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c Laboratoire AGIM, FRE 3405 CNRS/UJF Grenoble/UPMF/EPHE, France
d Institut Universitaire de France, 103, Boulevard Saint-Michel, 75005 Paris, France

1. Introduction

Recent studies suggest that, in hemiplegic patients, restraining
lower limb movement could be a useful technique to improve
locomotion [1,2]. Inspired from Taub’s upper limb constraint
induced technique [3], this technique consists of forcing use of the
paretic lower limb by restraining the movement of the non-paretic
lower limb. However, since complete immobilization of the non-
paretic lower limb (as is carried out for the upper limb) is
impossible during locomotion, a few studies have suggested a
partial restraint of the non-paretic lower limb [1,2]. Regnaux et al.
studied the effect of a single GTS on a treadmill with a mass
attached to the non-paretic ankle in ten hemiplegic patients [2].
Their hypothesis was that the mass attached on the non-paretic
ankle would partially restrain the movement of this lower limb and
in consequence favor the use of the paretic lower limb. Their
results showed that several kinetic and kinematic GP of the paretic
lower limb were improved [2]. However, because of the design of

the study it was not possible to determine (i) if improvements
found were due to the mass; (ii) the treadmill or (iii) the
combination of both the treadmill and the mass. In order to
orientate rehabilitation techniques appropriately, it is important to
study the specific effect of restraining non-paretic lower limb
movement on the locomotion of hemiplegic patients more closely.
The main aim of this study was thus to determine the specific effect
of restraining the non-paretic lower limb during a GTS on gait
parameters of the paretic lower limb. To that end, we performed a
randomized controlled study (i) to determine, if a single GTS
combined with a mass fixed to the non-paretic ankle induces
specific changes of spatio-temporal, kinematic and kinetic GP of
the paretic lower limb in hemiplegic subjects and (ii) to assess the
effect on the non-paretic lower limb. The effect of restraining the
non-paretic lower limb was assessed in two common gait training
conditions used in clinical practice; overground and on a treadmill,
in order to define an optimal restraining paradigm to improve
locomotion of hemiplegic patients.

2. Methods

2.1. Subjects

Sixty hemiplegic subjects (50.3 years � 13.1, 30 with right hemiparesis, 30 with

left hemiparesis, 45 men and 15 women, mean time since stroke: 5.7 years � 6.3) were
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Background: Results of recent studies have suggested that restraint of non-paretic lower limb movement

could improve locomotion in hemiplegic patients. The aim of this study was therefore to determine if a

mass applied to the non-paretic lower limb during a single gait training session (GTS) would specifically

improve spatio-temporal, kinematic and kinetic gait parameters (GP) of the paretic lower limb.

Methods: Sixty chronic hemiplegic subjects were included in this randomized study. Each participated in

one of four GTS conditions: overground or on a treadmill while wearing or not wearing an ankle mass. All

subjects were assessed before, immediately after and 20 min after the end of the GTS using 3D gait

analysis.

Results: The results showed that restraining the non-paretic lower limb during a GTS had no specific

effect on GP of the paretic limb, whereas it increased braking force of the non-paretic limb.

Conclusion: Restraining the non-paretic lower limb of hemiparetic patients with a mass applied to the

ankle does not seem to be an effective approach to improve paretic lower limb parameters during a

single GTS.
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included. This study was performed in accordance with the ethical codes of

the World Medical Association and was approved by the local ethics committee.

2.2. Experimental set up

After inclusion, patients were randomized to carry out one of four gait training

conditions: overground without a mass (GO), overground with a mass (GOM),

treadmill without a mass (GT), treadmill with a mass (GTM). GO and GT were

therefore the reference groups for GOM and GTM respectively.

The GTS all lasted 20 min. Patients were instructed to walk without stopping, at

their own comfortable speed. The mass fixed to the ankle of the non-paretic lower

limb (for the GOM and GTM groups) was 2 kg for women and 4 kg for men as in the

protocol by Regnaux et al. [2]. All gait analyses were carried out without the mass.

There was no warm up period.

2.3. 3D gait analysis

Gait analyses were carried out (i) before the GTS (baseline), (ii) immediately after

(Post0) and (iii) after a 20 min seated rest (Post20). Gait analysis was performed

using a Motion Analysis System (100 Hz, Motion Analysis Corporation, CA, USA) and

2 AMTI force plates (1000 Hz, Advanced Mechanical Technologies Inc., Newton, MA,

USA). The Helen Hayes marker set was used [4]. For both paretic and non-paretic

lower limbs, three types of GP averaged over 10 gait cycles were analysed:

1. Spatiotemporal parameters: walking speed, cadence and step length.

2. Kinematic parameters: peak hip and knee flexion and peak ankle dorsiflexion.

3. Kinetic parameters: braking and propulsion force peaks and the vertical Ground

Reaction Force (GRF) peak during total support phase.

Table 1
Spatiotemporal gait parameters.

Group Baseline Post0 Post20 p (time � mass)

Speed (cm/s) GO 80.0 (19.7.0) 85.8 (22.1) 85.7 (20.7) p = 0.75

GOM 77.8 (22.8) 81.0 (28.3) 83.1 (27.9)

GT 83.3 (24.2) 86.2 (25.1) 87.0 (23.9) p = 0.60

GTM 84.7 (14.3) 89.5 (14.9) 89.8 (13.7)

Cadence (step/min) GO 90.4 (7.6) 92.9 (9.1) 92.4 (8.6) p = 0.66

GOM 88.42 (10.4) 91.7 (11.6) 93.0 (12.1)

GT 94.0 (15.6) 95.6 (14.7) 96.4 (15.3) p = 0.54

GTM 94.4 (8.4) 95.2 (9.0) 96.6 (8.2)

Step length

Paretic side (cm)

GO 53.6 (8.2) 54.3 (8.0) 55.0 (7.6) p = 0.47

GOM 53.1 (8.9) 53.9 (8.4) 56.2 (9.2)

GT 54.4 (9.8) 55.6 (8.0) 55.5 (9.3) p = 0.99

GTM 55.6 (5.9) 56.9 (5.9) 57.3 (5.8)

Step length

Non-paretic side (cm)

GO 45.3 (12.0) 47.8 (10.4) 49.4 (12.3) p = 0.85
GOM 46.3 (8.1) 48.9 (9.0) 49.3 (9.3)

GT 48.9 (9.4) 48.9 (8.5) 49.5 (9.8) p = 0.77

GTM 49.9 (8.9) 51.0 (11.3) 51.9 (8.9)

GO, overground gait training (reference group for GOM); GOM, overground gait training with ankle mass; GT, treadmill gait training (reference group for GTM); GTM,

treadmill gait training with ankle mass.

Table 2
Kinematic gait parameters.

Group Baseline Post0 Post20 p (time � mass)

Peak hip flexion GO 35.5 (9.1) 36.5 (10.3) 36.1 (9.9) p = 0.61

Paretic side (8) GOM 32.0 (6.4) 32.4 (6.9) 32.0 (6.7)

GT 37.5 (9.3) 37.8 (9.3) 37.6 (9.5) p = 0.75

GTM 37.9 (7.9) 37.6 (8.6) 37.6 (8.7)

Peak knee flexion GO 42.6 (12.3) 42.6 (13.5) 41.9 (12.4) p = 0.54

Paretic side (8) GOM 38.8 (11.6) 38.8 (12.4) 39.2 (11.9)

GT 47.7 (8.6) 47.9 (9.7) 48.4 (9.2) p = 0.84

GTM 47.9 (8.9) 48.9 (8.9) 48.9 (8.9)

Peak ankle dorsiflexion GO 12.2 (5.9) 11.6 (5.6) 12.0 (5.4) p = 0.19

Paretic side (8) GOM 17.4 (5.7) 17.8 (5.8) 17.6 (5.8)

GT 15.3 (5.9) 14.7 (5.3) 17.8 (5.6) p = 0.35

GTM 18.6 (3.8) 18.8 (4.1) 18.8 (3.9)

Peak hip flexion GO 44.3 (7.4) 45.9 (7.9) 45.8 (8.1) p = 0.98

Non-paretic side (8) GOM 42.1 (6.7) 43.6 (6.4) 43.7 (6.5)

GT 42.7 (10.0) 43.5 (10.8) 43.4 (10.5) p = 0.61

GTM 42.9 (8.1) 43.4 (8.4) 42.8 (8.6)

Peak knee flexion GO 65.3 (9.0) 66.9 (8.44) 67.1 (8.4) p = 0.92

Non-paretic side (8) GOM 64.5 (7.2) 65.7 (6.1) 65.9 (5.8)

GT 64.4 (8.0) 64.7 (8.5) 64.8 (8.7) p = 0.84

GTM 67.4 (5.0) 67.9 (4.9) 67.7 (4.8)

GO 20.1 (5.0) 20.0 (4.0) 20.0 (3.6) p = 0.63

Peak ankle dorsiflexion GOM 23.5 (5.0) 23.3 (4.9) 22.7 (5.3)

Non-paretic side (8) GT 18.9 (4.3) 18.7 (4.3) 18.2 (4.6) p = 0.025

GTM 20.9 (3.6) 21.2 (3.6) 21.3 (3.7)

GO, overground gait training (reference group for GOM); GOM, overground gait training with ankle mass; GT, treadmill gait training (reference group for GTM); GTM,

treadmill gait training with ankle mass.
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