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Abstract

:

Parkinson’s disease (PD) is a neurodegenerative pathology classified as a movement disorder. Physical exercise within a physiotherapy program is an important element to improve postural stability, balance and mobility in order to reduce falls in people with PD. The aim of this work was to determine the efficacy of specific balance and trunk mobility exercises, as well as their benefits for and effects on patients with idiopathic PD. A systematic review and meta-analysis was conducted according to PRISMA standards. The search was performed in five databases: Cochrane Library, SciELO, PEDro, Scopus and PubMed, in February 2022 with the following descriptors: Parkinson’s disease, trunk, exercise, therapy and physical therapy. The inclusion criteria were randomized controlled trials (RCTs) over the last ten years. A meta-analysis on static and dynamic balance was conducted with the software Review Manager. Nine articles met the objectives and inclusion criteria, with a total of 240 participants. The trials had moderate methodological quality according to the PEDro scale. The studies included differed with regard to intervention protocol and outcome measures. Finally, eight studies were included in a quantitative analysis in which it was shown that trunk-specific exercises interventions did not significantly improve static balance (SMD = −0.10, 95% CI = −0.29, 0.08; p = 0.28) or dynamic balance (SMD = 0.64 95% CI = −0.24, 1.52; p = 0.15). However, significant differences were found in static balance measured subjectively using the Berg Balance Scale (SMD = −0.52, 95% CI = −1.01, −0.02; p = 0.04). Although some differences were not significant, the studies included in this systematic review consider that specific trunk exercises or balance training combined with muscle strengthening in patients with idiopathic PD should be a complement to pharmacological treatment for improving balance dysfunction and postural instability, preventing falls and promoting wellness.
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1. Introduction


Parkinson’s disease (PD) is a neurodegenerative pathology classified as a movement disorder [1,2,3]. The etiology is still not well defined; it is complex and involves both environmental and genetic factors (5–10%). In recent years, it has been determined that both old age and being male are the factors that most influence an increased risk of suffering from PD [1,4].



Parkinson’s disease is the second most prevalent neurodegenerative disease among the adult population following Alzheimer’s. By 2040, it is forecasted that more than 12 million people in the world will be affected by PD, having a severe impact not only on their quality of life, but also economically, as a result of the healthcare resources devoted to this issue [5,6]. The average survival time is 11 to 15.8 years, the main causes of death being pneumonia (11–28%), cardiovascular diseases (12–19%) and cancer (12–14%) [6].



There is no test capable of distinguishing PD from other disorders with similar clinical symptoms; its diagnosis is mainly based on clinical criteria [1,7]. The most widely accepted diagnostic criteria were introduced by the United Kingdom (UK) Parkinson Disease Society—Brain Bank, including four cardinal signs: bradykinesia–akinesia, resting tremor, rigidity and postural instability [8]. However, in 2015, the International Parkinson and Movement Disorder Society (MDS) proposed nine criteria, recognizing non-motor symptoms (NMS) as essential concepts related to the disease [9,10].



PD patients can display motor symptoms (MS) such as bradykinesia, rigidity, tremors, gait freezing, movement disorders, postural instability, abnormal axial posture, axial rigidity and NMS (psychiatric symptoms, depression, dementia, psychosis) [9,10]. These symptoms do not develop until approximately 50–60% of the nigral neurons are lost and about 80–85% of the dopamine content in the corpus striatum has demised [1,11].



As the disease progresses, MS increase the risk of falls and recurring falls [12]. Moreover, NMS progress slowly and results in disability and greater dependency [13].



The trunk plays an important role in combatting the threats of PD to postural control. Static balance performance and poor gait can be related with trunk muscles in these patients [14]. According to studies, postural instability and falls are more frequent among individuals with worse trunk mobility and axial rigidity [15]. Almost 75% of falls in Parkinson’s Disease occur due to the inability to control the mass of the body during the performance of activities, such as turning around, standing up and bending forward [16].



The beginning of postural instability in PD affects postural control and balance, as it retards the automatic postural responses, primarily due to body rigidity (i.e., poor arm swing during gait, and the tendency of the head to remain aligned with the body during turns) [17].



Managing PD is complex, depending on the stage of the disease and its diverse symptomology. For this reason, therapy must be individualized and adapted to each patient [7]. The physical and therapeutic exercise involved in physical therapy constitutes a key element, along with current medical and pharmacological treatments (e.g., dopamine agonists, levodopa therapy and/or anticholinergic drugs), to improve postural stability, balance and mobility, thereby reducing falls. Levodopa and deep brain stimulation are known to be relatively ineffective at managing the symptoms that affect balance [18]. Therefore, physical therapy is essential and must be undertaken as early as possible. For example, both the improvement of maximum excursion (i.e., forward, right and left directions) and decreased axial rigidity may increase the ability of participants to adopt effective anticipatory strategies to avoid falls and have a positive impact on balance performance [7,16,19,20,21].



The upper part of the body is responsible for two thirds of body weight and its centre of gravity [22]. Other authors mention that, mechanically, the trunk represents almost 50% of body mass, and that head and trunk control is essential to maintain balance during dynamic tasks [23]. Notwithstanding, most studies on physical therapy treatments for PD traditionally focus on the muscles of the lower limb, whereas those addressing the neuromuscular control of central segments are scarce [24,25,26,27]. It has been reported that the strength of lower limb muscles is predictive and related to independence in the activities of daily living, and the preservation of lumbar lordosis may be one of the factors necessary to maintain the efficient biomechanics of these muscles [28]. In a recent study [29], patients with early-stage PD had a deficit of about 20% in force production in lower limb muscle groups compared with age-matched neurologically normal controls. In addition, there is a relative lack of research that aims to understand the deficits related to trunk musculature and its influence on the risk of patients suffering falls. There is an urgent need to evaluate the effectiveness of therapeutic interventions focused on this area and the impact of these treatment techniques on postural stability, looking for conclusive answers across the disease spectrum [21]. Although several authors have carried out treatments aimed at the trunk, whether the focus was on mobility, stretching, endurance or strengthening of the trunk (e.g., Global Postural Re-education; Mezieres physiotherapy; proprioceptive training), no studies have delved into the efficacy of these interventions and their benefits related to balance among PD patients [21,22,30].



Thus, the objective of this review is to determine the effectiveness of specific trunk exercises, as well as their benefits and impacts on static and dynamic balance among idiopathic PD patients.




2. Materials and Methods


A systematic review was carried out in February 2022, following Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) standards [31]. It was registered in the International prospective register of systematic reviews PROSPERO database (CRD42022322063).



An exhaustive search was conducted to find articles published in the last 10 years in five databases (Cochrane Library, SciELO, PEDro, Scopus and PubMed), which were written either in English or Spanish, using the following descriptors: Parkinson’s disease*, “trunk”, “exercise”, “therapy” and “physical therapy”, combined with the boolean operator “AND”.



The following PICOS eligibility criteria were used for the selection of the articles (participants, intervention, comparator, outcomes, study design):



The participants were individuals clinically diagnosed with idiopathic Parkinson’s disease, at stage ≤4 on the Hoehn and Yahr scale, who were also over 18 years of age.



The main intervention consisted of trunk-specific exercises (e.g., strength, elongations, mobility, postural, etc.) carried out alone or integrated with other interventions in the experimental group (EG). The dose, frequency and type of the exercises were not limited.



The selected studies compared the specific trunk exercises (EG) with the control group (CG), which took part in any type of intervention based on other parts of the body but the trunk, or no therapy. The primary outcomes were static and dynamic balance; secondary outcomes were motor status, gait and falls.



Regarding the study type, all were randomized controlled trials (RCTs).



Inclusion criteria: RCTs between 2012 and 2022. It is important to search for the most recent evidence for specific trunk exercises in PD, particularly those studies published during the 10 years prior to the protocol for this systematic review, as well as including important outcomes in relation to balance dysfunction. Those articles were accepted in which the EG conducted specific trunk exercises with or without complementary therapy in the cited body segment.



Exclusion criteria: Observational or descriptive studies. Not written in English or Spanish.



Table 1 displays the results of the searches conducted and the selected articles.



Two independent authors (RLL and SVT) selected the titles and abstracts of the articles that fulfilled the inclusion and exclusion criteria. When discrepancies arose between the researchers, a third party was consulted (MVM). Finally, the characteristics from each study were extracted independently.



The assessment of the methodological quality of the articles included was carried out using the PEDro scale [39].



The meta-analysis was performed using Review Manager (RevMan v.5.3; Cochrane Collaboration, Oxford, UK). Changes from the pre-to post-intervention assessment were obtained directly from the study results. When the data presented in the studies were insufficient for meta-analysis purposes (e.g., means and standard deviation were not provided), the trial authors were contacted for additional data. When authors did not provide standard deviations but did provide p-values or 95% confidence intervals, the Review Manager calculator was used to calculate them [40].



Continuous outcomes were analysed using standardized mean differences because all scales were assumed to measure the same underlying symptom or condition, but some studies measured outcomes on different scales [41,42]. For all outcomes, 95% confidence intervals were calculated. The scoring of the different scales was converted so that all scores were in the same direction.



Statistical heterogeneity was examined using I2. In addition, we searched for outlier studies using a visual inspection of forest plots. The I2 value can be interpreted as the proportion of the total observed variation between studies that can be explained by differences between studies and not by sampling error [41,43]. When the meta-analysis was considered homogeneous, i.e., with an I2 value of less than 75%, a fixed-effect model was used. Otherwise, it was considered a heterogeneous meta-analysis and a random-effects model was used. Statistical significance was set as p < 0.05, indicating that the effects differed significantly between the intervention and control groups [44]. Furthermore, sensitivity analyses were performed, and sources of heterogeneity were explored by excluding trials with a high risk of detection or attrition bias [40].



The meta-analysis used the following centre of pressure (COP) variables in two different postural conditions (double-leg stance with eyes open and eyes closed): sway area, and total, medio-lateral (ML) and anterior-posterior (AP) path lengths and velocities. To improve the statistical power within the meta-analysis, the length and velocity variables were combined, as these are two mathematically analogous variables due to constant trial times within the studies [45].




3. Results


Having conducted the search, 2146 items were initially obtained. After eliminating any duplicate articles, 2045 were analysed for their title and abstract. After a first screening of those studies that were considered potentially relevant, a full-text critical reading of 14 articles was performed, paying special attention to the study and treatment type. Finally, a total of nine articles were determined when meeting the objective and criteria proposed for this review (Figure 1). Eight of these were included in the meta-analysis.



This section presents the most relevant information for each RCT in relation to the characteristics of the participants, intervention, variables and results (Table 2).



3.1. Participant Characteristics


The study sample ranged from 23 to 44 participants, with a total of 240 analysed (EG: 123 and CG: 117). As for gender, 163 were men and 91 were women, with an age range between 65 and 77.2.



The individuals were diagnosed according to the UK Brain Bank criteria for idiopathic Parkinson’s Disease [16,32,33,34] and/or by clinical diagnosis confirmed by a neurologist using the Hoehn & Yahr scale [14,33,37,38].




3.2. Variables (Table 3)


3.2.1. Balance


Both static and dynamic balance were evaluated in eight of the nine articles included using posturography with strength platforms [14,16,32,33,34,37,38]. Significant changes were found for balance in three of the studies [16,32,34].



As for the measurement using the Mini BesTest (MBT) for dynamic balance, the studies by Cabrera [16], Terrens [37] and Gandolfi [33] obtained significant changes in the EG p < 0.02, p = 0.011 and p = 0.017, respectively. In the case of the protocol in Cabrera [16], the participants took part in interventions focused specifically on central stabilization, finding significant improvements in anticipatory, reactive postural control and dynamic gait subscales. The Halliwick aquatic group improved significantly post-intervention [37] and the EG with active self-correction exercises, proprioceptive feedback and trunk stabilization exercises plus functional tasks [34].




3.2.2. Mobility


Mobility was generally measured using Timed Up and Go (TUG), obtaining conflicting results [32,34,35,36]. The cohort assessed in one study [34] generally comprised early-stage PD patients who presented with mild to moderate motor symptoms.




3.2.3. Gait


Gait was evaluated by different analysis systems, including movement analysis, cameras, platforms and markers attached primarily to the trunk and lower limbs [14,32,34].




3.2.4. Falls


Falls, balance confidence and self-perception upon falling were assessed using two self-efficacy instruments: the Activity-Specific Balance Confidence Scale (ABC Scale) and the modified Falls Efficacy Scale (mFest) [16,34,37].




3.2.5. Motor Status


Motor status was evaluated in all the studies using the Unified Parkinson’s Disease Rating Scale (UPDRS III) [32,33,34,35,36,37,38] or the Movement Disorder Society-UPDRS (MDS-UPDRS III) [14,16]. The MDS-UPDRS is a revision of the UPDRS originally developed in the 1980s. The MDS-UPDRS was developed to evaluate various aspects of Parkinson’s disease including non-motor and motor experiences of daily living and motor complications [46]. Two articles [34,35] showed no changes in motor status.
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Table 3. Results of the variables: mobility, gait, balance.






Table 3. Results of the variables: mobility, gait, balance.





	Author, Year
	Mobility/Motor Symptom
	Gait
	Static and Dynamic Balance





	Vasconcellos [14] 2021
	Movement Disorders Society—Unified Parkinson’s Disease Rating Scale III (MDS-UPDRS-III) observed a reduction of trunk flexion after trunk exercises.
	No significant time × group interaction was observed: velocity, hip extension, knee and ankle ROM; with no intragroup differences.
	This study failed to find any significant changes in the results of the groups that engaged in exercises at home, unsupervised by a physical therapist.



	Cabrera [16] 2020
	There were no significant differences between groups in MDS-UPDRS-III Scale (p = 0.083).
	Significant improvements were found in the anticipatory, reactive postural control, and dynamic gait subscales

(p < 0.05). The number of falls in the previous month for the EG significantly decreased (p = 0.047).
	The participants in the EG performed significantly better than those in the CG in the dynamic balance assessment (p = 0.002). The EG had a significant improvement in maximal excursion of COP in forward (p = 0.048), right (p = 0.046) and left (p = 0.010) directions of limits of stability.



	Terrens [37] 2020
	They improved the results in both intervention groups (aquatic and land), without being statistically significant, using the UPDRS-III Scale.
	They found no significant changes using modified Falls Efficacy Scale.
	No significant differences with Berg balance scale among the three groups compared (Halliwick aquatic exercises; traditional aquatic and land physiotherapy).



	Youm [32] 2020
	With Timed Up and Go (TUG) significant results were found (p = 0.004) (intergroup). They evaluated the participants with the Functional Fitness Test (FFT), obtaining favorable results in 2-minute step test (p = 0.044).
	With the sit-to-walk test, they obtained improvements in EG in increased length and speed in the first step phase (p = 0.003, p = 0.006, respectively) and during the second step phase in comparison to the CG (p = 0.020 and p = 0.028, respectively).
	Significant changes were found for anteroposterior speed (AP) (p = 0.030) and middle lateral (ML) (p = 0.028) of COP trajectory compared with CG



	Gandolfi [33] 2019
	They obtained significant results in both groups before and after the treatment (p = 0.01) but did not find differences between the groups, using the Unified Parkinson’s Disease Rating Scale III.


	The number of falls in the previous month for the EG significantly decreased (p = 0.004).
	Mini BesTest for dynamic balance obtained significant changes in the EG (p = 0.017).



	Hubble [34] 2019
	They failed to obtain significant differences with Timed Up and Go (TUG). No intervention led to a significant change in mobility, motor symptom severity, or freezing of gait at the 12- or 24-week time points.


	Step-by-step gait asymmetry analysis with accelerometer obtained favorable results in the EG in vertical head movements and AP (p = 0.009 and p = 0.011), in trunk AP (p < 0.001), and 12 days following the intervention compared to the initial assessment.
	Significant changes were identified in the COP elliptical swing area after 12 weeks of intervention and following 24 weeks (p = 0.029 and p = 0.013 respectively), besides in the ML swing patterns at 12 (p = 0.042) and 24 weeks (p = 0.043).



	Hubble [35] 2018
	They failed to obtain significant differences between groups (education or exercise) with TUG or UPDRS-III.
	Trunk-specific exercises may improve (or maintain) step-to step symmetry of trunk movements and trunk muscle function in this population.
	No significant differences with ABC scale among the groups.



	Paolucci [38] 2017
	They obtained significant results in the EG (p = 0.002) and CG (p = 0.012) using the 6-minute walk test. They only obtained improvements in the EG using the UPDRS-III (p = 0.007) at 𝑇1.
	This study used the Functional gait assessment (FGA) to measure balance during gait, obtaining significant results for the EG, which followed the Mezieres Method (p < 0.001), and the CG (traditional exercises at home) (p = 0.001).
	Berg balance scale (BBS), proved to be statistically significant with respect to the CG (without treatment) in favor of the EG (trunk resistance and stretching exercise program), and remaining so following the 12-week evaluation period (p < 0.001).



	Capecci [36] 2014
	All treated patients, independent of treatment group, showed a significant improvement in the trunk posture in both the sagittal and coronal planes, with respect to baseline.
	TUG improvements also seem to positively affect functional gait speed (p = 0.028). This benefit is significant when compared with untreated patients.
	BBS proved to be statistically significant (p < 0.0001) with respect to the CG (without treatment) in favor of the EG (proprioceptive and tactile stimulation, combined with stretching and postural reeducation).







EG: Experimental Group; CG: Control Group; COP: center of pressure; ROM: Range of movement; AP: anteroposterior; ML: middle lateral; T1= First assessment; ABC scale: Activity-Specific Balance Confidence Scale; BBS: Berg Balance Scale; FEST: Falls Efficacy Scale; UPDRS-III: Unified Parkinson’s Disease Rating Scale; MDS-UPDRS-III: Movement Disorders Society—Unified Parkinson’s Disease Rating Scale III; TUG: Timed Up and Go; FFT: Functional Fitness test; FGA: Functional Gait Assessment.













3.3. Intervention Characteristics


The specific trunk exercises were based on different methods, such as Halliwick aquatic exercises, the Mezieres method or Global Postural Re-education (Table 4). More specifically, the exercises focused on musculature strengthening [14,32,35], central stabilization training [14,35,36,37], trunk mobility [33,34,35,37], stretching of trunk musculature [32,33,35,36], and postural exercises [33,36,38]. The duration of the sessions varied between four weeks [14,33,36], five to eight weeks [16,38] and 12 weeks [32,33,35,38]. All the interventions were conducted on the ground, except for one carried out in water [37]. The Vasconcellos intervention [14] utilized a remote format supervised by relatives. All participants took part in the interventions in the “ON” status of their medication cycle, and nearly all were guided by a professional physical therapist, except in one case [14].




3.4. Methodological Evaluation


Seven of the selected studies [14,16,33,35,36,37,38] featured good methodological quality, with scores between six and eight points on the PEDro scale; two studies [32,34] displayed lower quality (Table 5).




3.5. Meta-Analysis


The reporting data from eight RCTs obtained in static and dynamic balance were included in the meta-analysis. The results of the first meta-analysis (Figure 2) revealed the effect of trunk-specific exercises on static balance, measured with posturography [14,16,32] and the BBS [36,37,38]. Previous studies show a moderate relationship between subjective testing and measures of COP displacement, indicating that a combination of subjective and quantitative measures can provide important information that cannot be obtained by separate subjective or quantitative assessment [47].



The results of the second meta-analysis (Figure 3) revealed the effect of trunk-specific exercises on dynamic balance measured using MBT [16,33,37], 6MWT [35], TUG [32,35,36], FGA [38] and TMST [32]. All studies that did not provide the necessary static or dynamic balance data to perform the meta-analysis (means and standard deviations) and for which no response was received from the authors were excluded.



Figure 2 depicts the forest plot of the static balance meta-analysis. Due to the statistical heterogeneity of the results (I2 = 65%, p < 0.001), a statistical fixed effects model was applied. Patients’ static balance was not significantly improved in the EG in comparison with CG (SMD = −0.10, 95% CI = −0.29, 0.08; p = 0.28). However, significant differences were found in favour of EG in static balance measured by a subjective measure using the BBS (SMD = −0.52, 95% CI = −1.01, −0.02; p = 0.04).



Figure 3 depicts the forest plot of the dynamic balance meta-analysis. Due to the statistical heterogeneity of the results (I2 = 95%, p < 0.001), a statistical random effects model was applied. Patients’ dynamic balance was not significantly improved in the EG in comparison with CG (SMD = 0.64 95% CI = −0.24, 1.52; p = 0.15).





4. Discussion


This systematic review evaluates the efficacy of trunk-targeted exercise and improvements in balance and mobility in PD persons, motivated in part by the current scarcity of research directly assessing this potential link. The results of the meta-analysis suggest that this intervention can generate changes in static balance measured by the BBS with respect to the CG (SMD = −0.52, 95% CI = −1.01, −0.02; p = 0.04); however, these changes are not significant nor greater than other interventions if measured with other scales (SMD = −0.10, 95% CI = −0.29, 0.08; p = 0.28). As for other aspects, upon comparing the dynamic balance parameters on the pooled effect, no significant differences are found among the groups, albeit the results clearly show that trunk-targeted exercises in the EG are superior to the conventional therapy in the CG in most studies (SMD = 0.64 95%; CI = −0.24, 1.52; p = 0.15).



It has, thus, been explained that balance measurements play a key role among this population, since patients with PD tend to have worse balance and mobility due to flexed truncal posture [48], with greater AP and ML displacement of COP than the unaffected population [49,50]. Moreover, it has been highlighted that there are several factors that predispose these patients to falls, such as axial rigidity and postural instability, among others [51]. Certain studies suggest that the static posturography used as an assessment tool proves to be less sensitive than dynamic techniques in distinguishing between patients who suffer falls and those that do not, as these individuals with PD tend to reduce the movement and speed of the trunk when walking to increase their postural control [52]. It is worth highlighting that concomitant deficits in muscle strength means that people with PD would be more likely to experience premature muscle fatigue, which has been shown to significantly impair balance control during standing balance assessments [53]. Furthermore, these deficits in trunk mobility and strength affect much more than balance control in people with PD, as these individuals are also less stable during gait and less capable of performing common activities in daily life (ADL) (e.g., rising from a chair, negotiating stairs) [23].



The clinical impact of falls is considerable, which often leads to an incapacitating fear of suffering new falls that causes patients to consciously limit their own mobility [51,54]. Therefore, the objectives of this review proposed that if therapy that targets trunk segments could increase the functional capacity and both the static and dynamic balance of patients, it will increase their confidence [16,35] and decrease their fear of falling [37]. Indeed, as the scientific literature has stated, by providing these individuals with effective anticipatory strategies, falls are avoided [16,37].



Vasconcellos’ study [14] indicates that trunk-targeted exercises conducted remotely and without the supervision of a therapist fail to provide benefits that improve gait or balance, and there is a reduced adherence to complying with the treatment. Contrary to Vasconcellos’ findings [14], Lee [55] and Gandolfi [33] observed a reduction in trunk flexion after these exercises. In addition, Hubble [34] demonstrated that trunk-specific exercises are associated with improvements in select measures of quiet-standing balance under challenging sensory conditions in individuals with mild to moderate PD severity after 12 weeks. However, there were no improvements in measures of mobility, balance confidence, symptom severity, disability, or quality of life. Previously, in 2018, this same author supported the hypothesis that trunk-specific exercises may improve or, at the very least, maintain the step-to-step symmetry of trunk movements and trunk muscle function in PD [35].



In general, these studies suggest that endurance, mobility and trunk-stretching exercises may be an alternative that favours not only gait symmetry, as they influence trunk movements [35] with statistically significant differences, but also step length and speed [32]. Bestaven [56] applied trunk-targeted exercises over 4 months to hospitalised patients, along with deep brain stimulation treatment, obtaining similar, very positive results in cinematic gait measures, in cadence, step length and speed. Some articles suggest a greater potential to effectively carry out ADLs, such as walking, reaching or moving objects, thereby decreasing the probability of falls [16,32].



Moreover, the study by Rafferty [57] applied a long-term (24 months) treatment protocol with progressive strengthening exercises for the trunk and limbs. It obtained beneficial results in both fast gait speed (without medication) and cadence (with and without medication). The Terrens protocol [37] utilized the Halliwick method as an aquatic therapy focused on central stabilization, as did the study by Volpe [58]. Both obtained significant results for the assessments with UPDRS-III, BBS, the ABC scale, TUG and FES, and postural alterations in the sagital and coronal planes. Other authors have indicated that hydrotherapy could be a safe and effective alternative for patients with problems in the axial axis and chronic diseases [59].



As for patient motor status, measured with the commonly used UPDRS III subscale, it was evaluated in five of the studies in this review [33,34,35,37,38], four of which found statistically significant differences in favour of the EG. Gandolfi [33] showed a three-point decrease in the UPDRS III after a month of follow-up, as did the studies by Paolucci [38] and de Lena [60], in which exercises were applied targeting posture, strengthening, mobility, trunk stretching and central stabilization, obtaining significant changes in the scores of 90% of participants. Several protocols focused specifically on exercises targeting body and movement awareness, which had already proved to improve postural anomalies [36,38,56,58].



Additionally, it has been demonstrated that progressive exercises targeting improvements in the function of the deeper trunk muscles provide a safe and inexpensive exercise-based therapy option that helps to maintain and/or improve postural stability and, ultimately, contribute to improving quality of life for people with PD [61]. The range of movement for trunk flexion, extension and rotations in mild–moderate PD patients was correlated with health-related quality of life assessed with the Quality of Life in Parkinson’s Disease-39 and EuroQol-5D questionnaires [62]. Finally, physiotherapy centred on rachis mobility improves the quality of gait and reduces the number of falls in patients with PD. Dealing with these axial symptoms is a challenge that not only concerns improving the autonomy and quality of life of these patients, but also reducing the cost of medical and health services [53].



Among the limitations of this review is the small sample size of the articles included, which complicates the extrapolation of the results. The PEDro scale indicates a deficit in the blind process of certain studies, nearly all of which applied a single-blind trial (of the evaluator). Future studies should include larger sample sizes with follow-up studies (short intervention can lead to ineffective outcomes) and explore whether trunk exercise can benefit people with more advanced Parkinson’s disease. Furthermore, the studies were heterogeneous in the intervention protocols and measurements of results. The strength of this review lies in the methodological quality of its RCTs, since most of them (77.78%) obtained a score between 6 and 8 on the PEDro scale.



As for the practical implications, the benefits obtained through trunk stability training were in general higher than those achieved through non-specific exercise, offering clinical benefits that could have an economic impact, by avoiding falls and their costly expenses. Nevertheless, it is necessary to continue work in this line of research focused on exercises related to central stabilization, trunk strengthening and mobility, in order to verify their long-term effects and at more advanced stages of the disease [63].




5. Conclusions


Although the specific trunk exercises failed to show significant differences in all the variables that measured static and dynamic balance, it is worth noting that the studies included in this systematic review are committed to the use of these exercises as a complement to conventional treatment, as they have been observed to have a considerable impact on both balance and central mobility in PD patients. However, more studies need to be conducted, ones with detailed treatment protocols and similar results measurements to support the effectiveness of this intervention on balance and motor status in PD in the short and long term.
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Figure 1. PRISMA flowchart of article selection process. 
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Figure 2. Forest plot of static balance. Displays standardized mean differences (SMD) and confidence intervals (CI) of 95%. References [14,16,32,36,37,38] are cited. 
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Figure 3. Forest plot of dynamic balance. References [16,32,33,35,36,37,38] are cited. 
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Table 1. Search strategies in the different databases.
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	Databases and Search Terms
	Results
	Selected Articles





	Cochrane Library



	
Parkinson’s Disease* AND “physical therapy”



	
Parkinson’s Disease* AND “trunk”



	
Parkinson’s Disease* AND “physical therapy” AND “trunk”



	
Parkinson’s Disease* AND “therapy” AND “trunk”



	
Parkinson’s Disease* AND “Exercise” AND “trunk”





	292

118

22

61

61
	Vasconcellos et al. [14] 2021

Youm et al. [32] 2020

Gandolfi et al. [33] 2019

Hubble et al. [34] 2019

Hubble et al. [35] 2018

Capecci et al. [36] 2014



	SciELO



	
Parkinson’s Disease* AND “physical therapy”



	
Parkinson’s Disease* AND “trunk”



	
Parkinson’s Disease* AND “physical therapy” AND “trunk”



	
Parkinson’s Disease* AND “therapy” AND “trunk”



	
Parkinson’s Disease* AND “Exercise” AND “trunk”





	33

5

1

1

0
	



	PEDro



	
Parkinson’s Disease* AND “physical therapy”



	
Parkinson’s Disease* AND “trunk”



	
Parkinson’s Disease* AND “physical therapy” AND “trunk”



	
Parkinson’s Disease* AND “therapy” AND “trunk”



	
Parkinson’s Disease* AND “Exercise” AND “trunk”





	56

24

3

5

14
	Vasconcellos et al. [14] 2021

Youm et al. [32] 2020

Gandolfi et al. [33] 2019

Hubble et al. [34] 2019

Hubble et al. [35] 2018

Paolucci et al. [36] 2017



	Scopus



	
Parkinson’s Disease* AND “physical therapy”



	
Parkinson’s Disease* AND “trunk”



	
Parkinson’s Disease* AND “physical therapy” AND “trunk”



	
Parkinson’s Disease* AND “therapy” AND “trunk”



	
Parkinson’s Disease* AND “Exercise” AND “trunk”





	948

644

30

135

67
	Vasconcellos et al. [14] 2021

Cabrera et al. [16] 2020

Terrens et al. [37] 2020

Youm et al. [32] 2020

Gandolfi et al. [33] 2019

Hubble et al. [34] 2019

Hubble et al. [35] 2018

Paolucci et al. [38] 2017

Capecci et al. [36] 2014



	PubMed



	
Parkinson’s Disease* AND “physical therapy”



	
Parkinson’s Disease* AND “trunk”



	
Parkinson’s Disease* AND “physical therapy” AND “trunk”



	
Parkinson’s Disease* AND “therapy” AND “trunk”



	
Parkinson’s Disease* AND “Exercise” AND “trunk”





	255

411

5

44

20
	Vasconcellos et al. [14] 2021

Cabrera et al. [16] 2020

Terrens et al. [37] 2020

Youm et al. [32] 2020

Gandolfi et al. [33] 2019

Paolucci et al. [38] 2017

Capecci et al. [36] 2014
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Table 2. Brief description of articles selected.
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	Author, Year
	Type of Study and Participants
	Characteristics of the

Intervention
	Measured Variables
	Main Results





	Vasconcellos [14] 2021
	RCT

28 participants

EG: 14

CG: 14
	EG: Trunk exercise program and pelvic floor muscles.

CG: Upper and lower limb exercises.

Both groups performed home-based exercises under caregiver supervision. Protocol described by Silva and Motta.

Duration: 3 times/daily/3 weeks.
	Static balance (stabilometry), using a force platform connected to an external amplifier and a motion analysis system.

Gait evaluated using the Qualisys® movement analysis

system.
	No intragroup differences were observed for the COP range (p = 0.353), COP velocity (p = 0.318) or gait measurements (p = 0.778). Trunk-strengthening exercises failed to improve gait and balance compared to limb exercises. A total of 33% failure to complete treatment (9 individuals). The absence of face-to-face therapist supervision may have affected patients’ performance during interventions.



	Cabrera [16] 2020
	RCT

44 participants

EG: 22

CG: 22
	EG: 24 sessions core stabilization training program.

CG: active joint mobilization, muscle stretching and motor coordination exercises.

Duration: 45 min./day, three times/week/8 weeks.
	Dynamic balance with Mini-BesTest and standing balance with posturography

using the Nintendo Wii (maximal excursion of COP during the Modified Clinical Test of Sensory Interaction on Balance and the Limits of Stability test); Balance confidence (ABC Scale).
	A significant improvement in dynamic balance was observed in the EG compared to the CG

(p = 0.002); in self-perceived confidence related to balance (p = 0.047); and maximal excursion of COP in forward (p = 0.048), left (p = 0.010), right (p = 0.046) between-group differences.

A core stability program may influence anticipatory postural

adjustments.



	Terrens [37] 2020
	Pilot Trial

30 participants

(G1) 11

(G2) 10

(G3) 9
	(G1) Halliwick aquatic exercises (trunk mobility, core stabilization and rotational exercises); (G2) traditional aquatic and (G3) land-based physiotherapy.

Duration: 60 min./week/

12 weeks.
	Balance (BBS and Mini BesTest), Falls (mFES), Motor status (UPDRS-III).
	No significant differences within groups were found in UPDRS-III, BBS or mFES scores post-intervention for any groups. Halliwick aquatic group improved significantly in the Mini BesTest post-intervention, i.e., promising results for balance (p = 0.011).



	Youm [32] 2020
	RCT

23 participants

EG: 12

CG: 11
	EG: trunk resistance and stretching exercise program.

CG: no intervention.

Duration: 60–90 min.,

3 times/week, 12 weeks.
	Trunk mobility scale (TMS test), FFT, TUG, standing balance test with a platform, and sit-to-walk test with Nexus software.
	The EG showed improvements in FFT, trunk mobility, standing balance and dynamic stability compared with the CG (all p < 0.05).

This 12-week exercise program improved fall-related factors in patients with PD.



	Gandolfi [33] 2019
	RCT

37 participants

EG: 19

CG: 18
	EG: Active self-correction exercises (with visual feedback (i.e., mirror), with proprioceptive feedback (EMG feed-back), and without any feedback) + trunk stabilization exercises+ functional tasks (i.e., dual-task exercises).

CG: joint mobilization, muscle strengthening and stretching, overground gait-training and balance exercises. Duration: 60 min./5 days/week, 4 weeks.
	Forward trunk flexion severity (degree). UPDRS III, dynamic

and static balance (Mini BesTest and using an electronic monoaxial platform), pain falls, and quality of life assessment.
	The EG reported a significantly greater reduction in forward trunk flexion than the CG from T0 to both T1 (p = 0.003) and T2 (p = 0.004).

The improvements in dynamic and static balance were significantly greater for the EG than the CG from T0 to T2 (p = 0.017 and p = 0.004, respectively). The four-week trunk-specific rehabilitation training decreased forward trunk flexion severity and increased postural control.



	Hubble [34] 2019
	RCT

24 participants

EG: 13

CG: 11
	EG: exercise (trunk strength, endurance, and mobility) and falls prevention education.

CG: weekly pack of printed multidisciplinary education materials: health tips about lifestyle (e.g., exercise)

and/or condition-related issues (e.g., poor sleep quality). Duration: 90 min./week, 12 weeks.
	Motor symptom severity (UPDRS-III), balance confidence (portable force plate and ABC

Scale), mobility (TUG), quality of life (39-item Parkinson

Disease Questionnaire) and quiet-standing balance.
	No significant changes in clinical outcomes following the intervention. During quiet standing, sway area on a foam surface without vision was reduced for the EG at 12 (p = 0.029) and 24 weeks (p = 0.013). The EG demonstrated reduced sway variability at 12 (p = 0.042) and 24 weeks in the medial–lateral direction (p = 0.043). No changes in quiet standing balance for the CG.



	Hubble [35] 2018
	RCT

24 participants

EG: 13

CG: 11
	EG: falls prevention education + exercises: trunk mobility exercises to improve ROM; endurance and stability of the trunk muscles (multifidus, erector spinae, obliques, transverse abdominus, rectus abdominus); and

stretching and walking in a real-world environment.

CG: multidisciplinary falls prevention education.

Duration: 90 min./week, 12 weeks.
	Mobility (TUG), walk (gait analysis, accelerometer), falls (ABC scale), motor symptom severity (UPDRS-III).
	Statistically significant and clinically relevant improvements in anterior–posterior step-to-step trunk symmetry (p < 0.001) in the EG. CG recorded statistically significant and clinically meaningful reductions in medial–lateral and vertical step-to-step trunk symmetry at 12 weeks (p < 0.001).



	Paolucci [38] 2017
	RCT

36 participants

EG: 17

CG: 19
	EG: Mezieres method, 3 postures to correct variations in the dorsal curve, perceive the alignment of trunk and promote diaphragmatic breathing.

CG: simple home exercise

Duration: 1 h, 2 times/week, 5 weeks, 10 sessions.
	Balance (BBS) gait balance (FGA), mobility (SMWT) and disease-related disability (UPDRS-III).
	In the Mezieres group, the BBS (p < 0.001) and trunk flexion test (p < 0.001) improved significantly at 𝑇1 and remained the same at 𝑇2. Between groups, significant changes were reported in FGA (p = 0.027) and UPDRS Total (p = 0.007) at 𝑇1 and in FGA (p = 0.03) at 𝑇2. The Mezieres approach is effective in improving the flexibility of the trunk and balance.



	Capecci [36] 2014
	RCT

24 participants EG: 13

CG: 11
	EG: 7 participants, proprioceptive and tactile stimulation, combined with stretching and PR. Six participants had PR as well as Kinesio taping strips applied to their trunk muscles, according to the features of their postural abnormalities

CG: No intervention.

Duration: 40 min./3 times, 4 weeks, 12 sessions.
	Balance (BBS), mobility (TUG) and degrees of trunk bending in the sagittal and coronal planes.
	At T1, all treated patients showed a significant improvement in trunk posture in both the sagittal (p = 0.002) and coronal planes (p = 0.01), compared with baseline. Moreover, they showed an improvement in measures of gait and balance (p < 0.01). Benefits persisted at T2 for all measures, except lateral trunk bend. No differences were found when comparing the PR and KT groups.







RCT: randomized clinical trial; EG: experimental group; CG: control group; G: group; min.: minutes; COP: centre of pressure; ABC scale: Activity-Specific Balance Confidence Scale; BBS: Berg Balance Scale; Mini Best-Test: Mini-Balance Evaluation Systems Test; mFEST: modified Falls Efficacy Scale; UPDRS: Unified Parkinson’s Disease Rating Scale (UPDRS-III); TUG: Timed Up and Go; FFT: functional fitness test; TMS: trunk mobility scale; ROM: range of movement; FGA: functional gait assessment; PR: postural re-education; KT: Kinesio taping; T0 = baseline assessment; T1 = first assessment; T2 = Second assessment.













[image: Table] 





Table 4. Protocols for trunk-targeted intervention in the studies selected.
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	Types of Treatments
	Other Complementary Exercises
	Stretching
	Postural Rehabilitation
	Central Stabilization
	Trunk Strengthening
	Trunk Mobility





	Vasconcelos [14]
	
	
	
	X
	X
	



	Cabrera [16]
	
	
	
	X
	
	



	Terrens [37]
	Gait and balance
	
	
	X
	
	X



	Youm [32]
	
	X
	
	X
	X
	



	Gandolfi [33]
	
	X
	X
	X
	X
	X



	Hubble [34]
	Education and self-care preventing falls
	
	
	X
	X
	X



	Hubble [35]
	Education and self-care preventing falls
	
	
	X
	X
	X



	Paolucci [38]
	Respiration
	X
	X
	
	
	



	Capecci [36]
	Kinesio taping
	X
	X
	
	
	X
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Table 5. Evaluation of methodological quality according to the PEDro scale [39].
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	ITEM (PEDro Scale)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	POINTS





	Vasconcellos [14] 2021
	X
	X
	X
	X
	N
	N
	X
	N
	X
	X
	X
	7/10



	Cabrera [16] 2020
	X
	X
	X
	X
	N
	N
	X
	X
	X
	X
	X
	8/10



	Terrens [37] 2020
	X
	X
	X
	X
	N
	N
	X
	N
	X
	X
	X
	7/10



	Youm [32] 2020
	N
	X
	N
	X
	N
	N
	X
	N
	N
	X
	X
	5/10



	Gandolfi [33] 2019
	N
	X
	N
	X
	N
	N
	X
	X
	X
	X
	X
	7/10



	Hubble [34] 2019
	X
	X
	N
	X
	N
	N
	X
	N
	N
	N
	X
	4/10



	Hubble [35] 2018
	X
	X
	N
	X
	N
	N
	X
	X
	X
	X
	X
	7/10



	Paolucci [38] 2017
	X
	X
	X
	X
	N
	N
	X
	X
	X
	X
	X
	8/10



	Capecci [36] 2014
	N
	X
	X
	X
	N
	N
	X
	X
	X
	X
	X
	7/10







X: the article fulfils the criteria. N: the article fails to fulfil the criteria.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  sensors-23-01817


  
    		
      sensors-23-01817
    


  




  





media/file5.png
Experimental

Control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 Berg Balance Scale

Cappecietal 2014 (BEE) -A0.73 2748 13 -a0.04 3.25 11 5.3% -0.21 [1.01, 0.60] —
Paolucei etal. 2017 (BEE) -H3.18 2 17 -489.1 2 17 5.0% 1894 277, -1.11] I —

Terrens et al. 2020 (BBS) -47 .68 1.63 11 -4917 1.74 9 4 0% 0.845[-0.08,1.78] T
Subtotal (95% CI) 11 37 14.2% -0.52 [-1.01, -0.02] -
Heterogeneity: Chi®= 20.08, df= 2 (P = 0.0001); F=90%

Test for overall effect: £=2.06 (F=0.04)

1.2.2 Sway area

Yasconcello et al. 2021 (EQO-TSA) 34038 a11.73 3 98464 1458743 13 4. 3% -0.48 [F1.37, 0.42] .
Yasconcello et al. 2021 (EC-TSM) 1,736.85 120496 8 arv:igs  Ti:i38 13 2.9% 1.83[0.84, 3.02]

Subtotal (95% CI) 16 26 7.2% 0.49 [-0.20, 1.18] -
Heterogeneity: Chi*=11.14, df=1 (P =0.0008); F=91%

Testfor overall effect =139 (F=017)

1.2.4 Total sway path lengthivelocity

Yasconcello et al. 2021 (EO-TSPV) 13.87 r.0z 8 16.482 9.64 13 4.3% -0.37 [1.26, 0.52) -1
Yasconcello et al. 2021 (EC-TSPWV) 13.28 6.05 8 1571 B.79 13 4.3% -0.36 [-1.25, 053] - 1
Subtotal (95% CI) 16 26 8.7% -0.36 [-0.99, 0.27] ~all—
Heterogeneity: Chi®=0.00, df=1{P=0.99); F=0%

Test for overall effect Z=113(F = 0.26)

1.2.5 ML sway path lengthivelocity

Cabrera et al. 2020 (EQO-MLSPL) 1.749 1.1 22 1.44 0.54 22 89.6% 0.239 [-0.20, 0.99] T
Cahrera etal. 2020 (EC-MLSFL) 2.03 1.3 22 1.77 1.33 22 9.8% 019 [-0.40,0.79] N
Youm et al. 2020 (EO-MLSPY) 1.08 0.34 10 1.28 0.34 7 3.5% -0.86 [-1.55,0.43]

Yourm et al. 2020 (EO-MLSPL) 324 10.2 10 Jg.4 10.2 7 3.5% -0.56 [-1.55, 0.43]

Yasconcello et al. 2021 (EO-MLSFL) 29785 10016 8 36271 21014 13 4. 4% -0.35 [-1.24, 0.54] — 1
Yasconcello et al. 2021 (EC-MLSFL) anz.az 86.92 g 360.21 167.73 13 4. 3% -0.38 [1.27, 0.51] — T
Subtotal (95% Cl) 80 84 351% -0.04 [-0.35, 0.27] <
Heterogeneity: Chif=5.78, df=5{F=0.33), F=13%

Test for overall effect =025 (F =080

1.2.6 AP sway path lengthirelocity

Cahrera etal. 2020 (EQ-APSPL) 1.96 n.as 22 1.62 0.49 22 9.6% 047 [F013,1.07] T
Cahrera etal. 2020 (EC-APSPL) 2.33 1.1 22 246 1.02 22 9.8% 012 FOTFT, 0.47] S R
Youm et al. 2020 (EO-APSPY) 0.849 0.3z 10 1.34 naz 7 3.3% -0.83 [-1.85,0.149]

Youm et al. 2020 (EO-APSPL) 297 9.6 10 404 15.6 7 3.3% -0.83 [-1.85,0.149]

Yasconcello et al. 2021 (EO-APSPL) 28778 198.33 8 :Mz24z2 21162 13 4. 4% -0.25 [-1.14, 0.63] D
Yasconcello et al. 2021 (EC-APSPL) TEQ 215479 8 28964 127249 13 4.4% 0.35[-0.54,1.24] T
Subtotal (95% CI) 80 84 34.8% -0.05 [-0.37, 0.26]

Heterogeneity: Chif= 843, df=8{P=013); F=41%

Test for overall effect Z=032 {(F=0.79)

Total (95% CI) 233 257 100.0% -0.10 [-0.29, 0.08]

Heterogeneity: Chi®=51.86, df=18 (P = 0.0001); F=65% 1 f

Test for overall effect Z=1.08 (F=0.28)

Test for subdgroup differences: Chit=6.43, df=4{(P=017), F=37.8%

-2 1 0 1 2
Favours [experimental] Favours [control]





media/file6.jpg
Egermensa oot S Moan Detrence. Std Mean Deference.
Suyer s % TS0t o . 6. Py
i SN 4T Tof 13 3438 IO 1 neh ot et =
Frowcian 07w 0 17 w08 25 1 s epran —
o 8 e —
Gonedue 4% 0n N sk 0 %130 1
fmiaen  on s 1o e s aniowrtia —
G monen s w3 s S Volpartsn —
e T agoiisa f
e A W Tniiao 20 —
Vemauimgen 43k ] asiorien —

T "
Tebi b 21137015

s -






media/file3.png
Records removed before
Records identified from: screening:
(n =2146) > Duplicate records removed
(n=2045)
Records screened Records excluded
(n = 2045) > | (n=2031)

b
Reports excluded:
Type of study (n = 3)
Reports assessed for eligibility Mo trunk-specific intervention
(n=14) " =2
b

Studies included in review
(n=9)






media/file0.png





media/file4.jpg
e W e T
i pEm e e =
S e AR R -

St

B —
bttt i Q-
) “

oy a1 g1 B0t 9208
et

Snnsne 2
Thgger B

I i owi

s

aupmon

pri

e
i
e

autsnm
Sutius
SEhien
asiishan

swotazmem

|

[N

+






media/file7.png
Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Capeccietal. 2014 (TUIG) -27.08 104 13 -2536 10.2% 11 11.4% -0.16 [-0.96, 0.64] —
Faolucci et al. 2017 (BhWT) 330 i 17 3206 2.8 17 8 9% 443 [312, 5.74] —
Faulocoi et al. 2017 (FGA) 741 04 17 g.35 0.4 17 11.4% -1.84 [[2.65,-1.02] —

Hubhle et al. 2018 (TUG) -9.27 0.483 11 -9.544  0.53 11 11.3% 0.49 [-0.36, 1.34] T
Gandolfi et al. 2019 (MBT) 2021 5.44 19 2144 5183 18 11.8% -0.23 [0.87, 0.42] =T
Cabrera etal. 2020 (MBT) 2275 286 22 191 3.892 22 11.8% 1.04 [0.41, 1.68] —
Terrens et al. 2020 (MBT) 2118 3.25 11 1839 1.25 8 111% 0.67 [-0.24,1.58] T
Youm et al. 2020 (TLIG) -6A 0 1.1 10 -T.T 1.1 7107 % 1.04 [-0.01, 2.08] —
Youm et al. 2020 (TMST) 42 26 10 -B.5 2.3 7o 10.8% 0.88 [-0.14, 1.90] I
Total (95% CI) 130 119 100.0% 0.64 [-0.24, 1.52] -‘-
Heterogeneity: Tau®=1.60; Chi®== 7740, df= 8 (P = 0.00001); IF= 90% I

4 -2 0 2 4

Testfor overall effect: 2=1.43 (P =0.19) Favours [contral] Favours [rxperimental]





media/file2.jpg
Records  removed  bofore
Rocords et fom e
(0=218) | Duplcato rcords removed
(0= 2005
Records screened Rocords exciuded
(0=2008) | =203
Repors excuded:
Type ofsudy (1=3)
Reporsassessd for gty No wunk spcifc intevenon
=19 | e
Stuesincuded i revien
09






