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Abstract:  

PURPOSE: Parkinson disease is characterized by significant gait and balance deficits, leading to 

increased risk of falls and reduced quality of life. Gait and balance are likely interrelated, 

however, as walking requires sufficient balance to be able to maintain single limb support while 

advancing the swinging leg. Understanding the relationship between gait and balance is essential 

to develop targeted therapeutic interventions that enhance mobility and mitigate falls risk. Given 

the balance requirements associated with maintaining a stable gait pattern, the purpose of this 

study is to examine the potential relationship between measures of balance and spatiotemporal 

aspects of gait in people with Parkinson disease (PwPD) using a cross-sectional analysis. We 

hypothesize that gait and balance measures (along with measures of balance confidence) will be 

significantly correlated due to the overlapping impairments that influence gait and balance 

performance in PwPD.   

METHODS: Cross-sectional (n= 56) data from previous studies of gait and balance in PwPD 

(Hoehn and Yahr stages I-III) were used for this secondary analysis. All measures were acquired 

prior to any intervention. Specific balance measures included the Mini-BESTest, Activities-

specific Balance Confidence (ABC) Scale, single leg stance time, and Timed Up and Go (TUG). 

Specific measures of spatiotemporal aspects of gait included step length, gait speed, swing time 



   
 

   
 

and double support time. Pearson (r) and Spearman’s (ρ) rank correlations were used to examine 

potential relationships between gait and balance measures.  

RESULTS: The cross-sectional analysis revealed a significant positive correlation between mini-

BESTest total score and comfortable gait speed (r=.435, p = .004) and minimum step length 

(r=0.420, p = 0.005). A significant negative correlation was found between mini-BESTest total 

score and minimum double limb support time (r=-.550, p < .001). A significant negative 

relationship between the Timed Up and Go test and comfortable gait speed (r= -.764, p < .001), 

minimum swing time in percentage of gait cycle (r= -.630, p < .001), and minimum step length 

(r= -.744, p < .001). Finally, a significant positive relationship was found between the Timed Up 

and go and minimum double limb support time as a percentage of the gait cycle (r=.731, p < 

.001).  

CONCLUSION: These findings reveal significant relationships between gait and balance 

capacity measures in PwPD. It appears that individuals with greater balance demonstrate greater 

gait speed and step lengths. We can postulate that these greater step lengths are possible due to 

better balance. Conversely, it is possible that participants exhibit greater balance because they are 

used to walking at faster speeds and with longer steps, which presumably challenges balance 

more so than slower walking with smaller steps. Future studies should investigate potential 

causal relationships by implementing physical rehabilitation to affect these variables of gait and 

balance in PwPD.  

 

  



   
 

   
 

Background:  

Parkinson disease (PD) is a progressive neurodegenerative disease characterized by 

disabling non-motor and motor symptoms that contribute to deficits in gait and balance.[1] 

Because PD effects multiple neural pathways and brain networks, people with Parkinson disease 

(PwPD) present with classic motor symptoms (bradykinesia/akinesia, resting tremor, rigidity, and 

postural instability) and various “invisible” non-motor symptoms.[2-4] Clinical subtypes such as 

tremor dominant (TD) and postural instability gait disorder (PIGD) have been used to categorize 

PwPD according to clinical presentation. The PIGD subtype is thought to be associated with a 

more severe progression of disease, with earlier clinical signs of disruption in balance and gait 

than those with the TD subtype.[2] Given the importance of gait and balance measures in PwPD 

for clinical subtyping and functional status, it is important to understand the relationship between 

gait and balance measures to guide interventions. 

  Gait and balance are thought to be interconnected due to their mutual requirement for 

proper function. For example, walking with low step length variability requires less CNS 

activation for sagittal plane movements, minimizing the need for integrated balance control 

during gait. This allows walking balance to be maintained through lateral foot placement. 

However, in everyday environments, maintaining low gait variability is not practical for 

navigating varied terrains, crowded settings, and unexpected disturbances, which rely on more 

active CNS control and balance during walking.[5] Since balance is significantly influenced by 

foot placement in the sagittal plane, this may explain why individuals with balance deficits may 

use large step widths. Given the potential interaction between gait and balance, it is possible that 

those with balance deficits will be unable to maintain adequate single limb stance for sufficiently 

long steps. Furthermore, it is possible that individuals take smaller steps to increase double limb 



   
 

   
 

support for greater stability. Investigating the interaction between gait and balance across 

different populations is worthwhile to maintain safe ambulation in community settings. 

With PD becoming more prevalent in older age, individuals with PD experience changes 

in gait and balance due to both the neurodegenerative process in the brain and the natural aging 

process.[1] As individuals age, there is a decline in the sensory system's ability to adapt to 

environmental changes and maintain balance.[6] Unipedal stance time specifically requires 

multiple sensory inputs, neuromuscular control, and sufficient lower extremity strength, all of 

which are affected by aging, causing significant declines in single leg balance.[7] Additionally, 

spatiotemporal aspects of gait change with age, resulting in slower gait speeds and increased gait 

variability, which elevates the risk of falls.[6] Furthermore, PD contributes its own motor 

symptoms that lead to common gait impairments such as decreased gait speed, reduced step 

lengths and arm swing, impaired rhythmicity, and freezing of gait.[8] Damage to the basal ganglia 

further results in rigidity, impaired proprioception, and difficulty initiating movements, leading 

to balance impairments such as increased postural sway and narrow step width/base of support. [9] 

Current pharmacological interventions for PwPD are intended to restore normal 

dopamine levels, with levodopa being the leading option.[10] Although dopaminergic therapies 

may enhance gait speed and step length, they may also increase postural sway.[8, 11] Additionally, 

adverse effects of levodopa use can cause adverse effects such as dyskinesia, the on-off 

phenomenon with diminishing effectiveness of medication before next dosage, and reduced 

responsiveness over time necessitating in higher and more frequent doses as the disease 

progresses.[10, 12] These factors may alter both gait and balance, contributing to an increased risk 

of falls, subsequent injuries, decreased mobility due to injuries, lower quality of life, and 

potentially death.[13]  



   
 

   
 

Currently, there remains a lack of evidence exploring the possible relationship between 

gait and balance measures in PwPD. Previous literature has found that balance outcome 

measures such as the Berg Balance Scale are correlated with step length and gait speed in people 

with brain injuries.[14] Similarly, there is a significant positive relationship between gait speed 

and balance measures in older adults living in long term care facilities.[15] However, this 

relationship has not been studied in PwPD. Given the high prevalence of both gait and balance 

impairments, the purpose of this study is to examine the potential relationship between measures 

of balance and spatiotemporal aspects of gait in PwPD using a cross-sectional analysis. 

Considering the multisensory interactions[16] and overlapping impairments that influence gait and 

balance performance, it is anticipated that there will be significant correlations between gait 

performance measures (step length, gait speed, swing time, and double support time) and balance 

measures (Mini-BESTest, TUG, single leg stance time, and Activities–Specific Balance (ABC) 

Scale). 

  



   
 

   
 

Methods:  

This cross-sectional study represents a secondary analysis from several published[17-19] 

and unpublished IRB approved studies to examine both continuous walking and gait initiation in 

PwPD. All studies collected data prior to any intervention and while participants were in the “on” 

phase of medication. Participants were included if they had a clinical diagnosis of idiopathic PD 

with mild to moderate severity (Hoehn and Yahr 1 – 3), as well as mild to moderate gait or 

balance impairment characterized by a rating of 1–2 on the Movement Disorders Society - 

Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) item 10.  

Gait data were collected using a Zeno mat (Protokinetics) gait analysis system, which 

consisted of a 4x20 foot mat containing multiple pressure sensors. Participants were instructed to 

complete two passes across the mat at a comfortable gait speed and then two passes at a fast gait 

speed. The outcome measures collected via the Zeno include step length, comfortable gait speed, 

and percentages of the gait cycle for double limb stance, and single limb stance (i.e., swing 

phase). Data were extracted for each limb and the smaller value from both limbs was retained for 

analysis (e.g., minimum step length, minimum swing time, and minimum double support times). 

The Mini-BESTest was administered to evaluate dynamic balance by testing anticipatory 

reactions, reactive postural control, sensory orientation, and dynamic gait.[20] In addition to the 

total score, the following values were extracted from the mini-BESTest: single leg stance time 

and Timed Up and Go (TUG) time. The Timed up and Go is a balance test that measures the time 

required to rise from sitting, walk 3 meters at a comfortable pace, turn, return to the chair and sit 

down.[21] Scores below 11.5 seconds indicate a higher risk for falls.[22] The single leg stance time 

was performed for each limb separately and the smaller of the two values was used for analysis 

(SLSmin). Finally, the Activities-specific Balance Confidence Scale (ABC) is a self-reported 



   
 

   
 

measure used to assess a patient’s subjective balance confidence, which is an important factor 

associated with recurrent falls in PwPD.[18] 

SPSS was used (version 29, IBM) for all statistical analyses. Pearson correlation was 

used to analyze the relationship between gait (CGS, step length, double support time, and swing 

time) and balance (TUG, SLSmin). Spearman correlation analyses were used to assess potential 

relationships between gait measures and the remaining balance measures (mini-BESTest, ABC) 

measures. An adjusted alpha of .00125 (i.e., .05/4) was used and interpreted the strength of these 

relationships as either a small (r = .1 to .3), medium (r = .3 to .5), or a large (r > .5) effect size.  

  



   
 

   
 

Results: 

Forty-five participants were included for analysis with a diagnosis of PD stages I-III on 

the Hoehn and Yahr scale. Table 1 describes the demographic details of the participants. Using 

Spearman’s correlation, a significant positive correlation was found between mini-BESTest total 

score and comfortable gait speed (r=.435, figure 1) and minimum step length (r=.420, figure 2). 

A significant negative correlation was found between mini-BESTest total score and minimum 

double limb support time (r=-.550, figure 3). Pearson’s correlation revealed a significant negative 

relationship between the Timed Up and Go test and comfortable gait speed (r= -.764, figure 4), 

minimum swing time in percentage of gait cycle (r= -.630, figure 5), and minimum step length 

(r= -.744, figure 6). A significant positive relationship was found between the Timed Up and go 

and minimum double limb support time as a percentage of the gait cycle (r=.731, figure 7). See 

Table 2 and 3 for additional correlations between balance measures and spatiotemporal gait 

measures.  

Table 1: Participant Demographics  

Sex  Female: 17 / Male: 28 

H&Y Stage*** I: 8 / II: 26 / III: 6 

Medication dose (mg)*** 

(mean ± SD) 
522 ± 429.3 

Chronicity of disease* (mean 

± SD) 

12.2 ± 6.1 

UPDRS**** (mean ± SD) 24.8 ± 10.3 

Weight (kg)** (mean ± SD) 74.1 ± 16.3 

Height (in)** (mean ± SD) 67.7 ± 3.6 

Age (yr) (mean ± SD) 67.3 ± 10 
Note: *: missing data for 2 participants, **: missing data for 3 participants, ***: missing data for 5 participants, ****: missing 

data for 8 participants 

 

 



   
 

   
 

Table 2: Spearman correlations between balance measures and spatiotemporal gait measures 

ABC CGS r = .284; p = .179 
%Swing r = .347; p = .096 

SLmin r = .438; p = .032 
%DLS r = -.313; p = .136 

MB CGS r = .435; p = .004 
%Swing r = .330; p = .030 
SLmin r = .420; p = .005 
%DLS r = -.550; p < .001 

Note: Shaded cells indicate a significant relationship (p < .0125). ABC: Activities-specific Balance Confidence Scale; MB: 

MiniBEST total score; CGS: comfortable gait speed; %Swing: minimum swing time in percentage of gait cycle; SLmin: minimum 

step length; %DLS: minimum double limb support time in percentage of gait cycle   

 

Table 3: Pearson correlations between balance measures and spatiotemporal gait measures 

TUG CGS r = -.764; p < .001 
%Swing r = -.630; p < .001 
SLmin r = -.744; p < .001 
%DLS r = .731; p < .001 

SLSmin CGS r = .308; p = .045 
%Swing r = .326; p = .033 
SLmin r = .267; p = .083 
%DLS r = -.375; p = .013 

Note: Shaded cells indicate a significant relationship (p < .0125). TUG: Timed Up and Go; SLSmin: minimum single leg stance 

time; CGS: comfortable gait speed; %Swing: minimum swing time in percentage of gait cycle; SLmin: minimum step length; 

%DLS: minimum double limb support time in percentage of gait cycle 

 

 

Figure 1: Spearman correlation between mini-BESTest and comfortable gait speed. 



   
 

   
 

 

Figure 2: Spearman correlation between mini-BESTest and minimum step length 

 

Figure 3: Spearman correlation between mini-BESTest and minimum double limb support time in percentage of gait cycle 

 

Figure 4: Pearson correlation between Timed Up and Go and comfortable gait speed 



   
 

   
 

 

Figure 5: Pearson correlation between Timed Up and Go and minimum swing time in percentage of gait cycle 

 

Figure 6: Pearson correlation between Timed Up and Go and minimum step length 

 

Figure 7: Pearson correlation between Timed Up and Go and minimum double limb support time in percentage of gait cycle 

  

 

 



   
 

   
 

Discussion: 

The purpose of this study was to examine the potential relationship between measures of 

balance and spatiotemporal aspects of gait in PwPD. Our hypothesis that gait and balance 

measures (along with measures of balance confidence) will be significantly correlated in PwPD 

was partially supported as some significant correlations were found. Balance measures, such as 

the TUG and Mini-BESTest, were broadly related to spatiotemporal measures of gait in PwPD. 

Specifically, the TUG was significantly related to comfortable gait speed, minimum swing time, 

minimum step length, and minimum double limb support time. The Mini-BESTest was 

significantly related to comfortable gait speed, minimum step length, and minimum double limb 

support time. Generally, these data suggest that we must pay attention to both balance and gait at 

the same time for PwPD. Although the TUG and Mini-BESTest are measures of balance, they 

both require the participant to ambulate during testing.[23] Because of this, it is not surprising that 

both of these balance measures are significantly correlated to spatiotemporal parameters of gait.  

Interestingly, the ABC, a measure of one’s perception of their balance abilities, was not 

significantly correlated with spatiotemporal aspects of gait. This implies that one’s perception of 

balance may not correlate with actual balance performance. This concept is especially important 

to determine an individual’s risk for falls. Objective measures are important to perform to fully 

evaluate one’s risk for falls, as our results suggest that subjective report may not correlate with 

performance of gait. This conclusion builds on previous research that found a discordance 

between actual and perceived balance and correlates with individuals' history of falls.[24] This 

misjudgment can lead to situations where PwPD take risks leading to falls or avoid activities 

unnecessarily due to an exaggerated fear of falling; both scenarios which can negatively impact 

quality of life. It is essential that performance measures such as the TUG or Mini-BEST be used 



   
 

   
 

to understand balance and gait deficits in PwPD instead of relying on subjective measures and 

the individual's perception. Nevertheless, the ABC Scale may be important in addressing an 

individual’s participation and safety.[25]  

While single leg stance is required during the midstance phase of the gait cycle, the 

minimum duration that a PwPD can maintain static one-legged balance showed no correlation 

with spatiotemporal gait measures. This indicates that the ability to stand statically on one leg 

may not directly translate to dynamic balance during ambulation for PwPD. Gait involves 

intricate coordination among sensory, motor, and neural systems, which extends beyond isolated 

assessments of static postural control.[26] Consequently, outcome measures and interventions 

designed to evaluate and improve single-leg stance time might not necessarily enhance or 

accurately reflect gait parameters. This underscores the importance of incorporating balance 

assessments that include ambulation during testing and the necessity for targeted, multifaceted 

rehabilitation strategies that address both dynamic and static balance challenges in PwPD.   

Gait and balance deficits are highly prevalent concerns among PwPD, yet gait and 

balance could represent distinct constructs that coexist simultaneously. Gait encompasses 

spatiotemporal parameters and dynamic movement patterns, while balance involves postural 

stability and ability to resist falls.[26] These differences suggest that gait and balance measure 

different aspects of functional mobility and an intervention targeting gait may not also improve 

balance and vice versa.  

This correlational analysis has limitations, such as the inability to determine causation.  

Performance measures such as the TUG are helpful for evaluating functional mobility but are 

unable to establish causation; a better TUG score does not guarantee improved walking abilities. 

Incorporating additional tests could have provided a more nuanced understanding of balance and 



   
 

   
 

its relationship to gait, but the analysis remained constrained by the data at hand. Additionally, 

the subjects were mostly Hoehn & Yahr stage 2, implying that they had deficits bilaterally but 

did not yet have poor reactive balance responses. If more subjects were Hoehn & Yahr stage 3, 

the results may have looked different since this stage is associated with an increase in postural 

sway.[27] Since PD is a neurodegenerative disease, both balance and gait performance are 

expected to worsen over time with disease progression.[1] This study has demonstrated 

relationships between balance and spatiotemporal aspects of gait relatively early in the disease 

process, however these relationships may change in magnitude or direction with disease 

progression. Future studies should include PwPD with more advanced stages to build a more 

comprehensive picture of gait and balance performance in PwPD.  

Conclusion: 

To effectively assess gait and balance in PwPD, it is crucial to select measures that 

evaluate both constructs comprehensively. Outcome measures such as the Mini-BESTest or TUG 

are designed to capture aspects of gait and dynamic balance, making them more suitable than 

static measures such as single leg stance time. Additionally, while performance-based measures 

provide insights into physical capabilities, perceived balance does not always align with balance 

performance. This disconnect highlights the complexity of understanding balance confidence 

versus actual performance in PwPD.  
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