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Abstract | Background: The aim of this study was to assess the ground reaction force characteristics
of patients with (Parkinson disease) PD compared with normal elderly. A total of 14 patients with
PD and 16 normal elderly subjects with matched age and gender matched were included in the study.
A motion analysis system (Vicon Motion Analysis System) and two Kistler force plates were used to
measure the forces applied on the legs. Data were evaluated using independent t-test with significant
point set at p < 0.05. There was no difference in cadence between left and right of normal subjects
and those with PD. However, there was a significant decrease in walking speed and stride length in
both sides of Parkinson patients compared to normal subjects. Patients with Parkinson showed a
significant decrease in progression force and the second peak of vertical force. These subjects have to
decrease their walking speed and increase their double limb support percentage to improve dynamic
stability and decrease the magnitude of destabilizing forces. The mean values of propulsive compo-
nent of anteroposterior force and the second peak of vertical ground reaction force decreased signif-
icantly due to performance of ankle joints plantar flexor which decreased in this group of subjects.
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Introduction

Parkjnson disease (PD) results from degenera-
tion of the brain cells and reduction in dopamin
enzyme (Roland et al., 2013). Although the preva-
lence of the disease is slightly lower in Asian than
in western country (Muangpaisan et al., 2008), the
prevalence of this disease is the same across Europe-
an countries (von Campenhausen et al., 2005). It has
been reported that in Europe, 1% populations above
60 years old have PD and tremor in their hands (Ro-
land et al., 2013). Decrease in movement (Roland
et al., 2013), decrease in static and dynamic stability

are some symptoms associated with PD. Moreover,
these subjects carry several problems during walking.
Based on the results of various research studies, indi-
viduals with PD have reduced walking speed (Roiz
et al., 2010; Rossi-Izquierdo et al., 2013; Strambi et
al., 2004), reduced in range of motion of lower limb
joints (Morris et al., 1999) and swing drag (Galna et
al., 2010). The risk of falling is high in this group of
subjects due to instability during walking (Amador
et al., 2006; Cheng et al., 2014; Delval et al, 2013).
Rossi-Izquierdo et al. (2013) observed that patients
with PD have increased double support and decreased
single limb stance phase and reduce walking speed.
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In a study performed by Nigg and Skleryk (1988) it
was shown that the peak of vertical force applied on
the leg in the middle of stance phase in elderly subjects
was more than that of younger subjects. Moreover,
they reported a correlation between the magnitudes of
anteroposterior force (breaking and progression com-
ponents) with walking speed. Scott et al, studied the
pattern and magnitudes of loads applied on the legs in
subjects with peripheral vascular disease (Scott-Pan-
dorf et al., 2007). Based on their results, the progres-
sion force of these subjects decreased due to weakness
of plantar flexor muscles or use of a mechanism to
control pain. However, Turns et al. (2007) observed
that there was no difference between the progression
force in subjects with hemiparesis. Although there
are some studies on the forces applied on the leg in
patients with various neurological disorders, there re-
main to investigate the asymmetry of force in subjects
with Parkinson disease.

Very few studies have been performed on the com-
parison of breaking force of normal and those with
PDs. Therefore; the aim of this research was to study
the kinetic parameters during walking of subject with
Parkinson disease. Moreover, it was aimed to find the
asymmetry of the loads applied on the leg in this group
of subjects. The main hypothesis associated with this
study was that the magnitude of loads applied on the
leg in subjects with PD was the same as that of nor-
mal subjects.

Table 1: The mean values of anthropometric data of the
control and Parkinson groups

Control Parkinson P-value

Variable Mz+SD M=+SD

Age 61.37+8.00 64.00+7.79 0.37
Height(m) 1.66:0.07  1.65:0.07  0.72
Weight(kg) 70.31+10.26  65.29+10.34  0.19
BMI 25.60+3.07 24.08+3.55 0.22
Leg length(cm)  88.66+5.86 87.50+4.91 0.16

Material and Methods

Two groups of normal and those with PD were re-
cruited in this study. They were matched based on age
and gender. Table 1 shows the characteristics of the
subjects participated in this study. Ethical approval
was received from Ethics Committee of Hamedan
University of Medical Sciences, Hamedan. Written
informed consent was obtained from each subject
before data collection. The main inclusion criteria to

select the patients included:

—_

Age varied between 50 and 70 years

2. Severity of Parkinson varied between II and
III based on Yahr and Hohen scale (Hoehn
and Yahr, 1998).

Having no auditory problems.

4. 'With no musculoskeletal and neurological
surgery

b

Patients with PD were diagnosed based on the men-
tioned criteria and referred to the investigators by a
neurologist from Hamedan Neurological Disease
Center.

A motion analysis system (Vicon Motion Analysis
System) and two Kistler force plates (400*600mm)
were used to measure the forces applied on the legs.
'The data were collected with a frequency of 100 Hrz.
A low pass filter (Butterworth) was used to filter the
data with a cut off frequency of 10 Hz. The subjects
were asked to walk with a comfortable speed to collect
five successful trials. The mean values of 5 trials were
used for each parameter. The main parameters includ-
ed in this study were spatiotemporal gait parameters
(walking speed, stride length, cadence, double and
single limb support time), the peaks of the force ap-
plied in vertical direction (Fz1, Fz2, Fz3), medio-lat-
eral direction (Fy) and antero-posterior direction (Fx)
(Figure 1).
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Figure 1: The peaks of the forces selected in this study

Statistical analysis

'The difference between mean values of each param-
eters of normal and the patients was evaluated using
T-test with significant point of < 0.05.

Results

'The mean values of spatiotemporal gait parameters of
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Table 2: The mean values of spatiotemporal gait parameters of the control and Parkinson group

Spatiotemporal variables Control Parkinson P-value
Mean Std. Deviation = Mean Std. Deviation
LEFT Cadence (step per min) 104.19 13.29 99.41 21.50 0.46
LEFT Single Support (%) 38.74 2.81 34.71 5.06 0.01*
LEFT Double Support (% ) 24.78 4.81 30.26 10.43 0.07
LEFT Stride Length (meter) 1.26 0.12 1.00 0.28 0.00*
LEFT Walking Speed (meter per second) 1.10 0.18 0.83 0.31 0.01*
LEFT STANCE (%) 63.51 6.22 64.98 7.63 0.57
RIGHT Cadence (step per min) 104.13 14.16 99.75 22.07 0.52
RIGHT Single Support (%) 37.25 3.21 37.43 6.80 0.93
RIGHT Double Support (%) 23.35 3.51 28.72 7.49 0.02*
RIGHT Stride Length (meter) 1.27 0.12 0.97 0.29 0.00*
RIGHT Walking Speed (meter per second) 1.10 0.19 0.81 0.32 0.00*
RIGHT STANCE (%) 60.60 4.77 66.15 6.41 0.01*
Table 3: Mean values of the peaks of the forces applied on the leg of the control and Parkinson groups
Variable Control Parkinson P-value
Mean Std. Deviation Mean Std. Deviation
L_FMAX_ML 13.67 2.31 12.83 3.56 0.44
L_F progression 35.02 6.17 25.61 14.25 0.02*
L_F Breaking 29.11 8.65 24.41 11.36 0.21
L_FV_FZ1 112.74 9.26 107.13 10.35 0.129
L_FV_FZ2 84.92 12.72 88.80 10.95 0.381
L_FV_FZ3 114.99 10.07 100.25 6.87 0.00*
L-FORCE-TIME -INTEGRATED 65.33 10.22 61.26 7.65 0.23
R_FMAX_ML 13.05 2.10 13.18 2.76 0.89
R_F progression 35.18 6.49 25.60 11.90 0.01*
R_F Breaking 30.11 6.52 23.93 13.07 0.11
R_FV_FZ1 113.59 8.97 108.71 15.74 0.298
R _FV_FZ2 85.25 12.83 89.78 11.62 0.322
R_FV_FZ3 114.15 9.80 101.67 6.74 0.00*
R_FORCE_TIME_INTEGRATED 65.31 10.33 61.92 6.81 0.31
DIS_ML 0.05 0.13 -0.04 0.15 0.12
DIS_AP 0.00 0.12 -0.02 0.16 0.78
DIS_V 0.02 0.05 0.00 0.06 0.23

L=Lefz FMAX-=Force Maximum; FMIN=Force Minimum; ML=Medio-Lateral;: AP=Anterior-Posterior; V=Vertical: DIS ML= The
discrepancy between left and right medio-lateral force; DIS _AP=7he discrepancy between left and right anterior-posterior force; DIS V="7h¢

discrepancy between left and right vertical force

normal and the subjects with PD are shown in Table
2. As it can be seen from these results, there was no
difference between left and right cadence of normal
and those with PD (p > 0.05).The mean values of dou-
ble support percentage of the subjects with PD were
28.72+7.49 and 30.26+10.43 in right and left sides,
respectively, compared to 23.35+3.51 and 24.78+4.81
in normal subjects (the difference between right limb
double support of normal and patients with PD was

significant (p = 0.02). There were significant differ-
ences between walking speed in normal subjects and
those with PD in both right and left lower limbs (p
ranged from <0.001 to 0.01). Stride length of subjects
with PD varied between 1+0.28 m and 0.97+0.29
compared to normal subjects which varied between

1.26+0.12 and 1.27£0.12 m (p <0.001).

Table 3 provides the summary of the mean values of
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the peaks of the force applied on the legs in both group
of participants. The mean values of breaking force of
the left side were 29.11+8.66N/BW and 24.41+11.36
N/BW in normal and patients with PD, respectively
(p = 0.21). There was no difference between the break-
ing force applied on the right and left sides in normal
and those with PD. The progression force of subjects
with PD differs significantly from that of normal sub-
jects in both right and left sides (p < 0.02).
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Figure 2: I/lustration of horizontal ground reaction force of a Par-
kinson and a Control subject. Positive values represent propulsion.
Negative values represent braking

'The peak of the vertical force applied on the leg was
the other parameter evaluated in this study. Based on
this parameter, the mean value of the first peak of ver-
tical force applied on the leg in subjects with PD was
slightly less than that of normal subjects (p > 0.12).
However, the second peak of vertical force decreased

significantly in this group of subjects on both sides (p
<0.001).
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Figure 3: I/lustration of vertical ground reaction force of a Parkinson
and a normal subject

'The difference between mediolateral forces of both
groups was not statistically significant. Force time
integral (FTI) of the vertical force was also studied.
Based on this parameter, the F'TT of normal and those
with PD was nearly the same. There was no difference
between the peaks of the forces applied on the right

and left legs in both group of participants (p > 0.05).
Figures 2, 3 and 4 show the patterns of the forces ap-
plied on the leg in a normal and a Parkinson subject.
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Figure 4: I/lustration of mediolateral ground reaction force of a Par-

kinson and a normal subject
Discussion

Parkinson disease (PD) is one of the important neu-
rological disorders that influence the ability of sub-
ject’s standing and walking. Based on results of vari-
ous studies, it is possible to conclude that subjects with
PD have decreased in range of motion of lower limb
joints (Morris et al., 1999), instability during standing
(Wiese, 2006) and irregularities in EMG activities of
muscles (Nieuwboer et al., 2004). However, there was
no study that has investigated forces applied on the
leg in this group of subjects. In addition, the asymme-
try of the force applied on the both sides has not been
reported in patients with PD. Therefore, the aim of
this study was to evaluate the force applied on the leg,
and the symmetry of applied force.

As can be seen from the results of this research pre-
sented in Table 2, the walking speed of patient with
was significantly different from that of normal due
to reduce stride length. This agrees with the findings
of Roiz et al. (2010). They observed that a decrease in
walking speed was due to decreased number of ca-
dence and stride length (Morris et al., 1994). The main
reason for decreased stride length is reduced range of
motion of ankle, knee and hip joints as they may need
to decrease their walking speed and increase their
double support limb percent to improve dynamic sta-
bility. Selecting a slower speed and increasing double
limb support represent a way in which patients with
PD decrease the magnitude of destabilizing forces,
particularly by reducing the perturbation to the cen-
tre of mass at push-oft (Morris et al., 1999). One of
the parameters, which represent dynamic stability, is
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walking speed. It has been shown that subjects with
neuromuscular disorders decrease their walking speed
to control their stability.

'The results also showed that patient with PD walked
with a different proportion of the gait cycle. They in-
creased double limb support during walking. Usually
people increase double limb support time to compen-
sate for fear of falling (Maki, 1997) or postural insta-
bility (Winter, 1991; Winter et al., 1990), both which
are common in advanced PD (Morris et al., 1995).
Extending the proportion of the gait cycle in double
limb support increases the time available to re-estab-
lish stabilization, thereby minimizing the demands on
an inadequate postural control system.

The study also showed that the mean values of pro-
pulsive component of anteroposterior force decreased
significantly in PD group of subjects. The main reason
may be related to performance of ankle joints plantar
flexor which decreased in this group of subjects (So-
fuwa et al., 2005). The second peak of vertical ground
reaction force decreased significantly in PD group of
subjects. Decrease in ankle joint plantar flexor and
walking speed were the main reason in this regard.
However, it should be noted that the pattern of ver-
tical force applied on the leg differ significantly in
patients with PD. In normal subjects, there is a val-
ley in the graph of vertical force due to extension of
knee joint in mid stance. There was a slight increase
in mean values of force applied on the leg in mid-
stance (second force valley in PD), which may be due
to flexed posture of the leg in this group of subjects.

Symmetry of force between right and left sides has
been evaluated in some neuromuscular disorders such
as multiple sclerosis by use of asymmetry index. It has
been shown that there are some asymmetry regarding
the force applied on the leg in patients with multiple
sclerosis (Benedetti et al., 1999). There was no differ-
ence between the forces of the right and left sides in
both normal and patients with PD. It means that the
effect of the disease in this group of subjects was the
same in both right and left sides.

There are some limitations which should be acknowl-
edged in this study. The main limitation was that only
14 subjects were selected in this study. Moreover, in
this study, the subjects with severely of II and III
based on Hohen and Yahr (1998) scale were recruited.
Therefore it is recommended that in the future stud-

ies, subjects with various severities should be selected.
Conclusions

These subjects have to decrease their walking speed
and increase their double limb support percent to im-
prove dynamic stability and decrease the magnitude
of destabilizing forces. The mean values of propulsive
component of anteroposterior force and the second
peak of vertical ground reaction force decreased sig-
nificantly due to performance of ankle joints plantar
flexor which decreased in this group of subjects.

Acknowledgments

'The authors of this article would like to express their
sincere thanks to all participants and their families for
their corporations.

Conflict of interest
No conflict of interest.
Authors’ Contribution

Both authors contributed equally.

References

* Amador, S. C., Hood, A. J., Schiess, M. C., Izor,
R., & Sereno, A. B. Dissociating cognitive defi-
cits involved in voluntary eye movement dysfunc-
tions in Parkinson’s disease patients. Neuropsy-
chologia, 2006; 44(8): 1475-1482. http://dx.doi.
org/10.1016/j.neuropsychologia.2005.11.015

* Benedetti, M., Piperno, R., Simoncini, L., Bonato,
P, Tonini, A., & Giannini, S. Gait abnormalities
in minimally impaired multiple sclerosis patients.
Multiple Sclerosis, 1999; 5(5): 363-368. http://dx.
doi.org/10.1177/135245859900500510

*  Cheng, K.-Y,, Lin, W.-C., Chang, W.-N., Lin,
T.-K., Tsai, N.-W., Huang, C.-C., Lu, C.-H. Fac-
tors associated with fall-related fractures in Par-
kinson’s disease. Parkinsonism & Related Disorders,
2014; 20(1): 88-92. http://dx.doi.org/10.1016/].
parkreldis.2013.09.024

*  Delval, A., Moreau, C., Bleuse, S., Tard, C., Ry-
ckewaert, G., Devos, D., & Defebvre, L. Auditory
cueing of gait initiation in Parkinson’s disease pa-
tients with freezing of gait. Clinical Neurophysiol-
ogy, 2013 :12.101

August 2016 | Volume 1 | Issue 2 | Page 33

mEn
sl
PRI

Smith & Franklin

Acaleivi Publiding Corpesalini



http://dx.doi.org/10.1016/j.neuropsychologia.2005.11.015
http://dx.doi.org/10.1016/j.neuropsychologia.2005.11.015
http://dx.doi.org/10.1177/135245859900500510
http://dx.doi.org/10.1177/135245859900500510
http://dx.doi.org/10.1016/j.parkreldis.2013.09.024
http://dx.doi.org/10.1016/j.parkreldis.2013.09.024

OPEN aACCESS

Galna, B., Murphy, A. T., & Morris, M. E. Ob-
stacle crossing in people with Parkinson’s disease:
Foot clearance and spatiotemporal deficits. Hu-
man Movement Science, 2010; 29(5): 843-852.
Hoehn, M. M., & Yahr, M. D. Parkinsonism:
onset, progression, and mortality. Neurology,
1998; 50(2): 318-318. http://dx.doi.org/10.1212/
WNL.50.2.318

Maki, B. E. Gait changes in older adults: pre-
dictors of falls or indicators of fear. Journal of the
American geriatrics society, 1997; 45(3): 313. http://
dx.doi.org/10.1111/j.1532-5415.1997.tb00946.x
Morris, M., Iansek, R., Summers, J., & Matyas,
T. Motor control considerations for the reha-
bilitation of gait in Parkinson’s disease. Advanc-
es in Psychology, 1995; 111: 61-93. http://dx.doi.
org/10.1016/50166-4115(06)80007-5

Morris, M. E., Iansek, R., Matyas, T. A., &
Summers, J. J. The pathogenesis of gait hy-
pokinesia in Parkinson’s disease. Brain, 117(5),
1994; 1169-1181. http://dx.doi.org/10.1093/
brain/117.5.1169

Morris, M. E., McGinley, J., Huxham, F., Col-
lier, J., & lansek, R. Constraints on the kinetic,
kinematic and spatiotemporal parameters of gait
in Parkinson’s disease. Human Movement Science,
1999; 18(2): 461-483. http://dx.doi.org/10.1016/
S0167-9457(99)00020-2

Muangpaisan, W., Hori, H., & Brayne, C. Sys-
tematic review of the prevalence and incidence
of Parkinson’s disease in Asia. Journal of epide-
miology/Japan Epidemiological Association, 2008;
19(6): 281-293. http://dx.doi.org/10.2188/jea.
JE20081034

Nieuwboer, A., Dom, R., De Weerdt, W., De-
sloovere, K., Janssens, L., & Stijn, V. Electromy-
ographic profiles of gait prior to onset of freez-
ing episodes in patients with Parkinson’s disease.
Brain, 2004; 127(7): 1650-1660. http://dx.doi.
org/10.1093/brain/awh189

Nigg, B., & Skleryk, B. Gait characteristics of the
elderly. Clinical Biomechanics, 1988; 3(2): 79-87.
Roiz, R.d. M., Cacho, E. W. A., Pazinatto, M. M.,
Reis,]. G., Cliquet Jr, A., & Barasnevicius-Quagli-
ato, E. Gait analysis comparing Parkinson’s dis-
ease with healthy elderly subjects. Arquivos de neu-
ro-psiquiatria, 2010; 68(1): 81-86. http://dx.doi.
org/10.1590/50004-282X2010000100018
Roland, K. P, Jones, G. R., & Jakobi, J. M. Parkin-

son’s disease and sex-related differences in elec-

tromyography during daily life. Journal of Electro-
myography and Kinesiology, 2013; 23(4): 958-965.
http://dx.doi.org/10.1016/j.jelekin.2013.03.008
Rossi-Izquierdo, M., Ernst, A., Soto-Varela, A.,
Santos-Pérez, S., Faraldo-Garcia, A., Sesar-Ig-
nacio, A., & Basta, D. Vibrotactile neurofeed-
back balance training in patients with Parkin-
son’s disease: Reducing the number of falls. Gair
& Posture, 2013; 37(2): 195-200. http://dx.doi.
org/10.1016/j.gaitpost.2012.07.002
Scott-Pandorf, M. M., Stergiou, N., Johanning,
J. M, Robinson, L., Lynch, T. G., & Pipinos, I.
I. Peripheral arterial disease affects ground re-
action forces during walking. Journal of vascu-
lar surgery, 2007; 46(3): 491-499. http://dx.doi.
01g/10.1016/j.jvs.2007.05.029

Sofuwa, O., Nieuwboer, A., Desloovere, K., Wil-
lems, A.-M., Chavret, F.; & Jonkers, I. Quanti-
tative gait analysis in Parkinson’s disease: com-
parison with a healthy control group. Archives
of physical medicine and rehabilitation, 2005;
86(5): 1007-1013. http://dx.doi.org/10.1016/;.
apmr.2004.08.012

Strambi, S.-k., Rossi, B., De Michele, G., & Sel-
lo, S. Effect of medication in Parkinson’s disease:
a wavelet analysis of EMG signals. Medical engi-
neering & physics, 2004; 26(4): 279-290. http://dx.
doi.org/10.1016/j.medengphy.2004.01.006
Turns, L. J., Neptune, R. R., & Kautz, S. A. Re-
lationships between muscle activity and anter-
oposterior ground reaction forces in hemiparetic
walking. Archives of physical medicine and rehabil-
itation, 2007; 88(9): 1127-1135. http://dx.doi.
org/10.1016/j.apmr.2007.05.027

von Campenhausen, S., Bornschein, B., Wick,
R., Bétzel, K., Sampaio, C., Poewe, W., Dodel, R.
Prevalence and incidence of Parkinson’s disease in
Europe. European Neuropsychopharmacology, 2005;
15(4): 473-490. http://dx.doi.org/10.1016/j.curo-
neuro.2005.04.007

Wiese, J., 2006: Clinical Clerkships: The Answer
Book: Lippincott Williams & Wilkins.

Winter, D. A., 1991: Biomechanics and motor con-
trol of human gait: normal, elderly and pathological.
Winter, D. A., Olney, S. J., Conrad, J., White, S.
C., Ounpuy, S., & Gage, J. R., 1990: Adaptabil-
ity of motor patterns in pathological gait Multiple
Mouscle Systems (pp. 680-693): Springer. http://dx.
doi.org/10.1007/978-1-4613-9030-5_44

August 2016 | Volume 1 | Issue 2 | Page 34

BRBISmith & Franklin
.'-’.’ Aathivie Publidsegg Congoeatioi


http://dx.doi.org/10.1212/WNL.50.2.318
http://dx.doi.org/10.1212/WNL.50.2.318
http://dx.doi.org/10.1111/j.1532-5415.1997.tb00946.x
http://dx.doi.org/10.1111/j.1532-5415.1997.tb00946.x
http://dx.doi.org/10.1016/S0166-4115(06)80007-5
http://dx.doi.org/10.1016/S0166-4115(06)80007-5
http://dx.doi.org/10.1093/brain/117.5.1169
http://dx.doi.org/10.1093/brain/117.5.1169
http://dx.doi.org/10.1016/S0167-9457(99)00020-2
http://dx.doi.org/10.1016/S0167-9457(99)00020-2
http://dx.doi.org/10.2188/jea.JE20081034
http://dx.doi.org/10.2188/jea.JE20081034
http://dx.doi.org/10.1093/brain/awh189
http://dx.doi.org/10.1093/brain/awh189
http://dx.doi.org/10.1590/S0004-282X2010000100018
http://dx.doi.org/10.1590/S0004-282X2010000100018
http://dx.doi.org/10.1016/j.jelekin.2013.03.008
http://dx.doi.org/10.1016/j.gaitpost.2012.07.002
http://dx.doi.org/10.1016/j.gaitpost.2012.07.002
http://dx.doi.org/10.1016/j.jvs.2007.05.029
http://dx.doi.org/10.1016/j.jvs.2007.05.029
http://dx.doi.org/10.1016/j.apmr.2004.08.012
http://dx.doi.org/10.1016/j.apmr.2004.08.012
http://dx.doi.org/10.1016/j.medengphy.2004.01.006
http://dx.doi.org/10.1016/j.medengphy.2004.01.006
http://dx.doi.org/10.1016/j.apmr.2007.05.027
http://dx.doi.org/10.1016/j.apmr.2007.05.027
http://dx.doi.org/10.1016/j.euroneuro.2005.04.007
http://dx.doi.org/10.1016/j.euroneuro.2005.04.007
http://dx.doi.org/10.1007/978-1-4613-9030-5_44
http://dx.doi.org/10.1007/978-1-4613-9030-5_44

