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Axial postural abnormalities are common and dis-
abling motor complications of Parkinson’s disease
(PD) and parkinsonism. They consist of abnormal
trunk or neck postures in the upright position, often
interfering with daily life activities.'”

A high number of patients with PD may develop one
or more axial postural abnormalities, which may begin
as minor forms, almost universal in persons with par-
kinsonism (eg, minor flexed posture of the trunk and
lower limbs), and progress to severe forms such as
camptocormia, antecollis, or Pisa syndrome in over
20% of patients,' although the definitions of severe
axial postural abnormalities were purely based on sub-
jective/expert opinion. Drug-induced parkinsonism or
progressive supranuclear palsy may also present axial
postural abnormalities, and in multiple system atrophy
these symptoms are more frequent than in PD and occur
earlier in the disease course.”® Because axial postural
abnormalities are associated with an increased risk of fall-
ing, pain, and diminished quality of life, their proper pre-
vention and management is warranted.”*>"** However,
to date, recommendations for multidisciplinary manage-
ment and prevention remain an unmet need.> Diagnosis is
typically based on a simple clinical examination, whereas
treatments (eg, pharmacological, physical therapy, and
surgical treatments) have been evaluated only in small
single-center studies that failed to show consistent, long-
lasting improvement.>>*'” The absence of reliable proto-
cols for the assessment, treatment, and prevention of axial
postural abnormalities in parkinsonism is probably due to
the largely obscure pathophysiology and uncertainty
about prognostic factors needed to estimate beneficial
responses to therapy (eg, duration of axial postural
abnormalities).>>®'""!3 The aim of this viewpoint is to
critically analyze the literature on axial postural abnor-
malities, identify the current issues and gaps, and formu-
late proposals for current clinical management and future
research exploration.

The Problems ldentified

Issues and Gaps Regarding Clinical Predictors

Research on clinical predictors and risk factors for
the onset of axial postural abnormalities in parkinson-
ism was mainly limited by the low quality of the meth-
odology in the available literature (Supporting
Information).?>® Indeed, only a few studies were aimed
primarily at the analysis of risk factors, and most stud-
ies were cross-sectional, lacking adequate longitudinal

follow-up. In most cases the patient sample (usually
PD) was heterogeneous for disease severity and stage.

Clinical predictors were investigated for all axial pos-
tural abnormalities; however, the dependent variable in
many studies was the presence of more than one axial
postural abnormality, rather than a singular one. This
approach renders it difficult to identify clinical predic-
tors specific for each axial postural abnormality, which
may vary between camptocormia, Pisa syndrome, and
antecollis. Also, the cutoffs defining an axial postural
abnormality differed across studies and were not stated
in many cases. This generated possible bias in the prev-
alence rates due to differences in the clinical characteris-
tics of patient samples. The identification of clinical
predictors in patient samples presenting different
degrees of trunk/neck flexion is challenging and limits
interpretation of the study results. For example,
patients with greater trunk flexion may also have more
motor complications (ie, motor fluctuations) that make
it difficult to identify the clinical predictors for mild
axial forms (ie, anterior trunk flexion),’ which are of
major clinical interest for prevention strategies. Finally,
the variability in tools and reference bone points used
for quantifying the degree of axial postural abnormali-
ties renders comparison of study results arduous.

Issues and Gaps in Pathophysiology

The pathophysiology of axial postural abnormalities
in PD is not clear, but several causes have been
proposed,”® including central mechanisms (eg, imbal-
ance in basal ganglia functioning leading to dystonia/
rigidity, altered sensory—motor integration, higher cog-
nitive function deficits) and/or peripheral mechanisms
(ie, alteration in the musculoskeletal system).?>* The
main pathophysiological mechanisms considered in the
literature are discussed here (Supporting Information).

Hypertonia: Dystonia and Rigidity

Dystonia, or a more general hyperactivity of para-
spinal and nonparaspinal muscles, is the most common
explanation for axial disability based on findings from
electromyographic investigation.?>**”'*2% The hypoth-
esis that dystonia underlies axial postural abnormalities
is supported by three main findings: (1) the existence of
drug-induced Pisa syndrome or camptocormia, (2) the
(rare) existence of sensory tricks to alleviate some pos-
tural abnormalities, and (3) evidence of misalignment
improvement by botulinum toxin type-A or lidocaine
administration in some patients.”>*®
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However, in patients with Pisa syndrome, electromy-
ography findings have been inconsistent concerning the
side (ipsilateral or contralateral) of hyperactivity of
paraspinal and nonparaspinal muscles in relation to
trunk bending and PD asymmetry.'®'®!” Some studies
suggested two different electromyographical patterns:
(1) hyperactivity of lumbar and thoracic paraspinals
ipsilateral to the trunk-leaning side during quiet stance
and voluntary contralateral trunk flexion'®*! and
(2) hyperactivity of nonparaspinal muscles (eg, external
oblique muscles, rectus femoris, and iliopsoas) ipsilater-
ally to the leaning side during quite stance and during
voluntary contralateral trunk flexion.'” The paraspinal
muscles contralateral to the side of flexion may have a
compensatory action to further limit trunk bending.'”
Other studies reported tonic and persistent activity in
the paraspinal thoracic muscle and/or abdominal
oblique muscles ipsilateral to the bending side and less-
affected PD side, along with reduced/absent activity of
the same muscles on the opposite side.'”

In patients with camptocormia, studies suggested that
the bilateral abdominal internal and the external oblique
muscles, together with the rectus abdominis muscles, may
be responsible for camptocormia with thoracic fulcrum,'*
whereas rectus abdominis and iliopsoas hyperactivity could
be more frequently involved in camptocormia with lumbar
fulcrum.'**° Another study found hyperactivity of para-
spinal muscles (ie, iliocostalis lumborum, longissimus, and
multifidus) and, to a lesser extent, the rectus femoris but
not rectus abdominis.'® It is probable that some hyperac-
tivities observed in camptocormia, like those of paraspinal
muscles that are spine erectors, are compensatory.

Patients with antecollis showed hypertrophy and active
spasms or hyperactivity in anterior (sternocleidomastoid
muscles) and posterior (semispinalis, splenius capitis,
trapezius, and levator scapulae) neck muscles.” Passive
head-up maneuvers may be limited by marked bilateral
contractions of sternocleidomastoid muscles.”

The paucity of studies and objective measures to
identify and quantify dystonia complicates the interpre-
tation of these findings. Needle electromyography
(EMG) has limited use because it is invasive and can be
challenging when applied in deep muscles. Also, inter-
pretation of needle EMG is relatively subjective as it is
technically difficult to perform and has not been stan-
dardized for investigating axial muscles, and quantita-
tive normative measures for activation of these muscle
groups are not available. Finally, when EMG is per-
formed in those with long-standing symptoms, it
remains difficult to reliably separate primary abnormal-
ities (ie, those causing postural abnormalities) from sec-
ondary ones (ie, resulting from the chronic changes in
posture, or related to compensatory mechanisms).

No studies have specifically and systematically evalu-
ated rigidity in patients with axial postural abnormali-
ties. During clinical examination in the supine position,

patients demonstrate almost complete resolution of
trunk bending, whereas when sitting or standing the
paravertebral muscles may appear to have a wooden
consistency.”'> The association between axial postural
abnormalities and a more severe motor impairment and
a rigid-akinetic phenotype makes rigidity a process
worthy of investigation, albeit difficult to measure it
empirically.

Impaired Proprioception, Kinesthesia, and
Cognitive Deficits

Patients with PD have difficulty in properly control-
ling their postural stabilization and orientation (and
also their interaction) based on sensory information
from muscles and joints.” PD patients with Pisa syn-
drome or camptocormia find it more difficult to achieve
good postural alignment with gravity and display
greater velocity of body sway than patients without
axial postural abnormalities.”>*® Patients with camp-
tocormia with a lower fulcrum may have more severe
gait and postural control deficits than patients with a
thoracic fulcrum or patients without camptocormia.*®
However, no studies have so far investigated the rela-
tionship between antecollis and postural instability.
Postural control is a complex system involving the inte-
gration of different sensory inputs, including vestibular,
visual, and proprioceptive. Some findings support the
notion that proprioceptive function/kinesthesia is
abnormal in PD.*>** Evidence was initially restricted to
motor control of the limbs,>* but more recent stud-
ies”>** showed that proprioceptive defects might also
affect axial motor control not only in the yaw plane
(turning about the vertical axis)** but also in the sagit-
tal and coronal planes. Further studies are needed to
understand the contribution of defective proprioceptive
and kinesthesia in the pathophysiology of axial postural
abnormalities.***

Moreover, postural control depends on vestibular
information. PD patients with Pisa syndrome may pre-
sent with a central, peripheral, or mixed vestibular dys-
function” along with a deviation in the subjective visual
vertical,”®> which was estimated to occur in about 67%
of PD patients.”® A recent case—control study found
worse performance on visuospatial ability tasks by PD
patients with Pisa syndrome compared to PD controls
without axial postural abnormalities.”” Visuospatial
deficits are associated with dysfunctional subjective
visual vertical, possibly contributing to altered percep-
tion of the trunk in space and the development of Pisa
syndrome but not camptocormia.”” Whether visual spa-
tial deficits and subjective visual vertical are defective
and might also contribute to the development of
antecollis has not been systematically investigated yet.
Moreover, postural control demands complex motor—
cognitive interactions that rely on high attentional
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FIG. 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/).“ [Color figure can be viewed at wileyonlinelibrary.com]

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.”>**® 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), 51 1317:19.293% muqcle biopsy (eg, abnormal
histology),>***3*3% and muscle imaging (eg, fatty infiltra-
tion of muscles and muscle atrophy)’®”!#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.>* 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,"”
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.'” 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.**

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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Diagnostic
phase

PATIENT AND FAMILY EDUCATION
|+ Regular posture monitoring and
informing health professionals of any
change of posture

Management
phase

— e

NEUROLOGIC SCREENING
AND EVALUATION OF POSTURE
Degrees of trunk/neck flexion should be

evaluated at a regular basis with the patient
undressed

CLINICAL PREDICTORS
Keep in mind that especially male patients
and those in advanced disease stage (H&Y
stage) and/or with a high UPDRS motor
score are at risk for axial postural
b ities in PD

|

PRESENCE OF
AXIAL POSTURAL ABNORMALITIES
* Anterior trunk flexion = 25° at the thoracic
level or > 15° at the lumbar level
*  Lateral trunk flexionz 5°
*  Anterior neck flexion > 35°

YES

CLINICAL ASSESSMENT

- Pharmacological therapy: revise
dopaminergic therapy, neuroleptics or other
recently added drugs.
- Axial postural abnormalities features: type
degrees, direction, reversibility, latency of axial
postural abnormality onset after PD onset,
duration, pattern of onset (<lmonth, acute; >1
month and < 3 months, subacute; >3 months,
chronic), development after drug modification,

. back pain,
head compensation, sensory trick, falls, veering
gait.

PATIENT AND FAMILY EDUCATION

+  Regular posture monitoring and informing

health professionals of any

worsening/improvement of axial postural

abnormalities

* Avoid excessive physical efforts

*  Check for difficulties in breathing or
swallowing

* Make aware on the importance of

physiotherapy and regular adapted physical

activity

* Make aware that only some cases obtain a

significant improvement with current
treatments and the prevention of further
posture worsening is an important goal.

FIG. 2. Legend on next page.

INSTRUMENTAL ASSESSMENT 1

* Software-based calculation of the degrees of

trunk flexion and cluster patients according
to diagnostic criteria in:

« Mild axial postural abnormality

* Axial postural abnormality

INSTRUMENTAL ASSESSMENT 2
(SUPPLEMENTARY)

Spine MRI (including STIR and TI
sequences) including assessment of axial
muscles (paraspinal and non-paraspinal)
EMG (useful for differential diagnosis and
to inform BoNT targeting)

PHYSIOTHERAPY

function)

of motion

Atypical parkinsonism, especially MSA, are
also associated with axial postural
abnormalities

Avoid quick massive change in
dopaminergic therapy doses

PHARMACOLOGICAL THERAPY

Optimization of anti-PD therapies
Withdrawal of non-PD therapies in |
suspected drug-induced axial postural |
abnormalities

Stretching exercises to maintain trunk range |

First-line
treatment

MEDICAL TREATMENTS

Strengthening exercises of core muscles (in | o BONT injection of hyperactive muscles
particular those with a compensatory

(avoiding compensatory trunk muscles)
Steroids in case of suspected inflammatory
PNS condition.

Cardiovascular warm-up, stretching, gait

training, balance and agility training
supervised by Physiotherapist specialized in PD. |

.

Prescription of walking aids if needed.
Occupational therapy can also help for |
proper sitting.

Other
treatments

SURGICAL TREATMENTS

| » DBS (STN or Gpi) when other criteria for
DBS inclusion are fulfilled
 Orthopedic surgery in very selected cases:
| patients should be properly counseled
| regarding the increased risk of operative
complications and closely followed for
incipient failure.
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Although the finding of a monomorphic myopathy in
the camptocormia of PD patients can be considered
corroborated,® the clarification of its cause remains an
important task. Currently, the recording of myopathy
with its subdivision into acute and chronic forms of mus-
cle changes provides clues for therapeutic options.'*

Other Findings

Postural improvement after high-frequency deep
brain stimulation (DBS) of the bilateral subthalamic
nuclei’” supports the notion that axial postural
abnormalities may result from dysfunction of the basal
ganglia. There is limited evidence for the presence of
drug-induced axial postural abnormalities in persons
with parkinsonism,?>*® with a dose reduction (or even
complete withdrawal) or switching to another dopami-
nergic medication leading to improvement in pos-
ture.”®?%  Finally, patients with axial postural
abnormalities may present with a concomitant clinical
history of back surgery (eg, laminectomy), degenerative
spinal conditions, or trauma, which may have mechani-
cal effects on bones or soft tissue (eg, muscles or fascia)
and predisposing to their development.>’

Proposals for Current Clinical
Management

In clinical practice, the first step is to objectively mea-
sure the degree of trunk and/or neck flexion preferably
while the patient is wearing only underwear (Fig. 1)
during standing and walking.*® We suggest to investi-
gate the possible presence of mild forms of axial pos-
tural abnormalities at each visit and inform and
educate patients and caregivers on these symptoms;
when actual axial postural abnormalities have been
identified, clinicians could consider pharmacological
and nonpharmacological interventions for their treat-
ment. Figure 2 shows a practical road map as guidance
for their clinical management.

Proposals for Future Research
Exploration
Four major issues may have limited the progress of

research in this field: (1) different nosology and cutoffs to
define axial postural abnormalities, (2) lack of common

r POSTURAL

ABNORMALITIES IN PARKINSONISM
and objective assessment procedures, (3) heterogeneity of
study design, and (4) heterogeneity of patient samples.

Future research should focus on their clinical evalua-
tion in terms of early detection and quantification using
consensus-based criteria.> Prospective, observational,
long-term studies with large samples are immediately
needed to explore the potential risk (causal) factors and
pathophysiology involved in their development. From a
therapeutic point of view, we call for well-controlled clini-
cal trials: randomized trials using standard criteria for
inclusion and endpoint measurement’ are needed to com-
pare 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 dopa-
minergic therapy withdrawal when these are suspected to
have played a role in causing axial postural abnormalities.
Moreover, we suggest researchers focus on a single pos-
tural abnormality per study, because risk factors, patho-
physiology, and response to treatments may vary between
camptocormia, Pisa syndrome, and antecollis. Finally,
prevention programs using common diagnostic criteria®
should be investigated to study how the development of
axial postural abnormalities can be avoided.

Educate patients and their families to monitor possi-
ble improvement or worsening of posture.

Adjustment of pharmacological therapy: remove the
prescribed dopaminergic therapy potentially associated
with the subacute onset of axial postural abnormality.
The removal of therapy needs to be done very cau-
tiously as this may also lead to a worsening of the
underlying parkinsonism.®

Other expert opinion—based options include the fol-
lowing: botulinum toxin injection of hyperactive mus-
cles should be cautiously considered for each patient
based on EMG findings, in carefully selected patients,
under the care of experts; avoiding injections of com-
pensatory paraspinal and nonparaspinal muscles;
prompt physiotherapy intervention to strengthen weak/
compensatory trunk/neck muscles and improve balance
and mobility; and prescription of walking aids (ie, high-
frame walker) if needed. When a patient is suitable for
DBS aimed at managing motor symptoms, camp-
tocormia, and Pisa syndrome could also improve after
surgery. Orthopedic surgery should be considered in
very selected cases: patients should be properly
counseled regarding the increased risk of operative
complications and closely followed for incipient
failure. ®

FIG. 2. Expert opinion-based flowchart of axial postural abnormality management. (1) Diagnostic phase: screening and assessment of axial postural
abnormalities, including examination of body posture and software-based measurement of even small degrees of trunk and neck flexion. (2) Manage-
ment phase: electromyographic evaluation (static and dynamic) of axial muscle activity, motor unit potential analysis, and MRI (magnetic resonance
imaging) of the paraspinal and nonparaspinal muscles (eg, STIR and T1 sequences) could be additional exams supporting the management. These
exams could be employed to evaluate the presence of axial muscle dystonic or myopathic features and spinal and soft tissue changes and to rule out
alternative or coexisting diseases. [Color figure can be viewed at wileyonlinelibrary.com]
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