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Abstract 

Relationship of Trunk Range of Motion, Trunk Mobility, and Functional Outcomes in People 

with Parkinson’s Disease 

Lilliana Romero-Maysonet 

 

Background. Parkinson’s disease (PD) is a progressive neurodegenerative disorder 

characterized by motor and non-motor impairments that negatively affect functional mobility and 

physical activity (PA). Reduced trunk active range of motion (AROM) (e.g., maximum voluntary 

movement), measured through flexion, extension, lateral flexion, and rotation, and impaired 

trunk mobility (e.g., natural movement of the trunk during functional tasks) are common in 

people with Parkinson’s disease (PwP), contributing to gait disturbances, difficulty with 

transitional movements, increased fall risk, and reduced participation in daily activities. 

Although trunk impairments are present even in early stages of PD, their relative contribution to 

functional outcomes and PA remains incompletely understood.  

Purpose. This study evaluated differences in trunk AROM, trunk mobility, and 

functional outcomes between PwP and age-matched peers (AMPs) and examined the relationship 

and contribution of trunk AROM and trunk mobility to functional outcomes and PA in PwP.   

Methods. Twenty PwP with mild disease severity (Hoehn and Yahr stages I-II) and 20 

AMPs participated. Trunk AROM (flexion, extension, rotation, and lateral flexion) was 

measured using goniometry. Trunk mobility during walking and transitional tasks was quantified 

using wearable sensors. Functional outcomes included duration for floor sitting-rising (FSR) test, 

Timed Up and Go (TUG), and TUG subcomponents such as sit-to-stand and turning 

performance. PA was assessed using wrist-worn accelerometry. Between-group differences were 



 

 

examined using independent-samples t-tests for normally distributed variables and the Mann-

Whitney U test for non-normally distributed variables. Associations between trunk AROM, trunk 

mobility, functional outcomes and PA were analyzed using Pearson correlation or Spearman 

rank correlation, as appropriate. Hierarchical multiple linear regression analyses controlling for 

disease stage were conducted to determine the contribution of trunk AROM and trunk mobility 

to functional outcomes.  

Results. Compared to AMPs, PwP demonstrated reduced total trunk AROM (318.9° vs. 

366.5°, p = .003), reduced trunk mobility (16.9° vs. 22.4°, p < .001), slower TUG performance 

(10.9 s vs. 8.8 s, p = .002), and longer FSR durations (median 10.6 s vs. 7.4 s, p < .001). In PwP, 

trunk mobility showed moderate associations with TUG performance (r = -.466, p < .05), FSR 

duration (r = -.483, p < .05), and moderate-to-vigorous physical activity (r = .484, p < .05), but 

trunk mobility was not associated with quadriceps strength or daily steps, whereas trunk AROM 

showed weaker relationships with functional outcomes and PA than trunk mobility. Quadriceps 

strength showed a moderate-to-strong correlation with daily step count (r = .502, p < .05). After 

controlling for disease stage, trunk mobility significantly contributed to TUG performance (β = -

.445; p = .036), while trunk AROM did not. Disease stage remained the strongest predictor of 

functional outcomes.  

Conclusions. Trunk AROM and trunk mobility are significantly limited in PwP, even in 

early-stage disease. Trunk mobility during task execution is more strongly related to functional 

outcomes and participation in PA than isolated trunk AROM. These findings highlight the 

clinical importance of trunk mobility and support rehabilitation approaches that integrate trunk 

mobility into functional tasks to enhance mobility, PA participation, and independence in PwP.  
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 Chapter 1: Introduction 

1.1 Overview 

Parkinson’s disease (PD) is the second most common neurodegenerative disease 

worldwide, marked by the progressive loss of dopamine-producing neurons in the substantia 

nigra pars compacta and the abnormal accumulation of alpha-synuclein in Lewy bodies (Latif et 

al., 2021; Lee & Yankee, 2021; Tolosa et al., 2021). These pathological changes manifest as 

motor symptoms, including bradykinesia, postural instability, and rigidity, as well as non-motor 

symptoms affecting psychological and cognitive well-being (Jankovic, 2008; Mazzoni et al., 

2012; Port et al., 2021). These impairments often increase the risk of falls, reduce quality of life 

(QoL), and limit functional mobility (the ability to move independently and safely to perform 

daily activities) (Bouça-Machado et al., 2018). As PD progresses, these challenges increasingly 

restrict participation in physical activity (PA), work, and social interactions (Bouça-Machado et 

al., 2018; Broeder et al., 2015; Mazzoni et al., 2012).  

Among various motor dysfunctions, trunk range of motion and mobility is recognized as 

central to maintaining stability, coordinating movement, and ensuring safe execution of daily 

tasks (Hubble et al., 2018; Lopez-Liria et al., 2023). Trunk active range of motion (AROM) 

describes the maximum voluntary movement capacity of the trunk across its available anatomical 

range (Koshi, 2017), whereas trunk mobility reflects how efficiently the trunk moves during 

functional tasks, such as walking, rising from a chair, or turning (Nikfekr et al., 2002). While 

trunk AROM captures movement potential, trunk mobility reflects how that capacity is 

expressed during real-world tasks. Distinguishing between these constructs is essential because 

improvements in isolated movement capacity do not necessarily translate into improved 

functional performance.  
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Symptom severity in PD is often assessed using the Movement Disorders Society-Unified 

Parkinson’s Disease Rating Scale (UPDRS), which includes both a motor subscale and an 

activities of daily living subscale (Shulman, 2010). In addition, the Hoehn and Yahr (H&Y) scale 

is frequently used to classify disease severity across progressive stages of PD, ranging from 0 (no 

signs) to 5 (advanced stage) (Jankovic, 2008; Kanegusuku et al., 2021). Although no cure 

currently exists for PD, dopaminergic medications and rehabilitation interventions such as 

physical and occupational therapies are crucial to managing motor symptoms, preserving 

function, and delaying disability progression (Broeder et al., 2015; Latif et al., 2021; Lee & 

Yankee, 2021; Mazzoni et al., 2012; Simon et al., 2020). Although disease progression is 

inevitable, evidence shows that optimal therapy and management can delay its impact, helping to 

preserve PA, autonomy, and functional ability (Bouça-Machado et al., 2018). Therefore, 

delaying disease progression and preventing disability remain key priorities in the clinical 

management of PD (Shulman, 2010; Simon et al., 2020).  

1.2 Motor Impairments and Physical Activity Limitations 

PA involves skeletal muscle movement requiring energy expenditure (Caspersen et al., 

1985). In people with Parkinson’s disease (PwP), motor impairments, such as bradykinesia 

(slowness of movement), akinesia (difficulty in initiating movement), and trunk rigidity 

(stiffness of the torso muscles) limit PA, mobility, and contribute to a sedentary lifestyle (Cano-

de-la-Cuerda et al., 2017; Magrinelli et al., 2016; Mazzoni et al., 2012). PD-related impairments 

in body function and structure are strongly correlated with disability, negatively impacting 

functional outcomes and participation in PA in PwP (Bryant et al., 2016; Shulman, 2010).  

Additionally, decreased muscle strength, particularly in the trunk and lower body, 

contributes to motor impairments in PwP (Inkster et al., 2003). Muscle weakness exacerbates 
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postural instability and trunk rigidity, reducing trunk AROM and mobility during functional 

tasks (Cano-de-la-Cuerda et al., 2017; Inkster et al., 2003). This limitation complicates 

functional performance and negatively impacts gait and overall PA (Gamborg et al., 2023; 

Inkster et al., 2003). Research shows that PwP are less physically active than healthy controls, 

and time spent in daily PA decreases as disease severity increases, likely due to motor 

impairments impacting PA engagement (Cavanaugh et al., 2015; van Nimwegen et al., 2011). 

Although overall PA is generally low in PwP, PA levels vary considerably, and targeted exercise 

interventions can play a role in increasing PA levels (Benka Wallén et al., 2015; Chastin et al., 

2010; Handlery et al., 2021; Rochester et al., 2006). Importantly, recent findings suggest PwP are 

becoming more active, which may be related to the extensive evidence supporting the role of PA 

and structured exercise in managing motor and non-motor symptoms and potentially influencing 

disease progression (Chastin et al., 2010; Rochester et al., 2006; Tsukita et al., 2022). 

Despite the known associations between disease severity, gait impairment, motor 

impairment, and physical inactivity in PwP, a portion of the variance in PA limitations remains 

unexplained, suggesting the presence of additional contributing factors (Bryant et al., 2016). 

Among the potential contributors, trunk impairments, including trunk rigidity, reduced trunk 

AROM, decreased trunk mobility, and diminished muscle strength, may be associated with 

functional mobility and PA in PwP. Exploring these additional factors could provide valuable 

insight into enhancing PA and overall QoL for PwP.  

1.2.1 Trunk Rigidity  

Trunk rigidity refers to stiffness of the trunk muscles, characterized by resistance to 

passive movement (Baradaran et al., 2013). It is common in PwP and has been associated with 

increased fall risk, reduced trunk AROM and mobility (Cano-de-la-Cuerda et al., 2020; Ferreira-
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Sánchez et al., 2020). Trunk rigidity is typically assessed through clinically reliable and validated 

tests such as the UPDRS-Part III, which measures trunk stiffness and mobility (Ferreira-Sánchez 

et al., 2020). Objective measures include inertial sensors, goniometers, and isokinetic 

dynamometers, which quantify resistance to passive movement and correlate with clinical 

assessments (Cano-de-la-Cuerda et al., 2014, 2020; Ferreira-Sánchez et al., 2020). A few studies 

indicate that trunk rigidity is strongly correlated with functional outcomes, such as sit-to-stand 

(STS), walk and turn, as well as fall risk and QoL, though findings vary depending on the 

measurement tools employed (Cano-de-la-Cuerda et al., 2011, 2014, 2017). 

Management of trunk rigidity in PwP includes exercise-based rehabilitation incorporating 

stretching exercises and strength training. Interventions have been shown to improve muscle 

flexibility, reduce stiffness, and enhance functional outcomes, such as improved trunk mobility, 

turning, and gait patterns, and reduced risk of falls in PwP (Bartolo et al., 2010; Hubble et al., 

2018; Khobkhun et al., 2020; Ni et al., 2016; M. Schenkman et al., 1998). Although 

interventions have shown promising outcomes, the relationship between trunk rigidity and 

functional outcomes remains inconsistent, and further investigation is needed. 

1.2.2 Trunk Range of Motion 

Trunk range of motion refers to the ability of the central body segment (excluding the head 

and limbs) to move in flexion, extension, lateral flexion, and rotation across the sagittal, coronal, 

and transverse planes (Koshi, 2017). This movement capacity can be divided into trunk AROM 

(voluntary movements performed by the individual) and passive range of motion, which involves 

external assistance. Reduced trunk AROM is a typical impairment in PwP, particularly from 

stage II onward, and has been linked to impaired balance, independence, and difficulty 

completing daily activities such as bending, reaching, or rolling over in bed (Artigas et al., 2016; 
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Cano-de-la-Cuerda et al., 2020; Mak & Wong-Yu, 2019). To monitor trunk AROM in clinical 

practice, healthcare professionals commonly use validated, reliable, and practical tools, such as 

digital goniometers, tape measures, smartphones, and inclinometers (Batavia & Gianutsos, 2004; 

Ganzalez et al., 2014; Johnson & Mulcahey, 2021; Kienbacher et al., 2014; Park et al., 2022; 

Pourahmadi et al., 2016). Functional tests, including seated rotation assessments, provide 

additional insight into trunk AROM measurements (Batavia & Gianutsos, 2004). These tools are 

generally low-cost, portable, and feasible for routine evaluation, helping guide interventions 

aimed at improving trunk AROM and overall function (Batavia & Gianutsos, 2004).  

Research has explored the relationship between trunk AROM and functional outcomes in 

PwP, highlighting its impact on daily mobility and QoL (M. L. Schenkman et al., 2001; Wright 

et al., 2010). These studies have shown that PwP exhibit reduced trunk rotation compared to 

neurotypical adults, contributing to posture, balance, and gait impairments (Wright et al., 2010). 

Additionally, Schenkman et al. (2001) found a strong relationship between trunk rotation and 

functional outcomes such as functional reach, supine-to-stand, and walking tests. However, the 

observed differences for supine-to-stand time and the 360-degree turn were not clinically 

meaningful, indicating that these measurements may have limitations in their practical 

application in clinical settings. This suggests that while they may be useful for research purposes, 

they may not provide valuable insights or guidance for clinicians in assessing patient mobility or 

functional capabilities in PwP (M. L. Schenkman et al., 2001). 

Most existing research focuses on trunk rotation, with limited studies comprehensively 

assessing the full range of trunk AROM. Notably, Cano-de-la-Cuerda et al. (2020) was the only 

study that examined all planes of trunk AROM, including rotation, flexion, extension, and lateral 

flexion. The authors found a strong relationship between trunk rotation, flexion, extension, and 
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the Get Up and Go (GUG) test, a subjectively rated functional assessment associated with QoL 

and fall risk. However, no relationship was found between trunk lateral flexion and the GUG 

test. This may be because the GUG test does not specifically require lateral flexion, suggesting 

that while trunk flexion and rotation are important for mobility, lateral flexion may not 

substantially impact this particular assessment. Additionally, Cano-de-la-Cuerda et al. (2020) 

suggested that these findings could be related to the small sample size, the exclusion of patients 

at stages IV and V on the H&Y scale, and potential bias due to the fixed testing sequence. These 

observations indicate that associations between trunk AROM and functional outcomes might 

differ across disease progression (Cano-de-la-Cuerda et al., 2020). This highlights the need for 

further research on all aspects of trunk AROM, utilizing diverse measurement tools and 

functional tests to provide a more comprehensive understanding of its role in functional 

outcomes in PwP.  

1.2.3 Trunk Mobility  

Trunk mobility describes the ability of the torso to move during functional tasks, such as 

sitting, standing, and turning (Nikfekr et al., 2002). In PD, trunk mobility often becomes 

restricted, impacting essential aspects of daily life, including posture, balance, and PA (Bouça-

Machado et al., 2018). Reduced trunk mobility can directly influence functional outcomes, 

particularly activities such as rising from a seated position, which involves transferring the 

body’s center of mass over the base of support and relies on trunk mobility, postural stability, 

and muscle control (Nikfekr et al., 2002). To compensate for these challenges, PwP often 

increase trunk flexion or make small rotational movements to complete these activities. While 

these strategies may help momentarily, they place additional strain on the body, further 

increasing fall risk and impairing overall functional outcomes (Nikfekr et al., 2002).  
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In clinical practice, the assessment of trunk mobility has been greatly enhanced by 

technological advances that allow precise evaluation during functional tasks. Wearable sensors, 

such as inertial measurement units (IMUs), allow reliable capture of trunk kinematics, sway, and 

turning patterns during functional tasks like walking, STS, and the Timed Up and Go (TUG) test 

(Peterson et al., 2020; van Lummel et al., 2016; Visser et al., 2007). While three-dimensional 

motion capture provides highly accurate measurements and is considered the gold standard, its 

complexity and cost limit routine clinical use (Adkin et al., 2005; W.-C. Yang et al., 2016). More 

accessible alternatives, like the Microsoft Kinect sensor, offer a practical alternative for gross 

movement like STS tasks and trunk mobility in the sagittal-plane during walking, though they 

may overestimate certain lateral movements and have limited precision in spatial characteristics 

(Eltoukhy et al., 2017; Galna et al., 2014). Complementing these technologies, the Trunk 

Mobility Scale (TMS) is a validated clinical tool used to assess trunk movement in all planes 

while seated. Performance is rated based on movement quality and the use of compensatory 

strategies, with scores ranging from 0 (no compensation) to 3 (unable to perform the movement) 

(Artigas et al., 2016). While the TMS evaluates qualitative aspects rather than quantitative 

measurements, it provides a practical and reliable approach for routine evaluation of trunk 

mobility in PwP (Artigas et al., 2016; Franco et al., 2011). Because trunk mobility plays a critical 

role in maintaining balance and coordinating movement during functional activities, limitations 

in trunk mobility may be associated with reduced performance in common mobility tasks such as 

the TUG test and floor sitting-rising (FSR) tasks, which require coordinated trunk movement 

during transitions between positions.  

1.2.4 Interventions targeting trunk AROM and trunk mobility 
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Research has demonstrated that interventions can improve trunk mobility and functional 

outcomes in PwP. Exercises such as gait training, trunk resistance, and stretching exercises can 

reduce rigidity, enhance postural control, and promote better trunk movements, likely through a 

combination of musculoskeletal and neural adaptations (Khobkhun et al., 2020). The Mézières 

method, which emphasizes spinal alignment and global joint mobility, has demonstrated 

improvements in trunk flexion and functional outcomes (Paolucci et al., 2017). Exercise 

programs that combine trunk strengthening and stretching have been shown to increase trunk 

AROM, reduce muscle rigidity, and support better postural control (Youm et al., 2020). Other 

interventions targeting trunk AROM have shown promising results; for example, short-term 

spinal mobilization can improve trunk rotation, balance, and functional performance 

(Seçkinoğulları et al., 2023). Similarly, task-specific trunk training and multi-component 

physiotherapy programs (stretching, mobility exercises, balance training, and breathing) enhance 

spinal flexibility and improve trunk movements during everyday activities such as rolling over or 

rising from bed (Akhila et al., 2022). Focused trunk control exercises have also been associated 

with gains in both flexion and lateral flexion over short periods (Bartolo et al., 2010).  

For instance, gait, balance, and multimodal programs have been linked to improved trunk 

mobility and reduced fall risk (De Bartolo et al., 2020; Gougeon et al., 2017; King et al., 2013; 

Silva-Batista et al., 2023). It is important to note that while some individuals may experience 

limited trunk mobility in certain planes, there can be a need to address excessive trunk mobility 

in others (Gougeon et al., 2017; Nikfekr et al., 2002). This highlights the complexity of trunk 

mobility issues in PwP, where interventions must not only aim to enhance limited mobility but 

also control excessive movement that can lead to instability (Gougeon et al., 2017).   
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Music-based interventions have also demonstrated improvements in trunk mobility and gait 

parameters in PwP. Walking to different music genres can improve trunk mobility, walking 

speed and stride length, though effects may vary depending on the music (De Bartolo et al., 

2020). Dance-based programs combining movements to music with relaxation, balance, and 

mobility exercises have also led to gains in gait, trunk rotation, and physical performance 

(Stożek et al., 2016). Nordic walking has also been shown to improve stride length and reduce 

excessive trunk mobility in the frontal plane (Gougeon et al., 2017). Similarly, treadmill walking 

with a physical therapist-assisted system improved gait metrics and trunk mobility in the coronal 

plane (Silva-Batista et al., 2023).  

Despite these promising interventions, several gaps remain in the literature; many studies are 

limited by small sample sizes, short durations, or methodological inconsistencies, such as biases 

in participant selection or imprecise measurement tools. For example, ballet-based interventions 

have not improved trunk mobility during gait, possibly due to insufficient frequency of practice 

or the influence of external cues like instructor feedback or music (McGill et al., 2019). 

Moreover, while evidence indicates that interventions aimed at reducing trunk rigidity, such as 

resistance training and stretching exercises, can improve trunk mobility, there remains a need for 

more research to explore the relationship between trunk AROM and broader functional outcomes 

(Khobkhun et al., 2020; Youm et al., 2020). 

 Older adults without PD can experience loss of trunk mobility during functional tasks, 

indicating that rigidity may only be one component of this problem (van Lummel et al., 2016; 

Zhai et al., 2023). This highlights the importance of evaluating movement within the task's 

context rather than simply assessing impairment and assuming that improvements in these 

impairments will automatically transfer to functional outcomes. Regardless of the cause, 
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limitations in trunk mobility during functional tasks may contribute to activity avoidance and 

increased fall risk. This underscores the need for task-specific training that focuses on how 

individuals move during their everyday activities rather than solely targeting isolated 

impairments. Therefore, a deeper investigation into how trunk AROM and mobility relate to both 

functional outcomes and participation in PA is critical for guiding targeted, task-specific 

interventions.  

Trunk AROM and trunk mobility are important not only for posture and balance but also for 

efficient and safe movement during everyday tasks and PA. Decreased trunk AROM and 

mobility can result in activity limitation, restricting the ability to perform activities of daily 

living, leading to a decline in independence, QoL, and an increased risk of falls. Functional tasks 

such as the TUG and FSR involve coordinated trunk movements, including trunk flexion, 

extension, and rotation, which are essential for controlling the center of mass and safe transitions 

between sitting, standing, and turning (Cano-de-la-Cuerda et al., 2020; Nikfekr et al., 2002). 

These tasks require trunk mobility for safe execution, providing a practical means of assessing 

how trunk impairments and movement limitations are associated with functional mobility in 

PwP. Understanding the relationship between trunk AROM, trunk mobility, and performance on 

functional tasks such as the TUG and FSR is key to developing effective interventions that 

preserve independence and promote safe movement in PwP.   

1.3  Aims  

The purpose of this study was to examine the relationship between trunk mobility, trunk 

AROM, and functional outcomes, including the TUG and FSR, as well as PA in PwP.   

Aim 1: To compare trunk AROM, trunk mobility, and functional outcomes between PwP 

and age-matched peers (AMPs).  
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Hypothesis. PwP will exhibit reduced trunk AROM and trunk mobility compared to 

AMPs and will demonstrate longer completion times on the TUG and FSR tests. 

Prediction 1. PwP will demonstrate reduced trunk AROM compared to AMPs and will 

require more time to complete the TUG and FSR tests. 

Prediction 2. PwP will exhibit reduced trunk mobility compared to AMPs and will 

require more time to complete the TUG and FSR tests.  

Aim 2. To determine the relationship between trunk AROM, trunk mobility, quadriceps 

strength, functional outcomes and PA duration. 

Hypothesis. Trunk AROM, trunk mobility, and quadriceps strength will be related to 

functional outcomes and PA duration.  

Prediction 1. Trunk AROM, measured with a digital goniometer, trunk mobility, 

measured during the Stand and Walk (SAW) test, and quadriceps strength (measured with a 

crane scale) will be negatively correlated with the time to complete the FSR test (measured with 

video analysis) and the TUG test (measured with APDM Mobility Lab). Specifically, greater 

trunk AROM, trunk mobility and quadriceps strength will be associated with faster performance 

on these functional outcomes. 

Prediction 2: Trunk AROM (measured with a digital goniometer) and trunk mobility 

(measured with the SAW test), and quadriceps strength (measured with a crane scale) will 

positively correlate with the PA duration (measured with the ActiGraph accelerometer). This 

suggests that individuals with greater trunk AROM, trunk mobility, and quadriceps strength will 

engage in more PA. 

Prediction 3: Trunk AROM and trunk mobility will together contribute to a significant 

portion of the variance in functional outcomes (TUG and FSR) and PA duration. 
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Prediction 4: Trunk AROM and trunk mobility will significantly contribute to the time to 

complete the TUG and FSR tests after controlling for disease stage. 
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 Chapter 2: Literature Review 

2.1 Parkinson’s Disease: Overview and Neurophysiology 

Parkinson’s disease (PD) is the second most prevalent neurodegenerative disorder 

globally, and its incidence is projected to double over the coming decades (Tolosa et al., 2021). 

PD is primarily characterized by the progressive degeneration of dopaminergic neurons in the 

substantia nigra pars compacta and the pathological accumulation of alpha-synuclein in Lewy 

bodies (Latif et al., 2021). This neuronal degeneration disrupts the balance between the direct 

and indirect pathways of the basal ganglia, leading to abnormal activity within the cortico-

striatal-thalamic circuits (Broeder et al., 2015). Consequently, motor outputs to the cortex and 

subcortical regions such as the thalamus are impaired, contributing to the hallmark motor 

symptoms of PD, including bradykinesia, rigidity, tremors, and postural instability. In addition, 

non-motor symptoms, such as depression, anxiety, hallucinations, and cognitive impairment are 

common and can further impact daily functioning (Port et al., 2021). As PD progresses, these 

impairments significantly compromise gait, balance, and postural control, increasing the risk of 

falls and reducing independence in daily living activities and QoL (Bouça-Machado et al., 2018; 

Port et al., 2021). 

Although the precise etiology of PD remains unclear, it is believed to result from a 

complex interaction of genetic and environmental exposures (Simon et al., 2020). Biological 

mechanisms implicated in disease pathogenesis include mitochondrial dysfunction, oxidative 

stress, abnormal aggregation of α-synuclein (α-syn), impaired autophagy, and 

neuroinflammation (Latif et al., 2021; Simon et al., 2020). Immune system dysfunction, 

including abnormal autoimmune responses, has also been implicated (Tan et al., 2020). 

Currently, PD is diagnosed based on clinical criteria requiring at least two core motor symptoms 
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(Kouli et al., 2018). However, prodromal symptoms such as olfactory dysfunction, sleep 

behavior disorder, and constipation may support earlier detection (Simon et al., 2020). Ongoing 

research into biomarkers, including genetic mutations, and neuroimaging findings, holds promise 

for earlier and more accurate detection (Jankovic, 2008; Tolosa et al., 2021). Among these, skin-

based α-syn assays like seed amplification assay (SAA) and immunological detection of 

phosphorylated α-synuclein (p-α-syn) offer high diagnostic accuracy and correlate with disease 

severity. However, methodological variability limits their consistency, highlighting the need for 

standardization and integration with other biomarkers to better distinguish PD from related α-

synucleinopathies (Zhao et al., 2025).  

The clinical progression of PD is commonly monitored using standardized rating tools, 

particularly the Hoehn and Yahr (H&Y) scale, which classifies disease severity from stage 0 (no 

symptoms) to stage 5 (severe disability) (Jankovic, 2008). In Stage 1, individuals present with 

mild, unilateral symptoms, such as tremors and slight rigidity. Stage 2 involves bilateral 

symptoms, often including increased rigidity and emerging difficulties in movements, 

particularly those involving the trunk. Stage 3 is characterized by moderate disability and 

balance impairments that interfere with mobility. In Stages 4 and 5, the disease becomes severe, 

with individuals experiencing significant motor difficulties and loss of independence. Stage 5 

typically requires the use of a wheelchair or results in the individuals being bedridden without 

assistance (Jankovic, 2008). In addition to the H&Y scale, disease severity is also frequently 

evaluated using the Unified Parkinson’s Disease Rating Scale (UPDRS), particularly Part II, to 

assess how motor impairments affect daily living activities (Jankovic, 2008; Shulman, 2010).  
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2.2 Impairments and Activity Limitations in Parkinson’s Disease  

 PD primarily affects both motor and non-motor functions, and its impact extends to 

various body systems and functional outcomes. As the disease advances, both impairments in 

body structure and function and activity limitations become more pronounced, significantly 

affecting functional outcomes and QoL (Bouça-Machado et al., 2018). According to the 

International Classification of Functioning, Disability, and Health (ICF), PD impacts multiple 

domains, including body functions and structures, activity levels, and participation in life roles 

(See Figure 2.1) (Bouça-Machado et al., 2018). Motor impairments such as trunk rigidity and 

postural instability directly compromise body function and activity, increase fall risk, and reduce 

overall QoL (Vojciechowski et al., 2016). 

Figure 2.1 

International Classification of Functioning of PD 

 
Adapted from Bouça-Machado et al. (2018) 
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2.2.1 Impairments in Body Structure and Function 

 The primary manifestations of PD are abnormalities of movement, including 

bradykinesia, akinesia, gait and balance impairments, and tremor (Magrinelli et al., 2016; 

Mazzoni et al., 2012). These impairments stem from dysfunction in basal ganglia circuitry, 

resulting in impaired motor planning and execution (Mazzoni et al., 2012). Bradykinesia, defined 

as slowness of movement, and akinesia, a reduction in movement initiation, affect both the 

initiation and execution of motor tasks (Mazzoni et al., 2012). Postural instability, characterized 

by impaired balance and reactive control, increases the risk of falls and injuries (Mazzoni et al., 

2012). Rigidity refers to increased muscle tone, resulting in stiffness and decreased mobility 

(Berardelli et al., 1983; Cano-de-la-Cuerda et al., 2014). Gait disturbance, particularly freezing 

of gait (FoG), involves brief episodes where individuals are unable to move their feet forward 

despite the intention to walk (Mazzoni et al., 2012). Over time, the primary motor impairments 

of PD contribute to secondary impairments, such as limited trunk active range of motion 

(AROM) resulting from reduced movement and rigidity, as well as muscle weakness. Trunk 

rigidity and co-contraction of trunk muscles in PwP often lead to reduced trunk range of motion, 

which compromises movement selectivity and coordination (Youm et al., 2020). These 

limitations directly impact functional outcomes and increase fall risk, which in turn limit 

physical activity engagement, participation, and QoL (Bouça-Machado et al., 2018). 

2.2.1.1 Bradykinesia and Akinesia  

 PwP commonly experience bradykinesia and akinesia, which are cardinal motor features 

of the condition. Bradykinesia refers to the slowness of voluntary movement and is also 

characterized by difficulty in initiating and executing movements at a normal speed and 

amplitude, particularly during repetitive actions (Berardelli et al., 2001; Mazzoni et al., 2012). 
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This deficit contributes to difficulties with self-paced movements, prolonged reaction times, and 

impaired sensorimotor integration. Bradykinesia may reflect impairments in motor planning, 

such as slowness in formulating motor commands, as well as deficits in motor execution, 

including reduced force production and impaired scaling of movements (Berardelli et al., 2001).  

Similarly, akinesia, defined as difficulty or delay in initiating voluntary movement, is 

often present in the early stages of disease (Mazzoni et al., 2012). Patients may experience 

hesitations before movement onset or episodes of motor “freezing”, particularly during gait 

initiation (Berardelli et al., 2001). Both bradykinesia and akinesia are primary motor 

impairments that arise from basal ganglia dysfunction, particularly reduced dopaminergic 

activity within cortico-basal ganglia circuits. This dopaminergic deficit disrupts neural processes 

responsible for regulating movement speed, coordination, and selective muscle activation and the 

execution of learned motor programs. Consequently, bradykinesia and akinesia are central 

contributors to impaired functional mobility and reduced independence in daily activities.  

2.2.1.2 Muscle Strength Deficits    

PwP typically exhibit reduced muscle strength compared to AMPs, which may be task-

specific rather than reflecting generalized weakness. These deficits contribute to impaired 

postural control and ultimately, reduced functional mobility (Frazzitta et al., 2015; Gamborg et 

al., 2023; Inkster et al., 2003; Nallegowda et al., 2004). Notably, trunk muscle weakness is 

particularly relevant in PwP, since muscle strength correlates with gait velocity and dynamic 

balance (Nallegowda et al., 2004). Similarly, lower extremity strength deficits account for 

approximately 34% to 40% of the variance in functional outcomes such as balance, gait speed, 

sit-to-stand (STS), and the Timed Up and Go (TUG), as well as in UPDRS (Gamborg et al., 

2023).  
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One study found that PwP with right-side symptom onset showed greater muscle 

weakness compared to controls, while those with left-side onset did not (Frazzitta et al., 2015). 

This suggests that strength deficits in PD may arise from asymmetrical basal ganglia 

dysfunction, particularly reduced dopaminergic activity in the left hemisphere, which controls 

the right side of the body (Frazzitta et al., 2015). Although age-related declines in muscle 

strength are expected, significant improvement in strength following dopaminergic medication 

indicates a neurological origin for the weakness. The basal ganglia play a crucial role in selecting 

and energizing specific muscle groups and automating learned motor plans. A disruption of this 

system leads to impaired motor execution, including weakness (Nallegowda et al., 2004). These 

strength impairments may also contribute to secondary motor deficits, including reduced trunk 

AROM and trunk rigidity, which further impair postural control and functional outcomes 

(Inkster et al., 2003). 

2.2.1.3 Trunk Rigidity 

Trunk rigidity is one of the most prevalent motor impairments observed in PwP. It is 

characterized by increased resistance to passive movement, reflecting abnormal stiffness in the 

axial and limb musculature (Baradaran et al., 2013). Trunk rigidity is significantly more 

pronounced in PwP compared to AMPs, with prevalence estimates exceeding 89% of clinical 

cases (Ferreira-Sánchez et al., 2020). This symptom has profound clinical implications, 

contributing to reduced trunk mobility, postural instability, and increased fall risk (Ferreira-

Sánchez et al., 2020; Mak & Wong-Yu, 2019). 

Pathophysiology of Trunk Rigidity  

 The exact pathophysiological mechanisms underlying trunk rigidity remain unclear. 

Some research suggests that rigidity arises from increased monosynaptic and long-latency stretch 
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reflex activities, whereas others attribute it to altered connectivity across neural networks 

involving the cerebellum, motor cortices, temporal and occipital lobes, and the caudate nucleus 

(Ferreira-Sánchez et al., 2020). It has also been suggested that trunk rigidity is often resistant to 

dopaminergic therapy, indicating that non-dopaminergic neural dysfunctions may also play an 

important role (Mak & Wong-Yu, 2019).  

Clinically, PwP typically exhibit reduced trunk AROM, which can be attributed in part to 

rigidity of the limbs and axial muscles (Cano-de-la-Cuerda et al., 2020; Korkmaz et al., 2025). 

These changes may result from altered stretch reflex mechanisms or compensatory adaptations to 

the stooped posture observed in PD. Neurophysiological evidence suggests that trunk rigidity 

may reflect combined degeneration of both dopaminergic and non-dopaminergic pathways 

within the basal ganglia (Mak & Wong-Yu, 2019). Despite the severity of this symptom, 

exercise-based interventions focused on enhancing trunk motion have demonstrated the potential 

to reduce muscular stiffness and promote beneficial neural adaptations. Such adaptations may 

occur through modulation of spinal reflex excitability, particularly by inhibiting alpha motor 

neurons via the I-alpha spinal inhibitory interneurons (Youm et al., 2020). 

Assessment of Trunk Rigidity 

The assessment of trunk rigidity relies on a combination of clinical scales and objective 

biomechanical tools. Clinical rating scales remain the most widely used method, although they 

are often criticized for their subjectivity and limited intra- and inter-rater reliability (Baradaran et 

al., 2013; Ferreira-Sánchez et al., 2020). Among these, the UPDRS is the most widely 

implemented and provides semi-quantitative scores of motor function, including rigidity, and is 

often administered alongside other clinical evaluations (Bartolo et al., 2010; Cano-de-la-Cuerda 

et al., 2014; R. G. Cohen et al., 2015; Ferreira-Sánchez et al., 2020; Ni et al., 2016). Within the 
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UPDRS Part III, rigidity is evaluated through specific items that assess resistance to passive 

movement in the neck, upper and lower limbs. Each region is scored from 0 to 4, where 0 

indicates no rigidity and 4 represents severe rigidity (Goetz et al., 2008). However, even expert 

clinicians specializing in movement disorders can have a diagnostic error margin of up to 20%, 

highlighting the limitations of relying solely on clinical assessments such as the UPDRS 

(Ferreira-Sánchez et al., 2020).  

To address the limitations of subjective ratings, researchers have increasingly developed 

objective methods to provide more reliable and precise measurements. These include 

servomotor-driven isokinetic dynamometry, and inertial sensors, all of which show good validity 

and correlation with clinical scales (Ferreira-Sánchez et al., 2020). Isokinetic dynamometry, for 

example, mobilizes the trunk at a constant angular velocity, allowing resistance to passive 

flexion and extension to be quantified. The resulting torque values are normalized to body 

weight to provide a reliable measure of extensor rigidity (Cano-de-la-Cuerda et al., 2014; 

Ferreira-Sánchez et al., 2020). Another method, the axial rotation test, assesses resistance 

between the shoulder and pelvis over a five-minute period (R. G. Cohen et al., 2015). 

Collectively, these objective methods complement traditional clinical scales and offer greater 

precision in detecting rigidity-related impairments. 

2.2.1.4 Limited Trunk Range of Motion  

Trunk range of motion refers to the capacity of the trunk to move across different planes, 

including flexion/extension, lateral flexion, and rotation within the sagittal, frontal, and 

transverse planes (Cano-de-la-Cuerda et al., 2020). It can be classified as passive (PROM), 

where movement is achieved through external force, or active (AROM), which relies on 

voluntary muscle contraction and coordination (Suleiman, 2023). In PwP, motor symptoms such 
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as bradykinesia and rigidity contribute to reduced trunk AROM, limiting functional mobility and 

compromising independence in activities of daily living (ADL) (Bouça-Machado et al., 2018).  

Assessment Methods   

Accurate assessment of trunk AROM is essential for understanding movement limitations 

in PwP and evaluating the effectiveness of rehabilitation strategies. A wide range of instruments 

exists, from simple clinical tools to sophisticated laboratory systems, each offering different 

levels of precision, feasibility, and applicability. Traditional clinical instruments, such as 

goniometers and tape measures, remain among the most widely used due to their low cost, 

portability, and ease of application, and both have demonstrated acceptable reliability for 

assessing trunk flexion/extension and lateral flexion (Batavia & Gianutsos, 2004; Johnson & 

Mulcahey, 2021). Tape measures are commonly used in functional assessment, such as the 

fingertip-to-floor test, but results can be altered by individual differences in limb length or 

compensatory movement strategies, which may reduce accuracy in PwP (Ganzalez et al., 2014; 

Johnson & Mulcahey, 2021).  

Digital goniometers and smartphone-based applications have been developed to address 

some of these limitations. Digital goniometers allow for greater measurement precision and 

minimize rater error, while smartphones-equipped with accelerometers and gyroscopes-offer an 

accessible and user-friendly option for recording angular displacement. Evidence suggests that 

both tools provide reliable measurements, though smartphones may present technological 

inconsistencies across devices and applications, limiting standardization in research (Park et al., 

2022; Pourahmadi et al., 2016). Gravity-based inclinometers represent another commonly used 

option, providing direct angular measurements across trunk flexion and extension with good to 

excellent reliability. However, their accuracy depends on consistent device placement and user 
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expertise, which may be challenging in special populations (Pourahmadi et al., 2016). Three-

dimensional motion analysis systems provide the most detailed and accurate quantification of 

trunk AROM during flexion and lateral bending under standardized conditions (Bartolo et al., 

2010). These systems offer high-resolution data and synchronized processing, but their 

complexity, cost, and laboratory requirements limit feasibility outside research settings.   

In addition to instrumented assessments, simple functional tests have also been 

employed. The seated functional rotation test, for instance, requires individuals to rotate their 

trunk maximally while looking over their shoulder. This method has been validated in PwP, 

offering a low-cost and portable option, making it a relevant alternative to more technical 

systems (Batavia & Gianutsos, 2004). Although it lacks the precision of kinematic or sensor-

based tools, its practicality and ease of administration make it valuable in clinical and 

community-based environments. Other tools, such as the Spinal Mouse, provide portable options 

but may lack accuracy in certain planes of movement (Korkmaz et al., 2025). Overall, the choice 

of measurement instruments is crucial, as methodological differences can significantly affect 

reported outcomes and their interpretation in relation to functional outcomes. While laboratory-

based tools provide highly precise data, their feasibility is limited, whereas simple clinical 

instruments offer greater accessibility but lower resolution. 

2.2.1.5 Limited Trunk Mobility  

Trunk mobility refers to the natural movement of the torso required for everyday activities 

such as sitting, standing, walking, and turning (Nikfekr et al., 2002). In PwP, limitations in trunk 

mobility emerge early in the disease and typically worsen as the condition progresses, 

contributing to impaired postural stability, increased fall risk, and reduced ability to perform 

activities of daily living (ADLs) (Bouça-Machado et al., 2018). One well-documented challenge 
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is the STS transition, which requires efficient forward translation of the body’s center of mass. 

Limitations in this mobility directly compromise functional independence and increase disability 

in PD (Nikfekr et al., 2002).  

Trunk mobility during walking is closely coordinated with arm swing (Koh et al., 2019; 

Siragy & Nantel, 2020). In typical gait, trunk rotation contributes to reciprocal arm swing, which 

helps to maintain balance and facilitates forward progression (Mirelman et al., 2016). In PwP, 

arm swing is often reduced or asymmetric due to bradykinesia and rigidity (Patera et al., 2025; 

Peterson et al., 2020). Reduced arm swing has been associated with altered trunk mobility and 

altered gait stability, suggesting that limitations in trunk mobility may disrupt the normal 

coordination between the trunk and upper limbs during locomotion (Koh et al., 2019; Siragy & 

Nantel, 2020). These changes illustrate how limitations in trunk mobility during tasks can 

influence the activity of walking. Consequently, PwP may adopt compensatory strategies 

involving adjustments in trunk mobility and lower-limb mechanisms to maintain walking 

stability (Siragy & Nantel, 2020).  

Assessment Methods  

The assessment of trunk mobility has been approached through a variety of tools ranging 

from laboratory-based motion analysis systems to portable wearable sensors. Three-dimensional 

marker-based motion capture remains the gold standard, offering precise kinematic data, 

although it requires extensive setup and is rarely feasible outside research laboratories (Scataglini 

et al., 2024). Using this method, Yang et al. (2016) demonstrated that PwP exhibit disrupted 

trunk coordination, slower turning speeds, and an increased number of steps to complete turns 

compared to age-matched controls. These deficits were attributed to the combined contribution 

of rigidity and reduced rotational control, which together compromise forward momentum and 
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heighten lateral instability (Artigas et al., 2016). Despite its precision, the clinical translation of 

3D motion capture remains limited, prompting investigations of alternative methods.  

 Among low-cost solutions, the Microsoft Kinect sensor has been explored as a practical tool 

for home-or community-based assessment. Galna et al. (2014) compared Kinect with the Vicon 

motion capture system in PwP and controls, showing that Kinect accurately captured temporal 

and gross spatial features (e.g., sit-to-stand movement). However, it lacked precision in 

measuring fine spatial details such as STS performance, overestimated trunk displacement and 

lacked the resolution necessary for fine kinematic analysis (Galna et al., 2014). 

 Other portable systems have also been validated. Visser et al. (2007) demonstrated that an 

angular velocity sensor attached to the lower back could reliably quantify trunk mobility during 

walking and turning, with PwP exhibiting slower turning performance and reduced peak angular 

velocity compared to controls (Visser et al., 2007). Similarly, inertial measurement units (IMUs) 

have been commonly used in both clinical and research settings, with systems such as the APDM 

Mobility Lab offering reliable assessment of gait, balance, and trunk mobility (Mancini & Horak, 

2016). Peterson et al. (2020) used this system to examine gait across different walking speeds, 

reporting altered stride parameters in PwP but no significant differences in trunk mobility or 

stability during these conditions (Peterson et al., 2020). Furthermore, van Lummel et al. (2016) 

confirmed the reliability of IMU-based measures during the instrumented TUG, particularly for 

turning tasks. However, the STS phase showed varying reliability, ranging from good to low 

depending on the parameter assessed (van Lummel et al., 2016). 

 In contrast to instrumented motion analysis systems such as Vicon and IMU-based 

assessments, the Trunk Mobility Scale (TMS) is a reliable clinical scale used to assess mobility 

across sagittal, frontal, and transverse planes (Artigas et al., 2016). The TMS is an observational 
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bedside scale that evaluates movement based on the presence of compensatory strategies. 

Performance is rated on a scale from 0 (movement performed without compensation) to 3 

(unable to perform the movement)(Artigas et al., 2016; Youm et al., 2020). Collectively, these 

approaches highlight the balance between precision and practicality, with wearable sensors 

emerging as a promising solution for routine clinical monitoring.  

2.2.2 Activity Limitations in Parkinson’s Disease  

Impairments in body structure and function lead to limitations in the ability to perform 

daily activities (Cano-de-la-Cuerda et al., 2017; Magrinelli et al., 2016; Mazzoni et al., 2012). 

The progression of motor symptoms in PwP is associated with increasing disability, negatively 

affecting both functional outcomes and participation in PA (Bryant et al., 2016; Shulman, 2010). 

Among the most affected activities are walking and gait, STS, turning, bed mobility, and dual-

task performance. These are essential components of functional mobility, defined as the capacity 

to move independently and safely in different environments to perform activities of daily living 

(Bouça-Machado et al., 2018).  

It is important to distinguish functional mobility from PA, which refers to any bodily 

movement produced by skeletal muscle resulting in energy expenditure above resting levels. It 

can be categorized into sedentary behavior (SB), light-intensity PA (LPA), and moderate-to-

vigorous physical activity (MVPA) (Caspersen et al., 1985; von Rosen et al., 2021). While 

functional mobility encompasses the capacity to perform specific motor tasks, PA reflects any 

movements during daily living, whether at work, home or during leisure (Denche-Zamorano et 

al., 2024). In the ICF, participation refers to involvement in life situations, such as social roles 

and community activities. Motor impairments in PD can reduce both functional mobility and 

participation, ultimately leading to lower PA levels (Piškur et al., 2014).  
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2.2.2.1 Functional Limitations  

Activity limitations refer to difficulties in executing everyday actions, such as walking, 

turning, or transitioning from sitting to standing, which are essential for participation in ADLs. 

These limitations often emerge in the early stages of PD and tend to worsen over time, directly 

affecting an individual’s functional capacity to participate in home, work, and community life 

(Bouça-Machado et al., 2020). In PD, such limitations are driven by the combined influence of 

both motor and non-motor symptoms, which severely compromise movement efficiency and 

overall QoL (Bouça-Machado et al., 2020). For instance, PwP may experience bradykinesia, 

rigidity, reduced postural control, and freezing episodes, which collectively disrupt essential 

movement patterns. While individuals in the early stages of PD may take longer to complete 

tasks such as descending stairs or turning, which require balance and postural control, those in 

more advanced stages often exhibit pronounced limitations across multiple activities (Artigas et 

al., 2016). These deficits become particularly pronounced during medication “OFF” periods 

(when medication effects temporarily diminish). In contrast, during “ON” periods, motor 

function tends to improve temporarily as the medication reaches peak efficacy (M. E. Morris et 

al., 2001).   

2.2.2.1.1 Walking  

 Walking is a complex sensorimotor activity involving spatial-temporal coordination of 

trunk, legs and arms, alongside the ability to control the body’s center of mass (CoM) during 

forward propulsion (Bouça-Machado et al., 2018; M. E. Morris et al., 2001). In PD, walking is 

frequently impaired as a result of basal ganglia dysfunction and neurotransmitter imbalance 

affecting motor planning, execution, and adaptation to environmental demands (Bouça-Machado 

et al., 2018; M. E. Morris et al., 2001).Walking difficulties are more pronounced during specific 
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phases such as gait initiation, directional changes, turning, and dual-task conditions. These 

challenges are further compounded by measurable reductions in stride length, walking speed, and 

step cadence (M. E. Morris et al., 2001). Among the most disabling features of PD-related 

walking dysfunction is FoG, defined as a sudden, temporary inability to step forward despite the 

intention to walk. These episodes are particularly common when initiating gait, turning, and 

multitasking (Bouça-Machado et al., 2018; M. E. Morris et al., 2001). Moreover, walking 

performance in PD is often affected by the presence of hypokinesia (reduced movement speed 

and size), akinesia (absent movement), dyskinesia (involuntary movements), and impaired 

balance, all of which compromise safe ambulation and increase the risk of falls (M. E. Morris et 

al., 2001). 

2.2.2.1.2 Turning 

 Turning is a frequent and essential component of daily movement accounting for over 

50% of steps taken during typical daily activities (Mancini et al., 2018). Among PwP, turning is 

often impaired even in early stages of the disease, with deficits characterized by a reduction in 

turning speed, prolonged duration, increased number of steps, a narrowed base of support, 

reduced coordination, and decreased postural stability (Mancini et al., 2018). Turning is strongly 

associated with increased fall risk, especially when it occurs during walking, due to the need for 

dynamic balance and correct weight shift. Moreover, turning has been identified as one of the 

most common triggers for freezing episodes, particularly in situations that demand quick or 

complex movements (Mancini et al., 2018). Because of its prevalence and functional 

significance, turning has emerged as a critical focus for clinical assessment and therapeutic 

intervention aimed at improving mobility and reducing fall risk in PD (M. E. Morris et al., 2001).   

2.2.2.1.3 Sit-to-Stand Transitions   
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Sit-to-stand transitions are fundamental for daily independence and are often impaired in 

PwP. This task requires forward and upward propulsion of the body and the transfer of CoM 

from a broad to a narrow base of support, a process that demands balance, strength, and trunk 

mobility (Bouça-Machado et al., 2018). PwP commonly have difficulty initiating this movement 

due to reduced trunk mobility and impaired postural adjustments (Nikfekr et al., 2002). In 

response to these challenges, PwP often adopt compensatory strategies, such as increasing trunk 

flexion at higher angular velocities to generate forward momentum. While these adjustments 

may help in task completion, they can also contribute to biomechanical inefficiency, increase fall 

risk, and place additional stress on musculoskeletal structures (Nikfekr et al., 2002). The trunk 

plays a central role in displacing the body’s CoM during such transitions, and limitations in trunk 

mobility can lead to instability, prolonged movement duration, and increased physical effort. 

Consequently, targeted interventions aimed at enhancing trunk mobility may help optimize 

performance and reduce fall risk during transitional tasks.  

2.2.2.1.4 Activity Limitations Assessments 

Activity limitations in PD are commonly assessed using objective performance-based 

tests and subjective self-reports. Objective tools such as the TUG, STS, and Sit-and-Walk test 

provide quantifiable data on mobility tasks including walking, turning, and transitional 

movements (Peterson et al., 2020; van Lummel et al., 2016; Visser et al., 2007). These 

assessments are often enhanced by the use of advanced technologies such as wearable inertial 

sensors and 3D motion capture systems, which provide high-resolution data on gait, stride 

length, cadence, swing time, and mobility across multiple planes (Bouça-Machado et al., 2018; 

Cano-de-la-Cuerda et al., 2020; Peterson et al., 2020; Youm et al., 2020). Subjective evaluation 

provides complementary insights on mobility challenges in daily life (Artigas et al., 2016; 
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Bouça-Machado et al., 2018). Commonly used tools include the MDS-UPDRS, the Schwab & 

England ADL scale, Parkinson’s specific mobility questionnaires (Bouça‐Machado et al., 2019; 

Goetz et al., 2008). Some tools specifically target bed mobility, such as self-reports on rolling 

ability (Artigas et al., 2016) or the modified Parkinson’s activity scale (Shujaat et al., 2014), 

which rates performance depending on difficulty and level of assistance required. Additionally, a 

clinician-rated version of the GUG test evaluates movement quality using a scale, offering 

further insight into performance challenges (Cano-de-la-Cuerda et al., 2020). Taken together, 

these tools provide a comprehensive profile of motor function and its impact on activity 

performance, informing both clinical decision-making and rehabilitation planning.  

2.2.2.1.5 Physical Activity Levels in Parkinson’s Disease  

 Physical activity (PA) is classified at the level of participation, as it reflects the extent to 

which an individual is able to engage in life situations and broader social roles. Reduced PA in 

PwP represents a restriction in participation that is downstream from impairments. Beyond its 

role in daily functioning, emerging evidence suggests that reduced PA may worsen motor 

symptoms in PwP. Cavanaugh et al. (2015), using step activity monitors over seven days, found 

that PwP often fail to meet recommended PA guidelines and daily step targets (Cavanaugh et al., 

2015). PA levels tend to decline as the disease progresses (Ellis et al., 2013; van Nimwegen et 

al., 2011; von Rosen et al., 2021). For example, PwP spend approximately 75% of their time in 

SB and only 18% in LPA and 6% in MVPA, based on accelerometry data (Benka Wallén et al., 

2015). Van Nimwegen et al. (2011) found that PwP are approximately 29% less active than 

healthy controls, and PA levels decline significantly with increasing age and disease severity. 

This study used the self-reported LASA Physical Activity Questionnaire, which may 

overestimate actual activity (van Nimwegen et al., 2011). A more recent study using ActiGraph 
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accelerometers confirmed that individuals with mild-moderate PD are less active than controls 

(Hale et al., 2023). Importantly, those engaging in higher levels of MVPA demonstrated better 

functional outcomes, even under dual-task conditions (von Rosen et al., 2021). Tsukita et al. 

(2022), using the Physical Activity Scale for the Elderly, found comparable MVPA levels 

between groups, although increased MVPA did not slow postural and gait stability (Tsukita et 

al., 2022). These findings highlight the cyclical challenge, where reduced PA contributes to 

worsening motor impairments, which in turn limit mobility and independence, further reducing 

PA. 

Although PwP generally have low PA levels, they are not entirely inactive. Chastin et al. 

(2010), using the activPAL accelerometer, found no significant difference in total inactive time 

between PwP and healthy adults. However, PwP tend to have longer bouts of sedentary behavior, 

suggesting a change in the pattern of inactivity rather than the amount (Chastin et al., 2010). 

Handlery et al. (2021) reported that over 75% of PwP meet PA guidelines based on ActiGraph 

data, though this was sensitive to the specific cutoff used to classify moderate intensity. They 

also found that MVPA and daily step counts significantly improved following six months of 

high-intensity treadmill training (80%-85% of maximum heart rate) (Handlery et al., 2021). 

Additionally, growing evidence suggests that high-intensity PA may reduce the risk of 

developing PD, whereas light PA does not appear to offer the same benefits (Thacker et al., 

2008; Q. Xu et al., 2010). LaHue et al., (2016) found that PwP who participate in more than six 

hours of PA per week had a 43% lower risk of PD, including activities such as walking and stair 

climbing (LaHue et al., 2016). Conversely, Yang et al. (2015) reported no significant association 

between PD risk and either leisure-time or occupation PA, suggesting that the type and context 

of activity may influence outcomes (F. Yang et al., 2015).  
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2.3 Relationship between Motor Impairment and Activity Limitations  

2.3.1 Trunk Rigidity and Activity Limitations  

Trunk rigidity has direct and clinically meaningful consequences on activity limitations, 

impaired trunk AROM, increased fall risk, and reduced QoL (Cano-de-la-Cuerda et al., 2020). 

Cano-de-la-Cuerda et al. (2020) demonstrated that trunk rigidity, measured with an isokinetic 

dynamometer, was associated with limited trunk AROM, poorer performance on the GUG test, 

and lower health-related QoL. Interestingly, the strength of these correlations varied depending 

on the instrument used to assess QoL, highlighting the importance of selecting condition-

specific measures when evaluating functional outcomes in PD. Despite this variation, the study 

confirmed that increased trunk rigidity is negatively associated with both mobility and QoL 

(Cano-de-la-Cuerda et al., 2020).   

Research by Mak and Wong-Yu (2019) further demonstrated that PwP exhibit 

significantly greater trunk rigidity compared to neurotypical adults, and that symptoms 

compromise balance and postural control. However, they reported no significant correlation 

between trunk rigidity and disease stage or duration, a finding likely due to the limited range of 

severity in their sample (Mak & Wong-Yu, 2019). The available evidence indicates that trunk 

rigidity is associated with poorer functional outcomes, although inconsistencies remain in its 

relationship with disease progression and QoL. This reinforces the importance of assessing and 

targeting trunk dysfunction to improve independence, mobility, and QoL.  

2.3.2 Trunk Active Range of Motion and Activity Limitations 

A consistent link has been reported between reduced trunk AROM, impaired activity 

performance, increased fall risk, and poorer QoL (Cano-de-la-Cuerda et al., 2020). Evidence 

most strongly supports a relationship between trunk rotation and mobility tasks. For instance, 
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Wright et al. (2010) found a strong relationship between trunk rotation measured with a twist 

platform and walking performance. Schenkman et al. reported similar associations with supine-

to-stand, turning, and walking tasks (M. Schenkman et al., 2000; M. L. Schenkman et al., 2001). 

However, most of these studies restricted their analysis to trunk rotation, leaving the role of other 

planes of movement unexplored. Cano-de-la-Cuerda et al. (2020) provided a more 

comprehensive assessment by including flexion, extension, lateral flexion, and rotation. Their 

findings showed that trunk flexion, extension, and rotation were associated with GUG 

performance, but lateral flexion was not. They argued that this may be due to the limited 

contribution of lateral flexion to GUG, as well as the relatively mild disease stage of participants 

(Cano-de-la-Cuerda et al., 2020). These findings highlight the importance of considering the 

functional specificity of tasks, since certain trunk movements may be more relevant to particular 

functional outcomes than others.  

More recent research by Korkmaz et al. (2025) also identified reductions in sagittal and 

frontal plane AROM in PwP, with weak but significant correlations to upper limb performance. 

However, the study did not assess trunk rotation and lower body functional outcomes, limiting 

generalizability (Korkmaz et al., 2025). Together, these findings suggest that while trunk rotation 

is most consistently linked to functional outcomes, the contribution of other planes of movement 

remains underexplored. Methodological variability in measurement instruments and functional 

outcomes further complicate comparisons across studies, underscoring the need for more holistic 

and standardized approaches.   

2.3.3 Trunk Mobility and Activities Limitations   

 Beyond measurement, limitations in trunk mobility have been shown to compromise a 

range of activities. During the STS transition, for example, PwP adopt compensatory strategies to 
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counteract restricted trunk motion. Nikfekr et al. (2002) found that compared to healthy controls, 

PwP demonstrated exaggerated forward flexion and greater angular velocity in the sagittal plane, 

adaptations that generated sufficient forward momentum to facilitate rising. However, these 

individuals also displayed reduced trunk rotation and increased lateral trunk movement, 

indicating reliance on less efficient strategies that may compromise stability during this critical 

transitional phase (Nikfekr et al., 2002).  

 Walking and turning are similarly affected, particularly during challenging tasks such as 

turning or walking at varying speeds. Peterson et al. (2020) showed that PwP had shorter stride 

lengths, increased cadence and prolonged stride time at higher walking speeds, reflecting 

compensatory gait adaptations. Mitchell et al. (2019) further highlighted the complexity of these 

adaptations by comparing PwP with and without FoG. Those with FoG demonstrated reduced 

lateral trunk flexion, diminished rotational variability, and lower peak trunk velocity during 

turning, indicative of a conservative movement strategy aimed at minimizing fall risk (Mitchell 

et al., 2019). Interestingly, no significant differences were observed during straight walking, 

suggesting that turning represents a particularly demanding condition for PwP with FoG 

(Mitchell et al., 2019).  

The Timed Up and Go (TUG) test, widely used to evaluate functional mobility, also 

underscores the role of trunk impairment. Using motion capture, Yang et al. (2016) reported that 

PwP performed the TUG with significant disruption of trunk coordination, slower turning 

speeds, and an increased number of turning steps compared with controls. Excessive sagittal 

trunk inclination was significantly correlated with the number of steps required, suggesting that 

forward leaning may exacerbate instability during turning (W.-C. Yang et al., 2016). These 

findings align with the broader evidence linking trunk rigidity and reduced trunk mobility to 
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impaired mobility and fall risk. This work demonstrates that impaired trunk mobility in PwP not 

only reflects underlying rigidity but also affects functional outcomes such as rising, walking, and 

turning. Advances in assessment technologies have expanded the ability to capture these 

impairments across laboratory, clinical, and community environments, while evidence from 

functional outcomes highlights the importance of trunk mobility as a critical determinant of 

independence and fall prevention in PD.  

2.4 Treatment Approaches in PD 

2.4.1 Pharmacological and Surgical Interventions 

The mainstay of PD treatment involves dopaminergic medications aimed at restoring or 

mimicking dopamine activity. While initially effective, long-term use often leads to reduced 

efficacy and side effects (Broeder et al., 2015). Other medical interventions include dopamine 

neuron transplantation, aimed at restoring corticostriatal synaptic plasticity, critical to learning 

and memory (Broeder et al., 2015). Deep brain stimulation, a surgical treatment involving 

electrode implantation in specific brain regions, has shown efficacy in reducing motor 

symptoms, but is not suitable for all patients due to its invasive nature and potential 

complications (Broeder et al., 2015). However, dopaminergic medications and deep brain 

stimulation often do not fully address balance and mobility problems (St. George et al., 2010). 

Non-invasive brain stimulation techniques, such as transcranial direct current stimulation, are 

also being explored for their potential to modulate cortical activity and promote neuroplasticity 

with fewer risks (Broeder et al., 2015).  

2.4.2 Rehabilitation and Non-pharmacological Approaches 

Beyond pharmacological and surgical interventions, rehabilitation is a critical component 

in the long-term management of PD. Since PD primarily impairs the brain’s capacity to initiate 
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and regulate voluntary movement, particularly through dysfunction in the basal ganglia and 

associated motor circuits, rehabilitative strategies aim to promote neuroplasticity to compensate 

for these motor deficits (Broeder et al., 2015). A multidisciplinary approach, combining 

pharmacological, surgical, and rehabilitative therapies, is essential to mitigate symptoms, slow 

the progression of disability, and preserve functional autonomy (Lee & Yankee, 2021; Shulman, 

2010; Simon et al., 2020). Within rehabilitation, exercise-based interventions, such as aerobic, 

resistance, stretching, and mind-body practices, have demonstrated benefits in enhancing gait, 

balance, strength, postural control, and overall QoL in PwP (G. Xu et al., 2025).  Exercise-based 

interventions have shown potential in addressing disease, specific motor impairments such as 

bradykinesia, rigidity, and loss of mobility (G. Xu et al., 2025; Youm et al., 2020). These 

interventions can help reduce muscular and tendinous stiffness and enhance spinal reflex 

modulation by affecting Ia inhibitory interneurons (G. Xu et al., 2025; Youm et al., 2020). 

Effective mobility in PwP depends on the adaptability of the neural control system to meet 

changing environmental demands (Bouça-Machado et al., 2018). However, as PD progresses, 

individuals experience difficulty generating appropriate motor responses and controlling trunk 

movements, leading to impaired gait and reduced efficiency in functional mobility. Targeted 

rehabilitation focused on trunk mobility may therefore provide functional benefits, helping to 

improve gait, facilitate activities of daily living, and delay the progression of disability.  

Beyond physical impairments, PD also leads to broader psychosocial challenges 

including reduced independence, limited social engagement, and loss of autonomy (Bouça-

Machado et al., 2018). These factors highlight the need for comprehensive rehabilitation that 

targets both motor function and psychosocial well-being (Bouça-Machado et al., 2018; 

Vojciechowski et al., 2016). Despite optimal treatment, disease progression remains inevitable, 
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often resulting in significant limitations in daily activities. Therefore, a major goal in PD 

management is to delay disability onset and preserve functional autonomy (Shulman, 2010). By 

addressing modifiable factors such as trunk rigidity and mobility through targeted rehabilitation, 

healthcare providers can improve QoL and functional outcomes in PwP.  

2.4.3 Interventions targeting Trunk Impairments  

A range of exercise-based interventions have been explored to improve trunk impairment 

in PwP, with evidence suggesting beneficial effects on gait, balance, and overall functional 

outcomes. These interventions can be broadly categorized into those targeting trunk rigidity, a 

key contributor to limited trunk mobility; those targeting AROM, aimed at increasing spinal 

flexibility and reducing stiffness; and those targeting trunk mobility, which emphasize the 

dynamic use of the trunk during functional tasks. While findings are encouraging, most studies 

are constrained by small samples, short intervention periods, and heterogeneous methodologies, 

which limit broader clinical applicability.   

2.4.3.1 Interventions Targeting Trunk Rigidity 

Exercise-based interventions have consistently shown promise in reducing trunk rigidity 

and improving functional outcomes in PwP. Improvements in trunk mobility, turning ability, 

balance, and gait patterns, have been reported across several intervention studies (Bartolo et al., 

2010; Khobkhun et al., 2020; Santos et al., 2017). For example, Santos et al. (2017) implemented 

an eight-week program of progressive resistance exercise focused on strengthening flexor and 

extensor muscles. This intervention improved gait performance, posturography outcomes, and 

self-reported QoL, although its generalizability was limited because the sample consisted solely 

of individuals experiencing FoG (Santos et al., 2017).  



 37 

Trunk-specific exercise programs have also demonstrated positive outcomes. Bartolo et 

al. (2010) reported a significant reduction in trunk rigidity, measured by a decrease in UPDRS-

III scores, following a four-week program designed to correct trunk deviations and enhance trunk 

control during functional tasks (Bartolo et al., 2010). Similarly, Shujaat et al. (2014) found that 

both kayaking exercises and general physical training over four weeks improved trunk rigidity, 

though greater benefits were seen in the kayaking group due to the dynamic trunk rotation 

inherent to the activity (Shujaat et al., 2014). Other exercise modalities such as Vinyasa-style 

power yoga (Ni et al., 2016), the Alexander Technique (R. G. Cohen et al., 2015), and 

individualized rehabilitation programs (M. Schenkman et al., 1998) have also demonstrated 

beneficial effects on rigidity, posture, and mobility. The mechanisms underlying these 

improvements are believed to include enhanced neuroplasticity, improved spinal reflex 

modulation, and reductions in maladaptive muscle co-contraction. King and Horak (2009) 

recommended incorporating agility-based exercises that promote trunk rotation and reduce co-

contraction of agonist and antagonist muscle groups (King & Horak, 2009). Exercises that 

promote trunk rotation, extension, and functional posture control, such as kayaking, Tai Chi, or 

Pilates, appear particularly effective (King & Horak, 2009). These findings collectively suggest 

that targeted exercise interventions play a critical role in reducing rigidity and improving 

functional independence in PwP (King & Horak, 2009).  

2.4.3.2 Interventions Targeting Trunk AROM  

Strengthening and stretching programs enhance trunk flexibility by reducing muscle stiffness 

and improving postural control. Youm et al. (2020) found that a 12-week trunk resistance and 

stretching exercise improved trunk AROM, balance, and functional outcomes, suggesting both 

musculoskeletal and neural adaptations, such as enhanced stretch tolerance and reduced spinal 
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reflex excitability of alpha motor neurons (Youm et al., 2020). Similarly, Paolucci et al. (2017) 

reported that the Mézières method, a therapeutic approach aimed at restoring global joint and 

muscle mobility and reharmonizing posture by realigning the spinal curves in the sagittal plane, 

led to particular improvements in trunk flexion and functional outcomes.  

Spinal mobilization techniques have also been investigated, where Seçkinoğulları et al. 

(2023) observed improvements in balance and functional outcomes following a single 10-minute 

session of lumbosacral mobilization, which combined techniques to enhance trunk rotational 

movements and trunk flexibility (Seçkinoğulları et al., 2023). Similarly, task-related trunk 

training targeting thoracic extension and rotation, as well as a standard physiotherapy involving 

stretching, balance, mobility training, and breathing exercise for six weeks, both improved trunk 

AROM, trunk mobility during rolling over, and sitting up from bed (Akhila et al., 2022). Bartolo 

et al. (2010) also demonstrated that focused trunk control exercises improved trunk flexion and 

lateral flexion over a four-week period (Bartolo et al., 2010). Although promising, these studies 

were limited by their small sample size and lack of follow-up.  

2.4.3.3 Interventions Targeting Trunk Mobility  

Programs targeting gait and balance often incorporate trunk-specific elements. Stożek et 

al. (2016) implemented a four-week program combining mobility, and dance-based exercise, 

which improved lumbar and thoracolumbar trunk rotation as well as gait performance (Stożek et 

al., 2016). Gougeon et al. (2017) reported that a six-week Nordic walking program enhanced 

stride length and trunk mobility, though excluding participants with cognitive impairment limited 

its generalizability (Gougeon et al., 2017). Similarly, Silva-Batista et al. (2020) found 

improvements in gait patterns and trunk mobility after a single session of 15 minutes of short 
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treadmill-based intervention, although the absence of a control group and the small sample 

restricted conclusions (Silva-Batista et al., 2020).  

Broader exercise programs combining agility, coordination, and postural control have 

also shown promise. King et al. (2013) reported that either Agility Boot camp (boxing, kayaking, 

Pilates-based tasks) or treadmill training for four weeks significantly improved trunk mobility 

and turning performance during gait (King et al., 2013). Shujaat et al. (2014) reported 

improvements in rotation and bed mobility in PwP, with greater benefits observed in the kayak 

group compared to general strengthening exercise. The authors attribute these effects to the 

constant rotational demands of kayaking, which engage coordinated movement of multiple body 

segments (Shujaat et al., 2014). These findings emphasize the value of task-specific and 

multimodal approaches, though methodological issues such as lack of blinding and pre-existing 

exercise habits limit interpretation.  

Music and rhythm-based interventions can influence gait and trunk mobility, though 

results are inconsistent. De Bartolo et al. (2020) showed that walking with music altered trunk 

mobility depending on the music genre, suggesting potential for rhythm-based strategies to 

modulate movement. Specifically, rock, motivational, and heavy metal music increased the 

pelvic obliquity movement in the frontal plane, while classical music was associated with 

reduced walking speed and trunk tilting. Unfortunately, the participant’s music preferences were 

not considered, and gait and trunk mobility were estimated using inertial sensors with built-in 

algorithms, rather than directly measuring spatiotemporal parameters (De Bartolo et al., 2020). In 

contrast, McGill et al. (2019) found no significant improvement in trunk mobility, coordination, 

and functional outcomes after a 12-week dance intervention, possibly due to low frequency and 

variability in instruction delivery (McGill et al., 2019). These discrepancies indicate that while 
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music and dance may have therapeutic potential, more standardized protocols are required. 

Together, these studies suggest that gait, balance, and other multimodal and task specific 

interventions can positively influence trunk mobility and functional outcomes, though more 

rigorous, long-term studies are needed.   

2.5 Literature Gaps  

Despite well-documented associations between disease severity, gait impairment, and 

functional decline, a significant portion of the variance in functional outcomes and PA in PwP 

remains unexplained (Bryant et al., 2016). Evidence suggests that trunk rigidity, reduced trunk 

AROM, and impaired trunk mobility are likely key contributors to these limitations, influencing 

both functional outcomes and participation in PA. Although a range of clinical and laboratory-

based tools are available to measure trunk AROM and mobility, research highlights the 

importance of selecting context-appropriate methods, as feasibility, precision, and sensitivity 

vary across settings.  

Existing interventions, including exercise-based and task-specific programs, have 

demonstrated benefits for functional outcomes, and may improve trunk AROM and mobility. 

However, these studies are often limited by small sample sizes, short follow-up periods, and 

methodological variability, which constrain generalizability and leave uncertainty about the most 

effective strategies. Together, these gaps underscore the need for rigorous research examining 

how trunk AROM and trunk mobility relate to functional outcomes in PwP, which may guide the 

development of targeted rehabilitation strategies aimed at optimizing trunk mobility and 

functional outcomes.  
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Chapter 3: Methods 

3.1 Research Design 

 This study used a cross-sectional design in which participants attended a single laboratory 

session and subsequently wore wearable devices continuously for seven days.   

3.2 Participants 

Participants were recruited through flyers distributed to local support groups, the 

Parkinson’s Foundation, and the Parkinson’s Disease Center of Excellence at Columbia 

University Medical Center. Additional participants were recruited via community bulletin boards 

at Columbia University and the Neurorehabilitation Research Lab (NRL) website: 

https://www.tc.columbia.edu/neurorehab/. An existing database in the Neurorehabilitation 

Research Lab and referrals from the Upper Airway Dysfunction Lab at Teachers College were 

also utilized. Interested participants were contacted via email or phone, and subsequently 

screened for eligibility. Those who met the inclusion criteria provided informed consent and 

were scheduled for in-person assessments at the NRL. This study analyzed data from a larger 

study (PD Biomechanics, IRB 21-326). 

3.3 Inclusion and Exclusion Criteria  

The inclusion criteria were as follows: (1) age between 50 and 80 years; (2) a diagnosis of 

PD confirmed by a neurologist (PD group); (3) ability to ambulate independently without 

assistance; (4) H&Y stage I-III (PD group); and (5) ability to perform a floor transfer task 

without assistance. The exclusion criteria included: (1) the presence of another neurological 

disease, orthopedic condition, and/or cognitive impairment; (2) a history of freezing of gait; (3) 

https://www.tc.columbia.edu/neurorehab/
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previous neurosurgical treatment; and (4) any conditions that would prevent completion of the 

study tasks.  

3.4 Informed Consent 

Eligible participants received a secure REDCap software platform (REDCap10) link to 

complete the informed consent process electronically. Consent was obtained only after 

participants reviewed the study details, had all questions addressed, and demonstrated 

understanding.   

3.5 Questionnaires 

3.5.1 Demographics. We collected data including age, gender, disease (unilateral symptom 

presence, duration, and stage diagnosed through the H&Y scale), and any musculoskeletal or 

neurosurgical history. 

3.5.2 Unified Parkinson's Disease Rating Scale- Part II (UPDRS II). This self-report tool 

assessed the impact of PD on daily motor activities, including oral function, transitional tasks, 

and general mobility. This scale is widely validated and reliable for assessing disease severity 

and progression (Goetz et al., 2008; International Parkinson and Movement Disorder Society, 

2008).  

3.5.3 Floor Transfer Ability Question (FTAQ). A validated, single-item tool used to determine 

participants' perception of their ability and difficulties getting up and down from the floor in their 

daily routine (FSR task). The FTAQ has been validated and shown to effectively identify 

individuals who are independent in performing floor transfers among older adults (Ardali et al., 

2019). Participants were classified into three categories: Independent: those able to perform the 

task without assistance; Assisted: individuals who required help to perform the task; and 

Dependent: those who were unable to perform the task. For safety reasons, only those classified 
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as independent were permitted to complete the in-person FSR test, which consisted of two 

phases: sitting on the floor (FS) and rising from the floor (FR). 

3.6 Assessments  

All assessments were conducted at the Teachers College Biomechanics Laboratory. 

Participants with PD were assessed during their medication “ON” phase, approximately 30 to 60 

minutes after taking levodopa, ensuring that all assessments occurred within one hour of their 

typical medication dosing to capture peak medication effects.  

3.6.1 Rigidity Test. A physical therapist performed passive movements of the participant’s arm, 

leg, and neck while they were seated. The procedure was repeated with an activation maneuver 

(e.g., finger or foot tapping). Rigidity was scored using the UPDRS-III scale, ranging from 0 (no 

rigidity) to 4 (severe rigidity) (Martínez-Martín et al., 1994). The test demonstrated high test-

retest reliability (ICC = 0.90) (Siderowf et al., 2002).  

3.6.2 Trunk Active Range of Motion Test. Trunk active range of motion (AROM) in four 

directions was assessed using a goniometer:  

Rotation. Participants were seated with arms crossed over their chest and feet flat on the 

floor. They were instructed by a research assistant to rotate their trunk as far as possible while 

maintaining this position. The research assistant was trained in using the goniometer for trunk 

AROM assessments. The goniometer’s fulcrum was placed at the center of the participant’s 

head, and the stationary arm was aligned with an imaginary line connecting the acromion 

processes, while the movable arm followed the trunk’s rotation. Prior to data collection, 

participants received standardized instructions to ensure consistent performance. 

Trunk Flexion. Participants stood upright with knees fully extended and gradually bent 

forward as far as possible. The range was measured in degrees using a goniometer positioned at 
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the right anterior superior iliac crest. The movable arm was aligned along the axillary line and 

iliac crest, while the stationary arm remained centered on the trunk’s lateral aspect throughout 

the movement. 

Trunk Extension. Participants stood with their feet shoulder-width apart and hands 

behind the neck. They arched backward while keeping their neck neutral by focusing on a fixed 

point ahead. The goniometer was positioned at the right anterior superior iliac crest. The 

movable arm was aligned with the axillary line and iliac crest, while the stationary arm remained 

centered on the trunk’s lateral aspect throughout the movement.  

Lateral Flexion. Participants stood with knees extended and bent sideways as far as 

possible. The goniometer’s fulcrum was placed at the first sacral vertebra, with the stationary 

arm perpendicular to the floor and the moving arm pointing to the spinous process of C7. All 

research assistants involved in data collection received standardized training on the use of the 

goniometer for trunk AROM assessments. Training included supervised practice sessions to 

ensure consistency in measurement technique. These methods have demonstrated excellent 

validity and reliability for measuring trunk rotation, flexion, and lateral flexion (ICC = 0.85 to 

0.98), and good validity and reliability for extension (ICC = 0.75) (Ganzalez et al., 2014; Park et 

al., 2022). 

3.6.3 Walking Tasks. The Stand and Walk (SAW) test was administered using the Mobility Lab 

Software (APDM) (Clario, Portland, OR), which captured trunk mobility across the sagittal, 

coronal, and transverse planes during walking, as well as the time to complete the task. Opal 

sensors were placed on the sternum and lumbar region, wrists, and feet. Participants were 

instructed to walk a distance of 7 meters at their normal speed for three repetitions. Trunk 

mobility during walking was measured in three planes: the sagittal plane, which involves forward 
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and backward bending (flexion and extension); the coronal plane, which involves side-to-side 

bending (lateral flexion); and the transverse plane, which involves rotational movement (trunk 

rotation), all measured in degrees. This method demonstrated high validity and reliability for 

assessing trunk mobility (ICC = 0.80) (Ali et al., 2024).   

3.6.4. Timed Up and Go.  The Timed Up and Go (TUG) test required participants to stand up 

from a chair, walk 3 meters, turn, and return to a seated position. Time to complete the task was 

recorded using the APDM system. This method demonstrated high validity and reliability for 

gait data collection in PwP (ICC = .87-.99) (S. Morris et al., 2001) .   

3.6.5 Floor Sitting-Rising. Participants’ ability to sit down on the floor (FS) and stand up from 

the floor (FR) was video-recorded using an iPad capturing at 60 frames per second, positioned on 

a tripod at a 45-degree angle. A trained research assistant calculated the duration of the test using 

Datavyu, a video-analysis software allowing precise measurement of movement timing in 30-

frame intervals (Datavyu Team, 2014). Each trial began with the participant standing barefoot on 

a centrally positioned 2×2 m firm mat. A physical therapist instructed participants to sit on the 

floor after the system’s prompt and remain seated until cued to perform the FR task. Participants 

completed a minimum of three trials to ensure reliable data for analysis, with additional trials 

conducted (up to four total) when earlier attempts were unsuccessful due to technical issues or 

incomplete performance. For each participant, three valid trials were selected to calculate the 

mean values, which were used in the final analysis. Participants were encouraged to perform the 

task comfortably with minimal support and without specific guidance on movement strategies, 

allowing for natural performance of the transitions. The outcome measure was the total duration 

to complete the FSR task, which included two key phases: floor-sitting duration, defined as the 
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time from movement onset to reaching a stable seated position; and floor-rising duration, defined 

as the time from movement initiation to achieving a stable upright stance. 

3.6.6 Quadriceps Strength Test. Quadriceps strength was measured using a belt-stabilized 

crane scale, functioning as a fixed dynamometer. Participants were seated in a standard chair 

with arms crossed over the chest. The knee of the leg being tested was positioned at a 60-degree 

angle, verified with a goniometer. A padded ankle cuff was placed above the lateral and medial 

malleoli and attached to the crane scale via a rigid strap fastened to a fixed surface behind the 

chair. Participants were instructed to extend their knee against the resistance provided by a 

stabilized belt. To ensure an accurate measurement, they sustained maximum effort for a few 

seconds. The crane scale output in kilograms was converted to force in Newtons (N = kg x 9.81) 

for analysis. This method has demonstrated high validity and reliability for quadriceps strength 

(ICC = .90 to .94) in clinical populations such as individuals with chronic obstructive pulmonary 

disease and patients recovering from total knee arthroplasty (Florencio et al., 2019; Kittelson et 

al., 2021).  

3.7 Physical Activity 

 Participants wore an ActiGraph LEAP accelerometer (Actigraph Inc, Pensacola, FL) on 

their less-affected wrist for seven consecutive days following the in-person session (ActiGraph, 

n.d.). Research staff instructed participants on proper wear, including placement on the less-

affected wrist and synchronization with the ActiGraph mobile app on their phones. Assistance 

was provided to ensure successful app pairing and initial data recording. Participants were able 

to contact study staff with questions during the monitoring period. After seven days, devices 

were returned either via mail or in-person, depending on participant convenience.  
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Data were collected at 60 Hz and processed in 15-second epochs using CentrePoint 

software (ActiGraph, n.d.). Non-wear time was excluded using Choi's (2011) criteria, defined as 

any 90-minute window of consecutive zero counts, allowing for up to 2 minutes of nonzero 

counts if preceded and followed by at least 30 minutes of consecutive zero counts (Choi et al., 

2011). Valid data required at least 10 hours (600 minutes) per day for four days, including one 

weekend day.  

Physical Activity (PA) intensity was categorized using established wrist-worn ActiGraph 

cut points (Freedson et al., 1998) as follows: sedentary (0–99 counts per minute [CPM]), light 

(100-759 CPM), lifestyle (760-5724 CPM), moderate (1952-5724 CPM), vigorous (5725-9498 

CPM), and very vigorous ( > 9499 CPM). Moderate-to-vigorous physical activity (MVPA) was 

defined as activity counts > 1952 CPM. Although these cut points were originally developed in 

healthy adults, the Freedson vector magnitude algorithm was selected because its MVPA 

thresholds fall within the range of values reported in PD-specific validation studies. This 

enhances methodological comparability while maintaining alignment with intensity 

classifications previously applied in PwP. Additionally, the algorithm provides established 

thresholds across the full activity intensity spectrum, enabling consistent and comprehensive 

activity classification (Freedson et al., 1998; Jeng et al., 2020, 2022; Nero et al., 2015). For this 

study, MVPA minutes and daily step counts were extracted from the CentrePoint report and 

averaged across valid wear days.  
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Table 3.1  

Summary of Primary Measures  

Note. FSR= floor sitting-rising; TUG = Timed Up and Go; SAW = Stand and Walk; MVPA = 

moderate-to-vigorous physical activity; s = seconds; (o) = degrees; N = Newton. 

 

3.8 Data Analysis 

All statistical analyses were conducted using IBM SPSS Statistics (Version 29). The 

significance level was set at p < 0.05. Missing data were excluded from the analysis.  

3.8.1 Analysis of Descriptive and Demographic Data  

 

Descriptive statistics were calculated for all study variables, including means and 

standard deviations for normally distributed continuous variables, and frequencies and 

percentages for categorical variables. Histograms and Q-Q plots were used to visually assess the 

distribution of each outcome. The Shapiro-Wilk test was conducted separately for each group to 

formally evaluate the normality of distributions. When significant deviations from normality 

were detected (p < .05), appropriate data transformations, such as logarithmic transformation 

(e.g., log10) were applied. Given the exploratory nature of the correlational and regression 

analyses and the relatively small sample size, formal adjustments for multiple comparisons were 

not applied, and results were interpreted cautiously with emphasis on consistency of findings.  

Construct  Assessment Tool Dependent Measure  

Rigidity UPDRS-III Scale Score (0 to 4) 
Trunk Range of Motion Goniometer Rotation, flexion, extension, and 

lateral flexion (o) 

Walking Tasks SAW Test (Mobility lab 

system) 

Trunk movements in sagittal, 

coronal, and transverse planes (o) 

Functional Outcomes TUG Test (Mobility lab 

system) 

Time to complete task (s)  

FSR Video recorded with iPad; 

analyzed with Datavyu 

Total duration to complete FSR 

task (s) 

Quadriceps Strength Belt-stabilized crane scale Force (N) 

Physical Activity Wrist-worn ActiGraph LEAP  MVPA minutes over 7 days 

Steps per day 
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3.8.2 Aim-Specific Statistic Methods 

3.8.2.1 Aim 1  

To compare trunk AROM, trunk mobility, and functional outcomes between PwP and 

age-matched peers (AMPs).  

Analysis 

Normality assessments indicated that all variables were normally distributed in both 

groups except for FSR in the PwP group, which violated normality assumptions. Given these 

findings, independent samples t-tests were used for all variables meeting normality in both 

groups (trunk AROM, trunk mobility, and TUG time). Since FSR was non-normally distributed 

in the PwP group, the Mann-Whitney U test was applied for the between group comparison of 

FSR time. The independent variable for these analyses was group classification (PwP vs. AMPs), 

while dependent variables were trunk AROM, trunk mobility, and functional outcomes (TUG 

and FSR completion times). Results were reported using either mean ± standard deviation (SD) 

or medians and interquartile range (IQR) and included relevant test statistics (t-values or U-

values) along with p-values to indicate significance. Effect sizes were calculated to quantify the 

magnitude of group differences. Cohen’s d was computed for independent samples t-tests, with 

values of .20, .50, and .80 interpreted as small, medium, and large effects, respectively (J. Cohen, 

1988). For the Mann-Whitney U test, the rank-biserial correlation (r) was used as the effect size 

measure, with .10, .30, and .50 representing small, medium, and large effects (Fiel Peres, 2026). 

3.8.2.2 Aim 2  

To examine correlations and contributions of trunk AROM, trunk mobility, and 

quadriceps strength to functional outcomes and PA duration in PwP.  

Analysis 
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Normality was assessed for each variable within the PwP group using the Shapiro-Wilk 

test. Trunk AROM (flexion, extension, lateral flexion, and rotation), trunk mobility, quadriceps 

strength, TUG, and average daily steps were normally distributed, while FSR and MVPA 

violated normality assumptions. Accordingly, Pearson’s correlations were used for relationships 

in which both variables were normally distributed, whereas Spearman’s rank correlations were 

applied when at least one variable in the pair was non-normally distributed. Correlation 

coefficients (Pearson r or Spearman rho) and p-values were reported to indicate the strength and 

significance of these relationships. Correlation strength was interpreted according to predefined 

guidelines, with values of 0.00-0.19 considered very weak, 0.20-0.39 weak, 0.40-0.59 moderate, 

0.60-0.79 strong, and > 0.80 very strong (Papageorgiou, 2022). 

Exploratory analyses were conducted to examine the relationships between trunk AROM 

and TUG subcomponents (turn and STS), as well as with the 360 turn and turning during the 

SAW test. These turning measures were captured using the APDM Mobility Lab system, where 

the 360 turn test recorded the time required for a full in-place turn, and the SAW-turning metric 

recorded the turning duration during the walking task. Correlations were also calculated in the 

AMPs to determine whether observed relationships were specific to PwP.  

To evaluate the contribution of trunk AROM and trunk mobility to functional outcomes, 

multiple linear regression analyses were conducted. The models tested whether trunk AROM and 

trunk mobility (independent variables) explained variance in TUG and FSR completion times 

(dependent variables). FSR was log10-transformed to meet normality assumptions. Disease 

severity measured by H&Y was included as a covariate in the regression analysis. Interaction 

terms (e.g., trunk AROM x trunk mobility) were tested to explore whether the effect of one 

predictor on functional outcomes depended on the level of another. Continuous predictors were 
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mean-centered prior to creating interaction terms to reduce multicollinearity. Effect sizes for 

regression models were interpreted using Cohen’s f2, where f2 = .02, .15, and .35 represent small, 

medium, and large effects, respectively (J. Cohen, 1988). Regression output included beta 

coefficients (β), R-squared (R²), and p-values to assess the strength, explanatory power, and 

statistical significance of each predictor. Variance Inflation Factors (VIFs) were also reported, 

with VIF > 10 indicating potential multicollinearity concerns. 
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 Chapter 4: Results 

4.1 Descriptive and Demographic Data   

A total of 40 participants were recruited for the study, including 20 people with 

Parkinson’s disease (PwP) and 20 age-matched peers (AMPs). Demographic characteristics of 

the two groups are presented in Table 4.1. The mean (SD) age for the PwP group was 68.1 (6.5) 

years, and for the AMP group, 63.7 (9.9) years. Gender distribution was 12 males (60%) and 8 

females (40%) in the PwP group, and 12 females (60%) and 8 males (40%) in the AMP group. 

Regarding surgical history, 5 PwP (25%) and 10 AMPs (50%) reported no prior surgery. Non-

orthopedic surgery was reported by 10 PwP (50%) and 3 AMPs (15%), while orthopedic surgery 

was reported by 5 PwP (25%) and 7 AMPs (35%). Most participants were able to complete the 

floor transfer task independently (14 PwP, 70%; 17 AMPs, 85%). The mean (SD) moderate-to-

vigorous physical activity (MVPA) was 84.9 (59.8) min/week for PwP and 167.7 (73.1) 

min/week for AMPs. Average daily step counts were 4,988 (2,805) steps/day in PwP and 6,240 

(3,269) steps/day in AMPs.  
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Table 4.1 

Participants’ Demographic Characteristics  

 PwP (N = 20) AMPs (N = 20) 

Age (years, mean (SD)) 68.1 (6.5) 63.7 (9.9) 

Gender (n, %)   

    Female 8 (40%) 12 (60%) 

    Male 12 (60%) 8 (40%) 

Surgery Type (n, %)   

    Orthopedic 5 (25%) 7 (35%) 

    Non-orthopedic 10 (50%) 3 (15%) 

    None/NA 5 (25%) 10 (50%) 

Floor Transfer Ability (n, %)   

    1 (Independent) 14 (70%) 17 (85%) 

    2 (Some assistance) 5 (25%) 3 (15%) 

    3 (Dependent) 1 (5%) 0 (0%) 

MVPA (min/wk; mean (SD)) 84.9 (59.8) 167.7 (73.1) 

Steps/day (mean (SD)) 4,988 (2,805) 6,240 (3,269) 

Note. Values are presented as mean (SD) for continuous variables and n (%) for categorical 

variables. AMPs = age-matched peers; PwP = people with Parkinson’s disease.  

 

Disease-specific characteristics for the PwP group are summarized in Table 4.2. 

Participants were classified as having mild disease severity, with Hoehn and Yahr (H&Y) stage 1 

(9 PwP, 45%) and stage 2 (11 PwP, 55%). The mean time since diagnosis was 5.9 years (SD = 

2.9), reflecting an early-stage cohort. The affected side was reported as left (9 PwP, 45%) or 

right (7 PwP, 35%), with two participants reporting bilateral involvement (10%) and two 

reporting an unknown affected side (10%). The functional impact of PD was reflected by a mean 

(SD) Unified Parkinson’s Disease Rating Scale Part II (UPDRS II) total score of 10.5 (6.1), 

while rigidity was relatively mild, with a mean (SD) total rigidity score of 5.7 (4.0), further 

characterizing the PD sample as having early and relatively mild disease involvement.   
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Table 4.2 

Disease Characteristics  

 PwP (N = 20) 

H&Y (n, %)  

      1  9 (45%) 

      2  11 (55%) 

Years Since Diagnosis (mean (SD)) 5.9 (2.9) 

Affected side (n, %)  

    Left  9 (45%) 

    Right  7 (35%) 

    Both 2 (10%) 

    Unknown 2 (10%) 

UPDRS II Total (mean (SD)) 10.5 (6.1) 

Rigidity Total (mean (SD)) 5.7 (4.0) 

Note. Values are presented as mean (SD) for continuous variables and n (%) for categorical 

variables; H&Y = Hoehn and Yahr stage; UPDRS II = Unified Parkinson’s Disease Rating 

Scale, Part II (score range from 0-52, with higher scores indicating greater disability). Rigidity 

Total represents the sum of rigidity scores from the UPDRS Part III (rigidity items range from 0-

4 per limb, with higher scores indicating greater rigidity). PwP = people with Parkinson’s 

disease.  

 

4.2 Differences Between Groups in Trunk AROM, Trunk Mobility and Functional 

Outcomes (Aim 1) 

 To address Aim 1, between-group differences in trunk active range of motion (AROM), 

trunk mobility, and functional outcomes were examined using appropriate parametric and 

nonparametric tests. Total trunk AROM and trunk mobility data were normally distributed in 

both PwP and AMP groups and compared using independent samples t-tests. The results 

demonstrated statistically significant differences between PwP and AMPs, with PwP exhibiting 

reduced trunk AROM and trunk mobility and longer completion times on functional outcomes. 

As shown in Table 4.3, AMPs demonstrated significantly greater total trunk AROM with a mean 

(SD) of 366.5 (49.8) than PwP with a mean (SD) of 318.9 (49.6), resulting in a mean 

difference of 47.6 (95% CI [14.8, 80.4], p = .003, d = 0.96). Similarly, AMPs showed greater 
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trunk mobility with a mean (SD) of 22.4 (4.9) than PwP with a mean (SD) of 16.9 (3.5), with a 

mean difference of 5.4 (95% CI [2.6, 8.3], t (35) = 3.89, p < .001, d = 1.28). TUG duration was 

also normally distributed and analyzed using an independent samples t-test, showing longer 

completion time for PwP (10.9 s (2.5)) compared to AMPs (8.8 s (1.3)), with a mean difference 

of -2.0 s (95% CI [-3.4, -0.7], t (37) = -3.16, p = .002, d = 1.01). FSR duration violated normality 

in PwP and was compared using the Mann-Whitney U test, with PwP demonstrating significantly 

longer durations (median = 10.6 s, IQR = 8.7 - 19.9) compared with AMPs (median = 7.4 s, IQR 

= 5.9 - 8.6) (U = 64, p < .001, r = .58).  

Table 4.3 

Difference Between Groups in Trunk AROM, Trunk Mobility and Functional Outcomes (TUG 

and FSR) 

 AMPs (N 

= 20) 

PwP (N = 20) Mean 

Difference  

Test 

Statistic 

p-value 95% CI 

[lower, 

upper] 

Effect 

Size 

Total trunk 

AROM () 

366.5 

(49.8) 

318.9 (49.6) 47.6 t (36) = 

2.95 

.003* [14.8, 

80.4] 

d = 0.96 

Total trunk 

mobility () 

22.4 (4.9) 16.9 (3.5) 5.4 t (35) = 

3.89 

< .001* [2.6, 

8.3] 

d = 1.28  

Total TUG 

duration (s) 

8.8 (1.3) 10.9 (2.5) -2.0 t (37) =  

-3.16 

.002* [-3.4,   

-0.7] 

d = 1.01 

FSR (s) 7.4 (5.9 - 

8.6) 

10.6 (8.7 - 19.9) - U = 64 < .001* -  
r = .58 

Note. Values are presented as mean (SD) for total trunk AROM, total trunk mobility, and TUG 

duration, and as median (interquartile range) for FSR. Mean differences represent AMPs minus 

PwP. Independent samples t-tests were used for normally distributed variables, while FSR was 

analyzed using the Mann-Whitney U test. AROM = active range of motion; TUG = Timed Up 

and Go Test; AMPs = age-matched peers; PwP = people with Parkinson’s disease. *p < .05.  

 

The distribution of trunk AROM, trunk mobility, and functional outcomes across groups 

is illustrated in Figures 4.1- 4.4 using boxplots, with the center line representing median, the box 

indicating the interquartile range, and the whiskers showing the full range of values. An outlier 
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was observed in the TUG and FSR duration for one participant with PwP, who took an 

exceptionally long time to complete the tasks (see Figure 4.3 and 4.4). This outlier was retained 

because it reflects the genuine difficulty some PwP experience during these tasks. Although this 

participant successfully completed the tasks, the markedly prolonged duration illustrates the real-

world variability and challenges faced in this population, which is important to represent in the 

analysis. Taken together, these results indicate that even in early-stage Parkinson’s disease, trunk 

AROM, trunk mobility, and functional outcomes are compromised relative to AMPs, providing a 

foundation for subsequent analyses examining relationships among trunk movement, PA, and 

functional outcomes.  

Figure 4.1 

Differences between groups of Total Trunk AROM 

 

Note. Boxplots are presented to illustrate distributional differences between groups. The center 

line represents the median, the box indicates the interquartile range, and whiskers represent the 

range of values. PwP demonstrated lower total trunk AROM compared with AMPs.  

 

 

 (
o
) 
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Figure 4.2 

Differences between groups of Trunk Mobility  

 

Note. Boxplots illustrating differences in total trunk mobility between AMPs and PwP. The 

center line represents the median, the box indicates the interquartile range, and whiskers 

represent the range of values. PwP exhibited reduced total trunk mobility compared with AMPs.  

 

Figure 4.3 

Differences between groups of TUG duration 

 

Note. Boxplots illustrating differences in total TUG test duration between AMPs and PwP. The 

center line represents the median, the box indicates the interquartile range, whiskers represent the 

range of values, and dots represent outliers. PwP exhibited longer TUG duration compared with 

AMPs.  

 (
o
) 

 

 (
s)
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Figure 4.4 

Differences between groups in FSR duration 

 
Note. Boxplots illustrating differences in FSR test duration between AMPs and PwP. The center 

line represents the median, the box indicates the interquartile range, whiskers represent the range 

of values, and dots indicate outliers. PwP exhibited longer FSR duration compared with AMPs.  

 

4.3 Relationship Between Trunk AROM, Trunk Mobility, Functional Outcomes, 

Quadriceps Strength and Physical Activity in PwP (Aim 2) 

 Trunk AROM and trunk mobility measures revealed associations with functional 

outcomes and PA in PwP, with trunk mobility showing stronger relationships than trunk AROM. 

Total trunk AROM was weakly associated with functional outcomes, reflected as a low negative 

correlation with total TUG duration (r = -.328, p > .05). Total trunk AROM exhibited a moderate 

negative association with FSR performance (r = -.421, p = .067) and a very low correlation with 

MVPA (r = -.076, p > .05), indicating limited relationships between trunk AROM and both 

functional outcomes and MVPA levels (see Table 4.4).  

 (
s)
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In contrast, total trunk mobility demonstrated stronger and more consistent relationships 

with functional outcomes and PA. Higher trunk mobility was moderately correlated with faster 

TUG performance (r = -.466, p = .038). Trunk mobility was not associated with quadriceps 

strength (r = .185, p > .05) or steps per day (r = .158, p > .05). Quadriceps strength, however, 

showed a moderate positive correlation with steps per day (r = .502, p = .029), suggesting that 

greater quadriceps strength is associated with increased daily step count in PwP. Total trunk 

mobility was moderately negatively correlated with FSR duration (r = -.483, p = .031) and 

moderately positively correlated with MVPA (r = .484, p = .036). These findings suggest that 

trunk mobility during task performance, more so than trunk AROM, is related to both functional 

outcomes and higher levels of MVPA in PwP (see Table 4.4).   
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Table 4.4 
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4.3.2 Exploratory Correlations Between Trunk AROM, Trunk Mobility, Sit-to-Stand, and 

Turning Performance in PwP  

The primary analyses examined Total TUG duration as the main functional outcome; 

however, the TUG involves the STS transition and a turning component that can be timed 

separately, offering a better view of where trunk AROM and mobility may have the greatest 

correlation. In addition, 360° turning and turning during the SAW test were also examined, 

which are separate functional tasks, to determine whether trunk mobility and AROM are 

associated with turning performance more broadly across different contexts. Because trunk 

rotation and lateral mobility are biomechanically implicated in turning and weight-shifting tasks, 

it was important to explore whether the relationship observed at the global functional task level 

was also present at the subcomponent level. These analyses were not part of the original aims but 

were pursued to provide a more granular understanding of how trunk AROM and trunk mobility 

relate to the specific movement demands of functional tasks in PwP. Total trunk AROM showed 

a moderate negative correlation with STS duration (r = -.427, p = .077) and a strong negative 

correlation with turning duration during the TUG test (r = -.637, p = .004), indicating that greater 

trunk AROM was associated with faster turning performance. Trunk mobility was negatively 

correlated with STS duration (r = -.574, p = .008) and with TUG turning duration (r = -.509, p = 

.022). These findings indicate that greater trunk mobility was associated with more efficient 

transitional and turning movements.  

Turning performance assessed using the 360 turn demonstrated low negative 

correlations with total trunk AROM (r = -.373, p > .05), trunk rotation (r = -.433, p = .057), and 

trunk extension (r = -.415, p = .069), but these did not reach statistical significance. There was a 

moderate negative correlation with turning performance and total trunk mobility (r = -.510, p = 
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.022). Additional analyses examining relationships between trunk AROM and turning 

performance during the SAW test did not reveal statistically significant associations, with 

correlation coefficients ranging from -0.204 to -0.391. Collectively, these exploratory findings 

highlight the importance of trunk mobility for transitional and turning components of functional 

outcomes in PwP, particularly during tasks that require dynamic balance and directional changes 

(see Table 4.5). 

Table 4.7 

Pearson’s and Spearman’s Correlations Between Trunk AROM, Trunk Mobility, STS and 

Turning Performance in PwP  

 
Flexio

n 
Extension 

Lateral 

Flexion 
Rotation 

Total 

Trunk 

AROM 

Trunk 

Mobility 

TUG 

Turn 
STS 

360° 

Turn 

SAW 

Turn 

Pearson's r          

Flexion –          

Extension .123 –         

Lateral 

Flexion 
.409 .531* –        

Rotation -.127 .554* .254 –       

Total 

Trunk 

AROM 

.541* .716* .670** .796** –      

Trunk 

Mobility 
.338 .321 .607** .025 .355 –     

TUG Turn -.183 -.271 -.397 -.580** -.637** -.509* –    

STS -.077 -.387 -.434 -.403 -.427 -.574**  –   

360° Turn .144 -.415 -.356 -.433 -.373 -.510*   –  

Spearman's ρ          

SAW Turn .151 -.098 -.301 -.391 -.342 -.204    – 

Note. SAW = Stand and Walk test; AROM = active range of motion; STS = sit-to-stand; TUG = 

Timed Up and Go. *p < .05. **p < .01. 
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4.3.3 Exploratory Correlations Between Trunk AROM, Trunk Mobility and Functional 

Outcomes in AMPs  

 Exploratory correlational analyses were also conducted in AMPs to determine whether 

the relationships observed are specific to PD or reflect general age-related patterns. Including 

AMPs provides a reference point against which the magnitude and specificity of associations in 

PwP can be interpreted. If similar relationships emerged in AMPs, this would suggest a general 

role of the trunk in mobility; if they did not, it would support the interpretation that trunk 

impairments in PwP have a disease-specific impact on functional performance. Exploratory 

correlational analyses in AMPs revealed that, in contrast to PwP, trunk AROM did not 

demonstrate associations with functional outcomes in AMPs. Among all variables examined, 

only total trunk mobility showed a significant relationship with functional outcomes, exhibiting a 

strong negative correlation with total TUG duration (r = -.643, p = .005; see Table 4.6). This 

finding suggests that trunk mobility is associated with functional outcomes even in healthy 

aging; however, the broader pattern of relationships observed in PwP appears to be more 

pronounced and task-specific.  
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Table 4.8 

Pearson’s Correlation between Trunk AROM, Trunk Mobility, Functional Outcomes and 

Physical Activity in AMPs 

 

 

Total 

Trunk 

AROM 

Total 

Trunk 

Mobility 

TUG FSR MVPA Steps/day 
Quadriceps 

Strength 

Pearson's r        

Total Trunk 

AROM 
–       

Total Trunk 

Mobility 
-.092 –      

TUG .163 -.643* –     

FSR -.399 -.185 .232 –    

MVPA .283 .063 -.005 -.664** –   

Steps/day .257 .101 -.392 -.593** .694** –  

Spearman's ρ        

Quadriceps 

Strength  
-.007 -.279     – 

Note. TUG = Timed Up and Go; MVPA = moderate-to-vigorous physical activity; AROM = 

active range of motion; *p < .05; **p < .01 

 

4.4 Contribution of Trunk AROM and Trunk Mobility to Functional Outcomes and PA in 

PwP 

Prior to conducting the regression analyses, assumptions of multiple linear regression 

were evaluated, including linearity, normality, and multicollinearity. Scatterplots and partial 

regression plots were examined to confirm linear relationships between predictors (total trunk 

AROM and trunk mobility) and outcome variables (TUG, FSR duration, MVPA, and steps/day). 

No substantial deviations from linearity were observed. Multicollinearity was assessed using 

variance inflation factors (VIFs). Prior to regression analyses involving FSR duration, one outlier 
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was identified and removed because it could disproportionately influence the regression model. 

Analyses were conducted both with and without the outlier, and the pattern of results and 

statistical significance did not change. Therefore, results from the dataset with the outlier 

removed are reported.   

To understand the contribution of trunk AROM and trunk mobility to functional 

outcomes, multiple regression analyses were conducted to examine whether total trunk AROM 

and total trunk mobility explained the variance in TUG and FSR duration in PwP. Due to the 

non-normal distribution of FSR duration, a log10 transformation was applied prior to analysis. 

The regression model predicting TUG duration explained 21.4% of the variance (R2 = .214); 

however, the adjusted R2 was .109, corresponding to a medium-to-large effect size (f2 = .27). 

This indicates that only about 10.9% of the variance was reliably explained after accounting for 

sample size, with a standard error of the estimate (SE) of 1.89 seconds. However, the overall 

regression model did not reach statistical significance (F(2,15) = 2.043, p = .164), suggesting 

that trunk AROM and trunk mobility together did not significantly contribute to TUG duration in 

this sample. Multicollinearity was not a concern, as VIFs were all below 1.2. Additionally, 

neither trunk mobility ( = -.348, p = .175) nor total trunk AROM ( = -.205, p = .417) 

individually contributed significantly to the model (see Table 4.7).  

Similarly, the regression model for FSR duration (log10-transformed) accounted for 

24.2% of the variance (R2 = .242), with an adjusted R2 of .141 indicating that approximately 

14.1% of the variance was explained after adjustments, and the SE was 0.161. This corresponds 

to a medium-to-large effect size (f2 = .32). Although this model explained a moderate amount of 

variance, it was not statistically significant (F(2, 15) = 2.398, p = .125), with no multicollinearity 

issues detected. Individually, neither total trunk mobility ( = -.390, p = .119) nor total trunk 
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AROM ( = -.181, p = .463) significantly contributed to FSR duration (see Table 4.7). Taken 

together, these results suggest that while trunk AROM and trunk mobility may explain some 

variability in functional outcomes, their combined predictive power was not statistically 

significant in this cohort, implying that other factors likely contribute more substantially to 

functional outcomes.  

Multiple regression analyses were also conducted to examine the contribution of total 

trunk AROM and trunk mobility to PA (MVPA and steps/day). For MVPA, the overall model 

was not statistically significant (F(2, 14) = 1.192, p = .333), explaining 14.6% of the variance (R2 

= .146; adjusted R2 = .023; SE = 57.84). This corresponds to a small-to-medium effect size (f2 = 

.17). Neither total trunk AROM ( = -.125, p = .636) nor total trunk mobility ( = .400, p = .145) 

significantly contributed to MVPA. Similarly, the model predicting steps/day was not 

statistically significant (F(2,14) = 0.452, p = .645), explaining 6.1% of the variance (R2 = .061; 

adjusted R2 = -.074; SE = 2939.46), corresponding to a small effect size (f2 = .065). Neither total 

trunk mobility ( = .200, p = .474) nor total trunk AROM ( = .096, p = .728) significantly 

contributed to steps/day (see Table 4.7).   
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Table 4.9 

Multiple Linear Regression Examining Contribution of Trunk AROM and Trunk Mobility to 

Functional Outcomes in PwP 

Note. *p < .05, ** p < .01. TUG = Timed Up and Go test; FSR = floor sitting-rising; AROM = 

active range of motion; MVPA = moderate-to-vigorous physical activity; SE = Standard Error; 

PwP = people with Parkinson’s disease. Cohen’s f2 is reported as an effect size for each model 

(small > .02, medium > .15, large > .35). 

 

 

 

Predictor B SE 
 

t R² Adj. R² F 
Model  

SE 

TUG Duration     .214 (f2 = .27) .109 2.043 1.892 

Constant 16.572 3.220  5.15*     

Trunk Mobility -.193 0.136 -.348 -1.43   

Trunk AROM -.008 0.010 -.205 -0.84     

FSR Duration 

(log₁₀) 
    .242 (f2 = .32) .141 2.398 0.161 

Constant 1.613 .274  5.88*     

Trunk Mobility -.019 .012 -.390 -1.66     

Total Trunk AROM -.001 .001 -.181 -.754     

MVPA     .146 (f2 = .17) .023 1.192 57.84 

Constant 32.79 110.39  .30     

Trunk Mobility 6.42 4.16 .400 1.54     

Trunk AROM -.159 .330 -.125 -.48     

Steps/day     .061(f2 = .065) -.074 .452 2939.46 

Constant 472.28 5610.11  .08     

Trunk Mobility 155.37 211.26 .200 .73     

Trunk AROM 5.95 16.75 .096 .35     
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Figure 4.5 

Partial regression plot illustrating the independent association between trunk AROM, trunk 

mobility and TUG duration in PwP  

4.5a Total trunk AROM and TUG                                  4.5b Trunk mobility and TUG 

 

 
    

   Note. Figure 4.5a shows total trunk AROM (x-axis), and 4.5b shows trunk mobility (x-axis) 

plotted against TUG duration (y-axis) in PwP. Total trunk values were not associated with faster 

TUG performance. AROM = active range of motion; TUG = Timed Up and Go; PwP = people 

with Parkinson’s disease. 

  

 

 

 

R2 =. 044   

p = .417 

R2 =.119 

p = .175 
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Figure 4.6 

Partial regression plot illustrating the independent association between total trunk AROM, trunk 

mobility and FSR duration in PwP  

4.6a Total trunk AROM and FSR duration                  4.6b Trunk mobility and FSR duration 

  

Note. Figure 4.6a shows total trunk AROM (x-axis), and 4.6b shows trunk mobility (x-axis) 

plotted against FSR duration (y-axis) in PwP. Greater trunk values were associated with faster 

FSR performance. FSR = floor sitting-rising; AROM = active range of motion; PwP = people 

with Parkinson’s disease. 

 

4.5 Contribution of Trunk AROM and Trunk Mobility to Time to Complete TUG and FSR 

After Controlling for Disease Stage 

Prior to analysis, assumptions of linear regression were evaluated and no violations were 

detected. Recognizing the potential influence of disease severity, additional multiple regression 

analyses were performed to evaluate whether trunk AROM and trunk mobility contributed to 

functional outcomes (TUG and FSR) after controlling for disease stage, as measured by the 

H&Y scale. As shown in Table 4.8, the initial model including H&Y stage (Model 1) 

significantly contributed to TUG duration and explained 24.6% of the variance (R2 = .246, p = 

.036), corresponding to a medium effect size (f2 = .33). Although Model 2 demonstrated a 

R2 = .036 

p = .463 

R2 = .154 

p = .119 
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significant improvement in explained variance (R2 = .313; p = .023), the inclusion of the 

interaction term in Model 3 attenuated the individual contribution of trunk variables. Within this 

model, trunk mobility emerged as a significant contributor to TUG duration after controlling for 

H&Y stage ( = -.445; p = .036), whereas trunk AROM and the interaction between trunk 

AROM and trunk mobility were not statistically significant. This relationship is illustrated in 

Figure 4.8, which presents a partial regression plot showing the negative association between 

trunk mobility and TUG performance after controlling for disease stage. In the full model 

(Model 3), which included H&Y stage, trunk AROM, trunk mobility, and their interaction, none 

of the trunk variables significantly contributed to TUG duration; although, H&Y stage remained 

a strong and significant contributor ( = .602; p = .005). The attenuation of trunk mobility’s 

significance from Model 2 to non-significance in Model 3 is most likely attributable to the 

interaction term absorbing shared variance with trunk mobility in the full model rather than 

reflecting a fundamental change in the underlying relationship. Although the interaction between 

trunk AROM and trunk mobility was not statistically significant, this finding suggests the loss of 

significance for trunk mobility reflects the redistribution of variance among predictors rather 

than a conditional relationship. The full model explained 60.5% of the variance in TUG 

performance (R2 = .605, adjusted R2 = .483, p = .012), corresponding to a large effect size (f2 = 

1.53), and all VIF values were below 2, indicating no multicollinearity concerns.   
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Table 4.10 

Hierarchical Regression Examining Contribution of Trunk AROM, Trunk Mobility and their 

Interaction to TUG Performance, Controlling for Disease Stage in PwP 

 B SE B β t p VIF 

Model 1       

H&Y Stage 1.931 .846 .496 2.28 .036 1.000 

R² = .246, F(1, 16) = 5.212, p = .036, f2 = .33       

Model 2       

H&Y Stage 2.326 .703 .597 3.31 .005 1.034 

Trunk AROM (C) -.009 .008 -.230 -1.21 .245 1.146 

Trunk Mobility (C) -.246 .106 -.445 -2.32 .036 1.171 

R² = .559, ΔR² = .313, ΔF(2, 14) = 4.97, p = .023, f2 = 1.27     

Model 3       

H&Y Stage 2.347 .691 .602 3.39 .005 1.034 

Trunk AROM (C) -.015 .009 -.383 -1.71 .112 1.653 

Trunk Mobility (C) -.197 .112 -.355 -1.76 .102 1.345 

AROM × Mobility -.004 .004 -.259 -1.23 .242 1.471 

R² = .605, ΔR² = .046, F(4, 13) = 4.97, p = .012, ΔF(1, 13) = 1.504, p = .242, f2 = 1.53  

Note. Centered variables were used for interaction; negative B indicates higher AROM/mobility 

trends toward faster TUG performance. Cohen’s f2 is reported as an effect size for each model 

(small > .02, medium > .15, large > .35). AROM = active range of motion; TUG = Timed Up 

and Go; PwP = people with Parkinson’s disease; H&Y = Hoehn and Yahr; VIF = variance 

inflation factors; SE = Standard Error of B.  
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Figure 4.7 

Partial regression plot illustrating the association between trunk AROM and TUG duration after 

controlling for disease stage 

 

Note. This plot shows the independent association between total trunk AROM and TUG duration 

after controlling for H&Y stage. The x-axis presents centered total trunk AROM residuals, and 

the y-axis represents TUG duration residuals after the same adjustment. Greater total trunk 

AROM was associated with faster TUG performance, independent of disease severity. TUG = 

Timed Up and Go; AROM = active range of motion; H&Y = Hoehn and Yahr; PwP = people 

with Parkinson’s disease. 

 

R2 = .183 

p = .245 
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Figure 4.8 

Partial regression plot illustrating the association between trunk mobility and TUG duration 

after controlling for disease stage  

  
Note. This plot shows the independent association between trunk mobility and TUG duration 

after controlling for H&Y. The x-axis presents trunk mobility residuals after removing variance 

explained by H&Y, and y-axis represents TUG duration residuals after the same adjustment. 

Residuals represent the portion of each variable not explained by disease severity, allowing the 

relationship between trunk mobility and TUG duration to be examined independently of H&Y.  

Each point represents a PwP. The fitted regression line demonstrates that greater trunk mobility 

is associated with faster TUG performance independent of disease severity. TUG = Timed Up 

and Go; H&Y = Hoehn and Yahr; PwP = people with Parkinson’s disease.  

 

To examine whether trunk AROM and trunk mobility contributed to FSR performance 

after controlling for disease stage, hierarchical multiple regression analyses were conducted with 

log-transformed FSR as the dependent variable. Model 1, which included only disease stage 

(H&Y), explained 4.0% of the variance in FSR duration and was not statistically significant (R2 

= .040, p = .428), corresponding to a very small effect size (Cohen’s f2 = .04). Model 2, which 

added trunk AROM and trunk mobility, increased the explained variance to 32.8% (R2 = .328). 

The effect size was large (Cohen’s f2 = .49), although the model did not reach statistical 

significance (F(3,14) = 2.997, p = .083). In this model, trunk mobility showed a non-significant 

trend toward contributing to FSR duration ( = -.446; p = .081), while trunk AROM ( = -.194, p 

R2 = .337 

p = .036 
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= .422) and H&Y stage ( = .297, p = .204) were not significant contributors. In the full model 

(Model 3), which included the interaction between trunk AROM and trunk mobility, 39.4% of 

the variance in FSR duration was explained (R2 = .394), the effect size was large (Cohen’s f2 = 

.65), but the overall model was not statistically significant (p = .138). Neither trunk AROM, 

trunk mobility, nor their interaction contributed significantly to FSR duration (see Table 4.9). 

VIF values were all below 2, indicating no multicollinearity concerns. After controlling for 

H&Y, the results suggest that other factors may have a larger influence on FSR performance in 

this sample.  

Table 4.11 

Hierarchical Regression Examining Contribution of Trunk AROM, Trunk Mobility and their 

Interaction to FSR Performance, Controlling for Disease Stage in PwP 

Predictor B SE B β t p VIF 

Model 1       

H&Y Stage .067 .083 .199 .813 .428 1.00 

R² = .040, F(1, 16) = .661, p = .428, f2 = .04     

Model 2       

H&Y Stage .100 .075 .297 1.333 .204 1.034 

Trunk AROM (C) -.001 .001 -.194 -.827 .422 1.146 

Trunk Mobility (C) -.021 .011 -.446 -1.879 .081 1.171 

R² = .328, ΔR² = .288, ΔF(2, 14) = 2.997, p = .083, f2 = .49     

Model 3       

H&Y Stage .103 .074 .303 1.381 .191 1.034 

Trunk AROM (C) -.001 .001 -.377 -1.359 .197 1.653 

Trunk Mobility (C) -.016 .012 -.338 -1.351 .200 1.345 

AROM × Mobility -.000 .000 -.312 -1.192 .255 1.471 

R² = .394, ΔR² = .066, ΔF(1, 13) = 1.421, p = .255, f2 = .65    

Note. Centered variables were used for interaction terms. Negative B values indicate that higher 

AROM or mobility trends toward faster FSR performance. AROM = active range of motion; 

FSR = floor sitting-rising; PwP = people with Parkinson’s disease; H&Y = Hoehn and Yahr; VIF 

= variance inflation factors; SE = Standard Error of B. Cohen’s f2 is reported as an effect size for 

each model (small > .02, medium > .15, large > .35) 
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Figure 4.9 

Partial regression plot illustrating the association between trunk AROM and FSR duration after 

controlling for disease stage 

 

Note. This plot shows the independent association between total trunk AROM and FSR duration 

after controlling for H&Y in PwP. The x-axis presents centered trunk AROM residuals after 

removing variance explained by H&Y, and y-axis represents log-transformed FSR duration 

residuals after the same adjustment. Residuals represent the portion of each variable not 

explained by disease severity, allowing the relationship between total trunk AROM and FSR to 

be examined independently of H&Y. The fitted regression line demonstrates that greater total 

trunk AROM is associated with faster FSR performance independent of disease severity. AROM 

= active range of motion; FSR = floor sitting-rising; H&Y = Hoehn and Yahr; PwP = people 

with Parkinson’s disease.  

 

4.5.1 Exploratory Analysis of Trunk AROM and Trunk Mobility Contribution to PA After 

Controlling for Disease Stage 

 Additional multiple regression analyses were conducted to examine whether total trunk 

AROM and trunk mobility contributed to PA outcomes (MVPA and steps/day) after controlling 

for H&Y stage. For MVPA, the overall model was statistically significant (F(3,13) = 3.675, p = 

.041), explaining 45.9% of the variance (R2 = .459; adjusted R² = .334; SE = 47.77), 

corresponding to a large effect size (Cohen’s f2 = .85). Within this model, H&Y stage was a 

R2 = .124 

p = .422 
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significant negative contributor (B = -66.65, p = .017), indicating that participants with higher 

disease severity engaged in fewer minutes of MVPA per week. Total trunk AROM did not 

significantly contribute to MVPA (B = -0.024, p = .931), whereas total trunk mobility 

significantly contributed to MVPA (B = 8.16, p = .036).  

For steps/day, the overall model approached statistical significance (F(3,13) = 3.158, p = 

.061), explaining 42.2% of the variance (R² = .422; adjusted R² = .288; SE = 2393.82), 

corresponding to a large effect size (Cohen’s f2 = .73). Within this model, H&Y stage was a 

significant negative contributor (B = -3466.43, p = .014), indicating that higher disease severity 

was associated with fewer steps per day. Neither total trunk mobility (B = 245.68, p = .184) nor 

total trunk AROM (B = 12.97, p = .367) significantly contributed to steps/day. All variance 

inflation factors were below 2, indicating no multicollinearity concerns. These results suggest 

that, after accounting for disease stage, trunk mobility, but not trunk AROM contributes to 

MVPA in PwP. 

Table 4.12 

Multiple Regression Examining Contribution of Trunk AROM and Trunk Mobility to PA (MVPA 

and Steps/Day) After Controlling for H&Y Stage 

 B SE B β t p VIF 

MVPA       

H&Y Stage -66.65 24.29 -.586 -2.74 .017 1.000 

Trunk AROM  -.024 .277 -.019 -.09 .931 1.014 

Trunk Mobility  8.156 3.49 .508 2.34 .036 1.014 

R² = .459, Adjusted R² = .334, F(3, 13) = 3.68, p = .041, f2 = .85     

Steps/day       

H&Y Stage -3466.43 1217.25 -.629 -2.89 .014 1.034 

Trunk AROM 12.97 13.87 .210 .94 .367 1.034 

Trunk Mobility 245.68 174.94 .316 1.40 .184 1.034 

R² = .422, Adjusted R² = .288, F(3,13) = 3.16, p = .061, f2 = .73   
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Note. p < .05, p < .01. H&Y = Hoehn and Yahr; AROM = active range of motion; MVPA = 

moderate-to-vigorous physical activity; SE B = Standard Error of B; β = standardized beta 

coefficient; PwP = people with Parkinson’s disease; VIF = variance inflation factors. Cohen's f² 

is reported as an effect size for each model (small > .02, medium > .15, large > .35). 

 

Figure 4.10 

Partial regression plot illustrating the association between trunk mobility and MVPA after 

controlling for disease stage

 

Note. This plot illustrates the independent association between trunk mobility and MVPA after 

adjusting for H&Y stage. The x-axis presents trunk mobility residuals after removing variance 

explained by H&Y stage, and y-axis represents MVPA residuals after the same adjustment. 

Residuals represent the portion of each variable not explained by disease severity, allowing the 

relationship between trunk mobility and MVPA to be examined independently of H&Y. Greater 

trunk mobility was associated with higher MVPA independent of disease severity. MVPA = 

moderate-to-vigorous physical activity; H&Y = Hoehn and Yahr; PwP = people with 

Parkinson’s disease.  

R2 = .336  

p = .036 
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 Chapter 5: Discussion 

 This study examined the relationship between trunk active range of motion (AROM), 

trunk mobility, and functional outcomes in people with Parkinson’s disease (PwP). Specifically, 

trunk AROM, trunk mobility, and functional outcomes were compared between PwP and age-

matched peers (AMPs), and the associations between trunk AROM, trunk mobility, quadriceps 

strength, functional outcomes, and physical activity (PA) duration were examined in PwP. This 

research addresses an important gap in the literature by explicitly distinguishing between trunk 

movement capacity (AROM) and the natural movement of the trunk during task performance 

(trunk mobility). While trunk AROM reflects what a person can do under isolated conditions, 

trunk mobility reflects how effectively that capacity is integrated into functional activities such 

as turning and transitional movements. This distinction is essential for understanding movement 

dysfunction in Parkinson’s disease (PD), where impairments often emerge not as absolute 

limitations in capacity, but as deficits in the integration of movement capacity and task 

execution.  

The findings partially supported our hypotheses, as PwP in the early stages of PD (H&Y 

I-II) demonstrated significant limitations in trunk AROM, trunk mobility, and functional 

outcomes compared with AMPs. Importantly, trunk mobility showed a consistent association 

with functional outcomes and MVPA, highlighting its functional relevance. While the 

contributions of trunk AROM and trunk mobility were reduced after accounting for disease 

stage, these results underscore that trunk impairments are detectable and meaningful even in 

early-stage PD, and that trunk mobility, rather than trunk AROM, plays a critical role in 

supporting task execution. This suggests that interventions targeting trunk mobility may be 
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particularly relevant in the earliest stages of PD to help maintain functional independence and 

promote higher-intensity activity.  

5.1 Differences in Trunk AROM, Trunk Mobility, and Functional Outcomes Between 

Groups   

The results support Aim 1 hypotheses, demonstrating that PwP exhibited significantly 

reduced trunk AROM and trunk mobility compared with AMPs, alongside longer completion 

times for functional outcomes, including the TUG and FSR. Importantly, these limitations were 

evident despite participants being classified within the earliest stages of PD (H&Y I-II), 

underscoring that trunk motor dysfunction emerges early in PD. In this study, trunk AROM 

represents the maximal voluntary capacity of the trunk, assessed under isolated and non-task-

specific conditions, whereas trunk mobility represents the natural, task-dependent movement of 

the trunk during functional activities, such as turning and transitional movements. This 

distinction is both clinically and biomechanically meaningful; while trunk AROM reflects 

movement capacity at the level of impairment, trunk mobility reflects performance at the level of 

activity during real-world task execution. The observation that both trunk AROM and trunk 

mobility were reduced in early-stage PwP (H&Y I-II) suggests that trunk motor dysfunction, at 

both the impairment and activity levels, may be present before more global mobility limitations 

become clinically apparent. 

Notably, the between-group differences observed in this study reinforce previous 

evidence indicating that trunk mobility limitations are present early in the disease process and 

may precede more widespread functional decline (Jankovic, 2008; Mak & Wong-Yu, 2019). 

Trunk rigidity and trunk mobility limitations are thought to arise from impaired basal ganglia 

output and altered descending motor control, leading to reduced movement amplitude and 
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increased muscle co-contraction (Ferreira-Sánchez et al., 2020; Mak & Wong-Yu, 2019). These 

findings are consistent with previous studies reporting reduced trunk AROM and trunk mobility 

in PwP compared with healthy adults (Korkmaz et al., 2025; Nikfekr et al., 2002; Peterson et al., 

2020; M. Schenkman et al., 2000; M. L. Schenkman et al., 2001; W.-C. Yang et al., 2016), as 

well as longer completion times for upper- and lower-body functional outcomes (Korkmaz et al., 

2025; M. Schenkman et al., 2000; M. L. Schenkman et al., 2001).  

Importantly, prior studies have suggested that some functional outcomes, including the 

TUG and transitional tasks such as supine-to-stand, may not demonstrate marked impairments 

until later stages of disease progression (H&Y stage III or higher) (Mollà-Casanova et al., 2022; 

M. Schenkman et al., 2011). For example, Schenkman et al. (2011) reported that limitations in 

the TUG and bed mobility tasks were primarily evident in more advanced stages of PD, whereas 

early-stage impairments were more consistently detected using measures such as Functional 

Axial Rotation and the Continuous-Scale Physical Functional Performance Test. In contrast, 

other work has demonstrated that total TUG completion time increases progressively across 

H&Y stages, with a notable increase of approximately 21% between stages I and II and a further 

increase of approximately 17% between stages II and III (Mollà-Casanova et al., 2022). Analyses 

of specific task components, such as turning and sitting, revealed significant performance 

decreases between stages II and III, as well as between stages I and III, suggesting that these 

components may be particularly sensitive to disease-related change (Mollà-Casanova et al., 

2022).  

In contrast, our findings demonstrate that even in early-stage PwP (H&Y I-II), 

performance on the TUG and FSR tasks was significantly slower compared with AMPs. Taken 

together, these findings suggest that apparent discrepancies across studies may reflect differences 
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in task sensitivity, sample characteristics, or the contribution of trunk impairments that are not 

fully captured by disease staging alone. Importantly, our findings support the notion that 

functional outcomes are not solely determined by the capacity of trunk AROM, but also depend 

on the integration and utilization of trunk mobility during task execution. By directly measuring 

trunk mobility during task performance, our study extends the literature by demonstrating that 

limitations in trunk mobility are more pronounced and functionally relevant when individuals are 

required to integrate trunk movements into real-world activities, rather than when assessed in 

isolation.  

These observations align with prior findings of altered trunk mobility during walking, 

turning, and transitional activities in PwP (Nikfekr et al., 2002; Peterson et al., 2020; W.-C. Yang 

et al., 2016). These limitations included reduced trunk mobility in the sagittal and frontal planes 

and loss of normal rotational sequencing during turning and transitions (Nikfekr et al., 2002; W.-

C. Yang et al., 2016). In response to these limitations, PwP may adopt compensatory strategies, 

such as increased trunk flexion or altered side bending to generate momentum during functional 

transitions; however, these strategies appear to be less efficient and are associated with 

prolonged task duration and reduced movement efficiency (Akhila et al., 2022; Nikfekr et al., 

2002). Together, these findings suggest that while reduced trunk AROM may represent an 

underlying impairment, trunk mobility during task performance is more closely associated with 

the efficacy of functional tasks and participation in PA. To clarify this relationship between trunk 

AROM, trunk mobility, functional outcomes, and PA, a conceptual framework is presented in 

Figure 5.1.  
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Figure 5.1  

Conceptual framework linking trunk AROM, trunk mobility, functional outcomes, and PA   

 
Note. Although trunk AROM and trunk mobility are reduced in PwP, trunk mobility during task 

performance demonstrates a more consistent and functionally meaningful relationship with 

mobility tasks. The framework illustrates how trunk mobility serves as a key mediator between 

body function limitations and functional outcomes, PA, and participation. The model further 

suggests that interventions should target trunk mobility through the practice of functional tasks 

that require dynamic trunk movement (e.g., reaching, twisting, bending) embedded in daily 

activities, with progressive resistance and increasingly challenging tasks to enhance trunk 

mobility in real-world contexts. Such interventions may mitigate the functional impact of trunk 

rigidity and improve mobility, activity, and participation.  

 

5.2 Trunk AROM and Trunk Mobility in Relation to Functional Outcomes   

Among the trunk AROM measures, trunk rotation demonstrated the strongest 

associations with functional outcomes, particularly turning-related components. This finding 

aligns with previous studies identifying trunk rotation as a key determinant of functional 

mobility in PwP during dynamic activities. Reduced trunk rotation may promote en-bloc 

movement patterns, limit segmental dissociation, and compromise postural control, thereby 

increasing movement time and instability (Mancini et al., 2018). Although some studies have 
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reported correlations between multiple planes of trunk AROM and functional outcomes (Cano-

de-la-Cuerda et al., 2020; Korkmaz et al., 2025), our findings highlight trunk rotation as the most 

consistently relevant plane of motion. Previous studies have similarly reported that impaired 

trunk rotation is strongly linked to turning difficulty, functional outcomes, and increased fall risk 

in PwP, even during early disease stages (M. Schenkman et al., 2000; M. L. Schenkman et al., 

2001; Wright et al., 2010). 

Notably, in our study, trunk mobility emerged as a stronger and more consistent correlate 

of functional outcomes than trunk AROM. Reduced trunk mobility was associated with longer 

sit-to-stand (STS), TUG, turning, and FSR durations, suggesting that trunk mobility during task 

execution is more functionally relevant than static trunk AROM alone. These findings reinforce 

the notion that how the trunk moves during task execution is more functionally important than 

the available range of motion measured in isolation. Previous studies indicate that trunk mobility 

limitations are more pronounced during task-specific, multi-directional, or transitional 

movements rather than during steady-state gait (Artigas et al., 2016; Peterson et al., 2020; W.-C. 

Yang et al., 2016). Reduced trunk mobility has been correlated with increased turning steps, 

prolonged STS performance, and difficulties with rolling over in bed and transitional 

movements, reflecting compensatory strategies aimed at enhancing stability at the expense of 

movement efficacy (Artigas et al., 2016; Nikfekr et al., 2002; W.-C. Yang et al., 2016). These 

findings suggest that rehabilitation and exercise programs for PwP should prioritize improving 

trunk mobility within functional tasks, rather than focusing solely on static trunk AROM 

exercises. Task-specific mobility training may better translate to improved performance in daily 

functional activities. Trunk mobility appears to be a critical determinant of efficient task 

execution across activity-level outcomes in PwP.   
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5.3. Relationship between Trunk AROM, Trunk Mobility, Physical Activity, and 

Quadriceps Strength 

In relation to Aim 2, Prediction 2 was partially supported. Trunk mobility, but not trunk 

AROM or quadriceps strength, was moderately and positively associated with moderate-to-

vigorous physical activity (MVPA). This finding suggests that PwP who are better able to 

dynamically integrate trunk mobility into functional tasks may be more capable of initiating, 

sustaining, and tolerating higher-intensity activities in daily life. This association highlights an 

important link between impairment-level movement characteristics and participation-level 

outcomes, consistent with the International Classification of Functioning, Disability and Health 

(ICF) framework (Vojciechowski et al., 2016).  

One plausible interpretation of this relationship is that reduced trunk mobility in PwP 

limits participation in MVPA. Trunk rigidity and diminished trunk mobility are commonly 

associated with impaired balance, reduced functional mobility, and increased fear of falling 

(Ferreira-Sánchez et al., 2020; Mak & Wong-Yu, 2019). These factors may increase the 

energetic cost, reduce confidence during walking, turning and transitional tasks, and ultimately 

discourage participation in more physically demanding activities (Mollà-Casanova et al., 2022). 

Conversely, greater trunk mobility may facilitate more efficient functional mobility, enabling 

PwP to initiate, tolerate, and sustain higher-intensity PA. However, it is equally important to 

consider the reverse direction of this association. People who regularly engage in MVPA may 

participate in activities that inherently require and reinforce trunk mobility during task execution. 

Repeated exposure to activities that demand multi-planar trunk mobility and dynamic postural 

control may help preserve or enhance trunk mobility through use-dependent motor learning and 

neuromuscular adaptation (Peterson et al., 2020). From this perspective, greater engagement in 
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MVPA may contribute to better trunk mobility, rather than trunk mobility solely enabling higher 

activity participation.   

To date, no studies have specifically examined this bidirectional relationship between 

trunk mobility and objectively measured PA in PwP. Nevertheless, the present findings are 

aligned with previous research demonstrating an association between PA and trunk-related 

movement capacity, as assessed using the Trunk Impairment Scale, in which trunk mobility 

represents a key dynamic component (Özkan et al., 2024). Our findings extend existing literature 

by demonstrating that trunk mobility is associated with real-world engagement in MVPA, rather 

than laboratory-based performance alone. Consequently, these findings suggest that trunk 

mobility and MVPA may be mutually reinforcing. Reduced trunk mobility may constrain 

participation in higher-intensity activities, while sustained engagement in MVPA may help 

maintain or improve trunk mobility through repeated task-specific trunk movement. Due to the 

cross-sectional nature of this study, causal inferences cannot be made. Longitudinal and 

intervention-based studies are needed to determine whether improvements in trunk mobility lead 

to increased MVPA, whether increased MVPA enhances trunk mobility, or whether these 

processes occur concurrently.  

While the hypothesis that trunk AROM and trunk mobility would be related to functional 

outcomes was supported, the prediction regarding quadriceps strength was not confirmed. 

Quadriceps strength was not significantly associated with functional outcomes in this cohort, 

although it was moderately correlated with daily step counts, suggesting a role in habitual PA 

rather than task-specific performance. This finding was unexpected, as previous studies have 

reported that quadriceps weakness limits force production during rapid standing and contributes 

to impaired performance on functional tasks such as STS, walking, and the TUG in PwP 
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(Baizabal-Carvallo et al., 2023; Clael et al., 2018; Pelicioni et al., 2020). Notably, these studies 

included people with more advanced disease stages (H&Y III-IV), whereas the present cohort 

primarily comprised participants in the early stages of PD, suggesting that quadriceps strength 

may become a more salient determinant of functional tasks as disease severity increases. 

Supporting this, Inkster et al. (2003), who studied PwP in H&Y stages I-III, reported that hip 

muscle strength, rather than knee extensor strength, accounted for a substantial proportion of 

variance in STS performance in PwP, whereas knee strength played a greater role in AMPs 

(Inkster et al., 2003). This suggests that proximal muscle groups and trunk-hip coordination may 

be more critical determinants of functional tasks in PD than isolated quadriceps strength.  

Evidence regarding the relationship between lower-limb strength and functional 

outcomes in PwP remains inconsistent. While some studies have reported no significant 

differences in lower-limb strength between PwP and healthy controls, nor associations with tasks 

such as walking or functional reach (Nocera et al., 2010; Ramsey et al., 2004), both studies 

examined H&Y II participants. Other studies, including PwP in H&Y II-III, demonstrate that 

reduced lower-limb strength is associated with gait parameters such as walking speed and 

temporal measures (Fernández-Vázquez et al., 2023). From a biomechanical perspective, 

quadriceps strength plays an important role in regulating knee joint loading during gait, 

particularly during the loading response phase. Despite this established role, it remains unclear 

which specific muscle groups most strongly influence disease progression and functional decline 

in PwP (Fernández-Vázquez et al., 2023; Pongmala et al., 2024). Impairments in functional tasks 

such as STS are not solely attributable to quadriceps weakness but also reflect deficits in joint 

moment generation, delayed torque production, altered center-of-mass displacement, and 



 87 

compensatory movement strategies, including increased trunk flexion (Baizabal-Carvallo et al., 

2023; Fernández-Vázquez et al., 2023).  

In PwP, lower-extremity strength explains a moderate proportion of variance in 

functional outcomes, including gait, chair-rise time, and TUG performance, and accounts for 

34%-40% of variance in UPDRS scores (Gamborg et al., 2023). Although causality cannot be 

inferred, these findings suggest that improving lower-limb strength could support functional 

outcomes in PwP, while other muscle groups, particularly the hip abductors, also contribute to 

pelvic stability and movement efficiency during functional tasks (Pongmala et al., 2024). These 

findings may explain the lack of significant associations between quadriceps strength and 

functional outcomes in this early-stage PwP cohort.   

5.4 Trunk AROM and Trunk Mobility in Relation to TUG components and Turning 

Exploratory analyses of individual TUG components revealed that trunk AROM was 

most strongly associated with turning duration. This finding is biomechanically plausible given 

the reliance on trunk rotation to initiate and control directional changes. Adequate trunk rotation 

facilitates maintenance of the center of mass over the base of support during reorientation tasks, 

which is critical for turning efficiency and postural stability (Mancini et al., 2018). Additional 

exploratory analyses demonstrated that trunk AROM was significantly associated with 360 

turning performance but not with turning during the Stand and Walk (SAW) test, possibly 

reflecting the greater and more continuous rotational demands of the 360 turning task. 

Exploratory analyses in AMPs revealed fewer and weaker associations, suggesting that the 

observed relationships in PwP are disease-specific rather than age-related. Although exploratory 

and not hypothesis-driven, these findings provide preliminary evidence that trunk AROM may 

differentially be associated with specific components of turning performance in PwP. 
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5.5 Contribution of Trunk AROM and Trunk Mobility to Functional Outcomes and PA in 

PwP 

 Regression analyses partially supported the third and fourth predictions of our second 

aim. Disease stage (H&Y) explained a substantial proportion of the variance in TUG 

performance, confirming its role as a primary determinant of functional outcomes in PwP. It is 

important to note that H&Y stage likely reflects a composite of multiple motor and non-motor 

impairments, including bradykinesia and rigidity, which collectively influence functional 

outcomes. The inclusion of trunk AROM and trunk mobility improved model fit in intermediate 

analyses, indicating that trunk-related measures contributed to explaining TUG performance 

beyond disease stage alone. However, in full models including interaction terms, the independent 

predictive contributions of trunk AROM and trunk mobility were attenuated, whereas disease 

stage remained a strong contributor. These findings suggest that trunk mobility contributes to 

functional outcomes within the broader context of disease-related impairments, rather than acting 

as a fully independent contributor.  

 In contrast, trunk AROM and trunk mobility did not significantly contribute to FSR 

performance after controlling for disease stage. FSR performance likely depends on additional 

factors such as balance confidence, movement strategy selection, fear of falling, and executive 

control, which may overshadow the contribution of trunk mobility capacity alone (Pelicioni et 

al., 2020). Neurological impairments affecting cortical-subcortical connectivity may disrupt 

motor planning and sequential movement generation, making complex tasks such as sit-to-walk 

and FSR particularly challenging, independent of isolated trunk AROM or trunk mobility 

(Pelicioni et al., 2020). Limited variability in trunk mobility and functional outcomes within this 

early-stage cohort may also have contributed to the lack of significant associations.  
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 Previous work by Schenkman et al. (2000) demonstrated associations between trunk 

AROM in the transverse plane and functional limitations, including turning performance, supine-

to-stand, and walking time, independent of PD severity. While these findings support the general 

functional importance of trunk AROM and trunk mobility, the present results suggest that in 

early-stage PwP, trunk AROM and trunk mobility alone may not independently contribute to 

complex functional task performance once disease stage is considered. Accordingly, Prediction 3 

was partially supported, whereas Prediction 4 was not supported.   

 When considering PA outcomes, trunk mobility, but not trunk AROM, was associated 

with MVPA after controlling for H&Y stage, while neither trunk measure significantly 

contributed to steps per day. Consistent with previous findings, higher disease severity was 

strongly linked with reduced PA engagement, underscoring the dominant role of disease 

progression in limiting activity (Skidmore et al., 2008; van Nimwegen et al., 2011). These 

findings suggest that trunk mobility may facilitate participation in higher-intensity activities, 

though its impact may be moderated by disease severity. In contrast, trunk AROM appears less 

functionally relevant for both the activity and participation level outcomes in early-stage PwP. 

Together, these findings highlight that trunk mobility is a meaningful contributor to both 

functional outcomes and participation in PA, but its impact is constrained by disease severity, 

suggesting that interventions targeting trunk mobility could support engagement in MVPA and 

functional outcomes. Developing safe, enjoyable exercise programs that consider both mobility 

limitations and disease stage remains critical to mitigating the adverse consequences of physical 

inactivity in PwP (van Nimwegen et al., 2011).  
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5.6 Clinical Implications  

 These findings underscore the clinical importance of trunk mobility as a meaningful 

contributor to functional outcomes and PA participation in PwP, even in the early stages (H&Y 

I-II) of the disease. Although trunk AROM and trunk mobility did not independently explain all 

functional outcomes after accounting for disease stage, both were consistently associated with 

key functional outcomes, including turning, STS, TUG, FSR, and MVPA. These associations 

emphasize the importance of trunk mobility in functional outcomes and suggest that trunk 

mobility limitations at the activity level should be considered central targets of rehabilitation 

rather than secondary concerns in early PD. 

From a clinical perspective, these results highlight the need for rehabilitation 

interventions that target not only trunk AROM but also trunk mobility during functional tasks. 

Traditional rehabilitation programs for PwP have frequently emphasized isolated trunk AROM 

exercises, such as trunk flexion, extension, or rotation performed in sitting, standing, or supine 

positions. While such exercises may increase joint flexibility or movement capacity, our findings 

suggest that improvements in trunk AROM alone are unlikely to translate into meaningful 

functional gains unless PwP also learn to effectively incorporate trunk mobility during task 

performance. Task-oriented and multimodal interventions provide practical approaches for 

achieving this. Programs targeting gait and balance often include trunk-specific components. For 

example, Nordic walking, which consisted of walking with poles while simultaneously 

performing a dual-task (verbal fluency task), improved postural stability and stride length 

(Gougeon et al., 2017). Agility-based programs such as Tai Chi, kayaking, and boxing challenge 

the trunk across multiple planes of motion during goal-directed movement (King et al., 2013; 

Shujaat et al., 2014), while dance interventions such as tango, which incorporate trunk rotations, 
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weight shifts, and rhythmic stepping, similarly promote dynamic trunk engagement and have 

demonstrated improvements in functional mobility outcomes in PwP (De Bartolo et al., 2020; 

McNeely et al., 2015; Stożek et al., 2016). These examples underscore the potential of task-

specific, multimodal approaches to improve trunk mobility in PwP. By integrating trunk 

movement into functional, real-world activities under progressively challenging conditions, such 

as reaching tasks, navigating environmental constraints, or performing dual-task activities, 

rehabilitation programs can specifically target coordination, movement scaling, postural control, 

and task integration, rather than focusing solely on range of motion limitations.  

The present findings also have important implications when considered through the lens 

of motor learning theory. Motor learning theory emphasizes that skill acquisition is task-specific 

and context-dependent, meaning that gains achieved during isolated trunk AROM exercises do 

not automatically generalize to complex, real-world activities unless practice conditions require 

active integration of the impaired movement into functional tasks. This concept is reflected in the 

principle of transfer of training, which states that learning generalizes most effectively when 

practice conditions closely resemble the environmental and task demands of the target activity 

(Hubbard et al., 2009; Magill & Anderson, 2017). Consequently, exercises that focus solely on 

increasing trunk AROM in static positions may demonstrate limited transfer to dynamic 

activities. In addition, the principle of specificity suggests that the neuromuscular system adapts 

to the functional demands placed upon it, and therefore rehabilitation programs that require 

dynamic trunk movement under conditions that mirror daily functional activities are likely to 

produce the most clinically meaningful gains (Bouça‐Machado, Rosário, et al., 2019). In PwP, 

trunk rigidity and reduced trunk mobility may persist during walking, turning, and transitional 

movements despite adequate trunk AROM when assessed in isolation. As a result, interventions 
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that focus exclusively on increasing trunk AROM without addressing task-specific movement 

strategies may have limited impact on real-world functional performance (Bartolo et al., 2010; R. 

G. Cohen et al., 2015; Paolucci et al., 2017; Seçkinoğulları et al., 2023; Shujaat et al., 2014; 

Youm et al., 2020).  

The findings of this study suggest that effective exercise and rehabilitation programs 

should deliberately challenge trunk mobility during functional activities that reflect daily 

movement demands. Specific interventions combining multi-planar trunk mobility, agility, 

coordination and postural control have shown promise in improving trunk mobility (King & 

Horak, 2009; Shujaat et al., 2014). Also, interventions incorporating task-specific trunk mobility 

training, such as transitional movements, and dual-task conditions, may enhance movement 

efficacy, postural adaptability, and confidence. Such approaches may be particularly beneficial 

for improving turning ability and transitional movements, which are critical for maintaining 

independence and reducing fall risk in PwP. Incorporating these tasks into rehabilitation may 

help reduce reliance on inefficient compensatory strategies, such as excessive trunk flexion or 

en-bloc movement patterns, which are commonly observed in PwP and are associated with 

slower and less efficient performance.  

To further translate these findings into clinical practice, several task-integrated trunk 

mobility exercises may be particularly beneficial. Multi-directional reaching (e.g., reaching for 

objects at different angles) can promote trunk mobility in the sagittal, coronal, and transverse 

planes while challenging postural control and center-of-mass displacements (Çetin et al., 2024). 

Similarly, STS training with trunk rotation or asymmetrical loading (e.g., reaching to one side 

before standing or holding a weighted object on one side) may enhance trunk mobility during 

transitional movements, increasing rotational torque demands and encouraging coordinated 
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activation between the trunk and lower extremities, thereby addressing the en-bloc movement 

strategy commonly observed in PwP (Baizabal-Carvallo et al., 2023; Nikfekr et al., 2002). 

Additionally, incorporating dual-task conditions (e.g., turning while carrying an object or 

performing a cognitive task) may further enhance trunk mobility by challenging motor planning 

and automaticity, which are often impaired in PwP (Çetin et al., 2024; Gougeon et al., 2017). 

Also, turning-based gait training, such as practicing turns with visual or auditory cues, can 

specifically target trunk rotation during locomotion, promoting segmental rotation of the head, 

trunk, and pelvis, and counteracting rigid en-bloc turning patterns. From a biomechanical 

perspective, this may also reduce the number of steps required to complete a turn, improving 

efficiency and reducing fall risk (Stożek et al., 2016). These task-integrated approaches align 

with motor learning principles by reinforcing the use of trunk mobility in functionally relevant 

and progressively challenging contexts. 

Our findings also have implications for clinical assessment. Standard assessment of trunk 

AROM may not adequately capture the functional impact of trunk impairments in PwP. 

Measures that evaluate trunk mobility during task performance, such as during walking, turning, 

or transitional tasks, may provide greater insight into functional limitations and treatment 

responsiveness. Incorporating task-based assessment of trunk mobility may improve clinical 

decision-making and help clinicians better identify people who are at risk for functional decline 

despite preserved movement capacity.     

5.7 Limitations and Future Studies  

Several limitations should be considered when interpreting the findings of this study, 

alongside important directions for future research. First, the relatively small sample size may 

have reduced statistical power and the ability to detect significant associations between trunk 
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measures and functional outcomes, particularly in regression analyses examining independent 

predictors. Future studies should include larger samples with a broader range of disease stages to 

better capture the progression of trunk impairments and their evolving contribution to functional 

limitations across the disease continuum.   

Second, all assessments were conducted during the medication “on” state, which may 

have influenced trunk mobility and functional outcomes. Dopaminergic medication is known to 

improve bradykinesia more consistently than trunk symptoms; thus, trunk rigidity and trunk 

motor impairments may persist even during optimal medication states. Consequently, the present 

findings may underestimate the magnitude of trunk mobility limitations experienced by PwP 

during daily life, particularly during medication “OFF” periods. Future research should examine 

trunk AROM and trunk mobility across medication states to better capture real-world movement 

variability and to determine whether trunk-related impairments demonstrate differential 

responsiveness to pharmacological treatment.   

Third, the cross-sectional design of this study precludes causal inference. Although trunk 

mobility was associated with functional outcomes and MVPA, it remains unclear whether 

reduced trunk mobility contributes to functional decline and reduced PA, whether decreases in 

PA lead to deterioration in trunk mobility through disease progression, or whether these 

processes occur concurrently. Longitudinal studies are needed to examine the temporal 

relationships between trunk mobility, functional outcomes, and PA participation. Such studies 

would help clarify whether changes in trunk mobility precede declines in functional outcomes 

and PA participation, and whether targeted interventions can alter these trajectories, thereby 

identifying trunk mobility as a potential early marker or therapeutic target in PD. Intervention-

based studies are warranted to establish causal relationships and inform clinical practice. 
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Randomized controlled trials targeting trunk mobility within functional task contexts would help 

determine whether improving task-specific trunk mobility leads to meaningful improvements in 

functional outcomes, turning ability, transitional movements, and PA engagement. These studies 

should incorporate principles of motor learning, task complexity, and progression to examine 

how trunk mobility training can be optimally integrated into rehabilitation programs for PwP.  

 Fourth, PA was assessed using wrist-worn accelerometers, which objectively capture 

MVPA and step counts but are sensitive to participant compliance and wear-time. Accelerometry 

quantifies movement intensity and volume but provides limited insight into the contextual and 

qualitative aspects of PA behavior, such as perceived difficulty, movement confidence, or task-

specific movement strategies. Future studies should consider combining objective activity 

monitoring with self-report measures, activity diaries, or qualitative interviews to better 

understand how trunk mobility influences PA participation in daily life. Additional research 

should also explore trunk mobility in relation to a broader range of functional tasks, including 

more complex and cognitively demanding activities. Cognitive impairment, executive 

dysfunction, fear of falling, and postural control deficits are known to influence functional 

outcomes in PwP and may interact with trunk mobility during dual-task walking, turning, and 

transitional movements. Examining these interactions may provide a more comprehensive 

understanding of how trunk dysfunction contributes to mobility limitations and fall risk.   

5.8 Conclusions 

 Trunk AROM and mobility are meaningfully impaired in PwP, even in early-stage 

disease. Compared with AMPs, PwP demonstrated reduced trunk AROM, particularly in 

rotation, and diminished trunk mobility, which were associated with slower performance in 

functional outcomes including TUG and FSR. Trunk mobility was more strongly related to 
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functional outcomes than isolated trunk AROM or quadriceps strength, highlighting the 

functional relevance of the natural mobility of the trunk during task execution. Although disease 

stage remained the primary predictor of functional outcomes, trunk mobility contributed to 

performance variability and was associated with greater engagement in MVPA.  

These findings highlight the critical role of trunk mobility in efficient functional task 

performance and suggest that interventions targeting trunk mobility may support improvements 

in mobility and daily PA in PwP. Incorporating trunk-focused exercises into rehabilitation 

programs may enhance postural adaptability and promote a more active lifestyle, potentially 

mitigating the negative health consequences of physical inactivity in this population. By 

designing interventions that challenge trunk mobility during task execution, clinicians may better 

support improvements in movement efficiency and confidence, which are essential for 

maintaining independence and reducing fall risk in PwP. A task-integrated approach to trunk 

mobility training may also facilitate greater engagement in PA, thereby addressing both 

functional mobility and participation-level outcomes. Future research should further investigate 

these relationships across broader disease stages and through longitudinal designs to better 

understand the role of trunk mobility in disease progression and functional decline.    
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 Appendix A: Influence of Trunk Range of Motion on Functional 

Mobility Outcomes in Patients with Parkinson’s Disease: A 

Scoping Review  

Abstract 

Background:  

People with Parkinson's disease often experience reduced trunk range of motion (ROM), 

contributing to gait disturbances, mobility limitations, and fall risk. Despite growing interest in 

trunk-focused rehabilitation, evidence regarding the relationship between trunk ROM and 

functional mobility remains inconsistent. 

Methods:  

This scoping review mapped and synthesized studies examining: (1) the relationship between 

trunk ROM and functional mobility in Parkinson’s disease, and (2) the efficacy of trunk-focused 

interventions on functional mobility and trunk ROM. Studies were eligible if they assessed trunk 

ROM (flexion, extension, rotation, lateral flexion) and reported at least one functional mobility 

outcome. Observational and interventional studies published in English or Spanish between 2000 

and 2025 were included. A PRISMA-ScR-guided search was conducted in PubMed, MEDLINE, 

Embase, Scopus, and Google Scholar. Data were extracted using a structured form and verified 

by a second reviewer.  

Results: 

Fifteen studies met inclusion criteria (5 cross-sectional, 10 interventional). Individuals with 

Parkinson’s disease consistently demonstrated reduced trunk ROM compared with age-matched 



 122 

peers. Trunk rotation showed the strongest associations with functional mobility, while lateral 

flexion showed limited associations. Most trunk-focused interventions reported improvements in 

trunk ROM and specific mobility outcomes, although some studies noted limited or no change.  

Conclusion:  

Reduced trunk ROM, particularly in the transverse plane, is strongly associated with functional 

mobility in Parkinson’s disease. Trunk-focused interventions appear promising in improving 

functional mobility, though methodological variability limits comparability. Future high-quality 

studies should incorporate trunk rotation assessment and training to better guide clinical practice.  
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1. Introduction 

1.1 Rationale 

Parkinson disease (PD) is a progressive neurodegenerative disorder characterized by both 

motor and non-motor impairments (Jankovic, 2008; Mazzoni et al., 2012; Port et al., 2021). 

Among its motor symptoms, trunk rigidity, bradykinesia, and impaired postural control are 

particularly concerning and affect over 89% of people with Parkinson’s disease (PwP). These 

impairments can contribute to secondary motor limitations, including reduced trunk range of 

motion (ROM) across the sagittal, coronal, and transverse planes (Ferreira-Sánchez et al., 2020; 

Koshi, 2017). Trunk ROM includes active movements performed voluntarily and passive 

movements assisted by an external force. Reduced active trunk ROM emerges early in the 

disease course, typically from Hoehn and Yahr (H&Y) stage II onward, and often leads to 

compensatory movement strategies that increase physical strain and the risk of musculoskeletal 

injury (Artigas et al., 2016; Cano-de-la-Cuerda et al., 2020). Trunk ROM limitations are strongly 

associated with a higher risk of falls, difficulty with activities of daily living, and impaired 

performance of functional mobility tasks such as walking, turning, and rising from a chair, 

ultimately contributing to reduced independence and quality of life (Cano-de-la-Cuerda et al., 

2020; M. L. Schenkman et al., 2001; Wright et al., 2010).  

 Functional mobility, which is the ability to move safely and independently during daily 

activities, is critical for autonomy and well-being (Bouça-Machado et al., 2018). While trunk 

ROM is believed to be associated with functional mobility in PwP, findings across studies 

remain inconsistent (Cano-de-la-Cuerda et al., 2020; Korkmaz et al., 2025; M. L. Schenkman et 

al., 2001; Wright et al., 2010). Some research has shown significant associations between trunk 

rotation and functional outcomes; however, methodological variability has limited cross-study 
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comparisons (M. Schenkman et al., 2000; M. L. Schenkman et al., 2001; Wright et al., 2010). 

Only one study to date has evaluated active trunk ROM across all planes (flexion, extension, 

rotation, and lateral flexion), reporting a significant association with functional mobility, except 

for lateral flexion (Cano-de-la-Cuerda et al., 2020). More recently, Korkmaz et al. (2025) 

observed reduced ROM in the sagittal and frontal planes and poorer upper-extremity 

performance in PwP compared with controls, with a significant correlation between trunk ROM 

and upper-extremity function. However, that study did not assess trunk rotation or lower-body 

functional tasks (Korkmaz et al., 2025). Additional concerns relate to measurement tools. For 

example, the Spinal Mouse is a validated electronic device for measuring trunk ROM, although it 

has known limitations in accurately capturing frontal-plane movement.  

Collectively, the limited number of studies and inconsistencies in measurement methods 

highlight the need for more comprehensive and standardized assessments of trunk ROM across 

all planes, as well as a clearer understanding of its contribution to functional mobility in PwP. 

Although evidence suggests that interventions targeting trunk ROM, such as trunk-specific 

exercises, stretching programs, and posture training, may improve gait speed, bed mobility, and 

turning performance, the specific contributions of trunk ROM to these functional mobility 

outcomes remain insufficiently characterized (Bartolo et al., 2010; Gougeon et al., 2017; King et 

al., 2013; Paolucci et al., 2017; Shujaat et al., 2014; Silva-Batista et al., 2023; Stożek et al., 

2016). A systematic mapping of existing evidence is therefore necessary to clarify 

inconsistencies, identify knowledge gaps, and guide the development of targeted rehabilitation 

strategies. 

1.2 Objectives  
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The objectives of this scoping review were to: (1) examine the relationship between trunk 

ROM and functional mobility outcomes and (2) assess whether interventions targeting trunk 

ROM lead to improvements in functional mobility and trunk ROM. A scoping review approach 

was selected to comprehensively map the available evidence and provide an overview of current 

findings (Tricco et al., 2018). This approach is appropriate because the primary aim is to explore 

and describe the extent of existing research on this topic rather than to calculate pooled effects or 

determine intervention efficacy. By mapping the current evidence, this review will help 

clinicians identify which components of functional mobility are more strongly associated with 

trunk ROM, recognize potentially beneficial intervention strategies, and determine where 

evidence is lacking. Scoping reviews are recognized as a suitable first step when the evidence 

base is broad, heterogeneous, or still emerging.   

2. Methods 

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

Extension for Scoping Reviews (PRISMA-ScR) and the PCC framework (participant, concept, 

context). The protocol was preregistered on the Open Science Framework (https://osf.io/ypn49) 

to ensure transparency and minimize bias. 

2.1 PCC Framework 

• Population (P): Adults (>18 years) diagnosed with Parkinson’s disease at any Hoehn and 

Yahr (H&Y) stage.  

• Concept (C): Trunk range of motion, including flexion, extension, rotation, and lateral 

flexion.  

• Context (C): All settings, including clinical, community, or research environments. 

2.2 Eligibility criteria  

https://osf.io/ypn49
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Studies were included if they examined adults (>18 years) diagnosed with PD at any stage of 

the H&Y scale. Eligible studies assessed the relationship between trunk ROM and functional 

mobility outcomes. Both observational (e.g., cross-sectional, case-control, cohort) and 

experimental (e.g., interventional, randomized controlled) designs were included. All settings 

and environments were considered. Inclusion criteria were as follows: (1) published between 

2000 and 2025 in English or Spanish; (2) full-text, original articles; (3) participants diagnosed 

with PD (any H&Y stage); (4) assessment of trunk ROM (including axial, spinal, torso, or core 

movements) in flexion, extension, rotation, or lateral flexion; and (5) reporting at least one 

functional mobility outcome (e.g., walking, sit-to-stand, turning, or a mobility test). Studies were 

excluded if they were not original research articles (e.g., conference abstracts, editorials, reviews, 

or commentaries).   

2.3 Information Sources  

A comprehensive literature search was conducted using PubMed, Medline, Embase, Scopus, 

and Google Scholar. The search was limited to English and Spanish publications from 2000 to 

2025. The final search was executed on October 12, 2025.  

2.4 Search Strategy  

The following keywords and MeSH terms were applied: 

(“Parkinson” OR “Parkinson* Disease”) AND (“Trunk ROM” OR “Trunk” OR “Torso” OR 

“Trunk flexibility” OR “Spinal flexibility” OR “Core Flexibility” OR “Axial” OR “Axial 

Bradykinesia” OR “Axial Apraxia” OR “Trunk Mobility”) AND (“Functional Movement” OR 

“Functional Mobility” OR “Function”).  

2.5 Selection of Sources of Evidence  
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All articles were screened in two phases using Covidence (Veritas Health Innovation, 2025). 

In the first phase, two reviewers (MR, LR) independently assessed titles and abstracts. In the 

second phase, full-text articles were reviewed for eligibility. Disagreements were resolved 

through consensus; when necessary, one reviewer (LR) acted as an adjudicator. The selection 

process is presented in the PRISMA flow diagram (See Results).  

2.6 Data charting process 

Data extraction was performed using a pre-designed charting form in Microsoft Excel 

(Microsoft Corporation). One reviewer (MR) extracted data, and a second reviewer (LR) verified 

the entries for accuracy and consistency. Discrepancies were resolved by consensus.  

2.7 Data items  

The following data items were extracted from each included study: (1) participant 

characteristics (e.g., sample size, age, gender, disease stage); (2) study design and methodology; 

(3) assessment tools for trunk ROM and functional mobility (e.g., goniometer, tape measure, 

wearable sensors, motion capture); (4) functional mobility outcomes (e.g., walking, sit-to-stand, 

turning); (5) psychometric properties of outcome measurement (e.g., validity, reliability); (6) key 

findings related to trunk ROM and functional mobility. Although other variables (e.g., posture, 

rigidity) were noted, the primary focus remained on trunk ROM. 

2.8 Critical Appraisal of sources  

No formal critical appraisal was conducted, as this scoping review aimed to map existing 

evidence rather than evaluate quality or risk of bias.   

2.9 Synthesis of results  

A narrative descriptive synthesis was used to summarize findings across studies. The 

patterns and gaps in the literature were identified and discussed.   
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3. Results 

3.1 Selection of Sources of Evidence 

The literature search identified 98 articles with records retrieved from Google Scholar (n 

= 26), Embase (n = 21), Scopus (n = 20), MEDLINE (n = 15), and PubMed (n = 16). Following 

automatic duplicate removal via Covidence (n = 37), a total of 61 studies remained for screening. 

No duplicates were identified manually. After screening titles and abstracts, 15 studies were 

excluded, leaving 46 full-text articles to be assessed for eligibility. Of these, 31 studies were 

excluded, with reasons including wrong outcomes (n = 30) and non-English or non-Spanish 

language (n = 1). A total of 15 studies met the inclusion criteria and were included in the final 

review (Figure 1).  

 
Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) flow diagram outlining the study selection process for this scoping review, which 

explores how trunk range of motion relates to functional mobility outcomes in individuals living 

with Parkinson’s disease. 
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3.2 Characteristics of Sources of Evidence 

  The final selection included 15 studies published between 2000 and 2025, with sample 

sizes ranging from 12 to 195 participants. Across studies, the mean age of participants ranged 

from 40 to 74 years. Several studies included a control group or age-matched peers (AMPs). 

Most studies recruited participants with mild to moderate disease severity, corresponding to 

H&Y stages I-III, although a few studies included participants with more advanced disease, up to 

H&Y stage IV. Studies were conducted across diverse geographic regions, including North 

America (n = 3), Europe (n = 8), and Asia (n = 4). Regarding study design, five studies 

employed a cross-sectional approach, and 10 were intervention-based. In terms of medication 

status, most studies assessed participants during the "ON" phase of medication response (n = 13), 

while two studies included assessments during the "OFF" phase, and three studies either assessed 

both states or did not specify medication status. A wide range of assessment methods was used, 

including goniometers and tape measures, alongside clinical performance tests such as the TUG 

and walking tests, to evaluate trunk ROM and its impact on functional mobility. An overview of 

study characteristics is presented in Table 1.  

Table 1.  

Study Characteristics 

Primary 

author 

Publication 

Year 

Country Study 

Design 

Sample 

Size  

Mean Age (y) 

+ SD  

H&Y 

stage  

Medication 

Status 

Akhila 2022 India Intervention 32 PwP  70.8 + 5.9 I- III ON 

Bartolo 2010 UK Intervention 44 PwP; 

10 CG 

PwP: 71.9 + 

6.6; CG: 69  

I-IV ON 

Cano-de-la-

Cuerda 

2020  Spain Cross-

sectional 

36 PwP 62 + 11  I-II ON 

Çetin 2024 Turkey Intervention 20 PwP 66.9 + 6.1 II-III ON 

Hubble 2018 UK Intervention 22 PwP 65.4 + 5.7 I-III ON 
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Jo 2024 Korea Intervention 14 PwP 73.8 + 7.5 I-III Not 

specified 

Korkmaz 2025 Turkey Cross-

sectional 

40 PwP; 

40 CG 

PwP: 67.5; 

CG: 62.5 

I-IV ON 

Paolucci 2017 Italy Intervention 34 PwP 66.0, (IQR 

18.5)  

I-III ON 

Schenkman 2000 USA Cross-

sectional 

56 PwP; 

195 CG 

PwP: 70.7 + 

7.4; CG: 71.4 

+ 5.0 

I-III ON 

Schenkman 2001 USA Cross-

sectional 

16 PwP; 

32 CG 

PwP: 67.2 + 

7.3; CG: 66.2 

+ 8.9 

I-III ON 

Seçkinoğulları 2023 Turkey Intervention 28 PwP 67.7 + 5.5 III ON 

Shujaat 2014 Pakistan Intervention 48 PwP 40-70 I-III ON 

Stożek 2016 Poland Intervention 61 PwP 64.0 + 9.9 I-III ON 

Wright 2010 USA Cross-

sectional 

12 PwP; 

14 CG 

 

PwP: 66 + 11; 

CG: 65 + 10 

2.5 ON/OFF 

Youm 2020 Korea Intervention 17 PwP 68.0 + 6.8 I-III ON 

Note. PwP = people with Parkinson’s disease; CG = control group. H&Y = Hoehn and Yahr. 

3.3 Results of Individual Sources of Evidence 

3.3.1 Correlations Between Trunk ROM and Functional Mobility  

Reduced trunk ROM was consistently associated with a variety of functional outcomes. 

Although the studies used diverse tools to evaluate different planes of ROM, including 

goniometers, torsional rotation devices, the Functional Axial Rotation (FAR) test, and the Spinal 

Mouse system, they collectively demonstrated that limited trunk ROM contributes to restrictions 

across everyday functional tasks, such as gait performance, the Get Up and Go (GUG) test, upper 

limb function tests, and transitional movements such as supine-to-stand.  

Several studies reported that reduced trunk ROM correlated with slower or less efficient 

performance on these mobility tasks. For example, Cano-de-la-Cuerda et al. (2020) found that 

smaller flexion, extension, and rotation angles measured with a goniometer were associated with 
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poorer GUG scores (r = -0.444 to -0.677, p < 0.05), with lateral flexion being the only exception 

(Cano-de-la-Cuerda et al., 2020). Similarly, Wright et al. (2010) showed that reduced trunk 

rotation, measured using a torsional rotation device, was correlated with UPDRS items including 

arising from a chair, posture, and gait (r = 0.74; p < 0.01), and that PwP demonstrated reduced 

trunk rotation compared with controls. Also, Schenkman et al. (2000) reported that limited trunk 

rotation, measured with the FAR test, was associated with poorer performance on supine-to-

stand, turning, and 10-m walk (r = 0.488, p = 0.0001). In a subsequent study, Schenkman et al. 

(2001) showed that PwP exhibited reduced trunk rotation compared with controls (mean 

difference > 10o; p = 0.005), and that this limitation contributed to a reduction in reaching 

distance (p = 0.024) (M. L. Schenkman et al., 2001). More recently, Korkmaz et al. (2025) used 

the Spinal Mouse system, a non-invasive, computer-assisted device manually guided along the 

spine to measure trunk ROM, including flexion, extension, and lateral flexion. They identified a 

significant correlation between these trunk ROM measures and upper limb function on the 9-

Hole Peg Test (r = -0.319, p = 0.045), with PwP showing reduced trunk ROM and longer 

completion times compared with controls (see Table 2). Together, these findings underscore the 

central role of trunk ROM in functional mobility performance across gait, transitional 

movements, and upper-limb tasks.  
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Table 2.  

Summary of Cross-sectional Studies Examining the Relationship between Trunk ROM and 

Functional Tasks in PwP 

Study Participants   Stage 

(H&Y) 

Trunk ROM 

Assessment 

Functional 

Task 

Key Findings 

Cano-de-la-

Cuerda et al. 

(2020)  

36 PwP   I-II Goniometer - active 

flexion, extension, 

rotation, lateral 

flexion 

GUG test Significant correlation 

with all ROM measures 

except lateral flexion (r 

= -0.444 to -0.677, p < 

0.05).  

Korkmaz et 

al. (2025) 

40 PwP; 40 

CG 

I-IV Spinal Mouse- 

trunk flexion, 

extension, lateral 

flexion 

9-Hole Peg 

Test (upper 

extremity 

function) 

Correlation between 

trunk flexion, 

extension, lateral 

flexion and upper 

extremity function (r = 

-0.319, p = 0.045). PwP 

had less trunk ROM 

and took longer to 

complete the task than 

CG.  

Schenkman 

et al. (2000) 

56 PwP; 195 

CG  

I-III FAR- trunk rotation  Walking, 

turning, 

supine-to-

stand 

Significant correlation 

between trunk rotation 

and mobility tasks (r = 

0.488, p = 0.0001). 

Schenkman 

et al. (2001) 

16 PwP; 32 

CG  

I-III FAR- trunk rotation  Reaching PwP had less trunk 

rotation than CG. 

Trunk rotation 

potentially accounted 

for 10% of total 

reaching distance. 

Wright et al. 

(2010) 

12 PwP; 14 

CG    

II-III Torsional rotation 

device- trunk 

rotation  

Gait 

(UPDRS- 

III) 

Significant correlation 

between trunk rotation 

and gait (r = 0.74, p < 

0.01). PwP have less 

trunk rotation 

compared to CG.   

Note. PwP = people with Parkinson’s disease; CG = control group; H&Y = Hoehn and Yahr; 

GUG: Get Up & Go test; FAR: Functional Axial Rotation. 
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3.3.2 Interventions Studies  

A variety of trunk-focused interventions have been investigated in PwP, targeting trunk 

ROM and functional performance. Interventions differed in type (e.g., task-specific exercise, 

multi-segmental movements), duration (from single-session to 12-week programs), and 

integration with other tasks (e.g., gait training, rehabilitation therapy). Such variations may 

contribute to differences in outcomes across studies. Interventions primarily targeting trunk 

ROM consistently demonstrated improvements in trunk ROM and bed mobility. A 6-week 

program focusing on trunk extension and rotation improved trunk rotation and bed mobility (p < 

0.05) (Akhila et al., 2022). Similarly, a 4-week postural training program focused on trunk 

flexion and lateral flexion also significantly improved trunk ROM (p < 0.01) (Bartolo et al., 

2010), while a 4-week kayaking program emphasizing trunk rotation and multi-segmental 

movements enhanced trunk rotation and bed mobility (p < 0.001) (Shujaat et al., 2014). 

Similarly, a 4-week Mézières rehabilitation program improved trunk flexion, bed mobility, and 

dynamic gait (p< 0.002), with the effect maintained at 12-week follow-up (Paolucci et al., 2017). 

While all these interventions improved trunk ROM, differences in exercise modality, duration, 

and complexity may account for the variability observed across studies.  

Interventions integrating trunk-focused exercise with gait or other functional tasks tended 

to produce broader improvement in functional mobility. For example, a trunk-focused exercise 

combined with treadmill walking and daily rehabilitation resulted in stronger improvements in 

dynamic gait and TUG performance than trunk exercise alone (p < 0.001) (Jo & Oh, 2024). A 

similar pattern was observed in a 4-week gait and mobility rehabilitation program, which 

significantly enhanced trunk rotation and walking performance (p < 0.05), with effects 

maintained at 1-month follow-up (Stożek et al., 2016). Likewise, a 12-week trunk-focused 
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program combining endurance, stability, stretching, and real-world walking improved gait 

symmetry and trunk movement smoothness (p < 0.001), maintained at 24-week follow-up, 

although TUG and walking speed did not significantly change (Hubble et al., 2018).   

Other approaches, including game-based exercise and trunk-specific rehabilitation (8 to 

12 weeks), further enhanced functional mobility across tests such as TUG, sit-to-stand, 2-minute 

step tests, 9-Hole Peg, and multi-mobility assessments (p < 0.05) (Çetin et al., 2024; Youm et al., 

2020). Shorter interventions, even single sessions of trunk mobilization and rotation, can also 

yield immediate improvements in walking, bed mobility, and overall mobility 

scores(Seçkinoğulları et al., 2023). These studies highlight that trunk-focused interventions may 

improve trunk ROM and certain aspects of functional mobility in PwP, but the efficacy depends 

on program design, duration, intensity, and whether trunk training is integrated with broader 

mobility tasks (see Table 4). 

Table 3. 

Summary of Interventional Studies on Trunk ROM and Functional Mobility in PwP 

Primary 

Author 

(Year) 

Sample 

(n)  

Stage 

(H&Y) 

Intervention Trunk ROM 

Measured 

Functional Mobility 

Measured 

Key Findings 

Akhila 

(2022) 

32 PwP 

(TG: 16; 

CG: 16) 

I-II 6-week task-

specific trunk 

exercises 

(extension and 

rotation) vs. 

stretching, 

balance, mobility 

and breathing 

exercise.   

Trunk 

rotation 

(seated 

position, 

(goniometer).   

Bed mobility: rolling 

both sides, supine-

to-sit, unsupported 

sitting (score- based)  

Both groups 

showed 

significant 

improvement 

in bed 

mobility and 

trunk rotation 

(p < 0.05).  
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Bartolo 

(2010) 

44 PwP 

(TG: 22; 

CG: 22); 

10 

AMPs  

I-IV 4-week trunk 

flexion/ lateral 

flexion program 

(stretching, 

strengthening, 

relaxation, gait 

and balance); vs. 

no intervention.  

Trunk 

flexion/ 

lateral 

flexion 

(upright 

stance, 

optoelectroni

c system) 

Not measured  TG showed 

significant 

improvement 

in trunk 

flexion and 

lateral flexion 

(p < 0.001), 

maintained at 

6 months 

follow-up.  

Çetin 

(2024) 

20 PwP 

(TG:10; 

CG: 10) 

II-III 8-week exercise 

for both groups 

(balance, 

posture, 

strengthening, 

stretching); TG: 

additional game-

based trunk 

ROM training.  

Not 

measured  

TUG: rise from 

armless chair, walk 

3m, return, and sit 

(timed).  

9-HPT: 

place/remove 9 pegs 

(time/ hand).  

MMDT: place and 

turn 60 cylinders 

(time / hand). 

TG showed 

significant 

improvement 

in 9-HPT and 

MMDT, (p < 

0.05); TUG 

significantly 

improved in 

both groups (p 

< 0.05). 

 

Hubble 

(2018) 

22 PwP 

(TG: 11; 

CG: 11)   

I-II 12-week trunk 

focused exercise 

(trunk ROM, 

endurance, 

stability, 

stretching, 

walking in a 

real-world 

environment) vs. 

CG: education 

on exercise, 

nutrition, sleep 

and fall risk.  

Not 

measured  

TUG: standard 3m. 

Gait: 4 x 10m 

walking trails, self-

selected pace (time 

recorded).  

TG showed 

significant 

improvement 

in gait 

stability (p < 

0.001), 

maintained at 

24-week 

follow-up. 

Jo & Oh 

(2024) 

14 PwP  I-III Trunk-focused 

exercises alone 

or with walking 

training and 

daily 30-min 

rehab (bridging, 

flexibility, 

posture, balance, 

and walking) 

Not 

measured  

Walk: 10-m 

walkway (time).  

TUG: rise, walk 3 

m, turn 180o, return, 

and sit (time)  

PwP showed 

significant 

improvement 

in dynamic 

gait and TUG, 

with stronger 

effects when 

combined 

with treadmill 

walking (p < 

0.001).  
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Paolucci 

(2017)  

34 PwP 

(TG: 17; 

CG: 17)  

I-III 4-week Mézière 

rehabilitation 

(TG: lower back 

extensibility, 

trunk alignment, 

posture) vs. CG: 

home exercises 

(supine, side 

rolling, bridge, 

prone position, 

low intensity 

aerobic).    

Trunk 

flexion 

(standing, 

tape 

measure) 

Chair transfer, gait 

and bed mobility: 

MPAS- scale. 

Walk test: distance 

walked in 6 min.   

TG showed a 

significant 

improvement 

in trunk 

flexion, bed 

mobility, and 

dynamic gait 

(p < 0.002), 

maintained at 

12-week 

follow-up.  

Seçkino

ğulları 

(2023) 

28 PwP 

(TG: 14; 

CG: 14) 

II-III Single session 

trunk 

mobilization and 

rotation vs. no 

intervention.   

Not 

measured  

Chair transfer, gait 

and bed mobility: 

MPAS- scale.  

TG showed 

significant 

improvement 

in walking, 

bed mobility 

and total 

MPAS score 

(p < 0.05). 

 

Shujaat 

(2014) 

48 PwP 

(TG: 24; 

CG: 24)  

I-III TG: 4-weeks of 

kayaking (multi-

segmental full-

body movements 

including trunk 

rotation) vs. CG: 

limb/ core 

strengthening 

exercises.  

Trunk 

rotation 

(seated, 

goniometer) 

Bed mobility: 

MPAS- scale.   

Both groups 

showed 

significant 

improvement 

in trunk  

rotation and 

bed mobility 

(p < 0.001); 

TG showed 

slightly 

greater 

improvement 

overall.   

 

Stożek 

(2016) 

 

 

 

 

  

61 PwP 

(TG: 30; 

CG: 31)  

I-III TG: 4-weeks gait 

and mobility 

rehab (balance, 

body position 

changes, ROM, 

stretching, and 

walking).   

Trunk 

rotation 

(seated, tape 

measure) 

10-m walk: 

preferred speed 

walking (time and 

step count). 

360o turn, number of 

steps. 

TG showed 

significant 

improvement 

in walking 

and trunk 

rotation (p < 

0.05), 

maintained 

during 1-

month follow-

up.  

 



 137 

Youm 

(2020) 

17 PwP 

(TG: 10; 

GC: 7) 

I-III 12-week trunk-

specific 

rehabilitation 

program 

(resistance and 

stretching 

exercises).  

Not 

measured  

STW test: sit-to-

stand and walk 

(Vicon and force 

plates).  

TUG (2-m, time)  

2-min step test: 

count of steps in 

place. 

30 s chair sit to 

stand.   

TG showed 

significant 

improvement 

in STW, 

TUG, and 2-

minute step 

test compared 

to CG (p < 

0.05).  

 

Note. PwP = people with Parkinson’s disease; H&Y = Hoehn and Yahr; TG = treatment group; 

CG = control group; AMPs = age-matched Peers; TUG = Timed Up and Go; MMDT= 

Minnesota Manual Dexterity Test; 9-HPT = Nine Hole Peg Test. MPAS = Modified Parkinson’s 

Activity Scale; STS = sit-to-stand; STW = sit-to-walk. 

 

3.4 Synthesis of Results   

Evidence from both cross-sectional and interventional studies indicates that PwP exhibit 

reduced trunk ROM compared to age-matched peers. Among the different planes of motion, 

trunk rotation was most consistently associated with functional mobility outcomes, particularly 

during dynamic activities such as turning, and transitional tasks such as bed mobility. In contrast, 

lateral flexion showed a limited relationship to functional mobility. Factors such as medication 

phase, measurement tools, and study design influenced the observed associations. Trunk-focused 

exercise programs sometimes demonstrated improvements in trunk ROM and functional 

performance, including bed mobility, dynamic gait, and trunk movement, although the 

magnitude and consistency of these improvements varied across studies. Some interventions did 

not produce significant changes in clinical measures such as walking speed or TUG, suggesting 

that benefits may depend on specific program characteristics, and that the overall evidence 

remains mixed. Further research is needed to identify which program features and outcome 

measures are most likely to yield meaningful benefits.  

4. Discussion 
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4.1 Summary of Evidence  

This review synthesized current evidence on trunk ROM and its relationship with 

functional mobility in PwP. Two main themes emerged: (1) the association between trunk ROM 

and functional mobility outcomes, and (2) the effects of trunk-focused interventions on ROM 

and functional performance. Both areas are essential for understanding movement impairments 

and identifying rehabilitation priorities in PwP. The primary aim of this review was to 

summarize existing findings, identify gaps in knowledge, and outline priorities for future 

research.  

4.1.1 Trunk Range of Motion and Functional Tasks  

Five cross-sectional studies examined the relationship between trunk ROM and 

functional mobility in PwP (Cano-de-la-Cuerda et al., 2020; Korkmaz et al., 2025; M. 

Schenkman et al., 2000; M. L. Schenkman et al., 2001; Wright et al., 2010). Despite 

methodological variability, a consistent pattern emerged: PwP demonstrated reduced trunk ROM 

compared to age-matched peers. Trunk rotation showed the strongest associations with 

functional mobility, particularly during dynamic tasks such as turning, bed mobility, and 

walking. Reduced trunk rotation likely limits segmental coordination, promotes en-bloc 

movement patterns, and contributes to inefficient postural transitions and instability (Mancini et 

al., 2018).  

 By contrast, lateral flexion demonstrated limited functional relevance, with no 

significant associations between frontal-plane ROM and GUG performance (Cano-de-la-Cuerda 

et al., 2020), suggesting that lateral flexion deficits have minimal consequences for everyday 

mobility. Trunk flexion, however, showed an association with upper extremity function, 

suggesting that trunk rigidity is related to motor performance beyond gait and turning (Korkmaz 
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et al., 2025). Collectively, these findings highlight that reduced trunk ROM, particularly trunk 

rotation, negatively impacts complex, multi-segmental tasks such as turning and transitional 

movements. Turning is particularly relevant because it requires coordinated trunk rotation to 

generate angular momentum, accounts for approximately 50% of daily movement transitions, 

and is frequently impaired even in early PD (Mancini et al., 2018). Importantly, only one study 

assessed all four planes of trunk ROM, underscoring the limited understanding of multi-planar 

trunk contributions and emphasizing the need for more comprehensive biomechanical 

assessment (Cano-de-la-Cuerda et al., 2020).  

4.1.2 Effects of Trunk-Focused Exercise Interventions  

Ten intervention studies evaluated programs aimed at improving trunk ROM and 

functional mobility in PwP. Despite variations in intervention type, duration, and intensity, most 

studies reported improvements in trunk ROM, functional performance, or both (Akhila et al., 

2022; Bartolo et al., 2010; Hubble et al., 2018; Jo & Oh, 2024; Paolucci et al., 2017; 

Seçkinoğulları et al., 2023; Shujaat et al., 2014; Stożek et al., 2016; Youm et al., 2020). 

Programs that specifically targeted trunk ROM, such as task-specific trunk exercises or 

kayaking, demonstrated improvements in functional task performance and, when assessed, trunk 

rotation amplitude (Akhila et al., 2022; Çetin et al., 2024; Hubble et al., 2018; Jo & Oh, 2024; 

Shujaat et al., 2014). Interventions incorporating broader postural correction and flexibility 

components, including the Mézières method, also showed improvements in trunk flexion and 

functional outcomes such as walking, turning, and bed mobility (Paolucci et al., 2017; 

Seçkinoğulları et al., 2023; Shujaat et al., 2014; Stożek et al., 2016; Youm et al., 2020), 

suggesting that task specificity, intervention duration, and intensity may be critical for functional 

gains.  
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Overall, across studies, improvements in trunk ROM and various functional mobility 

measures were observed in several intervention programs, with variations depending on the 

modality and duration of training. However, outcome measures varied widely, ranging from 

simple clinical tools (e.g., goniometers, tape measures) to advanced motion-analysis systems 

(e.g., Spinal Mouse, FAR system) (Akhila et al., 2022; Cano-de-la-Cuerda et al., 2020; Korkmaz 

et al., 2025; Paolucci et al., 2017; M. Schenkman et al., 2000; M. L. Schenkman et al., 2001; 

Shujaat et al., 2014; Stożek et al., 2016). Variation in measurement protocols and limited multi-

planar assessment restrict the comparability across studies.  

4.2 Limitations   

Despite promising findings, the current evidence base is limited by small sample sizes, 

short intervention durations, and heterogeneous study methodologies. Most samples included 

participants in early-to-moderate disease stages (H&Y I-III), with few studies including 

individuals with advanced PD (H&Y IV), limiting generalizability across the disease spectrum. 

Medication state was inconsistently reported or controlled, potentially influencing motor 

performance. Although several studies demonstrated short-term improvements, few incorporated 

follow-up assessments, leaving the long-term durability of gains unclear. One study lacked 

sufficient detail regarding intervention duration, limiting interpretation of results. Additionally, 

few studies assessed trunk ROM across all anatomical planes, restricting understanding of the 

relative functional contribution of sagittal, frontal, and transverse movements.  

Future research should prioritize larger and more diverse samples. Standardized 

assessment protocols should incorporate multi-planar trunk ROM measures and functional 

mobility outcomes- such as turning, bed mobility, sit-to-stand, and walking tasks-that reflect 

daily movement demands. Long-term follow-up is also needed to evaluate sustainability of 
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improvements. Advanced technological tools may improve measurement precision and enable 

more ecologically valid assessment of complex transitions such as walking and turning. Overall, 

findings from this review underscore the clinical importance of assessing and targeting trunk 

ROM in PwP, particularly trunk rotation. Multi-planar trunk ROM exercises may provide 

functional benefits, potentially delaying mobility decline and enhancing quality of life. 

Clinicians should consider incorporating task-specific, functionally relevant exercises that 

emphasize trunk ROM most strongly implicated in daily activities. 

4.3 Conclusion 

This scoping review demonstrates that reduced trunk ROM, particularly in rotation, is closely 

associated with impaired functional mobility in PwP. Trunk-focused and multimodal exercise 

interventions generally improve trunk ROM and functional outcomes such as walking, turning, 

and bed mobility. However, methodological heterogeneity and limited longitudinal data 

constrain conclusions about long-term effectiveness. Future studies using rigorous methodology, 

multi-planar ROM assessment, and real-world functional outcomes are essential to strengthen the 

evidence base and inform rehabilitation practices for PwP.   
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 Appendix B: Influence of Trunk Range of Motion and Trunk 

Mobility on Functional Tasks in People with Parkinson’s Disease 

Introduction 

People with Parkinson's disease (PwP) often experience motor symptoms such as rigidity, 

which reduce trunk mobility and limit trunk range of motion (ROM). These impairments 

contribute to gait disturbances and increase the risk of falls (Cano-de-la-Cuerda et al., 2020; 

Ferreira-Sánchez et al., 2020; Jankovic, 2008; Mazzoni et al., 2012). Trunk ROM is essential for 

posture, balance, and the safe, efficient execution of daily movements. When compromised, 

trunk ROM can significantly reduce independence and quality of life (QoL), and increase fall 

risks (Artigas et al., 2016; M. L. Schenkman et al., 2001; Wright et al., 2010). While prior 

studies have explored the relationships between trunk ROM, functional mobility, and QoL in 

PwP, most have focused narrowly on trunk rotation, lacking a comprehensive view of how trunk 

ROM and mobility influence daily function, an area that remains critically underexplored. Trunk 

mobility is important not only for posture and balance but also for efficient and safe movement 

during everyday tasks. A deeper understanding of how trunk ROM and mobility relate to 

functional outcomes is essential for developing effective interventions that help maintain 

independence in PwP.  

Aim 

 This study aimed to determine how trunk mobility and trunk ROM are associated with 

the ability to perform functional tasks, specifically during floor sitting-rising (FSR) test and the 

Timed Up and Go (TUG) test, which includes walking, sit-to-stand (STS) transitions, and 

turning, in PwP.  

Method 
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Preliminary data were collected from three individuals with early-stage PD (assessed 

during their medication “ON” phase) and three age-matched peers (AMPs). All in-person 

assessments were conducted at the Teachers College Biomechanics Laboratory. Trunk mobility 

was evaluated during the TUG test using APDM Opal sensors and during the FSR test using a 

3D motion capture system. Functional mobility measures included total TUG time, STS 

duration, and turn duration, all in seconds, as well as FSR time, which was originally recorded in 

milliseconds and converted to seconds. Trunk ROM was assessed using a digital goniometer (in 

degrees) for trunk rotation and a standard tape measure (in centimeters) for flexion, extension, 

and lateral flexion. Descriptive statistics (means and standard deviations) were calculated for all 

outcomes. Group differences were explored using mean differences (MD) and corresponding 

95% confidence intervals (CIs).  

Result 

Preliminary data were collected from three individuals with early-stage Parkinson’s 

disease (PwP; M = 61.3 years, SD = 1.9) and three age-matched peers (AMPs; M = 58.7 years, 

SD = 3.7) (See Table 1). PwP reported mild to moderate pain during specific trunk ROM, 

including extension (M = 2.33, SD = 2.52, MD = 2.33, 95% CI [-3.92, 8.59]), right lateral 

flexion (M = 1.33, SD = 2.31, MD = 1.33, 95% CI [-4.40, 7.07]), and right rotation (M = 2.00, 

SD = 3.46, MD = 2.00, 95% CI [-6.61, 10.61]). The AMP group reported no pain during any 

trunk ROM movements. Trunk mobility during gait across all planes was lower in PwP (M = 

15.96o, SD = 2.22) compared to the AMPs (M = 20.55o, SD = 3.90), with a mean difference of -

4.60o, 95% CI [-15.8, 6.6]. PwP also took longer to complete the TUG test (M = 8.81 s, SD = 

0.72 vs. M = 7.43 s, SD = 1.73, MD= 1.38 s, 95% CI [-0.76, 3.50]). Sit-to-stand duration was 

similar between groups (M = 0.84 s, SD = 0.21 for PwP vs M = 0.83 s, SD = 0.24 for AMPs), 
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MD = 0.003 s, 95% CI [-1.59, 1.61]. Turn duration was also longer for PwP (M = 1.83 s, SD = 

0.24) compared to AMPs (M = 1.59 s, SD = 0.19), MD = 0.24 s, 95% CI [-0.71, 2.81]. 

Interestingly, PwP demonstrated a shorter FSR duration compared to AMPs (M = 5.18 s, SD = 

1.39 vs M = 7.61 s, SD = 0.88), MD = -2.43 s, 95% CI [-5.15, 0.29]. (See Table 2). 

Table 1  

Descriptive Data  

 PwP (N = 3) AMPs (N = 3)   

 M SD M SD MD 95% CI 

Age (yr) 61.3 3.2 58.7 6.4 2.7 (-8.7, 14.1) 

Height (cm) 169.3 12.8 174.4 5.3 -5.0 (-27.3, 17.1) 

Weight (lbs) 134.0 39.7 156.0 38.9 -22.0 (-67.2, 111.2) 

UPDRS-II 2.0 0.8 - - - - 

Note. PwP = people with Parkinson’s disease; AMPs = age-matched peers.  

Table 2  

Functional Mobility and Trunk Mobility Tests.  

 PwP (N = 3) AMPs (N=3)   

 M SD M SD MD 95% CI 

Extension Pain 2.33 2.52 0.00 0.00 2.33 (–3.91, 8.57) 

R Lateral Pain  1.33 2.31 0.00 0.00 1.33 (–4.39, 7.05) 

R Rotation Pain 2.00 3.46 0.00 0.00 2.00 (–6.61, 10.61) 

Trunk mobility 15.96 2.22 20.55 3.90 -4.60 (-15.8, 6.6) 

TUG (s)  8.81 0.72 7.43 1.73 1.38 (-0.76, 3.50) 

STS (s) 0.84 0.21 0.83 0.24 0.003 (-1.59, 1.61) 

Turn (s) 1.83 0.24 1.59 0.19 0.24 (-0.71, 2.81) 

FSR (s) 5.18 1.39 7.61 0.88 -2.43 (-5.15, 0.29) 

Note. PwP = people with Parkinson’s disease; AMPs = age-matched peers; R = right; TUG = 

Timed Up and Go; STS = sit-to-stand; FSR = floor sitting-rising. 

 

Discussion 

This pilot study explored trunk ROM, trunk mobility and functional outcomes in 

individuals with early-stage Parkinson’s disease compared to AMPs. Although none of the 

observed differences reached statistical significance (likely due to the small sample size), several 
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trends align with known motor impairments associated with PD. PwP demonstrated longer 

durations for functional mobility tasks such as the overall TUG test and turning duration, which 

have been associated with increased fall risk (Mak & Pang, 2009). Interestingly, STS duration 

was nearly identical between groups, possibly reflecting the early-stage disease or the limited 

sensitivity of the test under these conditions. As previous studies have shown, STS performance 

in PD can vary depending on disease stage, task difficulty, and compensatory strategies (Nikfekr 

et al., 2002).  

As expected, PwP exhibited reduced trunk mobility during gait compared to AMPs, 

which supports evidence that trunk rigidity and reduced trunk mobility are common features of 

PD (Cano-de-la-Cuerda et al., 2020; Ferreira-Sánchez et al., 2020). However, trunk ROM 

limitations and FSR performance were less pronounced than anticipated. These unexpected 

findings may be explained by the lower disease severity (mostly H&Y stage I), variability in 

physical activity, or muscle strength. Muscle weakness, particularly in the trunk and lower limbs, 

has been shown to contribute to motor impairments and functional decline in PwP (Inkster et al., 

2003). Moreover, engagement in PA and targeted exercise may mitigate early motor deficits 

(Benka Wallén et al., 2015; Chastin et al., 2010; Handlery et al., 2021; Rochester et al., 2006; 

van Nimwegen et al., 2011). Nevertheless, unexplained variance suggests additional contributing 

factors such as rigidity, flexibility, and movement strategies (Bryant et al., 2016; Cano-de-la-

Cuerda et al., 2020; Ferreira-Sánchez et al., 2020). Variability in trunk ROM measurements may 

also have been influenced by the use of different measurement tools (a goniometer for trunk 

rotation and a tape measure for other planes). While both are clinically valid, tape measures can 

introduce variability due to body proportions and reduced angular precision. Employing a 
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standardized instrument across all ROM directions would improve measurement reliability and 

allow for more accurate comparisons.  

This study is limited by its very small sample size and early disease stage of PwP, which 

likely attenuated observed differences in trunk ROM and functional performance. Mak & Wong-

Yu (2019) indicated that trunk ROM becomes more restricted with disease progression, 

particularly from H&Y II onward, due to increased rigidity and altered stretch reflex mechanisms 

(Mak & Wong-Yu, 2019). Future research should involve larger, more diverse samples and 

standardized assessment protocols to better capture the complexity of motor impairments in early 

PD. Investigating additional factors such as lower limb and core strength, rigidity, and physical 

activity levels may provide further insight into functional decline and guide the development of 

targeted interventions. Among the various impairments, trunk rigidity, ROM, trunk mobility, and 

muscle strength remain critical factors contributing to activity limitations and reduced QoL in 

PwP. 

Conclusion 

This pilot study suggests that even in early-stage Parkinson’s disease, individuals may 

experience pain during specific trunk movements, including extension, lateral flexion, and 

rotation. PwP also demonstrated reduced trunk mobility during gait and longer durations in 

functional mobility tasks, particularly turning and the overall TUG test, compared to AMPs. 

These trends, although not statistically significant, align with known motor impairments in PD 

and may reflect emerging deficits in motor control. Interestingly, STS times were nearly 

identical across groups, and PwP completed the FSR test faster, which may reflect compensatory 

strategies or individual variability. These mixed findings highlight the need for further 

investigation to clarify the clinical significance of these preliminary observations. Future 
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research should include larger, more diverse samples, a broader range of functional tasks, and 

standardized trunk ROM measurements, as well as explore additional factors such as rigidity, 

muscle strength, and physical activity to better understand early motor changes in PD and inform 

targeted intervention strategies.  
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 Appendix C: Influence of Trunk Range of Motion on Functional 

Tasks in Neurotypical Adults: A Pilot Study 

Introduction 

People with Parkinson’s Disease (PwP) experience various motor symptoms, with trunk 

rigidity being one of the most common and concerning (Jankovic, 2008; Mazzoni et al., 2012). 

Trunk rigidity limits trunk range of motion (ROM), which impairs balance, gait, and overall 

mobility (Cano-de-la-Cuerda et al., 2020; Ferreira-Sánchez et al., 2020). Trunk ROM plays a 

critical role in daily functioning and is associated with not only posture and balance but also the 

efficiency and safety of everyday movements. Reduced trunk ROM can lead to a decline in 

independence and quality of life (QoL), as well as an increased risk of falls (Artigas et al., 2016; 

M. L. Schenkman et al., 2001; Wright et al., 2010). Despite its importance, the relationship 

between trunk ROM and functional task performance remains unclear. Establishing baseline data 

in a healthy population can offer valuable insights into the role of trunk ROM in functional 

movement, providing a foundation for future studies involving PwP. Additionally, evaluating the 

feasibility and applicability of these tests in a neurotypical population is crucial to ensure their 

effectiveness and to identify any potential modifications before applying them to PwP, who often 

exhibit significant motor impairments. 

Motor impairments in PwP are known to contribute to reduced physical activity (PA) 

levels and increased disability over time (Bryant et al., 2016; Shulman, 2010). Although targeted 

interventions have improved PA levels in some PwP, many remain less active than healthy peers, 

with inactivity worsening as the disease progresses (Benka Wallén et al., 2015; Chastin et al., 

2010; Handlery et al., 2021; Rochester et al., 2006; van Nimwegen et al., 2011). Notably, some 

variance in PA levels and functional mobility is not fully explained by disease severity alone, 
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suggesting that other factors such as trunk ROM may play a significant role (Bryant et al., 2016). 

Therefore, this pilot study aimed to evaluate the relationship between trunk ROM and functional 

mobility outcomes in neurotypical adults. Understanding this relationship may help inform future 

strategies to enhance PA and support functional independence and QoL in PwP. 

Aims 

The purpose of this study was to evaluate the relationship between trunk ROM and 

functional mobility outcomes, including walking, sit-to-stand, and floor sitting-rising (FSR), in 

neurotypical adults.   

Hypothesis: Trunk ROM would be related to the duration of functional tasks.  

Prediction 1. Trunk ROM, measured with a goniometer, would be negatively correlated with the 

time to complete the FSR test and the Timed Up and Go (TUG) test, both timed using a 

stopwatch.  

Prediction 2. Trunk ROM (measured with a goniometer) would be positively correlated with the 

PA score (measured using the PASE questionnaire), suggesting that individuals with greater 

trunk ROM would engage in more physical activity. 

Methods 

Research Design  

This pilot study used a cross-sectional design.  

Participants 

Ten adults without PD were recruited using snowball sampling and flyers distributed in 

the community and local businesses in Puerto Rico. Interested participants received additional 

information via email or phone, followed by a screening and consent process. Eligible 
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participants were then scheduled for an in-person appointment, conducted either at their home or 

at a mutually convenient location, based on their preference and comfort.   

Inclusion and Exclusion Criteria 

The inclusion criteria were as follows: (1) aged between 18 and 80 years; (2) able to 

ambulate independently without any assistance; (3) able to perform the floor transfer task 

without assistance. The exclusion criteria were (1) a diagnosis of any neurological disorder, 

orthopedic condition, or cognitive impairment; (2) previous neurosurgical treatment; (3) any 

conditions that could interfere with the safe performance of study tasks.  

Informed consent 

Participants provided informed consent through a secure link using the REDCap software 

platform (REDCap10). Consent was electronically signed after participants had the opportunity 

to thoroughly review and ask questions about the study procedures. This study was approved by 

the Institutional Review Board (IRB) at Teachers College, Columbia University (protocol #25-

346). 

Assessments 

Questionnaires 

To ensure the participants' privacy and confidentiality, all questionnaires were completed 

remotely through the REDCap platform. These surveys included demographics, fall history, the 

Floor Transfer Ability Question (FTAQ), and the Physical Activity Scale for the Elderly (PASE). 

Demographics. Relevant demographic information was collected, including age, gender, 

education level, weight, height, race, nationality, and history of surgery. 

Fall History. A self-reported questionnaire was used to gather information about each 

participant’s history of falls, as well as their perceptions of and fear of falling.  
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Floor Transfer Ability Question (FTAQ). This single-item question assessed 

participants' perception of their ability and difficulty in getting up and down from the floor in 

daily life. The FTAQ has been validated and effectively identifies individuals who perform the 

FSR task independently among older adults (Ardali et al., 2019). Based on their response, 

participants were classified into one of three categories: (1) Independent: able to perform the 

FSR task without assistance or support. (2) Assisted: able to perform the tasks with assistance. 

(3) Dependent: unable to perform the task independently. For safety reasons, only participants 

classified as independent were asked to perform the FSR task. 

Physical Activity Scale for the Elderly (PASE). The PASE is a self-reported 

questionnaire designed to measure a person’s physical activity (PA) over the past seven days. It 

evaluates activity across leisure time, (e.g., walking or recreational activities), household tasks 

(e.g., cleaning, yard work, caregiving), and occupational activity (paid and volunteer work). 

Each activity is assigned a weight based on its intensity and energy expenditure. The total PASE 

score was calculated by multiplying the frequency and duration of each reported activity by its 

corresponding weight and summing the results. Higher scores indicate greater PA levels, which 

is commonly used in both clinical and research settings and is considered a reliable tool for 

assessing activity levels in older adults (Dinger et al., 2004). 

In-Person Assessments 

All-in person assessments were conducted at the participant’s home.  

Trunk range of motion test. Trunk ROM was measured using a goniometer across four 

movement directions: (1) Trunk rotation: Participants were seated with their arms crossed over 

their chest and feet flat on the floor. They were instructed to rotate their trunk as far as possible 

while maintaining this position. The goniometer’s fulcrum was placed at the center of the head. 
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The stationary arm was aligned with an imaginary line connecting the acromion processes, and 

the movable arm followed the trunk rotation. (2) Trunk flexion: Participants stood with feet 

shoulder-width apart and knees extended, bending forward at the trunk as far as possible. (3) 

Trunk extension: Participants stood with feet shoulder-width apart and knees extended, arching 

the trunk backward while keeping their neck neutral by focusing on a fixed point. For both 

flexion and extension, the goniometer was positioned at the right anterior superior iliac crest. The 

movable arm was aligned with the axillary line and the iliac crest, and the stationary arm 

remained centered on the trunk’s lateral aspect. (4) Lateral flexion: Participants stood with knees 

extended, bending sideways at the trunk as far as possible. The goniometer’s fulcrum was placed 

at the first sacral vertebra, with the stationary arm perpendicular to the floor and the movable 

arm pointing to the spinous process of C7. These methods have demonstrated excellent validity 

and reliability for measuring trunk rotation, flexion, and lateral flexion (ICC = 0.85 to 0.98), and 

good reliability for extension (ICC = 0.75) (Ganzalez et al., 2014; Park et al., 2022). 

 Timed Up and Go (TUG). The TUG test was measured using a stopwatch. Participants 

were instructed to stand up from a chair, walk 3 meters, turn around, and return to a seated 

position. Timing began at the word “Go,” when participants-initiated movement to stand up from 

the chair, and ended when they returned to a fully seated position with their back against the 

chair. The test provided a measure of functional mobility and movement time. This test has 

shown excellent validity and reliability in community-dwelling older adults (ICC: 0.97-0.99) 

(Timed Up and Go | RehabMeasures Database, 2013).  

Floor Sitting-Rising. The duration it took for participants to sit and stand up from the 

floor was recorded using a stopwatch. Each trial began with the participant standing barefoot on 

a centrally positioned 2×2 m firm mat. Participants completed at least three trials to ensure 
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sufficient data collection. They were encouraged to perform the task comfortably, with minimal 

support and without specific guidance on movement strategies, allowing them to perform the 

transitions naturally. Timing began at the word “Go”, when the participant-initiated movement to 

sit down, and stopped once they had returned to a fully upright standing position. The outcome 

measure was the total duration to complete the FSR task. This test has demonstrated excellent 

reliability in healthy adult populations (ICC: 0.88- 0.92) (Moffett et al., 2021).  

Table 1.  

Summary of Primary Measures.  

Note. FSR= floor sitting-rising; TUG= Timed Up and Go.  

Data analysis 

Descriptive statistics were calculated for all outcomes, including the mean and standard 

deviation for continuous variables (e.g., trunk ROM, TUG, and FSR duration), as well as counts 

and percentages for categorical variables. Histograms and Q-Q plots were used to assess the 

distribution of each outcome, and the Shapiro-Wilk test was applied to test for normality. When 

necessary, appropriate transformations (e.g., log transformation) were applied to normalize the 

data.  

Pearson’s correlation was intended for use with normally distributed data, while 

Spearman’s rank correlation would be applied in the case of non-normal distributions. Trunk 

ROM was measured using a goniometer, and functional performance was assessed using 

Construct  Assessment Tool Dependent Measure  

Trunk Range of Motion Goniometer - Rotation, flexion, extension, and 

lateral flexion (o) 

Functional Mobility TUG with stopwatch - Time to complete task (seconds)  

FSR Stopwatch - Total duration to complete the 

FSR task (seconds) 
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stopwatch-timed TUG and FSR tests. It was hypothesized that greater trunk ROM would be 

associated with shorter task completion times, suggesting that better trunk ROM supports more 

efficient functional movements. However, due to the small sample size (N = 10), formal 

correlation analyses were not conducted. The limited number of participants restricted statistical 

power and reduced the reliability of correlation estimates. As a result, this study presents 

descriptive statistics only, with the goal of assessing measurement feasibility, identifying 

preliminary patterns, and informing the design and sample size of future research.  

Results 

Data were collected from 10 neurotypical adults (M = 45.8 years; SD = 11.69). 

Participants completed the TUG test in 9.14 seconds (SD = 1.51; range = 7.38-12.46). The mean 

FSR task time was 6.20 seconds (SD = 2.13; range = 3.52-9.61). Trunk ROM results were as 

follows: trunk rotation to the right (M = 95.5o, SD = 4.30; range = 90-105), trunk rotation to the 

left (M= 93.6o, SD = 5.04; range= 85-101), trunk flexion (M= 92.5o, SD =11.73; range = 78-

110), and trunk extension (M= 42.3o, SD = 11.36, range = 30-62). Lateral flexion to the right 

measured M= 40.1o (SD = 8.81; range = 22-54), and to the left, M= 38.1o (SD = 5.45; range = 

32-48). The mean PASE score was 121.34 (SD = 48.53; range = 49.3-206.6) (see Table 1).   

Table 1 

Descriptive Statistics for Trunk ROM, Functional Tasks, and Physical Activity (N = 10)  

 M SD Min Max 

TUG (s) 9.14 1.51 7.38 12.46 

FSR (s) 6.20 2.13 3.52 9.61 

Trunk Rotation (Right, o) 95.5 4.30 90 105 

Trunk Rotation (Left, o)  93.6 5.04 85 101 

Flexion (o) 92.5 11.73 78 110 

Extension (o) 42.3 11.36 30 62 

Lateral Flexion (Right, o)  40.1 8.81 22 54 

Lateral Flexion (Left, o)  38.1 5.45 32 48 
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PASE (Score) 121.34 48.53 49.3 206.6 

Note. TUG = Timed Up and Go; FSR = floor sitting-rising; PASE = Physical Activity Scale for 

the Elderly.  

 

Discussion 

This pilot study aimed to explore the relationship between trunk ROM and functional 

mobility outcomes in neurotypical adults, with the broader goal of informing future research in 

people with Parkinson’s disease (PwP). Although the small sample size limited statistical 

analysis, the descriptive findings provide valuable preliminary insights into how trunk ROM may 

contribute to the performance of functional tasks such as the TUG and FSR tests. Participants in 

this study demonstrated functional mobility performance consistent with normative values for 

healthy adults. The average TUG time (9.14 seconds) was similar to previous data for adults 

aged 20-59 years (mean = 8.98 seconds) (Kear et al., 2017). Similarly, the mean FSR time (6.20 

seconds) was below the 8.8-seconds threshold used to differentiate healthy individuals from 

those with neurological impairments (Ng et al., 2015).  

 Trunk ROM was generally greater in flexion and rotation, and more limited in extension 

and lateral flexion, which is consistent with patterns observed in healthy adults (Patel & Parmar, 

2022). Among all trunk ROM measures, extension and lateral flexion demonstrated the greatest 

variability among participants, which may reflect differences in age, spinal flexibility, core 

strength, or postural habits. Additionally, participants exhibited a broad range of PA levels, as 

reflected in the PASE scores. The mean PASE score in our sample (M = 121.3; SD = 48.5; mean 

age = 46 years) was within the expected range for midlife adults and comparable to general 

population averages (125.2 + 79.9 for all adults; 142.9 + 98.5 for those under 70 years) 

(Washburn et al., 1999). These findings suggest that our participants were moderately to highly 

active, in line with their health status and age. While it was hypothesized that higher PA levels 
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would be associated with greater trunk ROM and better functional performance, this relationship 

could not be statistically tested due to the limited sample size. However, the observed variation 

in ROM and task performance highlights the potential relevance of trunk mobility to functional 

outcomes.  

Limitations  

The primary limitation of this study is the small sample size (N = 10), which restricted 

the generalizability of the findings and prevented the use of inferential statistics, including the 

hypothesized correlations between trunk ROM, functional mobility, and PA levels. Additionally, 

although this study focused on neurotypical adults, the results may not fully translate to clinical 

populations, who often present with more significant motor impairments. Another limitation is 

that some participants used one hand to support themselves while rising from the floor during the 

FSR task. While this reflects real-life variability in movement strategies, it introduces 

inconsistency in performance and could influence timing comparisons.  

Future Directions  

These preliminary findings support the feasibility and clinical relevance of examining the 

relationship between trunk ROM and functional mobility. Future studies should include larger 

sample sizes to enable correlation or regression analyses and investigate potential moderating 

factors. Expanding this work to include PwP is essential for understanding how trunk ROM 

contributes to functional mobility in populations with neurodegenerative diseases and known 

motor impairments. Furthermore, longitudinal or interventional studies could investigate whether 

enhancing trunk ROM leads to measurable improvements in functional mobility outcomes, 

particularly tasks related to fall prevention and independent mobility.  

Conclusion 
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This pilot study provides foundational data on trunk ROM, functional mobility, and PA 

in a sample of neurotypical adults, offering a valuable reference point for future research. While 

no statistical correlations were established due to the small sample size, the descriptive findings 

highlight notable individual variability in trunk ROM and functional performance, suggesting a 

potential relationship between trunk ROM and functional performance worth further exploration. 

These findings support the feasibility of using goniometric trunk ROM measures and stopwatch-

timed tasks in community settings with healthy individuals. Establishing normative data in 

neurotypical adults is a critical first step in determining the sensitivity and clinical utility of these 

tools and their potential application in populations with motor impairments, such as PwP. Future 

studies with larger, adequately powered samples will be necessary to test the hypothesized 

associations between trunk ROM, functional mobility, and PA in PwP. Ultimately, this line of 

research may inform the development of targeted interventions to preserve independence and 

prevent falls in neurologically impaired populations.   
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