitter systems
known to contribute to pain processing mechanisms (i.e. glutammate,
norepinephrine,) might be useful in managing pain in PD.

Pain Treatment in PD



Axial postural abnormalities in Parkinsonism

• Axial postural abnormalities are frequent and disabling manifestations complicating the clinical picture of patients with 
parkinsonism, appearing while sitting or standing, worsened during walking, and usually resolved in the lying position or 
during passive mobilization of the trunk (mobile deformity),

• Early detection and treatment of PA may prevent back pain, falls, and fixed, unreversible deformities, thereby avoiding 
complications that may arise from such conditions. 

Pisa syndrome (PS) Camptocormia (CC) Antecollis (AC)

Thoracic fulcrum Lumbar fulcrum 

Retrocollis

Doherty et al Lancet Neurol. 2011
Tinazzi et al Mov Disord 2016



Etiology and Time Course

Camptocormia/Antecollis

Tinazzi et. al

Pisa syndrome

Acute < 1 month: drug-
induced, dystonias, 
lenticular vascular lesion 

Subchronic ≥ 1 month < 3 
months: myopathies, 
myasthenia gravis

Chronic ≥ 3 months: 
neurodegenerative 
diseases, myopathies 



Epidemiology

Doherty et al. Lancet Neurol 2011 Modified

Tinazzi et al                    Italy             1631                        8.7%                  ≥ 10°lateral flexion      

8.7%

91.3%

143/1631



Measurements of axial postural abnormalities

Experts reached consensus on
camptocormia defined as:

• lower (L1-Sacrum, hip
flexion) forward bending angle
≥30°

• upper (C7 to T12-L1) bending
angle ≥45°



Two expert raters analyzed the photographs of 39 PD patients with camptocormia while standing. They used 
four different software-based methods to determine the camptocormia angle. An International Consensus 
Group reviewed the results and drafted recommendations.
Lower Camptocormia: Malleolus Method
Upper Camptocormia: Upper CC Method

An app is provided on the web for these measurements (http://www.neurologie.uni-kiel.de/de/axial-
posturale- stoerungen/camptoapp).

2018



Wall goniometer 
measurements

Software-based 
measurements 
(Gold Standard)

76.67 
(66.57; 84.94) 

63.64
(40.66; 82.80) 

100 
(91.40; 100) 

95.74 
(85.46; 99.48) 

n=188 n=40 n=88 n=61

CENTERS
University of Verona

University of Pisa
University of Ancona
University of Chieti-

Pescara
University of Trieste 

University and Institute 
for Research and 

Medical Care IRCCS 
San Raffaele, Roma 
University of Torino

Lat-TFl-ATFu-ATF ANF

Overall, the WG underestimated 
measurements, especially in 
lower FTF with an average of -
8.66 ° (90% of cases).

2019



CENTERS
University of Verona

University of Pisa
University of Ancona
University of Chieti-

Pescara
University of Trieste 

University and Institute for 
Research and Medical 

Care IRCCS San Raffaele, 
Roma 

University of Torino

MULTIVARIATE 
ANALYSIS
Predictors:
•Male gender
•Older age
•H&Y stage
•UPDRS total

PA 
n=174/811

 (22%)

Isolated 144
Combined 30

2019

Diagnostic Criteria of 
PA  

• u-CC   ≥ 45°
• l-CC ≥ 30°
• PS ≥ 10°
• AC ≥ 45°
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Definitions and diagnostic criteria of axial postural abnormalities

improvements.8,9 The progress of research in the diagnosis, man-
agement, and prevention of postural abnormalities continues to
be hampered by two basic issues related to the lack of consensus
on nosology and cut-off values, leading to an extreme heteroge-
neity in the literature.7,10

According to the mandate of the International Parkinson and
Movement Disorders Society (MDS) Task Force on Postural
Abnormalities in Parkinsonism, we present a consensus study on
the nosology and cut-off values of postural abnormalities.

Materials and Methods
Study Design
A modified Delphi study was conducted with a panel of interna-
tional experts belonging to the MDS Task Force on Postural
Abnormalities. This method proved to be valid and reliable to
achieve convergence of opinion on topics in healthcare that have
not been previously examined.11–14 The Delphi methodology is
based on multiple rounds of anonymous and structured question-
naires. Eleven movement disorders specialists (neurologists, neu-
rosurgeons, and physiotherapists) were selected to answer
questionnaires through several rounds of two different surveys,

one related to nosology and the other to cut-off values of pos-
tural abnormalities. Four additional members (M.T., C.G., R.B.,
and C.A.A.) who belonged to the steering committee organized
and distributed the questionnaires and sent to the panelists a per-
sonal web survey link created with Google Forms (freeware soft-
ware) via e-mail. Disagreements were solved by web-based
meetings to promote an interactive discussion before reaching
final consensus. In Figure 1 is the reported flow-chart of the
modified Delphi study.

Survey 1: Consensus on
Nosology
An eight close-ended question survey was designed to reach con-
sensus on: (1) separating axial from appendicular postural defor-
mities (ie, hand and foot deformities), (2) identifying a common
general term for axial non-physiological postures, (3) confirming
the terms antecollis or anterocollis, camptocormia, and Pisa syn-
drome to define severe axial non-physiological postures, and
(4) identifying the terms describing less severe axial non-
physiological postures (a “grey area” between the classical severe
axial posture abnormalities and a normal posture). Additionally,
free text entry was allowed to provide terms other than those
already enlisted (Table 1).

TABLE 1 Questionnaire on Survey 1: nosology

Question Possible answers

Would you agree to split axial not physiological postures
from appendicular ones (ie, hand and foot deformities)?

Yes, no

Which term is the most appropriate to identify axial not
physiological postures typical of patients with
parkinsonism?

Abnormal postures, postural abnormalities, postural deviations,
postural deformities, trunk asymmetry, trunk posture
disturbances, trunk deformities, trunk flexion, bent spine,
other (free enter)

Would you agree to maintain the term “camptocormia” to
indicate a reversible, severe anterior trunk flexion?

Yes, no

Would you agree to maintain the term “Pisa syndrome” to
indicate a reversible, severe lateral trunk flexion?

Yes, no

Which one of the two terms you believe is the best to
indicate a reversible, severe anterior neck flexion?

Anterocollis, antecollis

Which term is the most appropriate to identify a lateral
trunk flexion not severe enough to be called Pisa
syndrome?

Side leaning, lateral bending, lateral flexion, lateral trunk
deviation, lateral trunk bending, lateral trunk flexion,
frontal plane trunk deformity, frontal plane trunk flexion,
mild Pisa syndrome, early Pisa syndrome, pre Pisa
syndrome, other (free enter)

Which term is the most appropriate to identify an anterior
trunk flexion not severe enough to be called
camptocormia (independently from the fulcrum of
bending)?

Forward bending, anterior trunk deviation, anterior trunk
bending, anterior trunk flexion, sagittal plane trunk
deformity, sagittal plane trunk flexion, stooped posture,
mild camptocormia, early camptocormia, pre
camptocormia, other (free enter)

Which term is the most appropriate to identify an anterior
neck flexion not severe enough to be called antecollis?

Anterior neck flexion, anterior neck bending, anterior neck
deviation, mild antecollis/anterocollis, pre anterocollis/
antecollis, other (free enter)
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be hampered by two basic issues related to the lack of consensus
on nosology and cut-off values, leading to an extreme heteroge-
neity in the literature.7,10

According to the mandate of the International Parkinson and
Movement Disorders Society (MDS) Task Force on Postural
Abnormalities in Parkinsonism, we present a consensus study on
the nosology and cut-off values of postural abnormalities.

Materials and Methods
Study Design
A modified Delphi study was conducted with a panel of interna-
tional experts belonging to the MDS Task Force on Postural
Abnormalities. This method proved to be valid and reliable to
achieve convergence of opinion on topics in healthcare that have
not been previously examined.11–14 The Delphi methodology is
based on multiple rounds of anonymous and structured question-
naires. Eleven movement disorders specialists (neurologists, neu-
rosurgeons, and physiotherapists) were selected to answer
questionnaires through several rounds of two different surveys,

one related to nosology and the other to cut-off values of pos-
tural abnormalities. Four additional members (M.T., C.G., R.B.,
and C.A.A.) who belonged to the steering committee organized
and distributed the questionnaires and sent to the panelists a per-
sonal web survey link created with Google Forms (freeware soft-
ware) via e-mail. Disagreements were solved by web-based
meetings to promote an interactive discussion before reaching
final consensus. In Figure 1 is the reported flow-chart of the
modified Delphi study.

Survey 1: Consensus on
Nosology
An eight close-ended question survey was designed to reach con-
sensus on: (1) separating axial from appendicular postural defor-
mities (ie, hand and foot deformities), (2) identifying a common
general term for axial non-physiological postures, (3) confirming
the terms antecollis or anterocollis, camptocormia, and Pisa syn-
drome to define severe axial non-physiological postures, and
(4) identifying the terms describing less severe axial non-
physiological postures (a “grey area” between the classical severe
axial posture abnormalities and a normal posture). Additionally,
free text entry was allowed to provide terms other than those
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TABLE 1 Questionnaire on Survey 1: nosology
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Would you agree to split axial not physiological postures
from appendicular ones (ie, hand and foot deformities)?

Yes, no

Which term is the most appropriate to identify axial not
physiological postures typical of patients with
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Abnormal postures, postural abnormalities, postural deviations,
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Would you agree to maintain the term “camptocormia” to
indicate a reversible, severe anterior trunk flexion?
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Would you agree to maintain the term “Pisa syndrome” to
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Yes, no

Which one of the two terms you believe is the best to
indicate a reversible, severe anterior neck flexion?

Anterocollis, antecollis

Which term is the most appropriate to identify a lateral
trunk flexion not severe enough to be called Pisa
syndrome?
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frontal plane trunk deformity, frontal plane trunk flexion,
mild Pisa syndrome, early Pisa syndrome, pre Pisa
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trunk flexion not severe enough to be called
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bending)?

Forward bending, anterior trunk deviation, anterior trunk
bending, anterior trunk flexion, sagittal plane trunk
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mild camptocormia, early camptocormia, pre
camptocormia, other (free enter)

Which term is the most appropriate to identify an anterior
neck flexion not severe enough to be called antecollis?
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Which one of the two terms you believe is the best to
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deformity, sagittal plane trunk flexion, stooped posture,
mild camptocormia, early camptocormia, pre
camptocormia, other (free enter)

Which term is the most appropriate to identify an anterior
neck flexion not severe enough to be called antecollis?

Anterior neck flexion, anterior neck bending, anterior neck
deviation, mild antecollis/anterocollis, pre anterocollis/
antecollis, other (free enter)
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automatic and reliable software to accurately obtain real-time spine flexion angles according to the recently
proposed consensus-based criteria would be a useful tool for both research and clinical practice.
ObjectiveObjective: We aimed to develop and validate a new software based on Deep Neural Networks to perform
automatic measures of PD axial postural abnormalities.
MethodsMethods: A total of 76 pictures from 55 PD patients with different degrees of anterior and lateral trunk flexion
were used for the development and pilot validation of a new software called AutoPosturePD (APP); postural
abnormalities were measured in lateral and posterior view using the freeware NeuroPostureApp (gold standard)
and compared with the automatic measurement provided by the APP. Sensitivity and specificity for the
diagnosis of camptocormia and Pisa syndrome were assessed.
ResultsResults: We found an excellent agreement between the new APP and the gold standard for lateral trunk flexion
(intraclass correlation coefficient [ICC] 0.960, IC95% 0.913–0.982, P < 0.001), anterior trunk flexion with thoracic
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fulcrum.
ConclusionsConclusions: AutoPosturePD is a valid tool for spine flexion measurement in PD, accurately supporting the
diagnosis of Pisa syndrome and camptocormia.

Axial postural abnormalities, including excessive forward and lat-
eral trunk flexion, are common motor symptoms in Parkinson’s
disease (PD) and atypical parkinsonism.1,2 These symptoms, largely
resistant to dopaminergic therapy in PD patients, proved to be
associated with higher motor dysfunction, falls, autonomy loss, and
reduced quality of life.1,2 The lack of a common classification and
measurement methods for these symptoms led to uncertainty in
their epidemiology, pathophysiological features, and therapeutic

approaches.1–4 Recently, axial postural abnormalities have been
classified by the International Movement Disorders Society (MDS)
Task Force on Postural Abnormalities in Parkinsonism in different
types, according with diagnostic cut-offs (ie, angles and fulcra) of
spine flexion based on patients’ pictures captured in standing posi-
tion, both in frontal and sagittal plane.5 In this consensus, the
authors used a free software-based measurement tool (Neu-
roPostureApp - UKSH, Kiel University, Kiel, Germany) for the
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(PD) are the gold standard but may be time-consuming and not always feasible in clinical practice. An
automatic and reliable software to accurately obtain real-time spine flexion angles according to the recently
proposed consensus-based criteria would be a useful tool for both research and clinical practice.
ObjectiveObjective: We aimed to develop and validate a new software based on Deep Neural Networks to perform
automatic measures of PD axial postural abnormalities.
MethodsMethods: A total of 76 pictures from 55 PD patients with different degrees of anterior and lateral trunk flexion
were used for the development and pilot validation of a new software called AutoPosturePD (APP); postural
abnormalities were measured in lateral and posterior view using the freeware NeuroPostureApp (gold standard)
and compared with the automatic measurement provided by the APP. Sensitivity and specificity for the
diagnosis of camptocormia and Pisa syndrome were assessed.
ResultsResults: We found an excellent agreement between the new APP and the gold standard for lateral trunk flexion
(intraclass correlation coefficient [ICC] 0.960, IC95% 0.913–0.982, P < 0.001), anterior trunk flexion with thoracic
fulcrum (ICC 0.929, IC95% 0.846–0.968, P < 0.001) and anterior trunk flexion with lumbar fulcrum (ICC 0.991,
IC95% 0.962–0.997, P < 0.001). Sensitivity and specificity were 100% and 100% for detecting Pisa syndrome,
100% and 95.5% for camptocormia with thoracic fulcrum, 100% and 80.9% for camptocormia with lumbar
fulcrum.
ConclusionsConclusions: AutoPosturePD is a valid tool for spine flexion measurement in PD, accurately supporting the
diagnosis of Pisa syndrome and camptocormia.

Axial postural abnormalities, including excessive forward and lat-
eral trunk flexion, are common motor symptoms in Parkinson’s
disease (PD) and atypical parkinsonism.1,2 These symptoms, largely
resistant to dopaminergic therapy in PD patients, proved to be
associated with higher motor dysfunction, falls, autonomy loss, and
reduced quality of life.1,2 The lack of a common classification and
measurement methods for these symptoms led to uncertainty in
their epidemiology, pathophysiological features, and therapeutic

approaches.1–4 Recently, axial postural abnormalities have been
classified by the International Movement Disorders Society (MDS)
Task Force on Postural Abnormalities in Parkinsonism in different
types, according with diagnostic cut-offs (ie, angles and fulcra) of
spine flexion based on patients’ pictures captured in standing posi-
tion, both in frontal and sagittal plane.5 In this consensus, the
authors used a free software-based measurement tool (Neu-
roPostureApp - UKSH, Kiel University, Kiel, Germany) for the
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comparison. The 95% limits of agreement were calculated as
[mean of the differences ! (1.96 " SD)], in which SD is the
standard deviation of mean of the differences.12 Mean differences
are the average difference between the gold standard and the

automatic software, while the limits of agreement are the ran-
dom error or variation between instruments. ICC estimates and
their 95% confident interval were calculated to investigate agree-
ment between pairs of observations (automatic software and gold

FIG. 4. An example of the angles calculated through the reference bones C7, L5, MA and C7, FC, and L5. The figure on the top left side
reports the error of measurement between the angle calculated by the APP and through the key-points identified manually by the
clinician. APP, AutoPosturePD. (A) Anterior trunk flexion - thoracic fulcrum. (B) Anterior trunk flexion - lumbar fulcrum.

TABLE 1 Demographic and clinical characteristics of the PD patients

Sample features Total of patients LTF (pictures) U-ATF (pictures) L-ATF (pictures)

Patients, no 55a 25 25 26

Gender, M/F 17/8 19/6 19/7

Age, mean (SD), yrs 70 (8) 71(8) 72 (8)

Disease duration, mean (SD), yrs 8 (5) 8 (5) 8 (5)

UPDRS total, mean (SD) 65 (24) 67 (24) 66 (23)

UPDRS III score, mean (SD) 37 (14) 37 (14) 37 (13)

H&Y stage, mean (SD) 3 (1) 3 (1) 3 (1)

aThe total number of patients: this value does not correspond to the sum of each category (LTF, U-ATF, L-ATF) because the same patient may present one or more axial
postural abnormality and therefore has been evaluated twice.
Abbreviations: LTF, denotes patients with Parkinson’s disease and Lateral Trunk Flexion; U-ATF, denotes patients with Parkinson’s disease and anterior trunk flexion with
upper fulcrum; L-ATF, denotes patients with Parkinson’s disease and anterior trunk flexion with lower fulcrum; SD, standard deviation; yrs, years; M, Male; F, Female;
H&Y, stage Hoehn and Yahr stage; UPDRS, Unified Parkinson’s Disease Rating Scale; subitem of UPDRS scale part III.
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the ear key-points in the opposite side (Fig. 1B). We measured
the difference between the spatial coordinates of the spinal pro-
cess C7 identified by APP and the spinal process C7 manually
identified by a movement disorders expert with 20 subjects.
Figure 1B shows the results, which quantify the error between
two measurements, in average, below 5% of the subject’s trunk
length (ie, 2.3 cm).

Using manual palpation, an experienced movement disorders
expert identified and marked the spinous processes L5, as the first
spinal process under an imaginary line connecting the two iliac
crests.10 To enrich the original HPE output with this point, APP
first identifies the middle point (MH) between the left hip
(LH) and the right hip (RH). Starting from MH, it traces a verti-
cal segment and identifies L5 at a distance DISTMH-L5 = K1%
(avg[(LH ! LK), (RH ! RK)]). The distance corresponds to a
parametric percentage (K1%) of the average left and right leg
length, where each leg length corresponds to the distance
between the hip key-point (LH and RH for the left and right

hip, respectively) and the knee key-point (LK and RK for the
left and right knee, respectively) (Fig. 1C). With K1 = 20, we
observed an estimation error of measurements that, in average, is
below 11% of the subject’s trunk length (ie, 4.9 cm) (Fig. 1C).

MA is the point between the two ankles. Using a visual esti-
mation, an experienced movement disorders expert identified
and marked the MA, as MH between a line connecting the heel
of the right and left foot. To enrich the original HPE output
with this point, APP calculates MA as the MH between the key-
points provided by HPE that identify the left ankle and the right
ankle (Fig. 1D). For this point, we measured an error that is neg-
ligible for the most subjects (ie, below 4% of the subject’s trunk
length—1.8 cm) and, in any case, within 11% of the subject’s
trunk length (4.9 cm) (Fig. 1D).

Finally, Figure 2 shows as an example of the angles calculated
by the APP throughout the automatic identification of the
patient’s reference bones C7, L5, and MA. On the top left side,
the picture indicates the measurement error between the angle
calculated by the APP and the key-points identified manually by
the clinical rater.

Spinal Bone Landmarks: Anterior Trunk
Flexion
When the image is taken from the sagittal side, the HPE soft-
ware identifies the key-points close to the center of the body
joints. To measure the angle for the camptocormia with upper
and lower fulcrum,5 we need the position of the anatomical C7
and L5, which are located at the edge of the subject silhouette.
The match of subject underwear and background colors, as well
as the environment light, can strongly impact the accuracy of the
subject edge extrapolation. To reduce such an accuracy loss,
APP first implements an image segmentation phase that extracts
the regions of interest and applies the graph cut algorithm
(Fig. 3A).11 This allows the software to sensibly reduce false neg-
ative pixels and, thus, to increase the accuracy in the extrapola-
tion of reference bones C7, L5, FC, and MA.

To obtain the spinal process C7, APP first identifies A as the
K2% MH between the shoulder and ear key-points (Fig. 3).
Starting from A, it identifies C7 as the last point of the mask
within the line perpendicular to the segment connecting the ear
and shoulder, passing via A. With K2 = 40, we observed an esti-
mation error that is negligible for most subjects and, in any case,
is below 6% of the subject’s trunk length (ie, 2.2 cm) (Fig. 3B).

To extrapolate the spinal process L5, APP implements two
phases. First, it extrapolates L5 with the same approach used for
L5 in the frontal view. Then, starting from L5, it implements a
search process to find the last segmented pixel of the subject sil-
houette (Fig. 3C). With the same value K1 = 20 as for the fron-
tal view, we observed an estimation error that, in average, is
below 14% of the subject’s trunk length (ie, 5.8 cm) (Fig. 3C).

FC is the point used in the evaluation of camptocormia with
upper fulcrum. This point is defined as the contact of the tangent
to the back parallel to the line between C7 and L5, as depicted
in Figure 3D. The software extrapolates this point starting from

FIG. 2. Example of the angles calculated by the APP
throughout the automatic identification of the patient’s
reference bones. APP, AutoPosturePD.
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measures of axial PA. 
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Abstract: Axial postural abnormalities (aPA) are common features of Parkinson’s disease (PD)
and manifest in over 20% of patients during the course of the disease. aPA form a spectrum of
functional trunk misalignment, ranging from a typical Parkinsonian stooped posture to progressively
greater degrees of spine deviation. Current research has not yet led to a sufficient understanding of
pathophysiology and management of aPA in PD, partially due to lack of agreement on validated,
user-friendly, automatic tools for measuring and analysing the differences in the degree of aPA,
according to patients’ therapeutic conditions and tasks. In this context, human pose estimation
(HPE) software based on deep learning could be a valid support as it automatically extrapolates
spatial coordinates of the human skeleton keypoints from images or videos. Nevertheless, standard
HPE platforms have two limitations that prevent their adoption in such a clinical practice. First,
standard HPE keypoints are inconsistent with the keypoints needed to assess aPA (degrees and
fulcrum). Second, aPA assessment either requires advanced RGB-D sensors or, when based on the
processing of RGB images, they are most likely sensitive to the adopted camera and to the scene
(e.g., sensor–subject distance, lighting, background–subject clothing contrast). This article presents
a software that augments the human skeleton extrapolated by state-of-the-art HPE software from
RGB pictures with exact bone points for posture evaluation through computer vision post-processing
primitives. This article shows the software robustness and accuracy on the processing of 76 RGB
images with different resolutions and sensor–subject distances from 55 PD patients with different
degrees of anterior and lateral trunk flexion.

Keywords: axial postural abnormalities; human pose estimation; deep learning; Parkinson’s disease

1. Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disease and
is characterized by non-motor and motor symptoms [1–6]. Among the latter, axial postural
abnormalities (aPA) are a frequent complication associated with back pain, reduced mobility
and postural instability, thus leading to higher risk of falls and reduced quality of life [7–9].
Clear definitions and cut-off values for axial postural abnormalities in people with PD and
atypical Parkinsonisms were recently given to avoid heterogeneity of the reported results
and lack of clarity in the literature, and to foster advances on diagnosis, management and
prevention [10].

Among aPA, camptocormia (CC) and Pisa syndrome (PS) indicate reversible severe
flexions of the trunk on the sagittal (with thoracic fulcrum—tCC: anterior flexion at C7–T12

Sensors 2023, 23, 3193. https://doi.org/10.3390/s23063193 https://www.mdpi.com/journal/sensors

Measurements of axial postural abnormalities



Research questions
1. Does posture change in Parkinson’s 

disease (PD) during dynamic 
conditions (e.g., standing, walking, 
performing dual tasks)?

2. Can we reliably measure PA in 
dynamic conditions and capturing PA 
changes by an automatic video-
analysis? 

Aims
1. To systematically quantify changes 

of PA in parkinsonism during 
dynamic conditions

2. To validate an automatic video-
analysis for measuring PA in patients 
with PD vs. the current gold standard

Automatic video-analysis for measuring PA in dynamic 
conditions 
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resources and conserved executive functions. Some
studies reported lower scores on tasks exploring execu-
tive functions (ie, divided attention, inhibitory control,
and delayed free recall in verbal learning), perceptual
visuospatial functions, and language for patients with
Pisa syndrome compared to patients with PD without
axial postural abnormalities.2,5,8,28 Nevertheless, the
association between kinesthetic/proprioceptive and cog-
nitive deficits with axial postural abnormalities remains
controversial. Without further details from pathophysi-
ology studies, and also without intervention studies,
three possibilities remain: (1) these deficits are a mere
association (ie, they merely coincide with those with
more severe disease), (2) these dysfunctions are not
causal but rather a secondary manifestation (ie, they
result as a consequence of the axial postural abnormali-
ties), or (3) they are actually a contributing factor.

Myopathy and Weakness

The bulk of evidence from EMG (eg, fibrillation poten-
tials, small polyphasic motor unit potentials, and
weakness),5,8,14,15,17,19,29-34 muscle biopsy (eg, abnormal
histology),5,8,29-32,35 and muscle imaging (eg, fatty infiltra-
tion of muscles and muscle atrophy)5,8,9,14,17,19,29-31,36

suggests myopathy as a contributing factor to the devel-
opment of axial postural abnormalities. The cause of
myopathy remains unclear, but ongoing research marks it
as a secondary myopathic process, as a consequence of a
chronically maintained abnormal posture.34 These phe-
nomena probably reflect a continuum from early

myopathic changes (ie, edema and partial swelling, con-
trast enhancement without degenerative muscle changes)
in the early stages of camptocormia to progression to
muscle atrophy and fatty degeneration in the end stage as
shown by muscle magnetic resonance imaging (MRI) and
biopsy. Although the exact cause of these muscular
changes is unclear, they may arise due to muscle disuse or
denervation secondary to chronic primary trunk mis-
alignment. Camptocormia might be a consequence of
overusing paraspinal muscles due to rigidity in patients
with PD or a pronounced proprioceptive dysregulation in
the context of underlying disease. Although a primary
myopathy has been suggested to explain Pisa syndrome,19

no pathological studies have proven this hypothesis.
Therefore, the observed muscular changes are probably
caused by secondary mechanisms. The atrophy of para-
spinal muscles ipsilateral to the bending side may be due
to muscle disuse (excluded because of hyperactivity of
nonparaspinal muscles) and cannot contribute to the
development of Pisa syndrome; contralateral muscle atro-
phy instead might be secondary to the stress of prolonged
stretching, as a consequence of muscle weakness, theoreti-
cally leading to Pisa syndrome.17 The mechanical effi-
ciency of muscular activation of trunk extension
(especially at the thoracic level) was markedly reduced in
PD patients with camptocormia compared to those with
PD without postural issues and to healthy controls, which
suggests impairment of neuromuscular recruitment.34

The EMG of the paraspinal muscles is technically dif-
ficult, but this disadvantage is relative, as MRI and
muscle biopsy can show the presence of myopathy.
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1. The consensus recommendation is to measure (A) camptocormia (lumbar fulcrum) angle using the malleolus method; (B) camptocormia (tho-
racic fulcrum) angle using the upper method; and (C) the Pisa syndrome angle and (D) the antecollis angle using the perpendicular method. Thoracic
and lumbar camptocormia should be evaluated with the patient standing in a relaxed position without external supports. Antecollis should be evaluated
with the patient seated in a chair without armrests and external supports. Their back should be kept straight to measure the contribution of cervical
tract to antecollis, without compensation of the thoracic and the lumbar spine. Besides the degree of trunk flexion, knee angles should be evaluated
because of coexisting postural misalignments (E). Images should be taken horizontally from a distance of at least 3 m from the patient with the lens
approximately at waist height. The image should display the patient fully filling the screen. We recommend calculating posture degrees by analyzing
images with the measurements proposed in the NeuroPostureApp, a freeware software-based tool (https://www.neuroimaging.uni-kiel.de/Neu
roPostureApp/).40Q12 [Color figure can be viewed at wileyonlinelibrary.com]
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Pathophysiology of axial postural abnormalities

The pathophysiology of axial 
postural abnormalities in PD is not 
well understood, but a number of 
different causes have been 
proposed:

• Central mechanisms: 
dystonia, rigidity, and 
proprioceptive disintegration

• Peripheral mechanisms: 
myopathy, soft and skeletal 
tissue changes

Doherty et al. Lancet Neurol 2011
Tinazzi et al. Mov Disord 2016



Rasagiline 
Therapy (1 mg)

Pathophysiology of Pisa syndrome



Pathophysiology of Pisa syndrome
Two different electromyographical patterns:
• 1) hyperactivity of paraspinals (lumbar and 

thoracic) ipsilateral to the trunk lateral flexion (30% of 
cases)

• 2)  hyperactivity of non-paraspinal muscles  (e.g., 
external oblique muscles, rectus femoris, iliopsoas)
ipsilateral to the trunk lateral flexion (70% of cases)

• hyperactivity of paraspinal muscles contralateral to the 
side of flexion may have a compensatory action to 
further limit trunk bending.

MUSCLE ATROPHY (probably caused by secondary 
mechanisms)
- Ipsilateral bending side: muscle disuse
- Contralateral bending side: muscle stretching stress



TPS T9 RIGHT

TPS T9 LEFT

OEA RIGHT

OEA LEFT

RA RIGHT

RA LEFT

IP RIGHT

IP LEFT

Thoracic(paraspinal(muscles((T9(level)( UCC((n(=(10)( PD((n(=(10)( p(Value(

EMG((relaxed(standing)( %MVC%(%)% 24.7%±%18.6% 16.8%±%15.4% 0.280%

MulCDMUP(analysis(

Mean%dura8on%(ms)% 8.5%±%0.7% 9.5%±%0.6% 0.005*(

Mean%amplitude%(μV)% 1214.3%±%274.8% 1604.3%±%239.3% 0.004*(

Polyphasic%MUPs%(%)% 7.9%±%5.0% 9.8%±%6.9% 0.579%

MRI(
Area%(mm2)% 3455.3%±%1303.0% 3621.2%±%1301.5% 0.579%

Fat%frac8on%(%)% 17.5%±%17.2% 10.8%±%8.1% 0.684%

Hyperactivity of OEA might sustain UCC in PD. 
Concurrent mild myopathic changes in TPS muscles in PD with UCC may be secondary to muscle disuse

Pathophysiology of Camptocormia



PD Patients: 16 Upper CC, 
14  Lower CC, 16 without CC.

Conclusions: patients with Lower 
CC were associated with more 
severe gait and postural control 
impairment than patients with 
Upper CC or without CC.

Impaired proprioception



Pharmacological and non-pharmacological treatment

• Optimization of PD therapy (remove the prescribed dopaminergic therapy 
potentially associated with subacute onset of axial PA) 

• Withdrawal of non-PD therapies (in suspected drug-induced PA)

• Lidocaine injection

• Botulinum toxin injection

• Rehabilitation

• Pallidotomy and DBS targeting the STN and Gpi

• Orthopedic surgical correction



A – with rasagiline B – without rasagiline

Rasagiline 
Therapy (1 mg)

Optimization of PD therapy
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Repeated lidocaine injections into 
the external oblique of 12 PD 

patients for 4-5 days and evaluated 
the effects of such treatment for up to

90 days. 

Repeated injections produced long-
term improvement in 9 out of 12 

patients 
(from 62.1°± 13.4° to 

49.0°±18.5) (75%), which was 
maintained during the 90-day 

observation period in 8 of these 
patients. Repeated lidocaine injections into 

the external oblique muscle have 
therapeutic effect on upper 

camptocormia

Lidocaine injection



Botulinum toxin injection

15,7 ± 8,4 9,4 ± 11,8 6,9 ± 2,2 3,3 ± 1,6

A: before BoNT B: 10 days after BoNT C: 1 month after BoNT

13 PD patients 



Rehabilitation + Botulinum toxin injection

At the end of the rehabilitation 
period, group A showed a 
significantly more marked 
reduction in pain score as 
compared with group B and a 
more prolonged efficacy on 
several clinical and kinematic 
variables. 

26 PD+PS patients were enrolled in 
a randomized placebo-controlled 
trial.

group A was treated with iBTA before 
undergoing CT (a 4-week intensive 
programme)
group B received saline before the 
4-week CT treatment. 

Patients were evaluated at baseline, 
1, 3 and 6 months with kinematic 
analysis of movement, UPDRS, and 
VAS for pain.



37 patients with PD (H&Y 1-4) and anterior trunk 
flexion were randomised in the experimental (n=19) 
or a control group (n=18).

The former consisted of active self-correction 
exercises with visual and proprioceptive 
feedback, 10 passive and active trunk stabilization 
exercises and functional tasks. 

The latter consisted of joint mobilization, muscle 
strengthening and stretching, gait and balance 
exercises. Protocols lasted 4 weeks (60 min/day, 5 
day/week). (T1 and T2 immediately after and one 
month after last session of physiotherapy)

Rehabilitation
2019



The four-week trunk-specific rehabilitation training 
decreased the forward trunk flexion severity and 
increased postural control in patients. 

Gandolfi et al. 2019



Water-based therapeutic exercise
Treatment 60-min sessions (5 x week) over a period of 8 weeks



Future Research

• To develop a clinical rating scale for Axial Postural Abnormalities in 
parkinsonism which takes into account of both of the level and degrees of 
bending (rated by the neurologist: done) and the functional limitations in 
everyday life (rated by the patient: to do)

• To conduct prospective, observational, long-term studies with large 
samples of PD patients to explore the potential risk (causal) factors and 
pathophysiology involved in their development. 

• To perform RCT to compare the efficacy of different pharmacological 
and non pharmacological interventions and their combined effect (ie, 
botulinum toxin injections + physiotherapy). Such controlled studies could 
also focus on the merits of dopaminergic therapy withdrawal when these 
are suspected to have played a role in causing axial postural abnormalities. 

• To assess the effectiveness of proper physical exercises (i.e. 
streghtening of thoracic and lumbar paraspinal muscles) in PD patients 
with MILD forms to prevent severe Axial Postural Abnormalities
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