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OPEN ACCESSIntroduction
Pisa syndrome (PS) is a postural deformity which clinically 

presents as a marked lateral ϐlexion of the trunk with a 
bending degree greater than 10° or 15°, typically mobile in 
nature and resolves at supine position. It is characterized by 
dystonia, and abnormal and sustained involuntary muscle 
contraction which may cause twisting or jerking movements 
of the body or a body part [1-3,17] (Figure 1). Ekbom, et al. 
originally described this entity which was then associated 
with butyrophenones [4]. It has been described in Parkinson’s 
disease (PD) either related to disease itself or secondary to 
levodopa or COMT inhibitors [9], atypical parkinsonism [5] 
and other neurodegenerative disorders like AD [6], DLB [7], HD 
[8], SSPE [10]. PS is linked to almost all dopaminergic agents, 
antipsychotics, valproate, benzodiazepines, lithium [11]. PS 
has been described in normotensive hydrocephalus [12,13], 
subdural hematoma [14], late complication of pallidotomy in 
a patient with PD [15] or even idiopathic [16].

Epidemiology
Prevalence of PS is not well known because of the lack of 

clear diagnostic criteria. However, studies done previously 
reported that it may range from 2% to 90%. Tinazzi, et al. 

reported prevalence of 8.8% in PS patients with PD. The 
authors also reported that PS patients in their study were 
older, had lower body mass index, longer duration of disease 
in years, higher stages of disease, poorer quality of daily life, 
more frequent falls as well as occurrence of “veering gait” 
(the progressive deviation toward one side when patient 
walked forward and backward with eyes closed).The most 
frequently associated medical conditions were osteoporosis 
and arthrosis [3].

Prevalence rate of 8.3% (9.3% in women, 6.4% in men) 

Abstract 

Pleurothotonus, commonly known as Pisa Syndrome (PS), is a rare neurological disorder 
characterized by lateral bending of the trunk with a tendency to lean to one side. This is typically 
mobile and resolves in supine position. It often presents as an incapacitating symptom of underlying 
neurodegenerative conditions like Parkinson’s disease, alzheimer’s disease, multisystem 
atrophy, dementia with Lewy bodies, progressive supranuclear palsy and even subacute 
sclerosing panencephalitis. It is known to be associated with neuroleptics, dopaminergic agents, 
valproic acid and lithium. PS is also seen in neurosurgical disorders like subdural hematoma, 
normotensive hydrocephalus, or as a late complication of pallidotomy in patients with PD. It can 
present either as an acute emergency or can develop gradually over time.PS tend to happen 
in coronal plane and can be controlled and managed if diagnosed in early stage. However, a 
chronic form known as “camptocormia” occurs often in a combined fashion with anteroposterior 
fl exion which can improve to some extent, remain stable or even get worse. Pathophysiologic 
mechanism is not completely understood. This review will discuss all the updated literatures 
published in PS in terms of prevalence, pathophysiology, clinical manifestation, and treatment 
modalities.

Figure 1: Pisa syndrome.Note the leaning to the right.
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was found in a Canadian study in which 133 patients were 
followed up for 2 days-3 months after typical neuroleptic 
exposure [18], contrary to a german study with psychiatric 
patients receiving antipsychotics where prevalence was 
reported 0.037% [19]. Risk factors associated in this study 
were females, old age, neuroleptic exposure and organic 
brain disorder. In a surveillance study which looked into the 
association of cholinesterase inhibitors and PS, mean (SD) age 
of 51 cases was 74.6 (8.2) and female: male ratio of 2:1 was 
reported [20]. In a single-center study from italy,26 patients 
were reported with lateral trunk deviation in the cohort of 
1,400 patients with parkinsonism [21].Scoliosis is associated 
with PD and parkinsonism and can also be confused with PS 
[22-24].

Pathophysiology

The pathophysiology of PS is not clear. Accepted hypothesis 
till date are divided into central and peripheral. Central 
mechanisms mostly involve alteration in sensory-motor 
integration pathways, basal ganglia dysfunction secondary 
to cholinergic-dopaminergic imbalance whereas peripheral 
hypothesis is associated with anatomical changes in the 
musculoskeletal system [1,17,25,29,31].Cognitive processes 
and dysfunction also might be related to PS [26]. Altered 
visual-spatial functions and vertical perception deϐicits might 
represent a typical feature of PD patients with PS [26,27]. PS 
in PD patients may involve the nondopaminergic pathways 
as evident therapy-resistant symptom exists in this subset 
population [30].

Studies from animal models till date only suggests 
that there is a role of an asymmetric functioning of the 
nigrostriatal dopaminergic projections in PS [28].One study 
reported that, levodopa aggravated lateral ϐlexion of neck and 
trunk post unilateral pallidotomy which may be a delayed 
phenomenon [32].Recently, role of vestibular function in 
maintaining posture was studied in parkinsonian patients. 
They found out unilateral peripheral vestibular hypofunction 
was present in all patients with lateral trunk ϐlexion and the 
vestibular hypofunction was ipsilateral to the leaning side and 
contralateral to the most affected parkinsonian side in all the 
patients [33].

A dystonic activity might play a vital role in determining 
the bending ipsilaterally to PS and the contralateral excessive 
muscle activation which may be a compensatory mechanism 
[34]. An abnormal tonic hyperactivity on the side of the trunk’s 
deviation in abdominal oblique muscles was reported in PD 
patients with PS [35]. Frazzitta, et al. reported asymmetric 
ability to generate maximal voluntary force of the external 
oblique muscles supporting a central desynchronization of 
axial muscles as a signiϐicant contributor for the bending of 
the spine in erect position [36]. Degenerative spinal disease, 
soft tissue and muscle changes should not be forgotten while 
managing patients in clinical practice. Doherty, et al. in their 
study reported abnormal posture can be combination of 
degeneration of muscles and soft tissue secondary to dystonia 

which may be present from before or possibly a complex 
impairment of proprioceptive motor control in PD patients 
with PS [37].

Pathology

Hozumi and colleagues reported an autopsy case of a 
62-year-old Japanese woman diagnosed as MSA-P with PS. 
This patient had a clinical history of lean towards her right 
side. Histopathological ϐindings of brain showed neuronal 
loss and astrogliosis in the putamina more severe on the right 
side as compared to the left [38]. However a recent pathology 
report of a PD patient with PS found no signiϐicant basal 
ganglia asymmetry or brain stem involvement [39]. Peripheral 
pathology may be musculoskeletal in origin with myopathic 
alterations in paraspinal muscles [29].

Diagnosis

Diagnosis of PS requires at least 10° lateral ϐlexion, which 
can be completely alleviated by passive mobilization or 
lying in a supine position [3,17]. Diagnosis of PS is based on 
the clinical evaluation of lateral displacement of the trunk, 
which is the ϐirst sign of postural misalignment usually 
reported by patients and their caregivers. Tracking can be 
done meticulously in day care clinical practice by goniometer, 
inclinometer or even by smartphone applications. X-rays in 
standing and supine positions is deemed necessary however 
standing is the most accurate method to assess the angle of 
curvature in the coronal and sagittal planes according to the 
Cobb angle to rule out other diagnoses [40,41] (Figures 2,3).

Figure 2: Anteroposterior radiograph of the PS patient exhibiting lean to the right.

Figure 3: Cobb’s angle.
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with a Cobb angle of 10 degrees or more in the coronal 
plane as measured on a radiograph [53]. This impairment 
in scoliosis is monoplaner and resolves when the primary 
abnormality is treated [54]. Muscle inϐlammatory disease 
like focal myositis [55], neuromuscular junction disorders 
speciϐically myasthenia gravis [56], and facioscapulohumeral 
dystrophy [57] should also be kept in mind while considering 
the diagnosis of PS.

Treatment

P harmacological approaches: Drug-induced PS predom-
inantly develops in women and older patients with organic 
brain changes [11,66]. In patients who has developed PS acute 
or subacutely it is mandatory for clinicians and neurologists 
to ϐind out if there is any recent changes in medication dose 
or any new medication added to either modify or remove it 
respectively because PS in non-PD patients has been 
frequently related to the use of dopamine receptor blockers or 
cholinesterase inhibitors [63-65].

Axial symptoms and PS respond poorly to dopaminergic 
therapy, however other dopaminergic agents like levodopa 
in high dosage can be tried in patients where PS appears as 
a motor complication during the off periods [58,61]. Other 
agents which can be used in PS may include a nticholinergics 
[16] and novel antipsychotics without interference with 
dopaminergic receptors like clozapine [59], q uetiapine, 
however c lozapine has been reported in literature to cause PS 
[60].

Clinicians should be very precautious when prescribing 
atypical antipsychotics because they can induce and aggravate 

Clinical manifestation

PS can develop in acute, subacute or chronic fashion 
[42-44]. PS patients generally lean towards one side while 
sitting, standing, and walking and also can have impaired 
perception of their vertical position awareness [17]. Recent 
exposure to antipsychotics and other medications may be 
the part of acute and subacute forms which beneϐits the 
most from anticholinergic treatment, however those with 
chronic exposure whose onset of the syndrome is insidious 
are less responsive to anticholinergic treatment [44-46]. This 
led Prahraj, et al. to classify PS into acute and tardive type 
[47]. However it is also reported that patients with chronic 
advanced type have a tendency to tilt to one side when sitting 
in a chair with subsequent lateral ϐlexion during walking [48]. 
When the deformity worsens over time it can lead to dyspnea, 
low back pain [49], or unsteadiness leading to falls [50,51].

Diff erential diagnosis

PS can be differentiated from tardive dystonia [44], which 
is triggered by intake of dopamine receptor blockers such 
as antipsychotics for other causes, typically after chronic 
treatment of around 5 years, which may be persistent or even 
permanent even when the offending drug is discontinued 
[52]. Scoliosis is deϐined as the lateral curvature of the spine 

Table 1: Causes of PISA syndrome.
Neurodegenerative diseases

Parkinson’s disease
Alzheimer’s disease
Lewy body dementia

Progressive supranuclear palsy
Huntington’s disease

Multiple system atrophy
Drugs

Levodopa combinations(levodopa/carbidopa,levodopa/benserazide,levodopa/carbidopa/entacapone)
Antipsychotics (typical and atypical)

Lithium
Cholinesterase inhibitors

Ergot derivative–pergolide
Nonergot derivatives–pramipexole and ropinirole

Monoamine oxidase-B inhibitor–rasagiline
Antiemetics

Selective serotonin reuptake inhibitors
Tricyclic antidepressants

Benzodiazepines
Valproate

Idiopathic form
Miscellaneous

Normal pressure hydrocephalus
Subdural hematoma

Subacute sclerosing panencephalitis

Table 2: Treatment modalities for PS.
Pharmacological: High dose levodopa, anticholinergics, quetiapine, 

clozapine(cautiously), Istradefylline.
Botulinum Toxin (BoNT)

Surgical treatment:DBS, Spinal surgery
Orthotics

Rehabilitation
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PS [62]. Slower withdrawal of dopamine agonists might 
be another option as evidenced in patients with antecollis 
[17]. One recently published research reported that postural 
deformities caused by dopamine agonists generally improve 
less than two weeks after dopamine agonist withdrawal. 
I stradefylline which is used as an add-on treatment to 
levodopa/carbidopa in adults with PD experiencing “off “ 
episodes can be a potential therapeutic option in postural 
deformities like PS [83].

B otulinum toxin: Excessive muscular hyperactivity in PS 
can be treated with botulinum toxin (BoNT) [67]. In a blinded 
crossover study by Bonanni, et al. six patients treated with 
BoNT showed an improvement between 50% and 87.5%. In 
one patient, only subjective beneϐit was reported, while two 
patients did not report any beneϐit [21]. Injection in paraspinal 
muscles should be avoided, and top most priority should be 
given to inϐiltrate external oblique muscle [36]. Iliopsoas and 
the rectus abdominis were the most frequently used muscle for 
injection in study conducted by Tassorelli, et al. [68]. Dupeyron, 
et al. reported complete and 1 year lasting resolution of PS 
after BoNT injection in the quadratus lumborum muscle [69]. 
Two unique studies also found out BoNT is useful to enhance 
the effect of rehabilitation treatment in PS patients [68,70].

O rthotics: Spinal short segment decompression can be 
considered in appropriate candidates with spinal stenosis 
with radiculopathy or myelopathy as supported by a study on 
patients having PD with camptocormia [71].

R ehabilitation: Capecci, et al. conducted a single blind 
randomized clinical trial in which they applied postural 
rehabilitation for 4 weeks on 13 patients with PD and postural 
abnormalities including PS with 1-month follow-up. Six 
patients in the treatment group also had Kinesio taping strips 
applied to their trunk muscles. All treated patients showed a 
signiϐicant improvement in trunk posture in both the sagittal 
and coronal planes compared with baseline. Moreover, they 
showed an improvement in measures of gait and balance. They 
also concluded that combination of active posture correction 
and trunk movements, muscle stretching, and proprioceptive 
stimulation may usefully impact axial symptoms in PD. 
Repeated training was recommended to these patients 
to avoid waning of the effect. No differences were found 
between patients who received postural rehabilitation plus 
Kinesio taping bands compared with those receiving postural 
rehabilitation only [72].

One study also demonstrated signiϐicant improvements 
in axial posture and trunk mobility through the 4-week 
rehabilitation programme in patients with lateral trunk ϐlexion 
in PD. However, the beneϐit was not sustained and diminished 
after a few months [73]. Frazzitta, et al. in their study also 
reported early rehabilitation before development of postural 
deformities in PD patients emphasizing specially on stretching 
exercises for the external oblique and paraspinal muscles [36]. 

Motor rehabilitation is an effective tool for PD patients with 
PS [68,70,74]. A structured exercise program to strengthen of 
contralateral paraspinal muscles may be a promising strategy 
[34].

S urgical treatment: Deep brain stimulation (DBS) of 
subthalmic nucleus (STN) does not have a good outcome 
in amelioration of PD axial symptoms, freezing of gait, falls, 
including posture and postural instability [75]. Stefani, et al. 
studied stimulation of pedunculopontine nucleus (PPN) in 
severe PD. They suggested patients with advanced PD, PPN-
DBS associated with standard STN-DBS may be useful in 
improving gait and in optimizing the dopamine-mediated ON-
state, particularly in those whose response to STN only DBS 
has deteriorated over time [76]. 

Shih, et al. reported improvement of gait and lean in PS 
patient with contralateral pedunculopontine stimulation 
[77]. Ricciardi, et al. reported about a case where stimulator 
electrodes were implanted in PPN ipsilateral to the side of 
the bend because of its role in promoting atonia. However, 
improvement did not sustain over time [78]. Spinal surgery may 
be useful in complex spinal deformities where conservative 
management has failed however selection procedure should 
be individualized and meticulous [79].

Discussion
Postural deformities in PD is not uncommon in clinical 

practice but sometimes there can be an overlap of two 
conditions in the same patient like camptocormia and PS 
which makes situation for clinicians more difϐicult in terms of 
treatment. The pathophysiological mechanism may be same 
or at least closely related [44]. The etiology of this condition 
may be difϐicult to ϐind as there is no consensus deϐinition of 
the abnormalities in the coronal plane.

PS can be acute, subacute or can develop slowly with 
the evolvement of underlying disease. Acute and subacute 
forms may be dystonia like phenomenon which needs more 
understanding at this point of time [81]. Chronic changes may 
be changes induced over long time affecting muscle and bones 
[44,50]. More recent reports suggests the association between 
PS and speciϐic cognitive alterations, implying a potential 
contribution of cortical and subcortical dysfunctions in the 
pathophysiology of PS [82]. Gradual withdrawal of drugs 
causing PS can be beneϐicial along with use of anticholinergics 
in patients exposed to antipsychotics due to any reason 
[46,80]. Other options may be dopaminergic agents like 
levodopa, BoNT, orthotics, rehabilitation and surgery in the 
form of DBS or spinal surgery.

Conclusion
PS is considered to be an overlooked condition with limited 

epidemiologic data in clinical practice. It is common yet not 
speciϐic to patients with PD only. It has a signiϐicant impact 
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on quality of life and daily functioning of an individual. A 
complex interplay between central basal ganglia dysfunction, 
together with proprioceptive disintegration and altered 
cognitive processing, is usually required for the development 
of PS. Physical symptoms like low back pain, dyspnea and 
fall may follow if not treated appropriately. Early recognition 
is must because it can be reversed at an acute or subacute 
stage. Future studies with an intention to gather enormous 
epidemiological data, understanding of pathophysiological 
mechanisms, consensus on diagnostic criteria followed by 
case to case based management is mandatory.
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