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AVERTISSEMENT

Ce document est le fruit d'un long travail approuvé par le jury de soutenance.

La propriété intellectuelle du document reste entièrement celle du ou des auteurs. Les utilisateurs doivent respecter le droit d'auteur selon la législation en vigueur, et sont soumis aux règles habituelles du bon usage, comme pour les publications sur papier : respect des travaux originaux, citation, interdiction du pillage intellectuel, etc.

Il est mis à disposition de toute personne intéressée par l'intermédiaire de l'archive ouverte DUMAS (Dépôt Universitaire de Mémoires Après Soutenance).

Si vous désirez contacter son ou ses auteurs, nous vous

 [START_REF] Mittelstaedt | Somatic versus Vestibular Gravity Reception in Man[END_REF]. Each of these perceptive modalities provides different but complementary information about the sense of verticality.

VV depends on the interaction of visual and vestibular sensory information systems, permitting, via the vision, to determine the alignment of verticality without reference point for true verticality [START_REF] Bronstein | The Interaction of Otolith and Proprioceptive Information in the Perception of Verticality. The Effects of Labyrinthine and CNS Disease[END_REF][START_REF] Fetter | Assessing Vestibular Function: Which Tests, When?[END_REF]. HV depends on the proprioceptive pathway as processed through articular sensors to inform individuals of their correct position in space [START_REF] Tribukait | The Subjective Visual Horizontal for Different Body Tilts in the Roll Plane: Characterization of Normal Subjects[END_REF]. PV assesses mainly the somaesthetic graviceptive contribution to the sense of verticality, who enables an individual to determine the position of his whole body comparing to the true vertical.

Altered verticality perception in PD was found by multiples studies during these last years ( These inconclusive findings may be related to the different methodological approaches, with various protocols and ways to estimate outcomes. We conducted a systematic review and meta-analysis to estimate first the prevalence and the amplitude of verticality perception biases in PD but also to synthesize knowledge of the methodologies used in order to propose recommendations for better standardization.

METHODOLOGY

We are preparing a PROSPERO registration, for the present review.

Search strategy

The Preferred Reporting Items for Systematic review and Meta-Analysis (PRISMA) protocols (www.prisma-statement.org) were followed to perform the review.

We Only articles written in English were selected.

The reference lists of studies retrieved were reviewed to identify additional studies. We did not include grey literature (i.e., conference abstracts, unpublished studies, or reports). Full texts were uploaded from bibliographic databases or directly asked to the authors.

Studies selection process

Two reviewers (AT and CP) independently screened each record (title and abstract) of articles retrieved from the search. Disagreements were resolved by consensus or involvement of a third reviewer when necessary (DP). A study was considered as meeting the inclusion criteria for the review if: it was 1) an observational study as cross-sectional or case-control study, 2) which analyzes the perception of the verticality in visual and/or postural and/or haptic modalities in baseline condition (neutral background and standard position setting), 3) in PD individuals. We excluded other parkinsonian syndromes. We did not set any sample size minimum.

Quality assessment

We assessed the risk of bias in the included studies using The Newcastle-Ottawa Scale (NOS), constructed for assessing the Quality of Nonrandomized Studies in Meta-Analysis. This scale, constituted of 8 items, addressed three categories: the selection (4 items), the comparability (1 item) and the exposure (3 items). Each item is awarded by a maximum of one point. For the comparability, a maximum of two points can be given. A total of points from 0 (lowest quality) to 9 (highest quality) can be attributed. We used the NOS assessed for case control studies. Two review authors (AT and CP) independently applied the scale to each included study, and recorded supporting information and justifications for judgements of risk of bias for each domain (scores and some concerns). Any discrepancies in judgements of risk of bias or justifications for judgements were resolved by discussion to reach consensus between the two review authors. Following McPheeters et al and Hartling et al, we have retained for the analysis only articles for which the NOS score was superior or equal to 6.

Data extraction

Data extraction was performed independently in duplicate by the two same reviewers (AT and CP), on the full texts of studies selected, by use of a predefined data collection file. Data extracted included:

-Characteristics of the publication: authors, year, journal, and country.

-Characteristics of the participants: number, age, sex, disease duration; the presence of a control group and its characteristics (number, age, sex), the MDS-UPDRS III score during the ON-phase (and when it was mentioned, during the OFF-phase), and when the standard UPDRS III was used, conversions to the MDS UPDRS were made following Goetz et al. ( 2012).

-Characteristics of the disease: the presence of deep brain stimulation, the medication and LEDD when it was possible, the presence of postural abnormalities (Pisa syndrome, camptocormia, retropulsion).

-Characteristics of verticality perception assessments: modality (visual/postural/haptic), paradigm; the characteristics of the test stimulus (the type, the length when applicable for visual or haptic modalities, the magnitude of the initial tilt), plane (frontal/sagittal); the presence or not of time limit; the participant postural setting (position [sitting/ standing], postural installation [free (head and trunk), partially maintained (head or trunk)/maintained (head and trunk)]; the type of task (adjustment/orientation judgment); the response modality (verbal/manual/remote control…); the number of trials, and the number and type of experimental conditions; -Characteristics of outcome measures: the nature (orientation/ uncertainty), the signed or absolute values, the convention adopted for signed values, the normative values.

-The frequency and magnitude of verticality biases, our primary outcome.

Statistical analysis

The primary outcomes were the estimation of the frequency verticality biases and the estimation of the magnitude of these biases in PD. We used random-effects meta-analysis to generate all pooled results

(with 95% confidence intervals [CIs]). The extent of heterogeneity across studies was assessed with the I² statistic: I² 0% to 50% was considered low, 50% to 75% moderate, and >75% high heterogeneity (Higgins, 2003). P values were two-sided, and P < 0.05 was considered statistically significant. All statistical analyses were performed with STATA 15.1 (StataCorp, College Station, TX, USA).

Other data collected were used for descriptive analyses.

RESULTS

Figure 1 presents the flow diagram of the study, resuming all the steps of the selection process.

A total of 874 articles were identified through our database search. Ten were added after being identified through other sources such as references analyze. After title and abstract screening, twenty remained. Up to December 1 st 2021, 17 articles met inclusion criteria after full text review, and were identified as dealing with verticality perception in PD patients, whatever the modality of verticality perception. Except for two older studies, all had been published since 1996 with a marked increase over the past ten years, reaching 3 articles in 2018.

Quality of the selected studies

Table 1 contains the detailed scores at each item and the final scores of quality assessment. One study did not reach quality score cut off of 6 points over 9. Finally, we included a total of 17 studies investigating the verticality perception in PD. Their mean quality, following the NOS, was medium with an average (SD) of 7.4 (1.14). Two studies obtained the maximal score of 9, eight had a score of 8, six had a score of 7, and one had a score of 6. 

Population characteristics

Characteristics of verticality perception assessments

Verticality perception modalities

Among the 17 selected studies, 14 investigated the VV, 4 the PV, and 2 the HV. Logically, VV and HV were measured in the frontal plane in all the studies. PV was measured in the frontal plane in 3 of 

Type of paradigm

For the VV perception, myriad protocols have been used, 6 used a computerized device whereas 8 used a mechanical device with variable paradigms. In all studies studying HV, participants were instructed to move a physical rod to the direction of the vertical, without vision..

Patient postural setting

In 13/17 studies, patients were in a sitting position, while in 3/17 they were in erect posture. This information is missing in one study [START_REF] Pawlitzki | Spatial Orientation and Postural Control in Patients with Parkinson's Disease[END_REF].

The individual postural setting was variable. In 8 studies, the position of head and trunk were free, with only the instructions to stand upright. In 4 others, head or trunk were restrained by a harness or a belt. As mentioned above, in two studies (Mikami et 

Task

Except for one study (Barnett-cowan et al, 2010), verticality perception, whatever the modality, was always assessed by asking PD patients to adjust the stimulus or the body to the vertical. This procedure may be assimilated to the method of adjustment: the patient is asked to control and adjust the orientation of a stimulus or its body until it feels vertical. In 6 studies, PD patients performed the task without time limit, and two of them added time limit. This information was missing in 9 studies 

(

Number of trials

This parameter was very variable between studies, with rare justifications for the number of adjustments used to assess verticality perception (Piscicelli 2021). For VV perception, the number of trials varied from 3 to 21, with a tendency for 8 trials. It is more difficult to do this analysis for the other modalities, given the low number of studies and the number of missing data.

The counterweighing of the leftward and rightward initial tilt in order to reduce the effect of the starting position of the stimulus on verticality perception estimates were described and performed in 

Ranges of normality

The normal value differed between all of the studies, ranging 0° to 4.6 °. Three studies did not mention this values [START_REF] Bronstein | Visually and Posturally Mediated Tilt Illusion in Parkinson's Disease and in Labyrinthine Defective Subjects[END_REF] ; Barnett-cowan et al, 2010 ; [START_REF] Mikami | Subjective Postural Vertical in Parkinson's Disease with Lateral Trunk Flexion[END_REF]. All these data are synthetized in the table 3.

Magnitude of biases in verticality perception

Given the low number of studies dealing on PV (n=4) and HV (n=2) perception, we performed random-effects meta-analysis only to generate pooled prevalence of VV biases in PD.

Five studies [START_REF] Danta | Judgment of the Visual Vertical and Horizontal in Patients with Parkinsonism[END_REF] 

DISCUSSION

This is the first systematic review of verticality perception in PD. We examined 17 studies published from 1960 to December 2021 gathering 618 individuals,. The majority of the researches were published between 2010 and 2020, highlighting increasing interest for this topic. The first main purpose was to estimate the frequency and the magnitude of verticality perception biases in PD for the different assessment modalities: visual, haptic and postural. Secondly, we aimed to synthetize knowledges on assessment methodology in these different studies in order to propose recommendations of a more standardized assessment method. From the three modalities of verticality perception assessment, only the VV was statistically analyzed through the meta-analysis, due to a lack of studies treating HV (n=2) and PV (n=4). 

Frequency and magnitude of VV biases in PD

2021).

A first mechanism would imply that VV would be secondary to the PS, i.e. to the body geometry. A second mechanism would imply that VV would be the cause to the PS. Indeed in individuals with a deformed body geometry, vertical estimates may be aligned with the head or with the trunk tilt according to the availability of intact vestibular or somaesthetic information (Anastasopoulos 1997a, Anastasopoulos 1997b, Piscicelli 2016) or perceptive styles [START_REF] Guerraz | Head Orientation Involvement in Assessment of the Subjective Vertical during Whole Body Tilt[END_REF]).

In other cases, at least in some patients, a net bias in the internal model of verticality would induce a marked tilt of verticality perception that is transmodal, bearing both on several modalities of verticality perception as PV and VV and congruent in direction and magnitude with the head and trunk tilts.

These hypotheses strengthen the importance to assess the verticality perception in several modalities for a better understanding of the PS pathogenesis. Our systematic review revealed that verticality perception assessment in PD was mainly limited to the visual modality. Future studies will have to bridge this gap, as others methodological limitations.

Heterogeneity of methodological approaches and suggestions for standardization

The other aim of this systematic review was to help clinicians and researchers establish guidelines for a more homogeneous use of the verticality perception in research and clinical practices.

Fourteen articles assessed VV perception in PD, reporting data for 500 individuals. A majority of these studies were issued from the last 20 years, reflecting the growing interest in the topic. Because of the great variability in the study designs, paradigms for VV assessment and settings, we could only do a meta-analysis of a restricted number of studies. Thus, future studies need follow a standardized protocol which could permit to better synthetize the VV value in future reviews.

Because of the varied study designs, patient characteristics, paradigms for VV assessment, settings and reported outcome measures, we proposed a qualitative synthesis of the data collected and provided ways to standardize protocols in order to limit measurement errors and harmonize the results interpretation.

In their study published in 2016, Piscicelli and Pérennou recommended the electronic assessment procedure to analyze VV bias after the stroke, whose avoids measurement bias due to operator intervention. This assessment should be preferred also in PD. Also, patient postural setting, is a critical question for PD individuals patients given their frequent postural abnormalities, especially lateral trunk inclination, which may compromise their ability to sit on their own, and induce the well-known impact of body tilt on verticality perception. [START_REF] Guerraz | Head Orientation Involvement in Assessment of the Subjective Vertical during Whole Body Tilt[END_REF][START_REF] Barra | Humans Use Internal Models to Construct and Update a Sense of Verticality[END_REF]. Maintaining the trunk upright with an adjustable chinrest is a primordial criterion to correctly analyse the results of VV orientation. Indeed, it was found that measuring VV without any body maintenance is valid only for subjects presenting adequate balance abilities [START_REF] Piscicelli | Maintaining Trunk and Head Upright Optimizes Visual Vertical Measurement After Stroke[END_REF]). The verbal modality response seems to be the better choice to assess PD individuals who have motor and or cognitive disorders which can alter the reliability of the assessments using a manual modality response. Moreover, as for stroke, VV perception should be assessed with an even number of trials to account for the effect of the starting position of the line on the VV measure [START_REF] Baccini | The Assessment of Subjective Visual Vertical: Comparison of Two Psychophysical Paradigms and Age-Related Performance[END_REF]. Under these conditions, the orientation of the VV should be highly reliable criterion that may be used both in research and clinical practice. The ranges of normality issue, is also critical and should be addressed. In a previous systematic review on VV perception after stroke [START_REF] Piscicelli | Maintaining Trunk and Head Upright Optimizes Visual Vertical Measurement After Stroke[END_REF], it has been shown that, despite the variability in protocols, the ranges of normality only slightly differed between studies.

The consensual values to consider VV orientation as normal could be between -2.5° and 2.5° and for

VV uncertainty ≤ 3°.

The lack of studies on haptic or postural modalities constrains such a qualitative analysis on methodological approaches and makes impossible to formulate suggestions for standardization.

However, there is a real necessity to a rigorous and standardized measurement of verticality perception in order to harmonize practices, improve the understanding of postural abnormalities pathogenesis in PD and maybe to guide the emergence of rehabilitation programs specifically dedicated to the sense of verticality in PD.

Study limitations

Our systematic review presents some study limitations. 

CONCLUSION

This is the first systematic review on verticality perception in PD, conducted on 17 studies gathering 618 individuals. We show that VV is frequently biased, but with a weak to mild magnitude. Because the VV mainly investigates the vestibular graviception, these findings might mean that the vestibular information processing is frequently impaired in PD, but with a moderate asymmetry between left and right basal ganglia. Moreover, directional concordances between VV biases and PD sides or PS tilts were few analyzed. But, when it was, the sides of VV biases and the PS tilts were in majority concordant. All together, these findings suggest the coexistence of two mechanisms: in some cases,

VV biases seem to be the consequence of the PS on the perception of the vertical, altered by trunk deformity or misorientation with respect to gravity. In some others, VV biases might cause the PS, as in stroke where lateropulsion is explained by the impaired verticality representation. In the future, studies will have to test several modalities of verticality perception, especially VV and PV, on large series, scrutinize concordances in sides of tilts, for body and verticality estimates, and harmonize the practices.

TABLES AND FIGURES

Figure1 Flowchart 11

Reports 

  systematically searched the literature published up from 1960 to December, 1 st , 2021 in the databases MEDLINE, and COCHRANE CLINICAL TRIALS. A sensitive search was carried out in Pubmed and COCHRANE using the following strategy: (((Parkinson disease) OR parkinsonism) OR Pisa syndrome) AND ((((((verticality perception) OR verticality representation) OR verticality) OR visual vertical) OR postural vertical) OR haptic vertical) OR gravity).

  2014), due to a lack of Hoehn and Yahr stage in the papers. The two older papers could not mention the UPDRS, who was not yet establish in this period. The Postural Instability and Gait Disorders were mentioned in only one article (Huh et al 2018), the others using different tools. Characteristics of the disease Medication was not systematically mentioned. Fourteen of the 17 articles assessed verticality perception during the ON phase, and only four articles asked the patients to complete the task in OFF phase. Only one article investigating verticality perception bias with patients who underwent deep brain stimulation, and one when the patients benefited a chemosurgery. Postural abnormalities were detailed in five studies (Scocco et al, 2014; Gandor et al, 2016; Huh et al 2018; Mikami et al, 2020; Piscicelli et al, 2021), corresponding to 106 PD individuals, with mainly lateral trunk flexion (LTF), camptocormia, front trunk flexion and lateral or front neck flexion. These data were missing for twelve studies. No article treated the dystonic or dyskinetic trunk. Few articles investigating the concordance between verticality perception bias and the postural disorders in PD patients with Pisa syndrome, using, as a control group, patients with PD but without Pisa syndrome (Gandor et al, 2016; Huh et al, 2018; Mikami et al, 2020).

4

  papers (Proctor et al, 1964; Mikami et al, 2020; Piscicelli et al, 2021), and in the sagittal plane in one paper (Mikami et al, 2018).

  For the PV perception, one study used the wheel test[START_REF] Piscicelli | Contribution of Basal Ganglia to the Sense of Upright: A Double-Blind Within-Person Randomized Trial of Subthalamic Stimulation in Parkinson's Disease with Pisa Syndrome[END_REF] specifically dedicated to the assessment of postural perception of the verticality and validated in others pathologies as stroke[START_REF] Pérennou | Lateropulsion, Pushing and Verticality Perception in Hemisphere Stroke: A Causal Relationship?[END_REF], another used a tilting chair[START_REF] Proctor | JUDGMENT OF VISUAL AND POSTURAL VERTICAL BY PARKINSONIAN PATIENTS[END_REF]. It is important to mention that two studies assessed what they called a "postural vertical", without using apparatus but by measuring the angle between the vertical line and the postural position recognized by the individual patient as the vertical position[START_REF] Mikami | Forward Flexion of Trunk in Parkinson's Disease Patients Is Affected by Subjective Vertical Position[END_REF][START_REF] Mikami | Subjective Postural Vertical in Parkinson's Disease with Lateral Trunk Flexion[END_REF]. This was not a "vertical postural" because such assessment required active body orientation (action) and perception.

  al, 2017; Mikami et al 2020), PD patients were asked to actively orient its body to the vertical in the position at which they displayed maximal lateral trunk flexion. In 3 studies (Khattab et al, 2012; Gandor et al, 2016; Pawlitzki et al, 2018), the instructions of positioning were not specified, and in one article (Barnett-cowan et al, 2010), no instruction or control were provided. Only one study restrained both the trunk and the head (Piscicelli et al, 2021).

  seven papers (Proctor et al, 1964; Azulay et al, 2002; Barnett-cowan et al, 2010; Scocco et al,2014; José Luvizutto et al, 2020; Mikami et al, 2020; Piscicelli et al, 2021) separated their trials in left-side trials and right-side trials. Type of outcome measures Verticality perception was mainly estimated by the orientation criterion, which reflects the direction perceived as vertical by individuals. This criterion also called "verticality perception" (Pereira et al, 2014; Schindlbeck et al, 2017; Huh et al, 2018; Mori et al, 2019; José Luvizutto et al, 2020), "orientation perception" (Barnett-Cowan et al, 2010; Scocco et al, 2014), "spatial orientation" (Pawlitzki et al, 2018) or "vertical estimate" (Piscicelli et al, 2021), is usually calculated by averaging results (deviations from gravitational vertical of the verticality perceived) from the number of trials performed by the patient. Five articles evaluated the incertitude (Schindlbeck et al, 2017; Piscicelli et al, 2021; Danta et Hilton, 1975 Mikami et al 2020, Mikami et al 2017) but only 3 articles (Schindlbeck et al, 2017; Piscicelli et al, 2021; Danta et Hilton, 1975) calculated it, the mean of which was 1.4° (range 0.4-2.4).

(

  Reichert et al, 1982; Pastor et al, 1993 ; Nakamura et al, 1994 ; Nakamura et al, 1995 ; Pollak et al, 2009; Barnett-Cowan et al, 2010) This finding might mean that the deficit in vestibular integration, even if it is frequent, could be moderately asymmetric between left and right basal ganglia. Many studies have looked at whether this disorder is more central or peripheral in origin. Vitale et al found unilateral peripheral vestibular dysfunction, ipsilateral of the LTF and which could explain this latter (Vitale et al, 2011). Reichert et al found a bilateral vestibular defect during caloric tests, which is compatible with a disease of the bilateral peripheral vestibular structures (Reichert et al, 1982). The authors did not exclude any other lesion on the vestibular pathways, in particular central lesions. However, Barnett-Cowan et al found no visual or vestibular disorders in PD patients (Barnett-Cowan et al, 2014). They speculate that the lesions are more likely to be present in the centers of integration of multisensory information. Despite their frequency, VV biases magnitude was weak with a signed VV value measured at 0.2° and an absolute VV magnitude reaching 3.6°. These values are near to the objective vertical gravity (0°) and to the normative values allowing to consider the VV perception as normal ([-2.5°; 2.5°] in signed orientations) (Pérennou et al. 2008; Piscicelli and Pérennou; 2016). Moreover, in comparison to stroke, this amplitude appeared as very small. Indeed, verticality perception biases are frequent and severe after stroke, the most striking human model with a wrong internal model of verticality. Moreover, it has now been clearly established that a biased internal model of verticality is at the origin of postural disorders after stroke (Pérennou 2008; Dai 2021 Neurology a et b). This causal link between verticality perception biases and postural abnormalities has been little studied in PD but findings about the magnitudes of VV biases specifically studied in this present meta-analysis not argued in favor of this hypothesis. Directional concordances of VV biases and PD or PS sides Among the analyzed studies, on verticality perception in PD, only five studies (29.5%) detailed postural abnormalities in the PD individual's sample corresponding to 106 PD individuals, with mainly lateral trunk flexion, camptocormia, front trunk flexion and lateral or front neck flexion. The directional concordances between VV biases and PD sides or trunk tilts were analyzed in 3 studies (18%) (Huh et al, 2018; Piscicelli et al, 2021; Gandor et al, 2016) including 66 individuals with lateral trunk flexion, the vast majority of whom (78%) had VV biases tilted to the ipsilateral side of trunk tilt, while only 22% had contralateral VV biases. Interestingly, these results highly coincided with the directional concordances between VV biases and lateropulsion in post-stroke individuals (Pérennou et al. 2008; Dai et al., 2021). Some authors have discussed the coexistence of two mechanisms to explain this directional concordance between verticality perception biases and postural lateral trunk in PD (Piscicelli et al.

Figure 1 .Figure 2 .Figure 3 .

 123 Figure 1. Flow chart

  

Anesthésiologie-réanimation et médecine péri-opératoire

  

	PU-PH	PERENNOU Dominique	Médecine physique et de réadaptation
	PU-PH	PERNOD Gilles	Chirurgie vasculaire ; Médecine vasculaire
	MCF	PINSAULT Nicolas	Sciences de la rééducation et de réadaptation
	PU-PH	PIOLAT Christian	Chirurgie infantile
	PU-PH	PISON Christophe	Pneumologie ; Addictologie
	PU-PH	PLANTAZ Dominique	Pédiatrie
	PU-PH	POIGNARD Pascal	Bactériologie-virologie ; Hygiène hospitalière
	PU-PH émérite	POLACK Benoît	Hématologie ; Transfusion
	PU-PH	POLOSAN Mircea	Psychiatrie d'adultes ; Addictologie
	PU-PH émérite	RAMBEAUD Jean-Jacques	Urologie
	PU-PH	RAY Pierre	Biologie et médecine du développement et de la reproduction ; gynécologie médicale
	PR Ass. Méd.	RECHE Fabian	Chirurgie viscérale et digestive
	MCU-PH	RENDU John	Biochimie et biologie moléculaire
	MCU-PH émérite	RIALLE Vincent	Biostatistiques, informatique médicale et technologies de communication
	PU-PH	RIETHMULLER Didier	Gynécologie-obstétrique ; gynécologie médicale
	PU-PH	RIGHINI Christian	Oto-rhino-laryngologie
	PU-PH émérite	ROMANET Jean Paul	Ophtalmologie
	PU-PH	ROSTAING Lionel	Néphrologie
	PU-PH	ROUSTIT Matthieu	Pharmacologie fondamentale ; pharmacologie clinique ; addictologie
	MCU-PH	ROUX-BUISSON Nathalie	Biochimie et biologie moléculaire
	PR Ass.MG	ROYER DE VERICOURT Guillaume	Médecine Générale
	PU-PH émérite	SARAGAGLIA Dominique	Chirurgie orthopédique et traumatologie
	MCU-PH	SATRE Véronique	Génétique
	PU-PH	SAUDOU Frédéric	Biologie cellulaire
	PU-PH	SCHMERBER Sébastien	Oto-rhino-laryngologie
	PU-PH	SCHWEBEL Carole	Médecine intensive-réanimation
	PU-PH	SCOLAN Virginie	Médecine légale et droit de la santé
	PU-PH	SEIGNEURIN Arnaud	Epidémiologie,
	MCU-PH	PAYSANT François	Médecine légale et droit de la santé
	MCU-PH	PELLETIER Laurent	Biologie cellulaire
	PU-PH	PELLOUX Hervé	Parasitologie et mycologie
	PU-PH	PEPIN Jean-Louis	Physiologie
	PU-PH	PERARD DUMESTRE Chantal	Immunologie

économie de la santé et prévention PU-PH SPEAR Rafaëlle Chirurgie vasculaire ; médecine vasculaire PU-PH émérite STAHL Jean-Paul Maladies infectieuses ; Maladies tropicales

  La maladie de Parkinson (MP) est une cause fréquente d'handicap et est un problème majeur de santé. Sa prévalence et son incidence ont beaucoup augmenté au cours des dernières années. Au-delà des symptômes cardinaux, les troubles posturaux sont fréquents et représentent une source importante d'incapacité. Ils sont souvent résistants aux traitements et leur rééducation reste limitée. Leurs mécanismes sous-jacents restent à clarifier. En plus d'autres mécanismes conduisant à des troubles posturaux dans la MP, la possibilité qu'il existe un biais dans la construction du modèle interne de verticalité a vu le jour récemment. Cela serait en accord avec ce qui a été trouvé dans d'autres altérations cérébrales, tel que l'AVC. Récemment, beaucoup d'études se sont penchées sur la

	Antoine TUOT INTRODUCTION behavior called lateropulsion after hemisphere brain lesion (Pérennou 2008; Dai 2021 a and b), the
	BIAIS DE LA PERCEPTION DE LA VERTICALE DANS LA MALADIE DE PARKINSON : REVUE Parkinson's Disease (PD) is a common condition, which results in accelerated neuronal death of study of the verticality perception in PD is an emerging research.
	DE LA LITTÉRATURE ET MÉTA-ANALYSE. primarily dopaminergic neurons, but the neuropathology involves multiple other motor and non-motor The sense of verticality can be defined as the human ability to explicitly perceive the vertical direction,
	circuits (Bloem et al, 2021). The prevalence is of approximately 6.1 million people worldwide in 2016 to construct and update a mental representation of the vertical, used implicitly or explicitly to orient
	(GBD 2016), and the incidence ranges from 5 in 100 000 to more than 35 in 100 000 new cases yearly, himself (erect posture) or orient his spatial environment (Barra et al., 2013). The conscious experience
	with a clear increase the late decades of life (Simon et al, 2020). For reasons that are not yet fully of being oriented with respect to gravity can be directly tested: healthy people are very accurate in
	understood, the incidence and prevalence of this disease have risen rapidly in the past two decades. aligning their whole body (Postural vertical-PV) or an object by the sigh (Visual vertical-VV) or the
	The global burden of PD, in terms of death and disability, has more than doubled in the past two touch (Haptic vertical-HV) to the physical vertical, showing that they can accurately integrate
	decades. vestibular, visual, somatosensory and interoceptive signals	
	One of the most common and most disabling motor complications affecting patients with PD are
	postural abnormalities, regrouping Pisa Syndrome (PS), camptocormia and scoliosis (Doherty et al,
	2011). It represents a major source of disability and falls, reduces quality of life and predicts early
	mortality (Tinazzi et al, 2019 ; Galbusera et al, 2018, Tinazzi et al, 2015). In PD, the
	physiopathological mechanisms of postural disorders remain unclear. Several hypotheses are discussed
	in recent years, which can be classified between peripheral and central hypotheses. Peripheral
	hypotheses refer to the involvement of musculoskeletal system, with myopathy of paraspinal muscles.
	PU-PH Central hypotheses advocate a dysfunction of the basal ganglia and an abnormal integration of sensory STANKE Françoise Pharmacologie fondamentale ; pharmacologie clinique ; addictologie
	MCU-PH	STASIA Marie-José	Biochimie et biologie moléculaire
	PU-PH information. The postural control requires correct body orientation against gravity and relies on STURM Nathalie Anatomie et cytologie pathologiques
	PU-PH PU-PH multisensory integration relying on visual, vestibular, and somaesthetic information. Impaired sensory TAMISIER Renaud Physiologie TERZI Nicolas Médecine intensive-réanimation
	PU-PH PU-PH integration in PD individuals (Almeida et al. 2005; Vaugoyeau et al. 2011; Konczak et al. 2012) could THEVENON Julien Génétique TOFFART Anne-Claire Pneumologie ; Addictologie
	PU-PH therefore favor an alteration of the internal model of verticality leading to lateral body deviation. TONETTI Jérôme Chirurgie orthopédique et traumatologie
	PU-PH	TOUSSAINT Bertrand	Biochimie et biologie moléculaire
	PU-PH PU-PH If the sense of verticality has been extensively and mainly studied after stroke (Yelnik et al. 2002; VALMARY-DEGANO Séverine Anatomie et cytologie pathologiques VANZETTO Gérald Cardiologie
	PU-PH PU-PH Bonan et al. 2006; Saj et al. 2005; Pérennou et al, 2008; Barra et al. 2010; Baier et al. 2012; Piscicelli VUILLEZ Jean-Philippe Biophysique et médecine nucléaire WEIL Georges Epidémiologie, économie de la santé et prévention
	PU-PH et Pérennou, 2017; Piscicelli et al, 2016), allowing to elucidate the mechanism underlying the postural ZAOUI Philippe Néphrologie
	PU-PH émérite	ZARSKI Jean-Pierre	Gastroentérologie ; hépatologie ; addictologie

Résumé:

INTRODUCTION : perception de la verticale dans la MP. L'objectif de cette revue systématique et de cette méta-analyse est de synthétiser les connaissances actuelles sur ce sujet.

METHODOLOGIE :

Nous avons recherché systématiquement dans Medline et Cochrane de 1960 à décembre 2021 en utilisant les termes « maladie de Parkinson », « perception de la verticale » et leurs dérivés. Nous avons suivi les recommandations de PRISMA et de COCHRANE. Les articles éligibles à l'inclusion, ainsi que l'extraction de leurs données et de leur qualité (échelle de Newcastle-Ottawa, NOS) ont été évaluées par deux investigateurs (AT, CP), selon un protocole standardisé. Nous avons analysé la fréquence et l'ampleur des inclinaisons observées dans la perception de la verticale par méta-analyse des modèles à effets aléatoires. Nous avons respecté la définition des inclinaisons de la verticale donnée dans chaque étude. RESULTATS: Nous avons recensé 17 études (618 individus ; âge moyen de 66.3 ans ; 55 % d'hommes ; durée moyenne de la maladie de 8.9 ans), dont la majorité ont été publiées entre 2010 et 2020. Les études avaient un bon score de qualité NOS moyen de 7.4 (écart-type= 1.14). Seule la verticale visuelle (VV) a pu être étudiée au moyen d'une méta-analyse, à cause d'un manque d'études sur la verticale haptique (n=2) et posturale (n=4). Pour la VV, la fréquence combinée des inclinaisons anormales était élevée : 45 % (intervalle de confiance [IC] à 95 % [20; 70], I²=94.5 %) chez tous les patients parkinsoniens, peu importe la gravité ou la durée de la maladie, atteignant 62 % (IC à 95 % [19; 106], I²=92 %) chez les personnes atteintes du syndrome de Pise (SP). Chez toutes les personnes testées, la magnitude combinée des inclinaisons VV était mesurée à 0.2° (IC à 95 % [-0.57; 0.89], I2=0 %) en valeurs signées, et à 3.6° (IC à 95 % [1.83; 5.34], I2=52.2 %) en valeurs non signées. Dans le cas où la VV était anormalement inclinée, la magnitude combinée des inclinaisons était mesurée à 5.3° en valeur absolue (IC à 95 % [3.4; 7.3], I²=52.2 %). Peu d'articles ont étudié la concordance entre les inclinaisons du VV et celle du corps, le cas échéant (SP). Lorsqu'elle est analysée, nous trouvons que 78 % des patients présentaient une inclinaison de VV du même côté que celle du tronc.

CONCLUSION :

Il s'agit de la première revue systématique traitant de la perception de la verticale dans la MP, montrant que la VV est souvent anormalement incliné, mais que sa magnitude est faible. Sachant que la verticale visuelle examine la graviception vestibulaire, ces résultats signifieraient que l'information vestibulaire est souvent altérée dans la MP, et que l'asymétrie entre les ganglions basaux gauche et droit est modérée. Les concordances entre les côtés des inclinaisons de VV et de la MP ou du SP n'ont pas été correctement analysées, et lorsque c'était le cas, cette concordance était proche de celle de l'AVC. Ces résultats indiquent la coexistence de deux mécanismes : une partie des inclinaisons anormales de la VV semblent être la conséquence du SP sur la perception de la verticale, altérée par une déformation du tronc ou une mauvaise perception de la gravité. Dans la majorité des cas, les inclinaisons de la VV reflètent une graviception vestibulaire altérée. A l'avenir, les études devront tester plusieurs modalités de perception de la verticale, en particulier la VV et la PV, sur de plus grandes séries, et examiner les concordances entre les côtés des inclinaisons corporelles et ceux de la perception de la verticale.

Table 2

 2 The mean disease duration was 8.9 (range 4.6 -17.5) years, with a great variation from 5 to almost 18 years.Nine studies used the MDS UPDRS III score to quantify the motor disorders. When the old version of UPDRS-III was used instead of the MDS UPDRS III, we converted into this latter following a conversion formulas (appendix 2). The mean score was 24.6 points (range 14.4-41) in ON phase. However, we could not convert the UPDRS score for two studies[START_REF] Piscicelli | Contribution of Basal Ganglia to the Sense of Upright: A Double-Blind Within-Person Randomized Trial of Subthalamic Stimulation in Parkinson's Disease with Pisa Syndrome[END_REF][START_REF] Scocco | Subjective Visual Vertical in Pisa Syndrome[END_REF] 

summarizes the characteristics of the participants. The 17 studies included a total of for 618 patients (range 13 to 90 patients per study), with mean age of 66.3 years (range 54.5 -74.1) , and 55% of males.

  First of all, since 1960, we could only analyze 17 articles. Moreover, the sample size of each study was low (median=38), due to the different selection methods. The measurement procedure requires patients with no or a mild cognitive impairment, although the analyzed articles studied generally patients with advanced PD. On the other hand, we could only analyze VV tilt due of a lack of studies treating the other modalities, ie HV and PV. We know the postural control is a sophisticated processing based in a precise interpretation of the sensory information such as vestibular, visual, or somatosensory. Nevertheless, VV mainly assesses the vestibular and visual contribution to the sense of verticality. Thus, the lack of assessment of verticality perception in other modalities did not allow us to conclude whether the VV biases found in several studies reflects a bias in the internal model of verticality and are not only the consequences of the body geometry deformation. . Finally, few studies studied the concordance between VV tilts and the side where basal ganglia were predominantly altered, as well as the concordance with a body tilt if any (PS).

Table 2 . Sample characteristics of the 17 studies PD

 2 : Parkinsonian disease; PS : Pisa syndrom ; MDS-UPDRS : Movement disorder Society Unified Parkinson's Disease Rating Scale ; H&Y : Hoenh and Yahr ; LEDD : Levodopa Equivalent Delivred Dose ; FTF : Forward Trunk Flexion ; CAMPT : Camptocormia ; NS : non specified. * : study who use the old version of the UPDRS III. ** : chemosurgery.

	Study	Healthy PD	PS	Age		Disease duration	MDS UPDRS III	H&Y	LEDD	MEDICATIO	POSTURAL
										N	ABNORMALITIES
	Proctor et al, 1964	20	0	54.5		4.75	NS	NS	NS	NS**	NS
	Danta et al, 1975	40	NS	60.7±0.9		10.7	NS	NS	NS	NS	NS
	Bronstein et al, 1996 24	NS	68±11		5.4 + 0.7	NS	2.43 (SE 0.51)	250 mg	ON OFF	NS
	Azulay et al, 2002	22	NS	57 ± 14		NS	NS	1 to 3	NS	ON	NS
	Barnett-cowan et al,	13	NS	65.8 ± 11		4.6 ± 3.3	15.7 ±7.2	2.5 (range: 1-2.5) 490	ON OFF	No
	2010										
	Khattab et al, 2012	47	0	69.35 ± 7.70 4.71 ± 3.30	15.72 ± 6.90	NS	NS	ON	NS
	Pereira et al, 2014	45	NS	64.5	+/-	9.7 ± 6.8	41	2.5 (CI: 2;3)	NS	ON	NS
				12.3							
	Scocco et al,2014	18	8	65.7 ± 6		7.6 ± 5,6	14.4 (8,6)*	NS	747	ON OFF	PISA
	Gandor et al, 2016	0	21	69.5 ± 7		11.4 ± 6	NS	NS	1023 (330-2333)	ON	PISA
	Mikami et al, 2017	15	0	71,9 ±10.1	7.2 ± 5.4	19.2 ± 12.3	2.6 ± 0.7	375.6 ± 114.6	ON	FTF
	Schindlbeck et al,	28	NS	69.2±9.8		6.6 ±5.6	30 (IQR:12)	2	607.5 (±433.5)	ON	NS
	2017										
	Huh et al, 2018	0	54	66.4 ± 6.4	7.9 ± 3.4	22.8 ± 5.8	2.2±0.3	593.7±218.	ON	PISA
	Pawlitzki et al, 2018	21	0	68 ± 8.5		7.3 ± 4.4	27.16+/-12.5	2.5 ± 0.5	NS	NS	CAMPT
	Mori et al, 2019	28	NS	72.9± 5.78	NS	34.4 ± 12	2 et 3	655.4 ± 240.3	ON	No
	José Luvizutto et al,	14	NS	65.5 +/-8.9	6.8 +/-2.6	NS	< 3	NS	ON	NS
	2020										
	Mikami et al, 2020	NS	5	74.1± 7.6		12.0 ±2.3	15.6±7.8	3.0±0.3	1082.7±416.1	ON	PISA
	Piscicelli et al, 2021	20	18	63.5 [61;67] 17.5 [14;20]	22.8 [17.1;31.1]*	NS	NS	ON OFF	PISA/CAMPT

Table 4 . Prevalence of the verticality perception biases in the 17 studies

 4 

	Articles	Prévalence bias (n)	Indice of orientation	Signed value	absolute value	uncertainty	Incertitude value	Value normality
	Proctor et al, 1964	NS	constant error	NS	RBS: 1.09R LBS:	NS	NS	0.57
					1.57L			
	Danta et al, 1975	NS	mean	0.1±3.8	2.6	Variance	2.39	<0.1 ± 1.1
	Bronstein et al, 1996	NS	median	-0.2 ± 4.6	Ns	NS	NS	NS
	Azulay et al, 2002	NS	Frame Effect	NS	10.1 ±4.5	NS	NS	5.6± 3.1
	Barnett-Cowan et al,	NS	mean	0.3± 1.3	NS	NS	NS	NS
	2010							
	Khattab et al, 2012	NS	mean	NS	0.8 (range: 0.1°-	NS	NS	0.5° (range: 0.0°-4.0°)
					6.6°)			
	Pereira et al, 2014	27	mean	-0.8°	3.5° (median) (2.5;	NS	NS	0.2
					4.5)			
	Scocco et al, 2014	NS	median	-1.0	NS	NS	NS	0.3 (-0.8; 0.9)
	Gandor et al, 2016	14	absolute mean	NS	4.3° [range: 0.1-	NS	NS	0 +/-2.5°
					17.7],			

Forest Plot for the frequencies of the visual vertical biases in the studies analyzing Parkinson disease.

  

	Study		Frequency of	%
	ID		SVV bias (95% CI)	Weight
	Khattab, et al. 2012		0.09 (0.00, 0.17)	21.25
	Pereira, et al. 2014		0.60 (0.46, 0.74)	20.28
	Gandor, et al. 2016		0.67 (0.47, 0.87)	19.03
	Huh, et al. 2018		0.51 (0.41, 0.61)	20.95
	Piscicelli, et al. 2021		0.39 (0.16, 0.61)	18.48
	Overall (I-squared = 94.5%, p = 0.000)		0.45 (0.20, 0.70)	100.00
	NOTE: Weights are from random effects analysis		
	-.869	0 0	.869

Frequency of verticality perception biases

The table [START_REF] Doherty | Postural Deformities in Parkinson's Disease[END_REF] presented for each study the prevalence of verticality perception bias in PD patients.

Globally, 148 of 288 patients (if we take only the studies that present the prevalence) had a verticality perception bias (51.4% of the patients).

Given the low number of studies dealing on PV (n=4) and HV (n=2) perception, we performed random-effects meta-analysis only to generate pooled prevalence of VV biases in PD.

Five studies [START_REF] Khattab | Subjective Visual Vertical Perception and Sense of Smell in Parkinson Disease[END_REF][START_REF] Pereira | Correlation of Impaired Subjective Visual Vertical and Postural Instability in Parkinson's Disease[END_REF][START_REF] Gandor | Subjective Visual Vertical in PD Patients with Lateral Trunk Flexion[END_REF][START_REF] Huh | Pisa Syndrome in Parkinson's Disease: Pathogenic Roles of Verticality Perception Deficits[END_REF][START_REF] Piscicelli | Contribution of Basal Ganglia to the Sense of Upright: A Double-Blind Within-Person Randomized Trial of Subthalamic Stimulation in Parkinson's Disease with Pisa Syndrome[END_REF]), for a total of 221 individuals, analyzed the frequency of SVV bias (Fig 4) regardless of biased side. These biases were frequent: 0.45 (95% CI [0.2; 0.7], I2=94.5%).

We found an outlier [START_REF] Khattab | Subjective Visual Vertical Perception and Sense of Smell in Parkinson Disease[END_REF] in this result, since one study reported very low frequency, which would be attributed to enrolled participants in early stage.

When dropping this study, the pooled frequency was more homogenous, reaching 0.