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Abstract.  [Purpose] This study examined whether people with Parkinson’s disease (PD) have postural instability 
while negotiating obstacles starting from a position of a quiet stance compared to healthy older adults. [Subjects] 
Ten participants (3 males, 7 females; mean age, 67.8 ± 6.16 years) diagnosed with idiopathic PD (Hoehn & Yahr 
disability scores ranging from 1 to 3) and ten healthy older adults (4 males, 6 females; mean age, 72.2 ± 4.83 years) 
were enrolled in this study. [Methods] For each trial, the participants stood quietly in a self-selected foot position with 
each foot on a force platform. The participants were then instructed to begin stepping over a 10 cm high obstacle or 
initiate gait at their self-selected pace with the right limb in response to the verbal cue “GO”, and continued to walk. 
The subjects’ performance was measured by calculating the changes in the center of pressure (COP) displacements 
in the anteroposterior (A-P) and mediolateral (M-L) directions using two force platforms. [Results] Using the data 
of both gait initiation (GI) and obstacle crossing tasks combined for both feet, the A-P and M-L displacements of the 
COP of the older adults were significantly higher than those of people with PD. On the other hand, the mean COP 
displacement in the A-P and M-L directions between GI and obstacle crossing were similar. [Conclusion] A decrease 
in the magnitude of the COP excursion in GI and obstacle avoidance reduced the ability of people with PD to generate 
forward momentum and maintain lateral stability and motion, factors which are highly related to lateral falling.
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INTRODUCTION

People with Parkinson’s disease (PD) in the late and most 
advanced stage typically show difficulties with postural 
control and locomotion. Falls and fall-related injuries have 
also been reported, even in the relatively early course of 
PD1–5). The risk of falling for people with PD is twice that 
of the general healthy population and approximately 64% of 
people with PD are at risk of falling6–8). These falls result 
in serious injuries and hospitalization: where 27% of people 
with PD 10 years after being diagnosed with PD had new hip 
fractures9), and 3% of hospitalized people with PD became 
wheelchair dependent10).

Tripping during obstacle negotiation is one of the most 
commonly reported causes of falls among older people11, 

12), and falls during obstacle negotiation is the leading 
cause of death among the elderly in the United States13). 
Therefore, it is possible that people with PD who have 
deficits in postural control and gait are also at a high risk 
of tripping over obstacle negotiation and falls. Obstacle 
negotiation requires precise and consistent regulation of 

foot contact. This involves continuous processing of visual 
information in advance of the obstacle(s), and adjusting 
the gait patterns accordingly. Four studies have examined 
the obstacle crossing behavior of people with PD; two 
studies14, 15) investigated obstacle crossing on a treadmill 
and the others13, 16) introduced different heights of obstacles 
while subjects walked along a walkway. The two previous 
treadmill studies compared the obstacle crossing behavior 
of people mildly affected with PD with age matched healthy 
people14, 15). In both studies, the subjects were instructed 
to walk on a treadmill while approaching an obstacle with 
instructions to step as close as possible to the top of the 
obstacle, without touching it. The results showed that people 
with PD demonstrated a slightly higher lead foot clearance. 
In general, the performance of an obstacle negotiation task 
by people with PD was worse than that of the age-matched 
healthy subjects. The increased foot clearance of people 
with PD might indicate a strategy of securely overcoming 
the obstacle. However, with task repetition, people with PD 
could achieve an obstacle crossing performance similar to 
the age-matched healthy subjects by increasing the duration 
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of the swing phase to clear the obstacle, and by learning the 
obstacle crossing task well15).

The two other studies introduced two different heights 
(an ankle height obstacle and a half knee height obstacle) of 
obstacles or obstacle heights of 10% of the leg length while 
people with PD and age-matched healthy subjects walked 
along a walkway13, 16). When the lead foot was placed closer 
to the obstacle, more frequent stepping on the obstacle with 
the lead foot, slower approaching speed to the obstacle, 
shorter step and stride lengths, wider step width, greater 
stance duration, and greater stride duration were observed 
in the people with PD compared to the age-matched control 
group. In addition, the performance of the obstacle crossing 
task was more disturbed in people with PD as the height of 
the obstacle increased16); however, the foot clearance was 
not shown to be different between people with PD and 
controls16). Therefore, PD populations demonstrate deficits 
in postural stability and have a high risk of falling and fall-
related injuries during obstacle negotiation.

A difficulty in initiating gait is the one of the most 
commonly reported movement disorders in PD and is 
considered an important sign of akinesia. Moreover, many 
falls in the elderly often occur during postural transitions 
from the states of static to dynamic postural control, such as 
the initiation and termination of gait and turning. Therefore, 
initiating gait can be used as a functionally appropriate 
investigative tool to provide insight into dynamic postural 
control and measure the changes in the pathological gait 
patterns or age-related changes of gait. On the other hand, 
studies utilizing the gait initiation (GI) of people with PD, 
to examine static and dynamic postural control and the 
changes resulting from an advancing age and pathological 
conditions, have been limited to walking on an even surface. 
The fact that the effects of obstacle crossing on GI of 
people with PD have received little attention is somewhat 
surprising, given that many older adults fall while stepping 
over obstacles11, 12), and people with PD have difficulty in 
performing simultaneous motor or cognitive tasks, crossing 
obstacles, or attempting to walk in complex environmental 
settings17–19).

The center of pressure (COP) is defined as the point 
where the vertical ground reaction forces (GRFs) are applied 
to the force platform, and quantification of the movement of 
the COP during the quiet stance or locomotion can provide 
useful insights into the postural control instability of people 
with pathological gait patterns, such as those with PD. For 
example, people with PD have a reduced ability to generate 
a COP shift during GI compared to the ability to generate a 
COP shift in older adults transitioning to frailty20). Therefore, 
examining the COP trajectory variables when people with 
PD perform obstacle crossing tasks might provide useful 
information for understanding the mechanisms of balance 
impairment related to PD, because the COP reflects the 
response of the central nervous system to movement of the 
whole body center of mass (COM)21). Furthermore, obstacle 
negotiation is a common skilled motor task commonly 
used in daily life, and attention is seldom fully focused on 
obstacles because most obstacles appear suddenly in the 
field of view.

On the other hand, no study has compared stepping over 
an obstacle from the position of a quiet stance by adult 
subjects with different levels of functional ability, such as 
healthy older adults and people with PD, whose postural 
control and gait has deteriorated. Therefore, the purpose of 
the current study was to examine whether people with PD 
have postural instability while negotiating obstacles from 
the position of the quiet stance compared to healthy older 
adults. The COP measures reflect the muscle responses 
during the maintenance of dynamic stability while negoti-
ating obstacles. A reduced displacement of the COP in either 
direction can indicate instability21) or the possible use of an 
alternative postural control strategy, which is possibly less 
efficient at developing the momentum needed to initiate 
gait22). In the present study, the postural instability was 
quantified by measuring the COP variables, such as the 
COP displacement. It was hypothesized that people with PD 
would exhibit decreased COP movements suggesting greater 
instability than healthy older adults. We also hypothesized 
that people with PD would have more difficulty with an 
increased postural challenge associated with the transition 
from GI to stepping over obstacles.

SUBJECTS AND METHODS

Ten participants (3 males, 7 females; mean age, 67.8 
± 6.16 years) diagnosed with idiopathic PD and ten 
healthy older adults (4 males, 6 females; mean age, 72.2 ± 
4.83 years) were enrolled in this study. All participants with 
PD had Hoehn & Yahr (H&Y) disability23) scores ranging 
from 1.5 to 3 and could walk independently at least 5 m 
without ambulatory aids. They were being treated with 
anti-Parkinson’s medication, fully responding to their PD 
medications, and were tested in the “on medication” state, 
which is approximately 1–1.5 hours after taking their anti-
Parkinson’s medications. No freezing gait was observed in 
the participants with PD during the study. The exclusion 
criteria were 1) severe dementia (a Mini Mental Status 
Examination (MMSE)24) score < 20); 2) a previous history 
or evidence of neurological impairment, other than PD, 
which could interfere in locomotion; and 3) inability to walk 
independently.

The inclusion criteria for healthy elderly participants was 
a Berg Balance Scale (BBS)25, 26) score > 50, a Frenchay 
Activities Index (FAI)27) score > 50, and a Physical Function 
(PF)28) score > 20. All elderly participants scored a minimum 
of 25 on the MMSE24). Previous studies29–31) reported that 
these tests are reliable and valid. The elderly participants had 
no history of neurological or orthopedic or cardiac problems 
that prevented their participation. No elderly participant 
reported falls in the previous 12 months. All participants 
provided their written informed consent and this study was 
approved by the University Institutional Review Board. 
Table 1 summarizes the subjects’ characteristics.

The participants with PD were first evaluated using 
the Unified Parkinson’s Disease Rating Scale Motor 
Subscale32), and then evaluated using the MMSE. Older 
adults were also evaluated using BBS, MMSE, FAI, and PF. 
Two force platforms (AMTI, Newton, MA, USA), which 
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were mounted level to a walkway surface (5 m in length and 
1.5 m in width), were used to measure the ground reaction 
forces (GRFs) when the participants stepped over obstacles 
or initiated gait. The amplified force platform signals were 
sampled on-line at a rate of 1000 Hz for 10 seconds (AMTI). 
The GRFs collected from the force platforms were processed 
and the COP data were analyzed using BioAnalysis v2.0 
software (AMTI, Watertown, MA, USA). The test condi-
tions also included the use of obstacles (10 cm in height, 
10 cm in depth and 140 cm in width) made of wood for 
obstacle clearance.

The experimental set-up is shown in Figure 1. For each 
trial, the participants stood quietly in a self-selected foot 
position with each foot on a force platform in a relaxed 
posture. Each participant’s foot on the force plate was traced 
and the tracings were used before starting a new trial of GI or 
obstacle crossing to reposition the foot on the force plate to 
increase the between-trial consistency. The participants were 
then instructed to begin stepping over a 10 cm high obstacle 
or initiate gait at their self-selected pace with the right limb 
in response to the verbal cue “GO”, and continued to walk 
with the left limb. For both GI and the obstacle crossing 
conditions, the two force platforms were placed adjacent 
to each other with narrow edges to measure the GRFs. For 
all conditions, each participant was instructed to complete 
two practice trials to familiarize themselves with the 
experimental procedure and performed approximately five 
successful experimental trials. The participants completed 
the experimental trials under the following conditions: (1) 
GI, (2) stepping over a 10 cm high obstacle. The order of 
each condition was selected randomly for each participant. 
All participants were required to wear flat-soled shoes 
normally used for everyday walking or sports activities.

Two-way repeated analysis of variance (ANOVA) was 
used to determine the main and interaction effects. The single 
degree of freedom mean contrasts were used to determine 
the source of significant effects. Statistical significance was 
accepted at p<0.05. The independent variables were groups 

(people with PD, older adults) and stepping condition (GI, 
stepping over an obstacle). The dependent variables selected 
for analysis included the anteroposterior (A-P) and medio-
lateral (M-L) displacement of the COP. The A-P (or M-L) 
displacement of the COP was defined as the total distance 
(or difference) between the minimum and maximum A-P (or 
M-L) COP location for the length of time either the right or 
left foot was in contact with the force platform. Statistical 
software SPSS 14.0 KO (SPSS, Chicago, IL, USA) was used 
for all statistical analyses.

RESULTS

This study examined whether there is differential 
modulation of COP variables, such as COP displacement in 
the A-P and M-L directions in response to GI and crossing 
an obstacle and whether there are group-related differences. 
The COP displacement in the A-P and M-L directions was 
greater for older adults than for people with PD for both the 
right and left feet. With the data for both GI and obstacle 
crossing tasks combined for both the right and left feet, the 
A-P and M-L displacements of the COP of people with PD 

Table 1.  Characteristics of the patients with PD and healthy older adults

Participant details Patients with PD Healthy older adults
Age (years) 67.8 (6.16) 72.2 (4.83)
Male/female 3/7 4/6
Height (cm) 160.1 (5.15) 159.4 (4.2)
Weight (kg) 55.3 (7.65) 58.5 (6.55)
MMSE/30 26.1 (0.74) 28.5 (1.27)
Time with PD (years) 6.7 (3.14) N/A
Hoehn and Yahr scale/range 1.9 (0.39)/1-3 N/A
UPDRS motor subscale score/56 18 (2.45) N/A
BBS/56 N/A 53.1 (1.66)
FAI/60 N/A 52.7 (3.5)
PF/30 N/A 28 (1.5)

Note. The values represent the mean  ±  standard deviation (SD). Abbreviations: PD, Par-
kinson’s disease; MMSE, Mini Mental Status Examination; UPDRS, Unified Parkinson’s 
Disease Rating Scale; BBS, Berg Balance Scale; FAI, Frenchal Activities Index; PF, Phys-
ical Functioning of the SF-36 Health Surveys.

Fig. 1. Experimental set-up. The arrow indicates the direction 
of movement.
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were significantly lower than those of the elderly subjects 
(p<0.01) (Table 2). The COP displacement in the A-P and 
M-L directions of the elderly subjects was 183% and 167% 
higher than those of people with PD, respectively. On the 
other hand, there were no significant differences in GI and 
obstacle crossing for the COP displacement in the A-P and 
M-L directions when combining the data for both groups 
for both the right and left feet (p>0.05). The mean COP 
displacement in the A-P and M-L directions between the GI 
and obstacle crossing were similar. Table 2 lists the mean 
COP variables for both groups.

DISCUSSION

This study examined how people with PD and older adults 
modulated the A-P and M-L displacements of the COP while 
stepping over an obstacle or initiating gait. As expected, the 
A-P and M-L displacements of the COP while stepping over 
an obstacle and initiating gait were significantly lower for 
people with PD than the older adults. When the data for both 
tasks were combined, the mean COP displacements in the 
A-P and M-L directions in people with PD were 55% and 
60%, respectively, of the mean COP displacement values of 
older adults. Reduced COP displacement in the A-P and M-L 
directions in PD patients may be related to impaired balance, 
akinesia, hypokinesia or tremor/movement discontinuities 
associated with PD20). These findings are in agreement with 
previous studies21, 22, 33–36), which have reported that the 
magnitude of backward COP displacement decreases with 
advancing age and disability, such as PD, thereby reducing 
the amount of forward momentum needed to move the body 
forward.

Backward displacement of the COP is needed to generate 
forward momentum to initiate gait37). A decrease in the 
magnitude of the forward momentum while initiating gait 
results in a decreased forward COM in people with PD. 

A dysfunction in centrally mediated anticipatory postural 
adjustments is believed to be responsible for a decrease in 
the backward displacement of the COP37). When initiating 
gait, there is an inhibition of tonic soleus (SOL), which 
is active during the quiet stance, followed by the onset of 
tibialis anterior (TA) in both the swing and stance limbs. 
This combination is responsible for the backward movement 
of the COP38–40). Previous studies37, 41) have reported that 
with advancing age, the initial activation of the ankle 
plantar flexors, such as the SOL and the gastrocnemius 
(GA), remains active, even after the onset of the TA during 
the initial phase of GI. This results in a reduced backward 
displacement of the COP. PD patients were also observed to 
generate insufficient dorsiflexion torque due to the inappro-
priate and/or inefficient TA activation during the initiation of 
gait, which limited backward displacement of the COP34, 35). 
These findings of decreased A-P displacement of the COP 
in PD patients indicate that PD subjects are unable to turn 
off previously activated muscles, such as the SOL and GA, 
due to an inability to gate or scale the postural and voluntary 
components of the motor task, leading to less forceful 
postural control and less stabilization42).

When initiating gait, the M-L displacement of the COP 
created by the swing limb hip abductors moves laterally 
toward the swing limb and propels the body toward the 
stance limb29). Therefore, stance limb loading and swing 
limb unloading are achieved simultaneously before the 
stepping motion. The displacement of the COP towards the 
swing limb of individuals with PD during GI is significantly 
smaller than that of healthy age-matched older adults21, 34, 36). 
In the present study, the mean M-L displacement of 
the COP of the subjects with PD was 8.62 cm (ranging 
6.99–9.80 cm), which was 5.8 cm less than the displacement 
of the elderly subjects (14.42 cm, ranging 12.04–16.76 cm). 
These values are similar to those reported in previous 
studies (people with PD: 10.5 cm, older adults: 18 cm)20, 43). 
The M-L displacement of the COP while initiating gait is 
controlled by the coordinated action of the hip abductor and 
adductor muscles44). Moreover, muscle action at the ankle 
and hip moves the COM forward and toward the intended 
stance limb. A previous study45) reported that the swing 
limb unloading during a self-initiated sideways weight shift 
followed by a forward stepping is accompanied by large 
increases in the activities of the stance limb gluteus medius 
and swing limb adductors. The reduced ability to modulate 
COP excursion in the M-L direction in GI by people with PD 
might be due to the alterations in the proximal musculature 
strength46), and particularly the muscles of the hip47).

In contrast to the original hypothesis, no differences were 
detected in both COP variables between the GI and obstacle 
crossing for both groups. When both PD patients and 
elderly subjects initiated gait or stepped over an obstacle, 
their A-P and M-L displacements of the COP tended to 
remain similar in both tasks. The finding that the A-P and 
M-L displacements of COP in subjects with PD and elderly 
subjects during GI were similar to those observed during 
obstacle crossing suggests that the 10 cm high obstacle 
used in this study was not a threat to the losing balance of 
those with unimpaired balance, such as healthy older adults 

Table 2.  Mean values ( ± SD) of the COP variables (cm) of both feet

Dependent variables GI 10 cm obstacle
Right foot   

A-P displacement*   
   PD group 11.56 (2.26) 10.94 (1.90)
   Elderly group 26.26 (7.16) 23.09 (7.67)
M-L displacement*   
   PD group 7.99 (2.35) 6.99 (1.70)
   Elderly group 15.40 (6.36) 12.04 (4.60)

Left foot   
A-P displacement*   
   PD group 13.45 (1.72) 13.91 (1.01)
   Elderly group 21.62 (4.47) 20.13 (5.94)
M-L displacement*   
   PD group 9.80 (2.10) 9.69 (1.99)
   Elderly group 16.76 (6.25) 13.46 (5.41)

*significant difference among all groups (p<0.05). SD: Standard de-
viation; PD: Parkinson’s disease; A-P: anteroposterior; M-L: medio-
lateral; COP: center of pressure.
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or individuals with postural instability related to central 
nervous system disease (e.g. PD). This is consistent with 
the findings of a previous obstacle crossing study using an 
obstacle, 10 cm in height43), which showed no differences in 
the COP variables, such as COP displacement in the A-P and 
M-L directions, between GI and obstacle crossing of older 
and young adults. Future research using a higher obstacle or 
dynamic obstacle crossing, which requires greater balance 
demand than unobstructed walking in more advanced stage 
of PD patients, will be needed to determine if changes in 
the COP variables can occur under more complex and 
demanding conditions.

This study had several limitations. There was a relatively 
small sample size. In addition, the COP measures not the 
movements themselves, but the secondary consequences 
of swaying movements, such as movements of COM. 
Therefore, it is essential to measure the spatial and temporal 
events of the gait parameters to provide useful insight into 
the deterioration of postural-control in people with PD. 
The collective analysis of the kinematic and kinetic data 
in conjunction with electromyographic recordings may 
help explain the differences between the population of the 
interest in the performance of functional tasks, such as 
sit to stance, GI, obstacle crossing, and stair negotiation. 
Finally, the relationship between the COP and COM has 
attracted considerable interest as an indicator of balance. 
The magnitude of the separation between the COP and 
COM, which is referred to as the COP-COM moment arm, 
is considered a sensitive and valid tool for examining the 
changes or problems in postural stability20). Further studies 
will be needed to assess the dynamic stability of people 
with PD during a range of activities, such as rising from a 
chair, stair climbing, and stepping over obstacles using this 
technique.

In conclusion, these findings suggest that people with PD 
produce significantly less movement of the COP in the A-P 
and M-L directions during obstacle crossing and GI than 
older adults. A decrease in the magnitude of a COP excursion 
in GI and obstacle avoidance reduces the ability of people 
with PD to generate forward momentum and maintain lateral 
stability and motion, factors which are strongly related to 
lateral falling. These results provide preliminary data on 
postural deficiencies during obstacle avoidance and GI as 
well as a scientific basis for the development of gait rehabili-
tation strategies in these populations, specifically aimed at 
improving the COP displacement in both the posterior and 
lateral directions.

ACKNOWLEDGEMENT

This research was supported by a Korea University 
Grant (K1032731).

REFERENCES

1) Jankovic J: Pathophysiolgy and clinical assessment of motor symptoms in 
Parkinson’s disease. In: Koller WC, ed. Handbook of Parkinson’s disease. 
2nd ed. New York: Marcel Dekker, 1992, pp 129–158.

2) Martin JP: The basal ganglia and posture. London: Pitman Medical Pub-
lishing, 1967.

3) Rogers MW: Disorders of posture, balance, and gait in Parkinson’s disease. 
Clin Geriatr Med, 1996, 12: 825–845. [Medline]

4) Bloem BR, Grimbergen YA, Cramer M, et al.: Prospective assessment 
of falls in Parkinson’s disease. J Neurol, 2001, 248: 950–958. [Medline]  
[CrossRef]

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

6) Wood BH, Bilclough JA, Bowron A, et al.: Incidence and prediction of falls 
in Parkinson’s disease: a perspective and multidisciplinary study. J Neurol 
Neurosurg Psychiatry, 2002, 72: 721–725. [Medline]  [CrossRef]

7) Ashburn A, Stack E, Pickering RM, et al.: Predicting fallers in a commu-
nity-based sample of people with Parkinson’s disease. Age Ageing, 2001, 
30: 47–52. [Medline]  [CrossRef]

8) Stolze H, Klebe S, Zechlin C, et al.: Falls in frequent neurological dis-
eases-prevalence, risk factors and aetiology. J Neurol, 2004, 251: 79–84. 
[Medline]  [CrossRef]

9) Johnell O, Melton LJ 3rd, Atkinson EJ, et al.: Fracture risk in patients with 
parkinsonism: a population-based study in Olmsted County, Minnesota. 
Age Ageing, 1992, 21: 32–38. [Medline]  [CrossRef]

10) Koller WC, Glatt S, Vetere-Overfield B, et al.: Falls and Parkinson’s dis-
ease. Clin Neuropharmacol, 1989, 12: 98–105. [Medline]  [CrossRef]

11) Tinetti ME, Speechley M: Prevention of falls among the elderly. N Engl J 
Med, 1989, 320: 1055–1059. [Medline]  [CrossRef]

12) Campbell AJ, Borrie MJ, Spears GF, et al.: Circumstances and conse-
quences of falls experienced by a community population 70 years and over 
during a prospective study. Age Ageing, 1990, 19: 136–141. [Medline]  
[CrossRef]

13) Galna B, Murphy AT, Morris ME: Obstacle crossing in people with Par-
kinson’s disease: Foot clearance and spatiotemporal deficits. Hum Mov 
Sci, 2010, 29: 843–852. [Medline]  [CrossRef]

14) Dietz V, Michel J: Locomotion in Parkinson’s disease: neuronal coupling 
of upper and lower limbs. Brain, 2008, 131: 3421–3431. [Medline]  [Cross-
Ref]

15) van Hedel HJ, Waldvogel D, Dietz V: Learning a high-precision locomotor 
task in patients with Parkinson’s disease. Mov Disord, 2006, 21: 406–411. 
[Medline]  [CrossRef]

16) Vitório R, Pieruccini-Faria F, Stella F, et al.: Effects of obstacle height 
on obstacle crossing in mild Parkinson’s disease. Gait Posture, 2010, 31: 
143–146. [Medline]  [CrossRef]

17) Bond JM, Morris M: Goal-directed secondary motor tasks: their effects on 
gait in subjects with Parkinson disease. Arch Phys Med Rehabil, 2000, 81: 
110–116. [Medline]

18) Camicioli R, Oken BS, Sexton G, et al.: Verbal fluency task affects gait 
in Parkinson’s disease with motor freezing. J Geriatr Psychiatry Neurol, 
1998, 11: 181–185. [Medline]

19) Morris ME, Iansek R, Matyas TA, et al.: Stride length regulation in Par-
kinson’s disease. Normalization strategies and underlying mechanisms. 
Brain, 1996, 119: 551–568. [Medline]  [CrossRef]

20) Hass CJ, Waddell DE, Wolf SL, et al.: Gait initiation in older adults with 
postural instability. Clin Biomech (Bristol, Avon), 2008, 23: 743–753. 
[Medline]  [CrossRef]

21) Martin M, Shinberg M, Kuchibhatla M, et al.: Gait initiation in commu-
nity-dwelling adults with Parkinson’s disease: comparison with older and 
younger adults without the disease. Phys Ther, 2002, 82: 566–577. [Med-
line]

22) Hass CJ, Gregor RJ, Waddell DE, et al.: The influence of Tai Chi training 
on the center of pressure trajectory during gait initiation in older adults. 
Arch Phys Med Rehabil, 2004, 85: 1593–1598. [Medline]  [CrossRef]

23) Hoehn MM, Yahr MD: Parkinsonism: onset, progression and mortality. 
Neurology, 1967, 17: 427–442. [Medline]

24) Folstein MF, Folstein SE, McHugh PR: “Mini-mental state”. A practical 
method for grading the cognitive state of patients for the clinician. J Psy-
chiatr Res, 1975, 12: 189–198. [Medline]  [CrossRef]

25) Berg KO, Wood-Dauphinee SL, Williams JI, et al.: Measuring balance in 
the elderly: preliminary development of an instrument. Physiother Can, 
1989, 41: 304–311.  [CrossRef]

26) Berg KO, Maki BE, Williams JI, et al.: Clinical and laboratory measures of 
postural balance in an elderly population. Arch Phys Med Rehabil, 1992, 
73: 1073–1080. [Medline]

27) Schuling J, de Haan R, Limburg M, et al.: The Frenchay Activities In-
dex. Assessment of functional status in stroke patients. Stroke, 1993, 24: 
1173–1177. [Medline]  [CrossRef]

28) Ware JE Jr, Sherbourne CD: The MOS 36-item short-form health survey 
(SF-36). I. Conceptual framework and item selection. Med Care, 1992, 30: 
473–483. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/8890118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11757958?dopt=Abstract
http://dx.doi.org/10.1007/s004150170047
http://www.ncbi.nlm.nih.gov/pubmed/12784268?dopt=Abstract
http://dx.doi.org/10.1002/mds.10418
http://www.ncbi.nlm.nih.gov/pubmed/12023412?dopt=Abstract
http://dx.doi.org/10.1136/jnnp.72.6.721
http://www.ncbi.nlm.nih.gov/pubmed/11322672?dopt=Abstract
http://dx.doi.org/10.1093/ageing/30.1.47
http://www.ncbi.nlm.nih.gov/pubmed/14999493?dopt=Abstract
http://dx.doi.org/10.1007/s00415-004-0276-8
http://www.ncbi.nlm.nih.gov/pubmed/1553857?dopt=Abstract
http://dx.doi.org/10.1093/ageing/21.1.32
http://www.ncbi.nlm.nih.gov/pubmed/2720700?dopt=Abstract
http://dx.doi.org/10.1097/00002826-198904000-00003
http://www.ncbi.nlm.nih.gov/pubmed/2648154?dopt=Abstract
http://dx.doi.org/10.1056/NEJM198904203201606
http://www.ncbi.nlm.nih.gov/pubmed/2337010?dopt=Abstract
http://dx.doi.org/10.1093/ageing/19.2.136
http://www.ncbi.nlm.nih.gov/pubmed/19962206?dopt=Abstract
http://dx.doi.org/10.1016/j.humov.2009.09.006
http://www.ncbi.nlm.nih.gov/pubmed/18930965?dopt=Abstract
http://dx.doi.org/10.1093/brain/awn263
http://dx.doi.org/10.1093/brain/awn263
http://www.ncbi.nlm.nih.gov/pubmed/16211616?dopt=Abstract
http://dx.doi.org/10.1002/mds.20710
http://www.ncbi.nlm.nih.gov/pubmed/19854057?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2009.09.011
http://www.ncbi.nlm.nih.gov/pubmed/10638885?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10230996?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8800948?dopt=Abstract
http://dx.doi.org/10.1093/brain/119.2.551
http://www.ncbi.nlm.nih.gov/pubmed/18407387?dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiomech.2008.02.012
http://www.ncbi.nlm.nih.gov/pubmed/12036398?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12036398?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15468016?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2004.01.020
http://www.ncbi.nlm.nih.gov/pubmed/6067254?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1202204?dopt=Abstract
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://dx.doi.org/10.3138/ptc.41.6.304
http://www.ncbi.nlm.nih.gov/pubmed/1444775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8342192?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.24.8.1173
http://www.ncbi.nlm.nih.gov/pubmed/1593914?dopt=Abstract
http://dx.doi.org/10.1097/00005650-199206000-00002


J. Phys. Ther. Sci. Vol. 24, No. 5, 2012400

29) Tombaugh TN, McIntyre NJ: The mini-mental state examination. A com-
prehensive review. J Am Geriatr Soc, 1992, 40: 922–935. [Medline]

30) Turnbull JC, Kersten P, Habib M, et al.: Validation of the Frenchay Activi-
ties Index in a general population aged 16 years and older. Arch Phys Med 
Rehabil, 2000, 81: 1034–1038. [Medline]  [CrossRef]

31) Yip JY, Wilber KH, Myrtle RC, et al.: Comparison of older adult subject 
and proxy responses on the SF-36 health-related quality of life instrument. 
Aging Ment Health, 2001, 5: 136–142. [Medline]  [CrossRef]

32) Movement Disorder Society Task Force on Rating Scales for Parkinson’s 
Disease: The Unified Parkinson’s Disease Rating Scale (UPDRS): status 
and recommendations. Mov Disord, 2003, 18: 738–750. [Medline]  [Cross-
Ref]

33) Patchay S, Gahery Y, Serratrice G: Early postural adjustments associated 
with gait initiation and age-related walking difficulties. Mov Disord, 2002, 
17: 317–326. [Medline]  [CrossRef]

34) Halliday SE, Winter DA, Frank JS, et al.: The initiation of gait in young, el-
derly, and Parkinson’s disease subjects. Gait Posture, 1998, 8: 8–14. [Med-
line]  [CrossRef]

35) Gantchev N, Viallet F, Aurenty R, et al.: Impairment of posturo-kinetic 
co-ordination during initiation of forward oriented stepping movements in 
parkinsonian patients. Electroencephalogr Clin Neurophysiol, 1996, 101: 
110–120. [Medline]  [CrossRef]

36) Dibble LE, Nicholson DE, Shultz B, et al.: Sensory cueing effects on maxi-
mal speed gait initiation in persons with Parkinson’s disease and healthy 
elders. Gait Posture, 2004, 19: 215–225. [Medline]  [CrossRef]

37) Polcyn AF, Lipsitz LA, Kerrigan DC, et al.: Age related changes in the ini-
tiation of gait: degradation of central mechanisms for momentum genera-
tion. Arch Phys Med Rehabil, 1998, 79: 1582–1589. [Medline]  [CrossRef]

38) Breniere Y, Do MC: When and how does steady state gait movement in-
duced from upright posture begin? J Biomech, 1986, 19: 1035–1040. [Med-
line]  [CrossRef]

39) Brunt D, Lafferty MJ, Mckeon A, et al.: Invariant characteristics of gait 
initiation. Am J Phys Med Rehabil, 1991, 70: 206–212. [Medline]  [Cross-
Ref]

40) Crenna P, Frigo C: A motor programme for the initiation of forward-orient-
ed movements in humans. J Physiol, 1991, 437: 635–653. [Medline]

41) Mickelborough J, Van der Linden ML, Tallis RC, et al.: Muscle activity 
during gait initiation in normal elderly people. Gait Posture, 2004, 19: 
50–57. [Medline]  [CrossRef]

42) Frank JS, Horak FB, Nutt J: Centrally initiated postural adjustments in 
parkinsonian patients on and off levodopa. J Neurophysiol, 2000, 84: 
2440–2448. [Medline]

43) Kim HD: Age-related changes in the center of pressure trajectory during 
obstacle crossing. J Phys Ther Sci, 2009, 21: 75–80.  [CrossRef]

44) Winter DA, Patla AE, Ishac M, et al.: Motor mechanisms of balance dur-
ing quiet standing. J Electromyogr Kinesiol, 2003, 13: 49–56. [Medline]  
[CrossRef]

45) Kirker SG, Simpson DS, Jenner JR, et al.: Stepping before standing: hip 
muscle function in stepping and standing balance after stroke. J Neurol 
Neurosurg Psychiatry, 2000, 68: 458–464. [Medline]  [CrossRef]

46) Lawrence DG, Kuypers HG: The functional organization of the motor sys-
tem in the monkey. I. The effects of bilateral pyramidal lesions. Brain, 
1968, 91: 1–14. [Medline]  [CrossRef]

47) Inkster LM, Eng JJ, Macintyre DL, et al.: Leg muscle strength is reduced 
in Parkinson’s disease and relates to the ability to rise from a chair. Mov 
Disord, 2003, 18: 157–162. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/1512391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10943751?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2000.7162
http://www.ncbi.nlm.nih.gov/pubmed/11511060?dopt=Abstract
http://dx.doi.org/10.1080/13607860120038357
http://www.ncbi.nlm.nih.gov/pubmed/12815652?dopt=Abstract
http://dx.doi.org/10.1002/mds.10473
http://dx.doi.org/10.1002/mds.10473
http://www.ncbi.nlm.nih.gov/pubmed/11921118?dopt=Abstract
http://dx.doi.org/10.1002/mds.10074
http://www.ncbi.nlm.nih.gov/pubmed/10200394?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10200394?dopt=Abstract
http://dx.doi.org/10.1016/S0966-6362(98)00020-4
http://www.ncbi.nlm.nih.gov/pubmed/8647016?dopt=Abstract
http://dx.doi.org/10.1016/0924-980X(95)00253-H
http://www.ncbi.nlm.nih.gov/pubmed/15125910?dopt=Abstract
http://dx.doi.org/10.1016/S0966-6362(03)00065-1
http://www.ncbi.nlm.nih.gov/pubmed/9862305?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(98)90425-7
http://www.ncbi.nlm.nih.gov/pubmed/3818673?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3818673?dopt=Abstract
http://dx.doi.org/10.1016/0021-9290(86)90120-X
http://www.ncbi.nlm.nih.gov/pubmed/1878180?dopt=Abstract
http://dx.doi.org/10.1097/00002060-199108000-00009
http://dx.doi.org/10.1097/00002060-199108000-00009
http://www.ncbi.nlm.nih.gov/pubmed/1890653?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14741303?dopt=Abstract
http://dx.doi.org/10.1016/S0966-6362(03)00016-X
http://www.ncbi.nlm.nih.gov/pubmed/11067986?dopt=Abstract
http://dx.doi.org/10.1589/jpts.21.75
http://www.ncbi.nlm.nih.gov/pubmed/12488086?dopt=Abstract
http://dx.doi.org/10.1016/S1050-6411(02)00085-8
http://www.ncbi.nlm.nih.gov/pubmed/10727481?dopt=Abstract
http://dx.doi.org/10.1136/jnnp.68.4.458
http://www.ncbi.nlm.nih.gov/pubmed/4966862?dopt=Abstract
http://dx.doi.org/10.1093/brain/91.1.1
http://www.ncbi.nlm.nih.gov/pubmed/12539208?dopt=Abstract
http://dx.doi.org/10.1002/mds.10299

