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INTRODUCTION

Parkinson's disease is mainly characterized by clinical motor manifestations, with postural instability being a predominant symptom that leads to many falls. One way in which postural control is assessed is to measure the characteristics of postural sway during quiet standing. In this test, subjects standstill on a force platform, which records ground forces and reaction moments that can be used to calculate the center of pressure (CoP) (Duarte and Freitas, 2010). The CoP is the most common posturographic measure used in the assessment of postural control, and is considered a neuromuscular response to the body's center of mass displacement.

In PD, postural sway can be abnormal long before it is clinically evident and before starting treatment with levodopa medication (Mancini et al., 2011; Stylianou et al., 2011; Nantel et al., 2012). For example, in the early stages of Parkinson's disease, with the Hoehn and Yahr (H&Y) scales being 1, postural sway in PD is hardly detected only in clinical observation, as it is initially subtle and not always very evident (Mancini et al., 2012). However, when measured using more accurate measuring instruments, such as the force platform, there are postural problems in the early stages of PD, demonstrated by an abnormality of sway in patients with mildly symptomatic PD (Beuter et al., 2008; Chastan et al., 2008). Mancini et al. (2012) observed that postural sway measured by the CoP is a biomarker of PD progression. Therefore, quantitative evaluation measures in the different stages of the disease are necessary.

Drug treatment through the administration of levodopa, although effective for most motor symptoms, is controversial for postural control (Baston et al., 2016; Peterson and Horak, 2016). Despite improving some clinical scales such as the UPDRS, the effect of medication on objective measures of postural control is controversial (Chastan et al., 2008). About quiet standing, there is evidence that levodopa causes more significant postural sway, especially in H&Y stages 3 and 4 (Rocchi et al., 2002; Curtze et al., 2015). One possible explanation is levodopa induction of dyskinesia (Chung et al., 2010), which could explain the increase in falls under medication. Although PD patients may reweigh sensory information in response to changes in external stimuli, there is no evidence that levodopa contributes to improving this sensory reweighing in postural control (Feller et al., 2019).

Other public databases on human balance have already been published (Santos and Duarte, 2016; Dos Santos et al., 2017). However, this study is the first public data set in patients with idiopathic PD. This article aims to describe a public data set with a rich quantitative and qualitative assessment of static balance in patients with idiopathic PD through measurements of ground reaction forces (GRF). In addition, we provide relevant data on the clinical condition of the subjects, both in the ON and OFF state of the medication, through the physical status scales: Unified Parkinson's disease rating scale motor aspects of experiences of daily living (UPDRS-II) and motor score (UPDRS-III), Hoehn & Yahr (H&Y), New Freezing of Gait Questionnaire (NFOG-Q), Montreal Cognitive Assessment (MoCA), Mini-Test of Balance Assessment System scale (Mini-BESTest), and Falls Efficacy Scale International (FES-I).



METHODS

The data collection was performed in the Laboratory of Biomechanics and Motor Control at the Federal University of ABC, Brazil. The local ethics committee approved this study, and all patients signed a consent form before the data collection. The patients were in a stable dose of L-DOPA for at least one month. The PD patients participated in two experimental sessions, one of which was in the ON condition of the medication and the other was in the OFF condition. To be considered ON condition, participants had taken dopaminergic medication one hour before starting the session to ensure dose stabilization. In the OFF condition, the participants were at least 12 h without using any medication for Parkinson's disease. The order of the sessions was randomized among the patients. The start time of the experiment was the same as the experimental sessions.


Participants

A convenience sample of 32 idiopathic PD patients (eight females and 24 males) was recruited to participate in this study. The patients were recruited from local communities and included local neighborhoods and ambulatory movement disorders. The patients were interviewed to collect information about their demographic characteristics, socio-cultural characteristics, and overall health condition. Their ages varied from 44 to 81 years, body masses from 53.3 to 95.6 kg, heights from 151.5 to 184.0 cm, body-mass indexes (BMI) from 17.5 to 31.5 kg/m2, Hoehn & Yahr scale between 1 and 4, and 14 with freezing of gait (FoG). Inclusion criteria were the absence of neurological or physical dysfunctions other than those associated with PD and no diagnosed vestibular, visual, or somatosensory dysfunctions as self-declared.



Stabilography

The stabilography evaluation was based on the most common practices used in research laboratories (for a review, see Duarte and Freitas, 2010; Scoppa et al., 2013; Paillard and Noe, 2015). We evaluated the patients' balance while standing still for 30 s, in each of four different conditions: on a rigid surface with eyes open; on a rigid surface with eyes closed; on an unstable surface with eyes open; on an unstable surface with eyes closed. Each condition was performed three times, and the order of the conditions was randomized among patients. For the rigid surface conditions, the subjects stood on a 40 × 60 cm force platform (OPT400600-1000; AMTI, Watertown, MA, USA) under the foot, and for the unstable surface conditions, the subjects stood on a 6-cm high foam block (Balance Pad; Airex AG, Sins, Switzerland) placed on the force platform. In all conditions, the patients were required to stand barefoot and as still as possible with their arms at their sides and look at a 5 cm round black target placed on the subject's eye height on a wall 3 m ahead. For the trials where the eyes were kept closed, patients were first instructed to look at the target with eyes open, find a stable and comfortable posture, and close their eyes. A few seconds later, the data acquisition started. For all the trials, the patient's feet were placed with an angle of 20 degrees between them, and their heels were kept 10 cm apart by asking the subjects to stand on lines marked on the top of the force platforms and on the foam blocks (for a review see Santos and Duarte, 2016). The trials were conducted in an 11.5 × 9.3 m room with white walls and adequate illumination. The data acquisition of the GRF was performed at a sampling frequency of 100 Hz with the Cortex software version 7.0 (Motion Analysis, Santa Rosa, CA, USA).



Protocol

We followed the following procedure for the stabilography (based on Santos and Duarte, 2016):

1. The force platform was zeroed according to the equipment's manuals.

2. The researcher explained to each patient the process of data collection. The patient was informed that he or she would be monitored during the data collection and that there should not be any verbal communication during the trials but that he or she could interrupt the data collection if desired and that assistance would be given if necessary.

3. After these explanations, the patient signed the informed consent form.

4. The researcher interviewed the subject to collect information about his or her clinical data, medication, and diagnosis of the disease.

5. At the beginning of each session, two experienced researchers in movement disorders applied the following scales: UPDRS-II and UPDRS-III (Fahn and Elton, 1987), H&Y (Hoehn and Yahr, 2001), NFOG-Q (Nieuwboer et al., 2009), MoCA (Nasreddine et al., 2005), Mini-BESTest (Horak et al., 2009), and FES-I (Yardley et al., 2005). The assessments of each item on the scales were given by consensus among researchers.

6. Participants rested for 10 min.

7. The researcher instructed the patient how to stand on the force platform according to the task (with open or closed eyes and standing on a rigid or unstable surface). The patient's feet were positioned on the marks at the force platform or on the foam blocks. The researcher instructed the patient to maintain the position of his or her arms along his or her body and to stand as still as possible. During the trials, with the patient's eyes open, the patients were told to fix their gaze ahead on the round black target placed on the wall at the patient's eye level. During the trials with eyes closed, the patients were told to fix their gaze ahead at the same target, close their eyes when they felt ready, and only open them when the researcher indicated that the trial was over.

8. The researcher started the data collection around 5 s later when the patient said he or she was ready.

9. At the end of the trial, the subject was assisted to step from the force platform, and he or she could rest (and sit if desired) for about one minute before the subsequent trial.

10. If the subject was unable to complete a 30 s trial, the test was stopped.



Data Acquisition and Processing

The force platform data were smoothed with a 10 Hz fourth-order zero-lag low-pass Butterworth filter, and the center of pressure (CoP) was calculated according to the standard formula (Santos and Duarte, 2016). The GRF data (including CoP) was transformed from the coordinate systems of the force platform into the laboratory coordinate system (the coordinate system created by the motion capture system) via transformation matrices using the Cortex software. As a result, the data is presented as the mediolateral, anteroposterior, and vertical components of CoP, force, the moment of force, and the free moment of force. The free moment of force is the moment around the normal to the force plate on the subject's foot.




RESULTS

All the data is available at Figshare (doi: https://doi.org/10.6084/m9.figshare.13530587); the data is stored in ASCII (text) format with tab-separated columns that can be downloaded as a single compressed file that is made available under the CC0 1.0 license (https://creativecommons.org/publicdomain/zero/1.0/). The data set comprises a file with metadata plus 767 files with the GRF for the 32 patients in each medication condition.

The clinical characteristics of the patients are presented in Table 1.


Table 1. Mean (standard deviation) of the characteristics of the participants separately by medication condition.
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Metadata

The metadata file named PDDSinfo.txt contains 39 information from the anamnesis and clinical scales of each patient. Here is the coding for the metadata:

1. ID: the file name of the stabilography trial (PDPDSXX, in which PDPDS stands for the project's name (Parkinson's Disease Posture Data Set); XX identifies the patient and varies from 01 to 32.

2. Gender: gender (F or M).

3. Age: patient's age in years.

4. Height (cm): height in meters (measured with a calibrated stadiometer).

5. Weight (kg): weight in kilograms (measured with a calibrated scale).

6. BMI (kg/m2): body mass index in kg/m2.

7. Ortho-Prosthesis: name of the orthosis or prosthesis the subject wears (“No” if the patient did not wear any orthosis or prosthesis).

8. Years of formal study: years of formal education.

9. Disease duration (years): year from diagnosis.

10. L-Dopa equivalent units (mg•day−1): total daily levodopa equivalent dose in mg•day−1 according to Tomlinson et al. (2010).

11. FoG group: presence (freezers) or not (non-freezers) of freezing of gait.

12. NFoG-Q (score): score of New Freezing of Gait Questionnaire.

13. PIGD or TD: Postural Instability/Gait Difficulty (PIGD) or Tremor Dominant (TD) phenotypes of Parkinson's disease according to Stebbins et al. (2013).

14. Initial symptoms: self-reported initial symptoms.

15. Is there a family history of PD? Who?

16. Do you feel improvement after using the antiparkinsonian medicine?: Yes or No.

17. Have you ever had any surgery? Which?

18. Any rehabilitation or physical activity?: name of the rehabilitation or physical activity performed by the patient (“No” if the patient did not perform any rehabilitation or physical activity).

19. Other diseases (cardiovascular, bone, etc.): name of the disability of the patient (“No” if the patient did not present any disability).

20. ON—Hoehn & Yahr: Hoehn & Yahr score in the ON medication.

21. ON—MoCA: MoCA score in the ON medication.

22. ON—UPDRS-II: total score of the UPDRS-II in the ON medication.

23. ON—UPDRS-III: total score of the UPDRS-III in the ON medication.

24. ON—UPDRS-III—Rigidity: score of item 5—rigidity of UPDRS-III in the ON medication.

25. ON—UPDRS-III—Gait: score of item 12—rigidity of UPDRS-III in the ON medication.

26. ON—UPDRS-III—Bradykinesia: score of item 14—bradykinesia of UPDRS-III in the ON medication.

27. ON—UPDRS-III—Dyskinesia: score of item 15—dyskinesia of UPDRS-III in the ON medication.

28. ON—miniBESTest: miniBESTest score in the ON medication.

29. ON—FES-I: FES-I score in the ON medication.

30. OFF—Hoehn & Yahr: Hoehn & Yahr score in the OFF medication.

31. OFF—MoCA: MoCA score in the OFF medication.

32. OFF—UPDRS-II: total score of the UPDRS-II in the OFF medication.

33. OFF—UPDRS-III: total score of the UPDRS-III in the OFF medication.

34. OFF—UPDRS-III—Rigidity: score of item 5—rigidity of UPDRS-III in the OFF medication.

35. OFF—UPDRS-III—Gait: score of item 12—rigidity of UPDRS-III in the OFF medication.

36. OFF—UPDRS-III—Bradykinesia: score of item 14—bradykinesia of UPDRS-III in the OFF medication.

37. OFF—UPDRS-III—Dyskinesia: score of item 15—dyskinesia of UPDRS-III in the OFF medication.

38. OFF—miniBESTest: miniBESTest score in the OFF medication.

39. OFF—FES-I: FES-I score in the O OFF medication.



Ground Reaction Force Data

Each text file with the GRF data is named by the corresponding condition and trial (PDPDSXX_MED_COND_TRIAL.txt, XX identifies the patient and varies from 01 to 32; MED identifies the medication condition and can be ON or OFF; COND identifies the stabilography condition and is either RS_EO, RS_EC, US_EO or US_EC, with RS rigid surface, US unstable surface, EO eyes open and EC eyes closed; and Z identifies the number of repetitions and varies from 1 to 3). The header refers to the signal at each column and are:

1. Time: Time in s.

2. GRFml [N]: mediolateral Ground Reaction Force (GRF) in N.

3. GRFap [N]: anteroposterior GRF in N.

4. GRFv [N]: vertical GRF in N.

5. Mml [N.m]: mediolateral moment of force in N.m.

6. Map [N.m]: anteroposterior moment of force in N.m.

7. Mml [N.m]: vertical moment of force in N.m.

8. Mfree [N.m]: Free Moment at the direction Y in Nm.

9. CoPml [m]: mediolateral center of pressure in m.

10. CoPap [m]: anteroposterior center of pressure in m.




DISCUSSION

This study provides a publicly available data set with qualitative and quantitative evaluations related to the balance of PD patients. All the data is available at Figshare (doi: https://doi.org/10.6084/m9.figshare.13530587).

These measures are relevant for the scientific community, considering the current research on balance in people with Parkinson's disease found in the literature, especially about the involvement of dopaminergic medication on the motor and cognitive aspects of these patients, and muscle weakness especially in the subtype characterized by PIGD.

We hope that the availability of this set of public data will contribute to research on postural control in PD patients since this topic is highly relevant, both for the pathophysiological and biomechanical understanding of the imbalances that affect this population, as well as for the evolution of therapeutic strategies, which still lack effective responses.
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