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Introduction  
Deficits in postural balance affect the independence and quality 

of life in individuals with Parkinson’s disease (PD). Activities that 
involve reaching forward, i.e., reaching for an object on a shelf are very 
common daily tasks and have been correlated to increased risks of falls 
in PD [1,2]. As the trunk is bent and moved forward, different postural 
control mechanisms are required to regulate its progression, avoid loss 
of balance and forward fall. 

In a recent study, Huang and Brown [3] assessed the center of 
pressure (CoP) trajectories during a forward reach task (FRT) between 
young and older adults. As most reaching tasks involve not only 
reaching forward but also recovering balance after returning to the 
upright position, the authors also assessed postural control before and 
after the forward reach. They suggested that older adults lack the ability 
to control postural balance in preparation of a forward reach task as 
well as during the execution of the task and when regaining balance 
after the movement. 

Deficits in postural stability, i.e., the inability to control the position 
of the center of mass in relation to the base of support, in individuals 
with PD increase with disease severity and with presence of mild 
cognitive impairments (MCI), impairments considered as independent 
factors for fall risk [4]. These deficits in postural stability have been 
reported both during static [5] and dynamic postural activities [6,7]. 
Furthermore, it has been shown that postural instability in the medial-
lateral (ML) direction was particularly affected in PD and was associated 
with increased risk of falls [8,9]. Van Wegen et al. investigated postural 
stability in individuals with PD during static forward and backward 

lean on force a platform [10]. The authors reported larger postural 
variability in the ML direction in PD compared to older adults and 
suggested that the large variability could be indicative of postural 
instability and changes in postural strategies in individuals with PD 
compared to older adults. This was similar to Mitchell et al. who 
suggested that postural variability in the ML direction could be used as 
a compensatory mechanism due to inflexibility of the postural control 
in the anterior-posterior (AP) direction in PD [11]. 

The purpose of our study was to assess postural stability in 
individuals with PD before, during and when recovering from a FRT, 
i.e., as they transition back to the upright position. We hypothesized 
that individuals with PD would show larger postural instability when 
preparing for the reach as well as during and moving back to the 
upright position. We also expected individuals with PD to display 
more postural compensation in the medial-lateral direction compared 
to healthy older adults. Finally, we expected that these results would be 
exacerbated in individuals with lower cognitive functions.
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 Abstract
Reaching forward requires preparing and regulating the trunk progression to avoid falling, but also controlling 

balance when recovering from it. 

Objective: To measure postural stability in individuals with Parkinson’s disease (PD) and healthy older adults 
before, during and when recovering from a Forward Reach Task (FRT). 

Methods: Nineteen PD (Dx: 5.3 ± 3.8 years; Hoehn and Yahr, 1-3) and sixteen older adults performed the FRT 
on a force platform and completed the Montreal Cognitive Assessment (MOCA) and self-reported falls (12 months). 
Center of pressure displacement variability (CoP) and CoP velocity (VCoP) were calculated before (T1), during (T2), 
and after (T3) reaching. Correlations assessed the relationship between postural stability during these periods, FRT, 
falls and MOCA scores. 

Results: Variability in CoP T2 medial-lateral (ML), velocity T1 and T3, p<0.05 were larger in PD compared to 
Controls. In anterior-posterior (AP) velocity in T1, p<0.05 and T2, p<0.001 and variability in CoP T3 were larger in 
controls than in PD, p<0.05. In PD, FRT distance was correlated with ML CoP T1 (r=-0.73, p<0.001), CoP T2, T3 
(r=-0.59, p<0.01).

Conclusion: Older adults showed postural instability in the main direction of the task (AP) whereas those with 
PD were mostly unstable in the ML direction. In PD, the large contribution of postural control in ML was correlated 
with decreased reach distance, increased number of falls and disease duration. Altogether this highlights that 
individuals with PD and more so fallers, rely heavily on postural control in the ML direction before, during and when 
recovering from a forward reach.
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Methods
Participants

Nineteen individuals (16 men, 3 women; 60.0 ± 10.2 years old) 
diagnosed with PD, (Dx: 5.3 ± 3.8 years, Hoehn and Yahr stages 1-3, 
Motor Unified Parkinson’s Disease Rating Scale: 8.3 ± 3.2) and sixteen 
older adults (4 men, 12 women; 65.9 ± 9.7 years old) were recruited 
from the Parkinson’s disease and Movement Disorders Clinic of the 
Ottawa Hospital Research Institute and from the community. The 
inclusion criteria comprised of: no history of orthopedic impairments, 
musculoskeletal impairments or neurological conditions other than 
Parkinson’s disease that could impact balance and gait. Participants 
were also excluded if they were unable to walk unaided. Participants 
were tested on dopaminergic medications. The study was approved by 
the University Review Board. 

Procedure

Before completing the FRT, participants were administered the 
Montreal Cognitive Assessment questionnaire (MOCA) and were 
asked if they had fallen in the previous 3 and 12 months. Subjects’ 
disease severity was assessed using the Unified Parkinson’s Disease 
Rating Scale (UPDRS) III (motor disability). For the FRT, participants 
were asked to stand on two force platforms for 10 s (T1) with their 
least affected arm at 90 degrees flexion. They were then asked to reach 
forward as far as possible, without bending the knees, while maintaining 
heel contact with the ground. This position was held with control for 
10 s (T2) before returning to their starting position and standing for 10 
s (T3). After the examiner explained and demonstrated the task, each 
subject completed 3 trials. A retractable measuring tape attached to a 
rigid stand placed at shoulder height was also used to measure the reach 
distance. The functional reach task is a simple measurement to assess 
dynamic balance during a forward reach, which has been reported as 
a valid and reliable test in assessing balance [12-15] However, while 
the 25.4 cm reaching distance cut-off used to assess risk for falls in 
older adults has good specificity (92%), it has poor sensitivity (30%). 
Therefore, FRT was considered not sensitive enough to be used as a 
screening tool for fall risks in PD [15]. In an attempt to maximize the 
sensitivity of the FRT in PD, Dibble et al. suggested to increase the 
from 24.4 cm to 31.75 cm, which resulted in 86% sensitivity and 52% 
specificity [16] rather than 90% specificity and 30% sensitivity. While 
this task has been reported to be a valid and reliable measure of postural 
control [12,17], Dibble et al. [16] concluded that the functional reach 
task should be used concurrently with other tests to accurately assess 
risks for falls in PD.  

Data and Statistical Analysis

The FRT was performed on two-force platforms (Kistler, 
Winterthur, Switzerland) with kinetics captured at 200 Hz and filtered 
with a zero-lag fourth-order Butterworth filter, 10 Hz cut-off frequency. 
Center of pressure (CoP) displacement root mean square and mean 
velocity (VCoP) in the ML and AP directions were derived from the 
ground reaction forces to assess postural control. Mixed model ANOVA 
was used to analyze the between and within subject factors. Repeated 
measures ANOVAs were used when permitted, to further determine 
the CoPs and VCoPs between the three periods (T1-T3). According 
to the normality of the distribution, Pearson or Spearman Rank Order 
Correlations were used to assess the relationship between postural 
stability (CoPs and VCoPs) and both the FRT, falls and MOCA scores. 
FRT and the posturography data were averaged over the three trials. 

Results 
The average UPDRS III was 8.5 ± 3.2 and the MOCA scores ranged 

from 19 to 29 with an average of 25.9 ± 2.8. For falls, 11 reported 0 falls, 
four reported 1 fall and two reported 2 or more falls in the previous 
year. None reported falling in the previous 3 months. The average 
distance reached was 29.0 cm ± 8.2, with six participants reaching 
below the 25.4 cm cut-off [12], but nine participants above the 31.75 
cm cut-off. In the control group, the MOCA scores ranged from 26 to 
30 with an average of 27.4 ± 1.7. Fourteen control subjects reported 
0 falls, one reported 1 fall and one reported 2 or more falls in the past 
three months while four reported 1 fall and two, 2 or more falls in the 
past year. The average distance reached was 31.5 cm ± 4.5, with two 
participants reaching below the 25.4 cm cut-off [12] and nine reaching 
above the 31.75 cm cut-off.

The trajectory of the CoP throughout the FRT is represented in 
both (Figures 1 and 2). The figures present the reach in AP (Figure 1) 
and in both AP and ML (Figure 2). 

Both figures display the relative stability of the participant prior 
to the reach (T1), with minimal displacement seen in either the AP 
or ML direction. During T2, the participants reach forward, resulting 
in a forward displacement of the CoP (Figure 1). However, Figure 2 
reveals that while the CoP is displaced in AP, there is also an increase 
in ML displacement. During the final phase of the FRT (T3), the CoP 
displaces further posteriorly compared to the beginning (Figure 1) 
while the displacement remains larger for the entirety of the 10 seconds 
recorded post-reach (Figure 2).
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Figure 1: Representative CoP displacement (cm) signal in the AP direction 
throughout the Functional Reach task. 
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Figure 2: Representative CoP displacement (cm) in ML and AP directions 
throughout the FRT. T1: Before; T2: Reach; T3: After.
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The CoPs and VCoPs in AP and ML directions are summarized 
in Table 1. Significant differences were found between groups in CoP 
displacement variability in both ML and AP directions (p<0.05). 
Variability in CoP T2 ML was larger in PD compared to controls F(1, 
33)=5.19, p<0.05, while CoP T3 in AP was larger in controls than in 
PD F (1, 33)=5.85, p<0.05. For the CoP ML velocity T1 F (1, 33)=5.12, 
p<0.05 and T3 F (1, 33)=5.14 p<0.05 were larger in the PD group 
compared to Controls, while in AP direction T1 F(1, 33)=5.20, p<0.05 
and T2 F(1, 33)=20.50, p<0.001 were larger in Controls than PD.

In PD, CoP T2 was larger compared to CoP T1 (p<0.001) in both 
AP and ML directions and larger compared to T3 (p=0.001), but in the 
ML direction only. VCoP in AP and ML were not different between 
periods. In control group, CoP in T2 and T3 in both directions were 
larger than T1 and T2 larger than T3 in the AP direction only (p<0.001). 
In VCoP T2 was larger than both T1 and T3 in ML and AP directions 
(p<0.001). 

In PD, the FRT distance was negatively associated with the CoP 
T1 (r=-0.73, p < 0.001), CoP T2 and CoP T3 (both r=-0.59, p<0.01) 
displacement in the ML direction. The FRT was also correlated with 
VCoP T1 (r=-0.58, p<0.01), T2 (r=-0.59, p<0.01) and T3 (r=-0.56, 
p=0.01) in the ML direction. No correlations were shown in the AP 
direction. In controls, the reach distance was positively associated 
with the VCoP T2 in the AP direction (r=0.62, p=0.02) and negatively 
associated with CoP T3 (r=-0.51, p<0.05) in the ML direction. In PD, 
self-reported falls were correlated with the CoP displacement in the 
ML direction at T1 (r=0.48) and at T2 in the AP direction (r=0.52), 
p<0.05). Disease duration was moderately associated with VCoP in 
the ML direction (T1: r=0.47, T2: 0.40 and T3: 0.51, p<0.05) as well as 
with VCoP in the AP direction (T1: r=0.48 and T3: 0.53, p<0.05). The 
MOCA scores in PD did not show correlation with the CoPs or VCoPs 
in neither AP nor ML directions. In controls, the MOCA scores were 
negatively correlated with CoP T3 in both AP (r=-0.68) and ML (r=-
0.62) p<0.01, as well as with VCoP T1 in the ML direction (r=-0.50, 
p<0.05). Self-reported falls did not correlate with CoPs in controls. 

Discussion
The main objectives of the present study were to assess postural 

stability before, during and recovering from a self-initiated forward 
reaching task in individuals with PD and compare postural control 
and strategies with healthy, age-matched adults. We also sought to 
determine the relationship between postural stability and the distance 

reached during the FRT, self-reported falls, disease duration and mild 
cognitive impairments. As expected, postural instability increased in 
both groups as participants reached forward. However, while older 
adults had larger velocity (T1 and T2) and variability (T3) in the 
principal direction of the task (AP direction), individuals with PD 
displayed larger CoP displacement variability (T2) and velocity (T1 
and T3) in the ML direction. In addition, in this latter group, the larger 
CoP displacement variability and velocity in the ML direction were 
moderately associated with smaller reaching distance, greater number 
of falls as well as with longer disease duration. Our results suggest that 
individuals with PD rely on a greater contribution of postural control 
in the ML direction compared to older adults when performing and 
recovering from a reaching task. 

Postural instability and difficulty recovering balance following 
external perturbations has been widely reported in individuals with 
PD [14,18].This was attributed to smaller margin of stability as well as 
an inability to efficiently adapt to a changing environment due to the 
defective basal ganglia circuitry [18]. Bloem et al. [19] reported that 
most falls in PD occur due to internal disturbances of balance rather 
than being the consequence of external triggers. In our PD group, 
based on the large ML velocity during the phase preceding the reach, 
it is most likely that the postural instability in the ML direction could 
have interfered with the ability to regulate postural balance during the 
more challenging forward reach. It is also interesting to emphasize 
that while older adults displayed larger velocity in the main direction 
of the task (AP), individuals in the PD group displayed significantly 
larger variability and velocity in the ML direction. As large CoP 
velocity in the ML direction has been associated with higher risks for 
falls, these results suggest that individuals with PD might have needed 
to increase postural control in the ML direction to preserve balance 
when preparing for, during and when recovering from the reach. 
Furthermore, similarly to the reduced COP excursions and velocity 
during gait initiation in PD [20,21], the smaller postural adjustment in 
the AP direction in PD could reflect the inefficiency of the basal ganglia 
in planning and initiating the reaching movement.

In the PD group, the large postural variability during the reach 
and velocity before and when recovering from the task in the ML 
direction were associated with lower functional reaching distance. 
This illustrates a greater need for controlling postural stability in 
ML direction in those with lower FRT performance. Also, larger ML 
variability before the reach and AP variability during the reach was 
associated with falls in PD. This is consistent with studies, reporting 

ǂ: Between groups P < 0.05
T1: Before the reach
T2: During the reach
T3: recovering from the reach  
Adjustment for multiple comparisons: Bonferroni
Table 1: Centre of pressure displacement root mean square (CoPs) in cm and velocity of the centre of pressure (VCoPs) in cm/s, in both the anterior-posterior and medial-
lateral directions, divided into the FRT intervals (T1-T3).

Controls PD

AP ML                                AP                                 ML

Mean ± SD Mean ± SD

CoP
cm

T1 0.69 ± 0.28 0.48 ±0.30 0.57 ± 0.27 0.70 ±0.59

T2 1.53 ± 0.31 0.91 ± 0.24 1.64 ± 0.70 1.51 ± 1.01 ǂ 
T3 1.05 ± 0.27 0.83 ± 0.33 0.79 ± 0.35 ǂ 1.00 ± 0.72

VCoP 
cm/s

T1 1.23± 0.35 0.72 ± 0.24 0.96± 0.35 ǂ 1.13 ± 0.69 ǂ
T2 1.83 ± 0.58 0.93 ± 0.32 1.05 ± 0.43 ǂ 1.13 ± 0.65 

T3 1.18 ± 0.34 0.72 ± 0.28 1.08 ± 0.48 1.25 ± 0.89 ǂ
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an association between disease duration, postural instability in the ML 
direction and higher risk of falls in PD [22] and between ML stability 
and prediction of falls in older adults [23]. Furthermore, in a cohort of 
27 participants classified as “early” stage PD, and of whom 16 had never 
taken dopaminergic medications, Nantel et al. [24] reported larger 
CoP displacement variability in the ML direction compared to healthy 
older adults. Interestingly, in older adults CoP variability in ML during 
the recovery period was negatively associated with reaching distance. 
This is in line with Huang and Brown [3] who reported a decrease 
in CoP trajectory smoothness in older adults and suggested that this 
could reflect difficulty in controlling balance when recovering from a 
dynamic task. This deficit in controlling balance in the ML direction 
was exacerbated in PD as both ML variability and velocity throughout 
the reach were negatively correlated with the reaching distance and that 
velocity in ML before and after the reach was greater in PD compared 
to older adults.  

Within the older adults, MOCA was associated with both velocity in 
preparation of the reach (T1) and variability when recovering from the 
reach (T3) in the ML direction, whereas no such correlation was seen 
in the PD group. This is surprising, as MCI has been associated with 
an increased risk of falls and reported as a predictor of future falls in 
PD [4,25]. This illustrates the complexity of evaluating the risks of fall 
in individuals with PD, as many factors such as freezing of gait, past 
history of falls and MCI may contribute to the occurrence of falls [4]. 
Furthermore, these factors also have an impact on fear of falling [26]. 
This could be due to two distinctive behaviors in individuals with PD, 
as fear of falling leads some individuals to restrain their participation in 
activities of daily living, whereas lack of fear of falling increases the risks 
of falls and injuries in others [19,26-28].This is in line with the moderate 
positive correlation between self-reported falls in PD and CoP variability 
in the AP direction during the reach. A larger sample size could have 
allowed us to statistically assess the association between falls and the FRT 
scores in those above the 25.4 cm and 31.75 cm cut-offs, thus documenting 
the impact of risk-taking behaviour on the occurrence of falls in these 
individuals. Based on the occurrence of falls in these individuals and the 
impact of falls on participation and functional mobility, this seems to be 
an important area of exploration in future studies. 

Conclusion
Our posturographic analysis of a self-initiated forward reach 

showed large postural instability throughout the task in individuals 
with PD compared to older adults. It also identified different strategies 
in PD compared to healthy older adults to control postural balance 
before, during and when recovering from the reach. In healthy older 
adults, postural instability was seen mainly in the main direction of 
the task, whereas those with PD showed larger instability in the ML 
direction. This ML focused strategy in the PD group was correlated with 
smaller reaching distance, increased number of falls and longer disease 
duration. These results suggest that as disease progresses individuals 
with PD, and particularly fallers, rely highly on postural control in the 
ML direction. As this strategy was exacerbated when performing and 
recovering from the reach task executed in the AP direction, it seems 
critical to assess postural balance in the ML direction when assessing 
postural stability and risks of falling. It is also relevant to bring attention 
to the occurrence of falls in some individuals reaching well above the 
FRT cut-off as this could indicate the presence of risk-taking behavior 
and potential risks for injuries related to falls. Finally, since the distance 
reached during the FRT showed no differences between groups, it 
appears preferable to use an instrumented version of the FRT when 
assessing postural stability and risks for falls in individual with PD. 
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