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Background: The aim of this study was to investigate the gait spatiotemporal, kinematic, and kinetic 
changes of Parkinson’s disease (PD) patient with freezing of gait (FOG) under the laser cue (LC). Such an 
approach may provide greater insight into the effects of LC on gait.
Methods: Thirty-four PD with FOG (PD + FOG) and 32 healthy controls (HC) were tested in gait 
laboratory. Patients were tested at their usual self-selected speed in no laser cue (NC) first and then under LC 
condition. Sagittal plane kinematic and kinetic parameters of the lower-limb joints (hip, knee, and ankle joints) 
as well as spatiotemporal parameters (velocity, cadence, stride length, single and double support time), were 
measured. Spatiotemporal parameters and kinematic were submitted to one-way analysis of variance (ANOVA) 
to explore difference among NC, LC, and HC. Covariance analysis was used to compare kinetic parameters.
Results: For PD + FOG, spatiotemporal parameters (stride length, velocity, and cadence) were significantly 
improved in LC (1.06±0.18, 1.01±0.19, 120±13.26, respectively) compared with NC (0.93±0.20, 0.87±0.17, 
131±14.75) (P=0.027, 0.045, 0.035, respectively), and close to HC (1.1±0.12, 1.12±0.13, 116±9.37) (P=0.594, 
0.276, 0.084, respectively). In kinematics, LC could significantly ameliorate the amplitude of maximal 
dorsiflexion in ankle (35.1±3.8), extension in stance in knee (16.8±4.3) and hip (4.43±5.1), as well as the range 
of motion (ROM) in ankle (33.15±6.1) and hip joints (38.6±3.3). In kinetics, LC also markedly improved 
power generation in ankle (2.03±1.52) and hip joints (1.08±0.48) and power absorption in pre-swing phase in 
knee joint (−1.68±0.29) compared with NC (1.37±1.13, 0.899±0.43, −1.31±0.27, respectively).
Conclusions: LC significantly improves gait performance in spatiotemporal parameters as well as 
kinematics and kinetics performance in ankle and hip joints. LC may be promising when applied as an 
optional technique in the rehabilitation training in PD + FOG.
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Introduction

Gait performance are severely impaired in Parkinson’s 
disease (PD) patient with freezing of gait (FOG) (PD + 
FOG). The striking features of gait impairments in PD 
are characterized by bradykinesia (1), akinesia (1) and  
freezing (2). Svehlík et al. investigated gait performance 
in twenty PD patients and found abnormal gait in 
spatiotemporal parameter, kinematics, and kinetics (3). 
Patients walked with a shortened step length and prolonged 
double stance time in spatiotemporal parameter, a 
significantly reduced range of motion (ROM) in kinematics 
in the ankle, knee and hip joints, a reduced push-off power 
generation in ankle and lift-off power generation in hip in 
kinetics (3). These gait deficiencies may lead to a high rate 
of falling with the complications, i.e., fracture, confining to 
bed, infection, and then seriously reduce the quality of life. 
However, drugs including Botulinum toxin type B (4) show 
less effect on freezing in PD + FOG.

For PD + FOG, visual cues have been suggested 
to improve gait abnormality through bypassing the 
impaired basal ganglia, thus relieving emphasis on 
automatic motor function (5,6). Parallel stripes lines on 
the ground has been advocated as the most effective way 
to improve gait deficiency (7,8). The benefits of parallel 
stripes visual cue cueing on kinematics and kinetics have 
been well documented. Lewis et al. showed that the gait 
spatiotemporal parameters, the kinematic and kinetic 
changes increased to controls with visual cueing (5). Morris 
et al. showed that external visual cueing might contribute 
to ameliorate the spatiotemporal and kinematic deficiencies 
(9,10) across lower limbs while impaired kinetics also 
existed, i.e., reduced push-off power generation at ankle 
joint (9). Sidaway et al. demonstrated that visual cues might 
increase ROM in hip and knee joints and engender more 
stable motion control in the lower limb (8). Lee et al. found 
that visual cues significantly increased the extents of pelvic 
tilt, knee flexion, and ankle dorsiflexion (11). 

Although visual cueing which were provided by parallel 
stripes glued on the pathway could significantly ameliorate 
gait performance in PD + FOG, unfortunately, it could not 
apply in daily life. At present, laser visual cue is the most 
conveniently available modality of visual cue and has been 
gradually utilized to improve gait performance (i.e., stride 
length, walking velocity, etc.) and overcome freezing in  
PD + FOG (12-16). Buated et al. showed that laser cue (LC) 
from lase line with a cane significantly increased both stride 
length and walking velocity (12). An open-label study of  

26 PD patients with FOG by Donovan et al. (13) found that 
the LC showed the modest efficacy in reducing freezing and 
falls. In a recent study of seven PD + FOG demonstrated 
that the Mobilaser attached to a 4-wheeled walker has a 
potential effect in alleviating stride length and freezing (14).

However, the negative effects of LC have also been 
found. Bunting-Perry et al. found that laser visual cue in 
patients with PD was not able to improve step length, 
velocity or freezing episodes (15). Kompoliti et al. compared 
gait performance (i.e., step velocity and freezing episodes) 
among different conditions (i.e., unassisted walking, 
inverted stick and laser beam stick) and indicated that 
LC did not show any significant benefits than other two 
conditions in PD + FOG (16). 

To our knowledge, although studies of laser cueing on 
gait in PD + FOG were further explored (5,17), few studies 
have revealed the effects of laser cueing on gait kinematics-
kinetics, especially in PD + FOG. Whether laser visual 
cueing may alleviate gait kinematics-kinetics remains 
unclear. Therefore, the purpose of this study is to describe 
and examine the changes of gait performance in PD + FOG 
under the LC condition, thus making up for the lack in this 
field. The patients in no laser cue (NC) condition (baseline) 
and healthy aged persons were used as controls. Such a 
method may present deeper insight into the effects of LC 
on gait performance.

Methods

Subjects

Forty patients were enrolled and thirty-four patients  
(19 males, 15 females) completed the study. Six patients 
dropped out of the test due to hip fracture (1 patient), apoplexy 
(3 patients) and pre-exposure to LC prior to test (2 patients).

All patients were tested during the “OFF” state with 
their own preferable shoes. To achieve a relative “OFF” 
state, the patient was instructed to stop taking short-
acting dopaminergic drug no less than 12 hours and long-
acting medications at least 24 hours beforehand (18). 
Inclusion criteria were as follows: PD + FOG according 
to the United Kingdom Parkinson’s Disease Society Brain 
Bank (UKPDSBB) clinical diagnostic criteria (19); H&Y 
(Hoehn-Yahr) stages II–IV; the ability of walking 10-meter 
at least 6 times without any auxiliary orthosis. The patients 
were excluded if they had other central neurological 
system disease; severe medical disease affecting gait (i.e., 
cardiothoracic disorders, mental or visual disorders); and 
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the Mini-Mental State Examination (MMSE) score less 
than 23 (20).

Thirty-two health controls (HC) included 17 men and 
15 women without neurologic, motor and other medical 
sickness affecting gait. The age, weight, and height in HC 
were comparable to PD + FOG (Table 1).

All subjects were required to sign written informed 
consent prior to the test. The study was approved by the 
Ethics Committee of the Ninth People’s Hospital, Shanghai 
Jiao Tong University School of Medicine. 

Experimental process 

Gait trials were performed utilizing an eight-camera 
optical motion capture system (Vicon Nexus 1.8.5, 
VICON, Oxford Metrics Ltd., UK) with a sampling 
frequency of 100 HZ and three AMTI force platforms 
(Advanced Mechanical Technology Inc., Watertown, MA, 
USA) with a sampling frequency of 1,000 HZ mounted 
midway on the walkway (10 m × 0.7 m). 

Infrared-reflexive markers were located on the anatomical 
bony landmarks and shoes corresponding to anatomical 
bony landmarks on feet. These points included the left/right 
calcaneus apophyseal, the left/right fifth metatarsal head, the 
left/right point between the first and the second metatarsal 
head, left/right first metatarsal head, left/right lateral/medial 
malleolus, left/right lateral/medial supracondylar of femur, 
left/right greater trochanter of femur, left/right posterior 
superior iliac spines (PSIS) and left/right anterior superior 
iliac spines (ASIS). The trace cluster markers were located on 
the middle of the left/right thigh/shank respectively and the 
position two centimeters above and below the bilateral PSIS. 
Virtual 3D software was applied to manually divide gait cycle 

events and to analyze gait performance (i.e., spatiotemporal, 
kinematic and kinetic data). Joint internal moments (Nm) 
and powers (watts) were normalized according to the subject’s 
body mass (kilograms). In this study, we compared the more-
affected leg side in patients with the left leg in HC subjects. 
The more-affected leg side was determined by questionnaire. 
In this study, the more-affected leg side were the right leg in 
14 patients and the left leg in 20 patients. 

The LC was provided by laser line projected from a 
laser generator attached over the sternum on the ground 
one step length prior to the patient’s feet. All patients were 
tested at their usual self-selected speed in NC cue first and 
then were tested under LC condition. In LC condition, 
patients were instructed to step on the laser line. Subjects 
repeated six times in each condition from which the average 
spatiotemporal parameter, sagittal plane kinematic and 
kinetic data were obtained.

All subjects were asked to take a rest for about ten 
minutes in case of fatigue during the test. 

Statistical analysis

Outcome measures obtained from this study were described 
as sagittal plane kinematic and kinetic parameters of the hip, 
knee, and ankle joints, as well as spatiotemporal parameters 
(walking velocity, cadence, stride length, single and 
double stance time). We used one-way analysis of variance 
(ANOVA) to compared difference in spatiotemporal and 
kinematic parameters among NC, LC, and HC. Bonferroni 
test for post-hoc analysis was performed. Due to walking 
velocity regarded as a covariant factor, Covariance analysis 
was applied to compare the kinetic parameters among NC, 
LC, and HC. All statistical analyses were performed by 
SPSS 19.0. Significance level was set at 0.05.

Results

Spatiotemporal parameters 

Table 2 showed the spatiotemporal data in PD + FOG 
and health controls. PD + FOG in NC condition showed 
significantly decreased stride length and velocity whereas 
cadence was higher than HC (stride length: NC vs. HC 
=0.93±0.20 vs. 1.1±0.12; velocity: NC vs. HC =0.87±0.17 vs. 
1.12±0.13; cadence: NC vs. HC =131±14.75 vs. 116±9.37, 
P=0.001 respectively). Double stance phase of gait cycle 
was also prolonged in PD + FOG with NC condition than 
HC (NC vs. HC =27.83±3.62 vs. 24.36±2.19, P=0.001). 

Table 1 Clinical characteristics

Clinical characteristics PD + FOG (n=34) HC (n=32) P (t-test)

Age (years) 71.4±8.1 69.3±6.7 0.677

Six (M/F) 19/15 17/15 0.056*

Height (meter) 1.68±0.08 1.70±0.05 0.361

Weight (kg) 67.9±8.2 66.7±7.4 0.115

UPDRS part III 25.8±2.7 – –

H&Y stage 2.37±0.8 – –

The data was expressed in mean ± SD. *, χ2 test. PD + FOG, 
Parkinson’s disease patient with freezing of gait; HC, healthy 
controls; H&Y, Hoehn-Yahr. 
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While in LC condition, the values of these parameters 
were significantly improved in comparison with NC 
(stride length: LC vs. NC =1.06±0.18 vs. 0.93±0.20, 
P=0.027; velocity: LC vs. NC =1.01±0.19 vs. 0.87±0.17, 
P=0.045; cadence: LC vs. NC =120±13.26 vs. 131±14.75, 
P=0.035; double support time: LC vs. NC =25.16±3.18 vs. 
27.83±3.62, P=0.041) and were comparable to HC.

Kinematic parameters

The ROM in the lower-limb joints (ankle, knee and hip) 
were all reduced in PD + FOG in NC (Table 3, Figure 1). The 
difference of kinematics parameters was most pronounced 
in the ankle and hip joints between NC and LC conditions. 

The amplitude of ankle maximum dorsiflexion in the 
stance and swing phase were remarkably lower in NC 
than HC (P=0.001, 0.001). ROM in ankle during push-
off was also significantly reduced in NC compared with 
HC (P=0.001). Consequently, a marked reduction of 
plantarflexion in ankle at toe-off were observed in NC 
(P=0.001). While the value of maximum dorsiflexion in 
stance and swing phase and the ROM in ankle during 
push-off were significantly improved in LC condition 
in PD + FOG compared with NC condition (P=0.001, 
0.039, 0.001, respectively). Although the amplitude of 
plantarflexion in swing phase was also increased in LC 
condition, no significant difference was found between LC 
and NC conditions (P=0.068). Additionally, the dorsiflexion 
amplitude at initial contact in LC condition was comparable 
to that in NC condition (P=0.787). 

The amplitude of maximum knee extension in stance 
phase was significantly increased in LC condition in 
comparison with NC condition (P=0.027). While the ROM 

of knee during gait cycle was comparable between NC and 
LC conditions (P=0.533). 

The extent of maximum hip extension was considerably 
higher in LC condition than that in NC condition (P=0.032) 
and was comparable to HC (P=0.076). The ROM of hip 
during gait cycle in LC condition was also comparable to 
that in HC (P=0.466). 

Kinetic parameters

More kinetic changes in lower limb joints was observed 
(Table 4, Figure 1). In ankle joint, the moment at loading 
response in both NC and LC conditions were significantly 
decreased compared with HC (P=0.001, 0.001), while 
the loading response moment in ankle was comparable 
between NC and LC conditions (P=0.672). However, the 
maximum extensor moment during stance were significantly 
increased in LC condition than in NC condition (P=0.028), 
and were comparable compared with HC (P=0.067). 
Power generation in the pre-swing phase was significantly 
improved in LC condition than in NC condition (P=0.039), 
however, it was still significantly lower than HC (P=0.037). 

In knee joint, both the maximum extensor moment and 
the power generation during stance were significantly larger 
in LC condition than in NC condition (P=0.021, 0.011), 
and also no significant difference in them were found 
between LC condition and HC (P=0.758, 0.433). However, 
the flexor moment during the single stance phase showed 
no significant difference among LC, NC and HC (P=0.068). 
The maximum power absorption in late stance phase was 
significantly higher in LC condition than in NC condition 
(P=0.037).

In the hip joint, the maximum hip extensor moment in 

Table 2 spatiotemporal parameters

Spatiotemporal parameters
PD + FOG

HC P value
P value (post-hoc)

NC LC NC vs. LC NC vs. HC LC vs. HC

Stride length (m) 0.93±0.20 1.06±0.18 1.1±0.12 0.001* 0.027* 0.001* 0.594

Gait velocity (m/s) 0.87±0.17 1.01±0.19 1.12±0.13 0.001* 0.045* 0.001* 0.276

Cadence (steps/min) 131±14.75 120±13.26 116±9.37 0.001* 0.035* 0.001* 0.084

Double support (%GC) 27.83±3.62 25.16±3.18 24.36±2.19 0.001* 0.041* 0.001* 0.425

Single support (%GC) 37.14±4.57 36.17±4.28 36.53±2.27 0.001* 0.038* 0.001* 0.554

Gait spatiotemporal parameters were expressed in mean ± SD. One-way ANOVA was used to compare the difference between NC, LC 
and HC. P value was set at 0.05. *, showed significant difference. PD + FOG, Parkinson’s disease patient with freezing of gait; NC, no 
laser; LC, laser cue; HC, healthy controls.
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Table 3 Kinematic parameters 

Joint
PD + FOG

HC P value
P value (post-hoc)

NC LC NC vs. LC NC vs. HC LC vs. HC

Ankle (°)

Initial contact 5.1±4.1 4.9±3.8 9.3±3.1 0.001* 0.787 0.001* 0.001*

Max dorsiflexion in stance 29.4±3.6 35.1±3.8 38.4±5.2 0.001* 0.001* 0.001* 0.071

ROM during push-off 17.9±6.0 25±6.4 28.8±5.5 0.001* 0.001* 0.001* 0.058

Plantarflexion at toe-off 11.5±6.9 10.1±6.7 9.6±4.7 0.001* 0.042* 0.001* 0.662

Max plantarflexion in swing 4.93±2.4 2.95±2.2 0.24±3.9 0.001* 0.068 0.001* 0.031*

Max dorsiflexion in swing 10.9±3.8 13.8±4.5 15.3±3.2 0.001* 0.039* 0.001* 0.062

ROM over gait cycle 24.47±5.7 33.15±6.1 38.16±6.3 0.001* 0.037* 0.001* 0.044*

Knee (°) 

Initial contact 17.8±7.8 17.5±6.4 10.5±3.3 0.001* 0.866 0.001* 0.001*

Max flexion in stance 26.3±3.9 26.0±3.7 21.6±2.9 0.002* 0.554 0.002* 0.002*

Max extension in stance 20.7±5.0 16.8±4.3 15.7±4.2 0.001* 0.027* 0.001* 0.136

Flexion at toe-off 48.0±8.1 47.1±7.8 49.1±7.6 0.059

Max flexion in swing 71.5±4.5 70.5±3.9 71.0±4.2 0.063

ROM over gait cycle 54.8±6.6 54.2±6.4 62.5±7.2 0.001* 0.533 0.001* 0.001*

Hip (°)

Initial contact 37.3±6.3 39.6±6.6 36.3±5.2 0.426

Max hip extension 8.81±6.2 4.43±5.1 2.24±4.5 0.001* 0.032* 0.001* 0.076

Flexion at toe-off 15.8±7.5 13.1±7.2 11.0±6.9 0.001* 0.047* 0.001* 0.092

Max flexion in swing 41.6±4.1 43.1±4.6 39.3±4.1 0.374

ROM over gait cycle 32.7±3.2 38.6±3.3 37.1±3.3 0.001* 0.017* 0.001* 0.466

Gait kinematics parameters were expressed in mean ± SD. One-way ANOVA was used to compare the difference between NC, LC and 
HC. P value was set at 0.05. *, showed significant difference. PD + FOG, Parkinson’s disease patient with freezing of gait; ROM, range of 
motion; NC, no laser; LC, laser cue; HC, healthy controls.

LC condition was significantly higher than in NC condition 
(P=0.022) as well as the maximum hip flexor moment 
(P=0.047). The power generation in the first double stance 
was comparable between LC and NC conditions (P=0.751). 
While the power generation in pre-swing phase was 
significantly improved in LC condition compared with NC 
condition (P=0.015). The power absorption in pre-swing 
phase showed no significant difference between LC and NC 
conditions (P=0.873).

Discussion

This study showed the quantitative analysis of LC on the 

gait performance (spatiotemporal, kinematic and kinetic 
variables) in PD + FOG. Although there were still some gait 
abnormalities in LC condition compared with HC, LC was 
beneficial to improve the gait performance for PD + FOG.

Spatiotemporal parameters 

The key spatiotemporal findings in this study showed that 
LC could significantly improve spatiotemporal parameters. 
Consistent with previous studies, the spatiotemporal 
features of gait in PD + FOG in NC condition were 
characterized by slower velocity, shorter stride length and 
higher cadence (3,21).While in LC condition, PD + FOG 
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Figure 1 More kinetic changes in lower limb joints. The more kinetic changes in the lower-limb joints (ankle, knee and hip) were all 
reduced in PD + FOG in NC. PD+FOG, Parkinson’s disease patient with freezing of gait; NC, no laser; LC, laser cue; HC, healthy controls.

showed a significantly slower cadence, longer stride length 
and faster velocity than that in NC condition, which was 
also consistent with previous study (12,22). Apparently,  
PD + FOG may walk with a comparable gait spatiotemporal 
pattern to HC when LC is provided. Increased stride length 
and slower cadence are beneficial to PD + FOG since they 
may contribute to prevent the occurrence of “sequence 
effect” (sequence effect: as the patient advances, the stride 
length or stride time becomes smaller and smaller), thereby 
contributing to reduce FOG (23). 

The shortened double support time was also found 
in PD + FOG in LC condition compared with NC 
condition. Increased double support time may be a sign of  
instability (3). Postural instability can have a marked impact 
on the gait pattern in PD + FOG. The maintenance of 

dynamic stability in PD + FOG is achieved by postural 
synergies. Prolonging the time of double support during gait 
cycle means increasing time to achieve gait stability, thereby 
minimizing the needs for postural control system (9).  
Additionally, patients overcome the fear of falling by 
increasing double support time, thereby regain gait  
stability (9). Therefore, it was suggested that LC might 
increase gait stability in PD + FOG.

Kinematics 

In agreement with previous studies (3,10,21), the ROM 
value of the joints in lower limbs was remarkably reduced 
in NC condition compared with HC. In contrast, LC 
considerably enlarged the joint angular excursions, 
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Table 4 Kinetic parameters

Joint
PD + FOG

HC P value
P value (post-hoc)

NC LC NC vs. LC NC vs. HC LC vs. HC

Ankle

Moment (Nm/kg)

Loading response −0.087±0.014 −0.093±0.017 −0.18±0.032 0.001* 0.672 0.001* 0.001*

Max extensor moment in stance 1.12±0.20 1.25±0.26 1.38±0.28 0.001* 0.028* 0.001* 0.067

Power (W/kg)

Absorbed in loading response −0.06±0.21 −0.07±0.3 −0.23±0.22 0.001* 0.858 0.001* 0.001*

Max generated in stance 1.37±1.13 2.03±1.52 2.36±1.61 0.001* 0.039* 0.001* 0.037*

Knee

Moment (Nm/kg)

Max extension moment in stance 0.589±0.24 0.639±0.32 0.667±0.33 0.001* 0.021* 0.001* 0.758

Max flexion moment in stance 0.232±0.16 0.205±0.13 0.154±0.09 0.068

Power (W/kg)

Max generated in stance 0.30±0.14 0.38±0.16 0.429±0.15 0.001* 0.011* 0.001* 0.433

Max absorbed in late stance −1.31±0.27 −1.68±0.29 −1.75±0.31 0.001* 0.037* 0.001* 0.138

Hip

Moment (Nm/kg)

Max extensor moment 0.42±0.13 0.65±0.21 0.78±0.28 0.001* 0.022* 0.001* 0.367

Max flexor moment −0.401±0.12 −0.493±0.16 −0.679±0.22 0.001* 0.047* 0.001* 0.057

Power (W/kg)

Max generated in first double 
stance

0.169±0.071 0.173±0.065 0.799±0.24 0.001* 0.751 0.001* 0.001*

Max generated in stance 0.899±0.43 1.08±0.48 1.31±0.45 0.001* 0.015* 0.001* 0.117

Max absorbed in stance −0.275±0.11 −0.279±0.15 −0.53±0.21 0.001* 0.873 0.001* 0.001*

Gait kinetics parameters were expressed in mean ± SD. One-way ANOVA was used to compare the difference between NC, LC and HC. P 
value was set at 0.05. *, showed significant difference. PD + FOG, Parkinson’s disease patient with freezing of gait; NC, no laser; LC, laser 
cue; HC, healthy controls.

especially in ankle and hip joints. Gait deficiencies in PD 
+ FOG arise from a mismatch between cortically selected 
movement amplitude and the actual size of lower limb 
movements executed during walking (10). In LC condition, 
LC might draw the attention to walking task and invoke a 
more conscious motor control strategy that bypasses the 
impaired basal ganglia (5), therefore making the lower limbs 
flexion-extension easier. Additionally, approaching stripes 
might have certain dynamic properties that encourage 
stepping over or on the stripes, thus improve the ankle and 
hip joints angular excursions. Further, RL cue provided a 

chance for vision on the lower limbs to compensate for a 
proprioception processing deficit, therefore planed ankle 
and hip movement at a cortical level (22).

In LC condition, the increased ROM during push-off 
resulted from both the maximum dorsiflexion in stance 
phase and plantarflexion at toe-off at ankle joint. The 
increase of lower limbs joints movement might be the 
basis of the stride length lengthening. The factors, such as 
the improvement of ROM at ankle joint during push-off, 
maximum hip and knee extension in stance phase, likely 
contributed to prolong the stride length.
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Kinetics 

Gait kinematic improvement is caused by the amelioration 
of kinetics. Striking kinetic improvements in the lower-
limb joints were also found in LC. The ankle dorsiflexion 
moment at loading response were significantly lower 
in NC condition compared with HC, which was also 
consistent with previous studies (3,5). The “flat-foot” gait in  
PD + FOG may be related to a reduce heel rocker, 
inadequate knee extension or limited hip flexion. However, 
in this study, ankle moment at loading response did not 
show significant improvement in LC condition. A possible 
explanation was that, since the PD + FOG subjects were 
observed to step on the laser line with their toes instead 
of contacting ground with heel, therefore, the vector of 
ground reaction force still remained close to the ankle joint. 
Thus, the walking pattern make the ankle loading respond 
moment comparable between LC and NC conditions. 

In this study, LC could significantly improve the ankle 
maximum plantarflexion moment in stance phase and 
power generation in pre-swing phase. Increased ROM 
in ankle plantarflexion during push-off also results in 
improvement of power generation during push-off. Judge 
et al. indicated that the power generation in plantar-flexor 
had the strongest effect on predicting the stride length in 
elderly subjects (24). Feebleness or diminished activation 
of plantar-flexor muscles, increased muscle stiffness might 
lead to decreased power generation at the ankle (25). In 
fact, PD patients do not lose the ability to produce healthy 
gait patterns, but have difficulty in activating motor control 
system. Laser line can draw attention on the walking 
pattern, thus unloading the emphasis on automatic motor 
function through alternative visual-motor circuits (5). 
Additionally, approaching the laser line has certain dynamic 
properties that encourage stepping over or on the line (26).

A significant increased power generation in the knee 
joint during the single stance phase of the gait cycle was 
observed in LC condition compared with NC condition, 
and was even comparable between LC condition and HC. 
This occurred with a higher knee extension during the 
stance phase of gait. It seemed that LC might contribute 
to make subjects generate adequate power to extend and 
stabilize the knee joint. Additionally, PD + FOG also 
showed a higher power absorption in the late stance phase 
of the gait cycle in LC condition. It was suggested that the 
power absorption in knee was the natural result of energy 
transferred from plantarflexors in ankle to the knee (24). 
The increased power absorption at the later stance phase 

in knee joint in LC condition might be related to the 
higher energy that is transferred from power generation 
in ankle during push-off (3). This meant that an increased 
ankle power generation during push-off in LC condition 
could cause a higher power absorption in knee joint at the 
late stance phase. 

The maximum flexion moment and power generation 
in hip joint at the second double stance phase decreased in 
NC condition and increased in LC condition instead. The 
results might be due to a larger hip extension amplitude. 
Additionally, it was proposed that LC might enhance power 
generation in hip joint during preswing phase to lift lower-
limb into swing phase. This manner also might compensate 
for inadequate power generation in ankle joint during push-
off. Sofuwa et al. found that dopaminergic medication did 
not have the same effect of reinforce power generation 
in hip joint, thereby compensating for the deficit power 
generation through ankle joint during push-off (27).

A confusing phenomenon in LC condition is that the 
hip maximum extensor moment was significantly increased 
compared with NC condition in the first double stance 
phase, while the hip power generation in LC condition was 
comparable to NC condition. Generally, the two kinetic 
parameters either decrease or increase simultaneously. A 
possible reason explained for this result was that, since the 
power generation was the product of the joint moment 
times angular velocity, the hip angular velocity might 
influence the power generation. 

Implication for clinic

Clinically, PD + FOG tend to show a gait pattern with 
shortened stride length, slower velocity and decreased 
ROM in lower limb joints. These gait deficiencies gradually 
worsen as the disease progress, severely affecting the quality 
of life. Svehlík indicated that there was positive correlation 
between the ankle push-off and hip lift-off power generation 
and gait velocity (3). Morris et al. also demonstrated that the 
increased power generation of ankle plantarflexor and hip 
extensor at push-off is the most likely factor for lengthening 
stride length (9). It is suggested that the strength and 
compliance of ankle plantarflexor and hip extensor can 
translate into quantitative improvements in gait pattern so 
that kinetics in ankle and hip joints during the stance phase 
may be considerably improved. Our study found that gait 
feature in LC condition were shown as an increased stride 
length/gait velocity and an improvement kinematics/kinetics 
in multi-joint in lower limb. Therefore, it would imply 
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that LC can be used as a physiotherapy method to benefit  
PD + FOG to improve gait. Ng et al. indicated that stronger 
ankle plantarflexors might have propel body forward during 
walking (28). It is suggested that LC might improve muscle 
strength in ankle and hip joints, even decrease reduce 
muscle stiffness, thereby enlarging the ROM in lower limb 
joints and lengthening the step length. For PD + FOG, LC 
might be an economical and effective way of rehabilitation 
training in daily life. However, the myoelectrical activity 
in lower limbs was not considered. Next study should also 
explore the effects of LC on electromyogram (EMG) and 
the relationship between myoelectrical activity and muscle 
generation power.

Sidaway et al. utilized visual cue provided by 1-m strips 
of 2.5-cm-wide blue masking tape placed on ground to 
train PD patients for 1 months, and found that gait speed 
and step length were increased with visual cues, and the 
improvements in gait speed and step length were still 
evident 1 month following the removal of the cues (8). 
Donovan et al. assessed the efficacy of laserlight visual 
cues for overcoming FOG (13). In the authors’ study, 
subjects underwent a 1–2-month baseline period of use of 
a cane or walker without visual cues, followed by 1 month 
using the same device with the laserlight visual cue. The 
authors demonstrated that although the magnitude of 
improvement appears less at week 4, the change at week 4 
is not significantly different from the change at weeks 1, 
2, or 3. Also, the results do not provide clear evidence for 
a loss of benefit over time. Whether the kinematic-kinetic 
improvement of LC may fade over time is still unclear. 
Longer-term and larger studies may be necessary to identify 
this possibility.

Conclusions

The results of this study demonstrated that LC could 
ameliorate the abnormal gait pattern in PD + FOG. In 
addition to spatiotemporal parameters, kinematics in ankle 
and hip joints were also improved as well as kinetics. LC 
may arouse the ability of PD + FOG to take advantage of 
visual feedback to adjust motion amplitude and then reduce 
dependence on kinesthetic feedback. Therefore, LC may 
be promising when applied as an optional technique in the 
rehabilitation training in PD patients with FOG.
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