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Abstract

:

Balance disorders are very frequent in Parkinson’s disease (PD). One-leg stance performance is a predictor of fall risk. We investigated one-leg stance strategies in people with PD. We hypothesized that patients would choose, and better perform on, the leg on the least affected body side. Fifty participants with 2 to 19 years of PD duration stood on one leg while ON medication. The leg spontaneously chosen was recorded. Performance was compared between the spontaneously chosen vs. contralateral, and most vs. least stable legs. Influence of disease duration, severity, age, cognition, and motor fluctuations was analyzed. Twenty-eight patients spontaneously stood on the leg of the least affected body side, which was not always the most stable one. The chosen standing leg was influenced by disease duration with a switch between the least vs. most affected body side after seven years of disease duration. Fourteen patients (28%) spontaneously stood on their least stable leg. Thus, some patients with PD choose the least stable leg when asked to perform one-leg stance. It is important to identify these patients since they may be at greater risk of falls and/or gait difficulties. Specific rehabilitation may help prevent such maladaptive strategy.
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1. Introduction


Balance impairment is a common axial sign in advanced Parkinson’s disease (PD) that can greatly impact patients’ independence and quality of life [1]. While it may not be much performed under static conditions in daily life, one-legged stance reflects the quality of balance control [2]. Several studies [3,4] have shown that the quality of one-leg support is an independent predictor of risk of falling after 60 years of age. Indeed, performance of one-leg stance is measured in numerous scales assessing balance and postural control (e.g., Berg balance test, Tinetti test, Gait and Balance Scale, etcetera) [5].



The spontaneous choice of the support foot for unipodal stance tests is not a random phenomenon [6,7,8,9,10]. It presents very strong agreement (86% in men, 95% in women) with the self-reported leg dominance as assessed using the Waterloo Footedness Questionnaire-Revised [11], and is generally the most stable leg (86% in men, 95% in women) [12]. The spontaneously chosen stance foot is also that on which one stays while initiating gait, stepping on place, or kicking [9]. This functional bias has led to the concept of “postural foot”, designating the leg involved in balance control, as opposed to the “motor foot”, i.e., the contralateral leg performing the action [8,9,13]. Leg dominance is progressively established during childhood [14,15]. Such functional asymmetry in the coordination of limb movements reflects the asymmetry of brain organization [9,16].



Despite the abundant scientific literature describing axial disorders in advanced PD, the balance strategies developed by patients or their relation to the asymmetrical aspect of the disease are poorly documented. The asymmetric nature of PD pathophysiology leads to asymmetry in motor signs [17] and may interfere with the leg dominance established since childhood. Accordingly, the most stable side for one-leg balance in people with PD could be determined by an interaction between the initial lateralization and the asymmetrical severity of the disease. In addition, the most stable side may change across the course of the disease, depending on PD-related symptoms’ asymmetry, motor fluctuations or other factors. Whatever the outcome of such interaction, one would expect the support foot spontaneously chosen by patients with PD for one-leg stance to be the most effective for maintaining balance, i.e., the most stable. Thus, patients may develop a balance strategies strategy consisting of choosing to stand on the leg least affected by the disease, whether or not this was their initial postural leg. Compensation for balance control asymmetry by increased contribution of the leg of the least affected body side has been observed in response to sinusoidal platform perturbations in patients with asymmetrical disease [18].



To better understand one-leg balance strategies in patients with PD, we investigated their spontaneous choice and balance performance when asked to perform one-leg stance. We hypothesized that patients would choose the leg on the least affected body side, and that standing on that leg would prove more stable than standing on the leg of the most affected body side, i.e., this choice would reflect an adaptive strategy. We also examined whether the balance strategy was consistent across patients with different disease duration.




2. Materials and Methods


2.1. Subjects


People with PD were consecutively recruited at the Movement Disorders unit of the Centre Hospitalier Universitaire Grenoble Alpes (CHUGA), France. Inclusion criteria were: aged between 30 and 80 years; disease duration ≥ 2 years; asymmetrical motor symptoms defined as a two-point difference in the total scores of right and left appendicular “akinesia” and “rigidity” items (3.3–3.8) of the Movement Disorders Society—Unified Parkinson’s Disease Rating Scale part III (MDS-UPDRS-III) [19]; dopaminergic medication stable over the three months preceding inclusion. Exclusion criteria were: postural disorders caused by traumatic, rheumatologic, orthopedic or neurological disorder other than PD; deep brain stimulation or other surgeries for PD; cognitive deficit (Mattis Dementia Rating Scale, MDRS, score < 130) [20]; scores >3 on gait (items 3.10) and posture (item 3.13) of the MDS-UPDRS III.



The study was approved by the local ethic committee (IRB 5891), and patients gave written informed consent.




2.2. Assessments


Assessments were performed in the early morning, while patients were in their ON medication condition, i.e., about one hour after their usual medication intake. In all patients, PD treatment was optimized, and patients had confirmed that they felt in their “best ON” at the time of the evaluations. Assessments included the MDS-UPDRS parts III and IV, and a one-leg stance test. For the latter, patients were asked to stand on one limb for up to 40 s. Instructions were given orally, without demonstration, in order not to bias the spontaneous choice of standing leg and the chosen leg was recorded. After this first trial, they were asked to stand on the other leg. The duration of stance was recorded.




2.3. Primary and Secondary Outcomes


The main outcomes were the leg (least affected vs. most affected body side) spontaneously chosen by the patients, and the duration of one-leg stance. To determine the least affected body side, the sum of the lateral scores for items 3.3 to 3.8 of the MDS-UPDRS-III were computed. The most stable leg was defined as that whereby one-limb stance duration was the longest.



Secondary outcomes were the difference in performance between the most vs. least stable leg, and the relationship between PD duration and the one-leg stance strategy. To that end, the distributions of spontaneously chosen leg (least vs. most affected side) were plotted against duration of disease to identify possible disease duration cut-off values defining two groups.




2.4. Statistical Analysis


Control of the assumptions for parametric statistics showed that performance data were not normally distributed. Therefore, non-parametric statistics were used. Wilcoxon tests were used on the whole sample to compare the duration of one-leg stance on the chosen vs. opposite legs, as well as most vs. least stable legs.



The link between demographical characteristics (age, PD duration, MDS-UPDRS III, MDS-UPDRS IV, medication dosage (using the levodopa equivalent daily dose, LEDD), and MDRS score) and one-limb stance performance was examined using Spearman correlations.



For the secondary outcomes, the Fisher exact test was used to examine the relation between the spontaneously chosen support leg and the most affected body side in the two groups defined based on disease duration distribution. Then, performance and differences in demographical characteristics between the two groups defined on the basis of the leg chosen for the first trial (most affected vs. least affected body side) were examined using non-parametric Mann-Whitney (between groups) and Wilcoxon (within groups) tests.



A p < 0.05 was considered significant. Statistical analyses were performed using Statistica (Statistica Advanced 12.6 Dell Software Group) and JASP (JASP Team (2022). JASP (Version 0.15)).





3. Results


Fifty patients with PD were included within a 3-year period of inclusion. Their demographic characteristics are presented in Table 1. The most affected body side was the right side in twenty-one patients, while two patients had symmetrical disease at the time of inclusion. None of the patients presented with dyskinesia or dystonia during the evaluation session.



3.1. Whole Group Analyses


Twenty-eight patients (56%) spontaneously stood on the leg of the least affected body side, whereas twenty-two patients chose the most affected side. There was no significant difference in stance duration between the two legs (Table 2). However, comparison of stance duration on the most vs. least stable leg revealed a significant difference (p < 0.01) (Table 2), suggesting that some patients did not spontaneously chose their most stable leg to stand on. Indeed, 14 patients (28%) spontaneously stood on their least stable leg, whether or not it was the leg on the least affected body side. Twelve patients (24%) were able to maintain balance during 40 s on either leg.



There was an effect of disease duration on the choice of the leg to stand on (Figure 1, upper panel). Patients who spontaneously stood on the leg of the least affected body side had significantly shorter disease durations (p < 0.01). In addition, they outperformed patients who chose the leg on the most affected body side (chosen leg p < 0.05; opposite leg p < 0.01). There was no difference in disease duration between patients who chose their least vs. most stable leg (Figure 1, lower panel). Notably, ten of the fourteen patients who chose to stand on their least stable leg had freezing of gait (FOG, eight) or falls (four), two having both, compared to ten among the thirty-six other patients (seven with FOG, five with falls, and two having both).



In the total sample, correlations were significant between one-leg stance duration and age (spontaneously chosen leg: rho = −0.38, p < 0.01; least stable leg: rho = −0.28, p < 0.05). In addition, for the least stable leg only, the correlation between one-leg stance duration and disease duration (rho = −0.29, p = 0.05) and MDRS score (rho = 0.32, p < 0.05) were also significant. There was no significant correlation between one-leg stance performance and MDS-UPDRS IV and MDS-UPDRS III scores or with LEDD. Thus, altogether, one-limb stance performance decreased with age, and, as disease duration or cognitive dysfunction progressed, it decreased on the least stable leg.




3.2. Secondary Outcomes


The distribution of the spontaneously chosen leg (least vs. most affected body side) as a function of disease duration suggested that patients with PD duration up to seven years mostly chose to stand on the leg of the least affected body side, whereas patients with longer disease duration preferentially chose the leg of the most affected body side (Figure 1, upper panel). Therefore, patients were divided into a group with disease duration ≤7-year (G1, 25 patients) and a group with >7-year disease duration (G2, 25 patients). Fisher exact test confirmed that G1 patients spontaneously chose the leg on the least affected body side (p < 0.01), whereas G2 patients stood on the leg of the most affected body side (p < 0.05). The difference in age between the two groups fell short of significance, with patients of G2 being somewhat older than patients of G1 (62.3 years vs. 57.4 years, p = 0.051). LEDD, MDS-UPDRS-III, MDS-UPDRS-IV and MDRS scores did not differ between the two groups.



A comparison of stance duration between the two groups failed to show any significant difference when patients stood on their spontaneously chosen leg or on their most stable one (Table 3). On the contrary, stance duration differed between the two groups when standing on the leg opposite to the spontaneously chosen one, or on the least stable (ps < 0.05). In both cases, stance duration in G1 greater than in G2, in line with the correlational outcomes in the whole sample.



Within group comparisons showed that there was no significant difference in stance duration between the spontaneously chosen and opposite legs in either group, but stance duration on the most stable leg was greater than on the least stable leg (G1: p < 0.001; G2: p < 0.001; Table 3). So, whatever the group, some patients did not choose their most stable leg to stand on.



An additional analysis was run to try and identify demographic factors predicting the choice of the least stable leg to stand on. Logistic regression showed that age and the MDS-UPDRS III total score had a significant predictive value (p < 0.01, p = 0.01 respectively). Older age and lower MDS-UPDRS III total score increased the risk of standing on the least stable leg.





4. Discussion


The aim of this study was to better understand one-leg balance strategies in people with PD. We had hypothesized that patients would choose the leg of the least affected body side to perform the task, and that performance, i.e., stance duration on that leg would be better than performance on the opposite leg. Our results did not support these hypotheses. First, only 28/50 patients (56%) chose to stand on the leg of the least affected body side, and that leg was not the most stable in nine of them (almost one-third of cases). In addition, in 17 out of the 22 patients (77%) who chose to stand on the leg of the most affected body side, the performance on that leg was better than or equal to performance on the opposite leg. Thus, whether spontaneously standing on the leg of the least or most affected body side, most patients selected their most stable leg (72% of the whole sample, and 63% of the patients with asymmetrical balance performance). Disease duration influenced the patients’ choice, with patients with longer duration preferentially choosing the leg on the most affected body side. However, disease duration did not influence performance on the most stable leg.



Remarkably, 14 patients (28% of the sample) opted to stand on their least stable leg, representing 40% of the patients with a difference in performance between the two legs. FOG, falls, or both were very frequent in this sub-group. This maladaptive choice was independent on disease duration.



4.1. One-Leg Stance Strategy in Patients with PD


As expected, performance of one-leg stance decreased with age, and with disease duration and cognitive dysfunction [1,21], although these two factors only influenced performance on the least stable leg. More importantly, disease duration influenced one-leg stance strategy. Most patients with disease duration up to seven years chose the leg of the least affected body side, an adaptive choice in only two-thirds of the cases. Conversely, most patients with longer disease evolution chose the leg on the most affected body side, and that leg was also the most efficient for one-leg stance. Indeed, while one-leg stance stability on the least stable leg decreased with disease duration, it was not so for stability on the spontaneously chosen leg. Thus, these results raise the intriguing possibility that patients with PD switch preferential standing-leg over the course of the disease. Early on, they tend to choose the leg on the least affected side, although it may not be the most stable. Such choice may result from the interactions between lifelong motor organization with a dominant postural leg established during childhood and disease development leading to a greater degradation of motor control on one side than on the other. Indeed, patients may face one of two possibilities: (1) a congruence between dominant postural leg and asymmetry of the disease, the latter initially sparing the dominant leg (this would lead to spontaneously standing on the least affected, also the most stable, leg, i.e., an adaptive strategy); (2) a conflict between the dominant postural leg and a disease preferentially affecting that leg. As a result, patients may be led to spontaneously stand on the least affected leg, which, not being their postural dominant leg, is less stable. In other words, the conflict may lead to a maladaptive strategy. As the disease progress, patients may switch to preferentially standing on the leg of the most affected body side, which proves the most stable leg in most instances.



While confirmation of such a switch in preferential standing leg would require longitudinal data, the notion that the leg on the most affected body side may become the more stable with increasing disease duration is supported by several arguments. It could be related to the effects of dopaminergic medication, as the patients were assessed in the ON medication condition. While reports on the effect of levodopa on postural stability have been contradictory [22,23], posturographic recordings have shown that center of pressure displacement is greater with than without medication [24]. In addition, stiffening is a relevant strategy to facilitate balance control, as it minimizes postural sway and decreases the number of degrees of freedom to be controlled [25]. Stiffening the support limb may be easier for the leg that is already stiffer in an asymmetrical disease such as PD. Comparison of the rigidity-akinesia sub-scores of the two legs lends further support to this hypothesis, as the rigidity-akinesia sub-score of the chosen leg was significantly greater than that of the opposite leg in the G2 group (2.6 ± 1.4 vs. 1.8 ± 1.4), that preferentially stood on the most affected leg, whereas the opposite was true in G1 (1.6 ± 1.5 vs. 2.9 ± 1.5).



Another hypothesis would lay in the development of motor fluctuations after several years of dopaminergic treatment. However, in our specific sample, there were no differences in MDS-UPDRS IV-scores between G1 and G2, and, more importantly, dyskinesia would be expected to more severely affect the most affected body side, leading patients to choose to stand, and be more stable, on the leg of the least affected body side rather than on the opposite leg. In addition, while the development of dyskinesia is related to dopaminergic medication dosage, there was no difference in LEDD between the two groups, further arguing against an effect of dyskinesia in the outcomes of this study.



Whatever the reason for the switch in preferred standing leg when disease duration increases, if it actually occurs, it would appear particularly relevant as the link between one-leg stance performance and disease duration was only significant for the least efficient leg.




4.2. Maladaptive One-Leg Stance Strategy in People with PD


While there were no differences in one-leg stance duration between the chosen and opposite legs in either group of patients, there were significant differences between the most and least stable legs. This may seem contradictory, as most patients’ preferred leg was also the most stable. However, in 12 patients (24%), performance was identical on the two legs, whereas the difference in performance between the two legs was greatest in the 14 patients who chose their least stable leg. Thus, the strategy chosen by these patients appears clearly maladaptive, possibly making them more prone to FOG or falls. Indeed, ten out of these 14 patients (71%) had either FOG or falls, against ten out of the 36 patients (28%) who chose their most stable leg. The outcome of the logistic regression revealed that older age and lesser disease severity, as reflected by the MDS-UPDRS part III total score, were predictive of inappropriate choice, whereas disease duration, MDS-UPDS part IV or MDRS scores were not.



Identifying such maladaptive choice, and providing training targeting an appropriate one-leg balance strategy, could be particularly relevant as one-leg stance has been related to risk of falls in individuals over 60 years of age [4] and in people with PD [25]. In addition, one study reported abnormalities resembling FOG in anticipatory postural adjustments preceding automatic stepping response [26]. Finally, gait initiation is slower in patients with PD than in healthy controls, due to difficulties in weight transfer between the swing and stance legs prior to the first step [27].



Systematically testing one-leg stance as disease progresses and providing relevant training might help prevent upcoming gait and balance difficulties. Such training should aim at helping patients more readily use their most efficient postural leg and transfer weight onto it for step initiation, in order to facilitate gait onset, delay the emergence of FOG, and reduce risk of falling. While such effects await confirmation, effective training would be of paramount importance for preventing FOG, which, once installed, is very resistant to medical or surgical interventions [1,27]. Furthermore, a recent meta-analysis concluded that one-leg stance training leads to balance improvement in the healthy population [2].




4.3. Influence of Patients’ Characteristics on One-Leg Stance


As expected, one-leg stance performance decreased with age, and, to some extent, disease duration and the MDRS score [25,28,29]. A number of studies have shown a link between cognitive function and balance control [28,29,30,31,32]. Such link, however, is not specific to PD and is also seen in healthy controls [33,34]. Remarkably, the MDRS scores did not differ between G1 and G2, while disease duration did, and patients of G2 tended to be older than patients of G1, comforting a general effect of age on one-leg balance. The lack of link between MDRS score and one-leg stance performance when patients stood on their preferred leg further suggests that cognitive function did not explain the effects observed in the present study. Together with the lack of differences in MDRS scores between patients who chose the least vs. most stable leg to stand on, it appears that the relationship between cognitive function and one-leg balance performance reflected a general effect of aging. Of note, however, in our cohort the patients with longest disease duration were candidates for deep brain stimulation, for which cognitive impairment is a contra-indication. Thus, they may not be representative of the larger PD population, and cognitive status should not be overlooked when trying to anticipate on balance issues or design specific training.




4.4. Limits of the Study


The present study has some limitations. First, although very large for this type of study, the sample size remains somewhat limited. In addition, although commonly used, the two-point difference between right and left symptoms’ severity might be insufficient to consider the disease as truly asymmetrical.



One should also note that the chosen methodology involved a stance test of predefined maximal duration, rather than asking participants to stand as long as possible, leading to ceiling effects in a significant proportion of the participants. Indeed, almost a quarter of the patients reached the maximal duration with both legs. More importantly, while the so-called postural leg is overwhelmingly preferred by individuals when asked to perform a one-leg stance test [11], it is not possible to exclude that some patients could have purposefully decided to perform the test with their least performing leg, although as they were not told that they would have next to stand on the other leg, this appears unlikely.



Finally, the mechanisms underlying lateral differences in balance control and the switch in one-leg stance efficacy remain elusive [6,7,10].





5. Conclusions


The results of the present study suggest that the most efficient strategy for one-leg balance control may change with PD progression. Whereas most patients secured optimal one-leg balance control, an important proportion chose their least stable leg to stand on. These patients may be at greater risk of FOG and falls. Altogether, this argues for developing and testing specific balance training for patients with PD to identify maladaptive strategies and provide proper rehabilitation.







Author Contributions


E.C.: methodology, data acquisition, statistical analysis, funding acquisition. E.M.: editing, review, supervision. P.P.: data curation, review. A.C.: data acquisition, review. P.K.: methodology, funding acquisition. V.F.: data acquisition, review. B.D.: data curation, statistical analysis, writing original draft, review. All authors have read and agreed to the published version of the manuscript.




Funding


The research was funded by the Acting Foundation for Chronic Diseases (AGIR Fund for Chronic Diseases).




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to ethical restrictions.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Debû, B.; Godeiro, C.D.O.; Lino, J.C.; Moro, E. Managing Gait, Balance, and Posture in Parkinson’s Disease. Curr. Neurol. Neurosci. Rep. 2018, 18, 23. [Google Scholar] [CrossRef]

	



Marcori, A.J.; Monteiro, P.H.M.; A Oliveira, J.; Doumas, M.; A Teixeira, L. Single Leg Balance Training: A Systematic Review. Percept. Mot. Ski. 2022, 129, 232–252. [Google Scholar] [CrossRef]

	



Tinetti, M.E.; Williams, T.F.; Mayewski, R. Fall risk index for elderly patients based on number of chronic disabilities. Am. J. Med. 1986, 80, 429–434. [Google Scholar] [CrossRef] [PubMed]

	



Vellas, B.J.; Ms, S.J.W.; Romero, L.; Baumgartner, R.N.; Rubenstein, L.; Garry, P.J. One-Leg Balance Is an Important Predictor of Injurious Falls in Older Persons. J. Am. Geriatr. Soc. 1997, 45, 735–738. [Google Scholar] [CrossRef]

	



Riemann, B.L.; Schmitz, R. The relationship between various modes of single leg postural control assessment. Int. J. Sports Phys. Ther. 2012, 7, 257–266. [Google Scholar] [PubMed]

	



Gabbard, S.H.C. Examining the Stabilising Characteristics of Footedness. Laterality 1997, 2, 17–26. [Google Scholar] [CrossRef] [PubMed]

	



Gabbard, C.; Hart, S. A Question of Foot Dominance. J. Gen. Psychol. 1996, 123, 289–296. [Google Scholar] [CrossRef]

	



Wang, Z.; Newell, K.M. Footedness exploited as a function of postural task asymmetry. Laterality 2013, 18, 303–318. [Google Scholar] [CrossRef] [PubMed]

	



Previc, F.H. A general theory concerning the prenatal origins of cerebral lateralization in humans. Psychol. Rev. 1991, 98, 299–334. [Google Scholar] [CrossRef]

	



Peters, M. Footedness: Asymmetries in foot preference and skill and neuropsychological assessment of foot movement. Psychol. Bull. 1988, 103, 179–192. [Google Scholar] [CrossRef]

	



Elias, L.J.; Bryden, M.; Bulman-Fleming, M. Footedness is a better predictor than is handedness of emotional lateralization. Neuropsychologia 1998, 36, 37–43. [Google Scholar] [CrossRef] [PubMed]

	



van Melick, N.; Meddeler, B.M.; Hoogeboom, T.J.; Nijhuis-van der Sanden, M.W.G.; van Cingel, R.E.H. How to determine leg dominance: The agreement between self-reported and observed performance in healthy adults. PLoS ONE 2017, 12, e0189876. [Google Scholar] [CrossRef]

	



Bacelar, A.M.; Teixeira, L.A. Footedness across ages: Distinction between mobilization and stabilization tasks. Laterality 2014, 20, 141–153. [Google Scholar] [CrossRef]

	



Gentry, V.; Gabbard, C. Foot-Preference Behavior: A Developmental Perspective. J. Gen. Psychol. 1995, 122, 37–45. [Google Scholar] [CrossRef]

	



Gabbard, C. Foot Laterality in Children, Adolescents, and Adults. Laterality 1996, 1, 199–206. [Google Scholar] [CrossRef]

	



Carey, D.P.; Smith, D.T.; Martin, D.; Smith, G.; Skriver, J.; Rutland, A.; Shepherd, J.W. The bi-pedal ape: Plasticity and asymmetry in footedness. Cortex 2009, 45, 650–661. [Google Scholar] [CrossRef]

	



Castrioto, A.; Piscicelli, C.; Pérennou, D.; Krack, P.; Debû, B. The pathogenesis of Pisa syndrome in Parkinson’s disease. Mov. Disord. 2014, 29, 1100–1107. [Google Scholar] [CrossRef]

	



Boonstra, T.A.; Schouten, A.C.; Van Vugt, J.P.P.; Bloem, B.R.; Van Der Kooij, H. Parkinson’s disease patients compensate for balance control asymmetry. J. Neurophysiol. 2014, 112, 3227–3239. [Google Scholar] [CrossRef]

	



Goetz, C.G.; Tilley, B.C.; Shaftman, S.R.; Stebbins, G.T.; Fahn, S.; Martinez-Martin, P.; Poewe, W.; Sampaio, C.; Stern, M.B.; Dodel, R.; et al. Movement Disorder Society-sponsored revision of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS): Scale presentation and clinimetric testing results. Mov. Disord. 2008, 23, 2129–2170. [Google Scholar] [CrossRef] [PubMed]

	



Schmidt, R.; Freidl, W.; Fazekas, F.; Reinhart, B.; Grieshofer, P.; Koch, M.; Eber, B.; Schumacher, M.; Polmin, K.; Lechner, H. The Mattis Dementia Rating Scale: Normative data from 1,001 healthy volunteers. Neurology 1994, 44, 964. [Google Scholar] [CrossRef]

	



Kim, S.D.; Allen, N.E.; Canning, C.G.; Fung, V.S.C. Postural Instability in Patients with Parkinson’s Disease. CNS Drugs 2013, 27, 97–112. [Google Scholar] [CrossRef] [PubMed]

	



Beuter, A.; Hernández, R.; Rigal, R.; Modolo, J.; Blanchet, P.J. Postural Sway and Effect of Levodopa in Early Parkinson’s Disease. Can. J. Neurol. Sci. J. Can. des Sci. Neurol. 2008, 35, 65–68. [Google Scholar] [CrossRef]

	



Curtze, C.; Nutt, J.G.; Carlson-Kuhta, P.; Mancini, M.; Horak, F.B. Levodopa Is a Double-Edged Sword for Balance and Gait in People With Parkinson’s Disease. Mov. Disord. 2015, 30, 1361–1370. [Google Scholar] [CrossRef] [PubMed]

	



Horak, F.B.; Mancini, M. Objective biomarkers of balance and gait for Parkinson’s disease using body-worn sensors. Mov. Disord. 2013, 28, 1544–1551. [Google Scholar] [CrossRef]

	



Lord, S.; Galna, B.; Yarnall, A.; Coleman, S.; Burn, D.; Rochester, L. Predicting first fall in newly diagnosed Parkinson’s disease: Insights from a fall-naïve cohort. Mov. Disord. 2016, 31, 1829–1836. [Google Scholar] [CrossRef]

	



Jacobs, J.V.; Nutt, J.G.; Carlson-Kuhta, P.; Stephens, M.; Horak, F.B. Knee trembling during freezing of gait represents multiple anticipatory postural adjustments. Exp. Neurol. 2009, 215, 334–341. [Google Scholar] [CrossRef]

	



Nieuwboer, A.; Giladi, N. Characterizing freezing of gait in Parkinson’s disease: Models of an episodic phenomenon. Mov. Disord. 2013, 28, 1509–1519. [Google Scholar] [CrossRef]

	



Zawadka-Kunikowska, M.; Zalewski, P.; Klawe, J.J.; Pawlak, J.; Tafil-Klawe, M.; Kędziora-Kornatowska, K.; Newton, J.L. Age-related changes in cognitive function and postural control in Parkinson’s disease. Aging Clin. Exp. Res. 2014, 26, 505–510. [Google Scholar] [CrossRef]

	



Dirnberger, G.; Jahanshahi, M. Executive dysfunction in Parkinson’s disease: A review. J. Neuropsychol. 2013, 7, 193–224. [Google Scholar] [CrossRef]

	



Marchese, R.; Bove, M.; Abbruzzese, G. Effect of cognitive and motor tasks on postural stability in Parkinson’s disease: A posturographic study. Mov. Disord. 2003, 18, 652–658. [Google Scholar] [CrossRef]

	



Lee, J.M.; Koh, S.-B.; Chae, S.W.; Seo, W.-K.; Kwon, D.Y.; Kim, J.H.; Oh, K.; Baik, J.S.; Park, K.W. Postural Instability and Cognitive Dysfunction in Early Parkinson’s Disease. Can. J. Neurol. Sci. J. Can. des Sci. Neurol. 2012, 39, 473–482. [Google Scholar] [CrossRef]

	



Kelly, V.; Johnson, C.; McGough, E.; Shumway-Cook, A.; Horak, F.; Chung, K.; Espay, A.; Revilla, F.; Devoto, J.; Wood-Siverio, C.; et al. Association of cognitive domains with postural instability/gait disturbance in Parkinson’s disease. Park. Relat. Disord. 2015, 21, 692–697. [Google Scholar] [CrossRef]

	



Leandri, M.; Campbell, J.; Molfetta, L.; Barbera, C.; Tabaton, M. Relationship Between Balance and Cognitive Performance in Older People. J. Alzheimer’s Dis. 2015, 45, 705–707. [Google Scholar] [CrossRef]

	



Lord, S.R.; Delbaere, K.; Sturnieks, D.L. Aging. In Handbook of Clinical Neurology; Elsevier: Amsterdam, The Netherlands, 2018; Volume 159, pp. 157–171. [Google Scholar] [CrossRef]








[image: Symmetry 14 02511 g001 550] 





Figure 1. Plots of data distribution for spontaneous support leg as a function of disease duration. Upper panel: least affected vs. most affected body side. Lower panel: most stable vs least stable. 
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Table 1. Demographical characteristics of the study population (N = 50).
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	Age (years)
	57.5 ± 9.6



	Gender (M/W)
	36/14



	PD duration (years)
	7.5 ± 3.6



	MDS-UPDRS III ON Med (/132)
	21.8 ± 7.8



	MDS-UPDRS IV (/24)
	7.0 ± 3.9



	MDRS (/144)
	138.8 ± 3.8



	Medication (LEDD)
	1004.1 ± 424.8



	FOG/Falls (Number of patients)
	9/15







Unless otherwise specified, data are presented as mean ± standard deviation; FOG: freezing of gait.













[image: Table] 





Table 2. Disease duration and one-leg stance performance in the two groups defined as a function of leg spontaneously chosen (referred to as preferred leg).
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	Total Sample

(N = 50)
	Least Affected Body Side

(N = 28)
	Most Affected Body Side

(N = 22)





	Disease duration (years)
	7.5 ± 3.6
	4.7 ± 1.8
	10.4 ± 2.6 *



	Stance duration preferred leg (sec)
	26.2 ± 13.9
	29.9 ± 13.1
	21.4 ± 13.5 *



	Stance duration opposite leg (sec)
	25.8 ± 15.3
	32.1 ± 12.1
	19.0 ± 16.1 *



	Stance duration most stable leg (sec)
	29.8 ± 13.6
	33.2 ± 10.6
	26.3 ± 15.5



	Stance duration least stable leg (sec)
	22.2 ± 14.7 ß
	26.5 ± 13.1 ß
	18.0 ± 15.2 ß







*: between groups significant difference; ß: within group significant difference.
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Table 3. Disease duration and one-leg stance performance in the two groups defined as a function of disease duration. G1: disease duration ≤7 years; G2, disease duration >7 years.
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	Total Sample

(N = 50)
	G1

(N = 25)
	G2

(N = 25)





	Disease duration (years)
	7.5 ± 3.6
	5.8 ± 3.0
	9.5 ± 3.2 β



	UPDRS III score (/132)
	21.8 ± 7.8
	21.2 ± 7.4
	22.1 ± 8.4



	MDRS score (/144)
	138.8 ± 3.8
	139.1 ± 4.0
	138.1 ± 3.5



	Stance duration preferred leg (sec)
	26.2 ± 13.9
	31.4 ± 12.0
	20.1 ± 13.8 *



	Stance duration opposite leg (sec)
	25.8 ± 15.3
	32.6 ± 10.1
	17.8 ± 16.7 *







* significant difference between G1 and G2; β: trend for a significant difference between G1 and G2.
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