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Background: There is a lack of evidence about the most effective strategy for training gait in mild to
moderate Parkinson’s disease. The aim of this study was to compare the effects of robotic gait training
versus equal intensity treadmill training and conventional physiotherapy on walking ability in patients
with mild to moderate Parkinson’s disease.
Methods: Sixty patients with mild to moderate Parkinson’s disease (Hoehn & Yahr stage 3) were
randomly assigned into three groups. All patients received twelve, 45-min treatment sessions, three days
a week, for four consecutive weeks. The Robotic Gait Training group (n ¼ 20) underwent robot-assisted
gait training. The Treadmill Training group (n ¼ 20) performed equal intensity treadmill training without
body-weight support. The Physical Therapy group (n ¼ 20) underwent conventional gait therapy according to the proprioceptive neuromuscular facilitation concept. Patients were evaluated before, after
and 3 months post-treatment. Primary outcomes were the following timed tasks: 10-m walking test, 6min walking test.
Results: No statistically signiﬁcant difference was found on the primary outcome measures between the
Robotic Gait Training group and the Treadmill Training group at the after treatment evaluation. A statistically signiﬁcant improvement was found after treatment on the primary outcomes in favor of the
Robotic Gait Training group and Treadmill Training group compared to the Physical Therapy group.
Findings were conﬁrmed at the 3-month follow-up evaluation.
Conclusions: Our ﬁndings support the hypothesis that robotic gait training is not superior to equal intensity treadmill training for improving walking ability in patients with mild to moderate Parkinson’s
disease.
! 2013 Elsevier Ltd. All rights reserved.
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1. Introduction
Gait impairment is one of the primary movement disorders in
Parkinson’s disease (PD) [1e3]. It is characterized by a reduced gait
speed, shortened stride length and longer double support phase [2].
Thus, one of the primary goals in PD rehabilitation is to improve
walking ability [4]. The use of training programs focused on task-
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speciﬁc activities have been encouraged to improve walking ability, in line with the increased retention of motor skill learning
observed in adults with mild PD after task practice [5]. On this basis,
a wide range of conventional Physical Therapy (PT) approaches has
been employed to treat PD, even though there is no consensus as to
“best-practice” in the different phases of illness [4].
Forced use, task-speciﬁc, intensive, gait rehabilitation programs
based on treadmill training (TT) have been reported to effectively
improve gait speed, walking distance and stride length in mild to
moderate PD [6]. In addition, robotic gait training (RGT) has been
observed to improve gait speed, walking capacity, stride length and
fatigue in patients with PD [7]. However, its effectiveness on
walking impairment has been evaluated only in early stage PD [7,8],
where it is not superior to TT [8]. Considering that gait hypokinesia
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between RGT and equal intensity TT without body-weight support
in patients with mild to moderate PD. Conversely, we observed that
patients who underwent RGT and TT signiﬁcantly improved gait
speed and walking capacity compared to those who performed PT
according to the PNF approach.
As to the RGT vs. TT comparison, our ﬁndings about individuals
with mild to moderate PD seem to conﬁrm those recently reported
by Carda and colleagues regarding patients with early stage PD [8].
However, from a rehabilitative point of view, it is important to point
out that only patients in the RGT group obtained clinically signiﬁcant improvements in both primary outcomes (>0.25 m/s in the
10 MWT and >82 m in the 6 MWT) after treatment [24]. In order to
explain these ﬁndings, the characteristics of our study population
have to be considered. Indeed, patients with mild to moderate PD
(H&Y 3) not only have gait hypokinesia but also suffer from an
impairment of balance [9], which is a key element for the ability to
walk [25]. As to the effect of RGT on balance, a recent study
examined thirty-one patients with PD (H&Y 3e4) treated with the
GT1 machine, reporting statistically and clinically relevant improvements in postural instability after treatment [26]. On the
other hand, despite TT has been reported to improve balance skills
in PD, its effectiveness has been mainly evaluated in patients with
H&Y <3 [27e29]. Our results showed that balance signiﬁcantly
better improves after RGT than after TT. Thus, it is plausible that
patients in the RGT group improved gait speed and walking capacity in a more clinically relevant way than patients who underwent equal intensity TT due to the greater effect of RGT on a
fundamental element for walking ability such as balance. This
would be in keeping with the GT1 machine characteristics, which is
an end-effector system that allows a constant balance from one leg
to the other during training, according to the slow walking speeds
used [26]. Moreover, the role of body-weight support cannot be
neglected, considering that impaired load receptor function has
been found to contribute to gait impairment in PD [30]. In particular body-weight support has been suggested to inﬂuence lower
leg extensors activity as well as load receptor proprioceptive
feedback mechanisms that are essential for the maintenance of
balance during gait [30]. In this study, only the RGT group had a
support of body-weight, in line with previous studies [7,8].
Conversely, we decided to not support body-weight in the TT group,
because the combination of body-weight support with TT still remains unclear in PD and is not strictly recommended [6,8].
Consistent with previous ﬁndings, we observed that patients
who underwent RGT and TT improved walking ability more than by
conventional PT [6,7]. In this study we based PT on the PNF
approach consisting of exercises performed lying in bed (see
Table 1). Conversely, patients in the RGT and TT groups performed
an intensive training based on a great number of step repetitions.
Thus, even though the PNF approach has been previously proposed
for training gait in patients with PD [7,15], it is plausible that the
scant effects of conventional PT observed in this study may be due
to its low intensity. On this basis, further studies with matcheddose intensity are needed in order to draw any deﬁnitive conclusion on the effectiveness of PT vs. RGT or TT.
Regarding previous studies about the use of RGT for improving
gait in PD, only one randomized controlled trail evaluated the effects
of the GT1 machine in patients with H&Y 2.5e3, reporting statistically but not clinically signiﬁcant improvements in the 10 MWT and
the 6 MWT [7]. This was partially not conﬁrmed by the present study
that found also clinically signiﬁcant improvements in gait speed and
walking capacity after treatment with the GT1 machine in patients
with H&Y 3. This probably occurred because RGT was more intensive
in this study due to the higher training speed.
This study has several limitations. First, we did not compare RGT
and equal intensity TT with the same amount of body-weight
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support. Second, considering the PT group as a placebo group, it
would have been useful to compare the three groups on a scale of
satisfaction or expectancy. Third, we did not compare RGT and TT
with a PT program of the same intensity of energy expenditure.
In conclusion, our ﬁndings support the hypothesis that RGT is
not superior to equal intensity TT for improving walking ability in
patients with mild to moderate PD. Considering that some parameters, such as balance, seem to improve better after RGT than
after TT, further multicenter trials dealing with gait training in PD
are needed to clarify the role of robotic and electromechanical
devices in terms of effectiveness related to the phase of illness.
Financial disclosure/conﬂict of interest
The authors received no ﬁnancial support for the research or
authorship of this article.
No commercial party having a direct ﬁnancial interest in the
results of the research supporting this manuscript has or will confer
a beneﬁt on the authors or on any organization with which the
authors are associated.
Acknowledgments
The authors would like to thank Patrizia Ianes for her technical
assistance in preparation of the manuscript.
References
[1] Meara J, Koller WC. Parkinson’s disease and Parkinsonism in the elderly.
Cambridge: Cambridge University Press; 2000.
[2] Morris ME, Iansek R, Matyas TA, Summers JL. The pathogenesis of gait
hypokinesia in Parkinson’s disease. Brain 1994;117:1169e81.
[3] Morris ME. Movement disorders in people with Parkinson disease: a model
for physical therapy. Phys Ther 2000;80:578e97.
[4] Deane KH, Jones D, Playford ED, Ben-Shlomo Y, Clarke CE. Physiotherapy for
patients with Parkinson’s disease: a comparison of techniques. Cochrane
Database Syst Rev 2001;3:CD002817.
[5] Lin CH, Sullivan KJ, Wu AD, Kantak S, Winstein CJ. Effect of task practice order
on motor skill learning in adults with Parkinson disease: a pilot study. Phys
Ther 2007;87:1120e31.
[6] Mehrholz J, Friis R, Kugler J, Twork S, Storch A, Pohl M. Treadmill training for
patients with Parkinson’s disease. Cochrane Database Syst Rev 2010;1:
CD007830.
[7] Picelli A, Melotti C, Origano F, Waldner A, Fiaschi A, Santilli V, et al. Robotassisted gait training in patients with Parkinson disease: a randomized
controlled trial. Neurorehabil Neural Repair 2012;26:353e61.
[8] Carda S, Invernizzi M, Baricich A, Comi C, Croquelois A, Cisari C. Robotic gait
training is not superior to conventional treadmill training in Parkinson disease: a single-blind randomized controlled trial. Neurorehabil Neural Repair
2012;26:1027e34.
[9] Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of clinical diagnosis of
idiopathic Parkinson’s disease: a clinicopathological study of 100 cases.
J Neurol Neurosurg Psychiatry 1992;55:181e4.
[10] Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortality.
Neurology 1967;17:427e42.
[11] Folstein MF, Folstein SE, McHugh PR. Mini-mental state: a practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res
1975;12:189e98.
[12] Bryant TN, Machin D. Statistical methods. In: Wilson BA, McLellan DL, editors.
Rehabilitation studies handbook. Cambridge, UK: Cambridge University Press;
1997. p. 189e204.
[13] Pohl M, Werner C, Holzgraefe M, Krokzec G, Mehrholz J, Wingendorf I, et al.
Repetitive locomotor training and physiotherapy improve walking and basic
activities of daily living after stroke: a single-blind, randomized multicentre
trial (DEutsche GAngtrainerStudie, DEGAS). Clin Rehabil 2007;21:17e27.
[14] Pohl M, Rockstroh G, Rückriem S, Mrass G, Mehrholz J. Immediate effects of
speed-dependent treadmill training on gait parameters in early Parkinson’s
disease. Arch Phys Med Rehabil 2003;84:1760e6.
[15] Wang RY. Effect of proprioceptive neuromuscular facilitation on the gait of
patients with hemiplegia of long and short duration. Phys Ther 1994;74:
1108e15.
[16] Bohannon RW, Andrews AW, Thomas MW. Walking speed: reference values
and correlates for older adults. J Orthop Sports Phys Ther 1996;24:86e90.
[17] Bohannon RW. Comfortable and maximum walking speed of adults aged 20e
79 years: reference values and determinants. Age Ageing 1997;26:15e9.
[18] Enright PL. The six-minute walk test. Respir Care 2003;48:783e5.

Please cite this article in press as: Picelli A, et al., Robot-assisted gait training versus equal intensity treadmill training in patients with mild to
moderate Parkinson’s disease: A randomized controlled trial, Parkinsonism and Related Disorders (2013), http://dx.doi.org/10.1016/
j.parkreldis.2013.02.010

6

A. Picelli et al. / Parkinsonism and Related Disorders xxx (2013) 1e6

[19] Menz HB, Latt MD, Tiedemann A, Mun San Kwan M, Lord SR. Reliability
of the GAITRite walkway system for the quantiﬁcation of temporospatial parameters of gait in young and older people. Gait Posture
2004;20:20e5.
[20] Nelson AJ, Zwick D, Brody S, Doran C, Pulver L, Rooz G, et al. The validity of the
GaitRite and the functional ambulation performance scoring system in the
analysis of Parkinson gait. NeuroRehabilitation 2002;17:255e62.
[21] Berg K, Wood-Dauphinee S, Williams JI. The balance scale: reliability assessment with elderly residents and patients with an acute stroke. Scand J Rehabil
Med 1995;27:27e36.
[22] Grace J, Mendelsohn A, Friedman JH. A comparison of fatigue measures in
Parkinson’s disease. Parkinsonism Relat Disord 2007;13:443e5.
[23] Song J, Fisher BE, Petzinger G, Wu A, Gordon J, Salem GJ. The relationships
between the UPDRS and lower extremity functional performance in persons
with early Parkinson’s disease. Neurorehabil Neural Repair 2009;23:657e61.
[24] Steffen T, Seney M. Test-retest reliability and minimal detectable change on
balance and ambulation tests, the 36-item short-form health survey, and the

[25]
[26]

[27]

[28]
[29]

[30]

uniﬁed Parkinson disease rating scale in people with parkinsonism. Phys Ther
2008;88:733e46.
Dietz V, Colombo G. Inﬂuence of body load on the gait pattern in Parkinson’s
disease. Mov Disord 1998;13:255e61.
Picelli A, Melotti C, Origano F, Waldner A, Gimigliano R, Smania N. Does robotic gait training improve balance in Parkinson’s disease? A randomized
controlled trial. Parkinsonism Relat Disord 2012;18:990e3.
Toole T, Maitland CG, Warren E, Hubmann MF, Panton L. The effects of loading
and unloading treadmill walking on balance, gait, fall risk, and daily function
in Parkinsonism. NeuroRehabilitation 2005;20:307e22.
Protas EJ, Mitchell K, Williams A, Qureshy H, Caroline K, Lai EC. Gait and step training
to reduce falls in Parkinson’s disease. NeuroRehabilitation 2005;20:183e90.
Cakit BD, Saracoglu M, Genc H, Erdem HR, Inan L. The effects of incremental
speed-dependent treadmill training on postural instability and fear of falling
in Parkinson’s disease. Clin Rehabil 2007;21:698e705.
Dietz V, Duysens J. Signiﬁcance of load receptor input during locomotion: a
review. Gait Posture 2000;11:102e10.

Please cite this article in press as: Picelli A, et al., Robot-assisted gait training versus equal intensity treadmill training in patients with mild to
moderate Parkinson’s disease: A randomized controlled trial, Parkinsonism and Related Disorders (2013), http://dx.doi.org/10.1016/
j.parkreldis.2013.02.010

