51 ﬂaﬂuﬁaﬁ'ﬂnﬁuaa\lyﬁtﬁ

Tasen1s
MMINNATNEINITO NI RIR IR NV DIV IV HBULASL A

¥ % %] = 1 c:' ¥ ¥ v 1 > 1:5 ~
ﬁ)’lﬂ"lla&qdlaﬂ'ﬁﬁﬂNﬂtWﬂOLLN’)liJ’WIlGﬁ)']ﬂ1NLﬂﬁi%ﬂﬂ’)ﬂﬂﬂdﬂ’]@lﬂid‘ﬁﬂ

lag g8 an319138 3807 UNAUFY WazAe

LNH8W 2553



Yaail MRG5180265

swa'm?;é'ﬂaﬂ'uaugitﬁ

Tas9n19
NMINHNAMNEINITO IHNITRIRIWIEN VDI VIV HLULAZ LA

v > > =~ 1 c; v ¥ v U > 4! =
‘0']ﬂ°lli»)§aﬂ’liﬁadﬂﬂl,w&ldLLN’JL‘iJ’]ﬂIW\T’Iﬂv[NLﬂﬂi%ﬂﬂ?ﬂﬂﬂﬂ’]@lﬂid“ﬁﬂ

Q/ @

HI9Y UazRIN
1. HA. AT, TUN YT
MU AFRNITAFAT VHIANLRLAIUATUNTI 130l
2. WNE1A1IAE WRHLDTAY
WHUANEANLENLG FaNUUUIZENINGT NINAITWANE
3. 3¢ a9 UInE3 NBIgITIm
MEAMAFIENT AUSULANNLFENS NP INLIALATUATUNTI LIa
4. Associate Professor Dr. Joyce Fung

School of Physical and Occupational Therapy, McGill University, Canada

ST m&ufﬂﬂﬁ']ﬁnmuﬂm:nssu ﬂﬁiﬂ’]igﬂ&ﬁﬂ‘iﬂ"]

ua:ﬁﬂﬁnm%ﬂamuaﬁua‘vg%mﬁ{f )

@ { @ o 1o & @
(ﬂ')’l&lL%%i%‘i'l&ld’l%ﬁtﬂ%?ladﬁ‘;l’ﬁﬁ]ﬂ dna. lay dnn. leﬁl'lLﬂ%ﬁEldLﬁ%ﬁ')ﬂLﬂNﬂlﬂ)



Project Code : MRG5180265
(sWalasans) MRG5180265

Project Title : Improvement of lower limb weight bearing during standing and walking

as a result of light touch cues through a cane in stroke subjects

(Balavans) msw’imfnummmlumsmﬁmﬁnmawwmzﬁuuauﬁumn%ga

e o A \ aAY o v @ o ! o 4 A
ﬂ’]iﬁwwaw\lﬂlﬂLLN’JLU’]‘V]VL@Q’]T-]VLQJLﬂqluaﬂjﬂaqu@ﬂiﬂsﬁﬂ

Investigator :
Assistant Professor Rumpa Boonsinsukh
Physical Therapy, Faculty of Health Science, Srinakharinwirot University
Miss Lawan Panichareon
Rehabilitation Medicine department, Prasart Neurological Institute
Associate Professor Pansiri Phansuwan-Pujito
Department of Anatomy, Faculty of Medicine, Srinakharinwirot University
Associate Professor Joyce Fung

School of Physical and Occupational Therapy, McGill University

(Baknise)
HA. A3, IUNT YawE
MEANILA AURRITANENS VANINLRDATUATUNTI LI
WEIAIAE MBS
WHWAMEAWENLA #aNURLIzaNNINeT nTNANITUWNE
3¢ 019, UIUE3 WB3gIIIm
METNIAMRAT AUTUNNDANRAS NAINENRUAIUATUNTI L3a
Associate Professor Joyce Fung

School of Physical and Occupational Therapy, McGill University, Canada
E-mail Address : rumpa@swu.ac.th

Project Period : 15 May 2008 — 14 May 2010

(5zaza1lAsenng) 15 WY 2551 — 14 WoBAA 2553



ABSTRACT

One of the typical impairment following stroke is a decrease in the function of paretic leg
during walking. Light touch cues obtained from lightly touching a cane on the ground (with
the touch force of less than 4 Newtons) have been found to improve pelvic stability and
paretic lower limb muscle activations during walking. Two questions have been assessed in
this study; 1) Can higher activations of lower limb muscles result in the increased weight
acceptance on the paretic lower limb during standing and walking and 2) What is the clinical
variables used to identify whether the subjects with stroke would benefit from light touch cue
through a cane. Sixty-two sub-acute stroke subjects with the average age of 59.4 years
performed single legged standing and walking while using a cane in 3 conditions; force
contact (FC), touch contact (TC) and no-touch contact (NC). Vertical ground reaction force
on each foot and the force from the cane were measured synchronously at 200 Hz. Centre
of body mass acceleration in the medio-lateral direction was captured at 1,500 Hz using the
accelerometer. Muscle activations from bilateral vastus medialis (VM) and tensor fascia
latae (TFL) were assessed at 1,500 Hz using the noraxon EMG system. Physical
performance of all subjects was tested using the lower limb motor and balance domains of
the Fugl-Meyer Assessment Scale. Results of the study show higher vertical ground
reaction force on the paretic leg during both single-legged stance and walking in the TC and
NC conditions than the FC condition. Medio-lateral acceleration was greater in the NC
conditions, but was lower in the FC and TC conditions. These results indicate that the light
touch cue can increase weight bearing on the paretic leg while providing more trunk stability
than no touch condition. The increase in paretic weight bearing during standing and walking
corresponds to the higher muscle activations of paretic VM and TFL in the TC and NC
conditions. The scatter plot reveals that the lower limb motor domain and the combination of
lower limb motor and balance domains of Fugl-Meyer are the significant clinical variables
that can be used to distinguish the subjects who are able to perform light touch contact. In
contrast, the balance domain of the Fugl-Meyer scale or the stroke onset duration does not

show a unique pattern used to identify the different TC or FC group.

Keywords: Light touch, Haptic cue, Stroke, Weight acceptance, Walking
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INTRODUCTION

Cerebrovascular accident (CVA) generates a considerable socioeconomic impact worldwide. It
is the third most common cause of death after myocardial infarction and cancer (Department of
Health 2006). Approximately 80% of people who suffered from a CVA survive but 65% of the
survivors are functionally dependent (Wolfe 2000). This makes CVA the major cause of
impairment and disability (Teasell et al. 2002). It was also found that elderly people with CVA
are at a higher risk of fall than the healthy elderly individuals (Foster and Young 1995). One
third of stroke patients sustained at least one fall in the rehabilitation unit (Teasell et al. 2002)
and 73% of them fell at least once in the six months after their discharge from the hospital
(Foster and Young 1995). However, the number of serious injuries caused by fall, such as a
fracture, is small (Hyndman et al. 2002; Teasell et al. 2002). Nevertheless, falls without serious
injury may lead to activity restriction, functional decline and further social isolation together with
a loss of independence (Shumway-Cook et al. 1997; Tinetti and Williams 1998). Most falls in
community-dwelling strokes occurred during walking, primarily as a result of loss of balance
(Hyndman et al. 2002). Thus, it is likely that treatment techniques aimed to improve motor and

balance functions in CVA survivors may reduce the incidence of falls in this population.

Following a cerebrovascular accident, areas on the cerebral cortex and some parts of the
internal capsule are usually damaged. The resulting sensory and motor impairments often lead
to postural control and mobility dysfunctions (Badke and Duncan 1983). It is found that cerebral
cortex may be involved in providing the body coordinates for the egocentric frame of reference.
Information from visual, vestibular and proprioceptive signals as well as tactile and auditory
inputs is involved in the organization of these egocentric, body-centered coordinates used for
arranging the body configuration and orientation in space (Lackner 1988). For example,
misperception of visual verticality in the hemineglect stroke patients is due to a disturbance of
cortical structures that transform sensory inputs from the periphery into the non-retinal spatial
reference frame (Karnath 1994). It is evident that right inferior-posterior parietal cortex, right
premotor frontal cortex and posterior and medial portions of the thalamus play an important role

in the non-retinal spatial coordinate transformation in humans (Fogassi et al. 1992; Galletti et al.



1989; MacKay and Riehle 1992). Inaccurate egocentric coordinate perception leads to

inaccurate motor performance in space (Bisiach et al. 1990).

The importance of sensory inputs in the control of posture and equilibrium has been well
established (Shumway-Cook and Woollacott 1995). Sensory information comes from the visual,
vestibular and somatosensory systems. Visual inputs provide the information about the position
and movement of the head in relation to the surroundings. Inputs from the peripheral and
central visual fields have been found to be equally important in providing reference of verticality
(Straube et al. 1994). The vestibular system provides the gravito-inertial frame of reference that
helps the nervous system to distinguish between exocentric and egocentric motions (Horak and
Shupert 1994). The information about the body segment positions in relation to each other and
to space with respect to the support surface is detected by the somatosensory system that

receives inputs from joint and muscle proprioceptors, cutaneous and pressure receptors.

Light touch from the fingertip (force < 100g), another form of somatosensory information, can
be used for improving the control of posture. Obtained from lightly moving the finger across or
touching any objects, light touch cues underlie the perception of body image. Cutaneous
receptors at the skin surface and proprioceptive information from the muscles, joints and
tendons are responsible in the perception and creation of internal representation of the body
(Matthews 1988). Several studies have demonstrated that when touching the rigid immobile
object with one finger, somatosensory cues from the fingertip reduce postural sway during quiet
tandem standing (Jeka and Lackner 1994; Jeka and Lackner 1995) and single limb standing
(Holden et al. 1994) or even during normal standing with eyes closed (Clapp and Wing 1999).
The fingertip cues are so prominent that they also attenuate body sway even when individuals

are allowed sight of the surroundings.

The effect of tactile cue is evident even though the force exerted by the fingertip is insufficient
(<1N) to provide mechanical support of the body. Jeka and Lackner (1994) showed that when

fingertip force was used to provide a mechanical support or force contact, the body sway, as



measured by CoP displacement, was coupled with the force at the fingertip in a phase-log
manner. In contrast, light touch force led the CoP excursion by some 300 ms, suggesting that
this cue was used to signal sensory information about the body sway (Jeka and Lackner 1994).
Muscle activations on the leg used to maintain upright stance were decreased with the force
contact, as muscle activations of upper extremities increased to assist in the control of posture.
On the contrary, activities of leg muscles were increased, as compared to force or grasp
contact, and proceeded the CoP excursion by 150 ms with light touch, indicating that fingertip
cue was used in a feedforward mechanism to trigger the activation of postural muscles for

controlling body sway (Jeka and Lackner 1995).

Fingertip cues are not always useful in the control of posture. When the somatosensory
information from the fingertip is incorrect, postural responses are ineffective (Reginella et al.
1999). Light touch on a stable (earth-fixed) surface (i.e., surface was not moving) reduces
postural sway, as compared to no touch, while touching a sway-referenced surface (i.e.,
surface was moving) increases postural sway. The effectiveness of the light touch is also
dependent on the position of the touched surface or arm position with respect to the body sway
(Jeka et al. 1998). The study suggested that inappropriate placement of the touched surface or
arm position in relation to body sway could minimize the effectiveness of the tactile cue in the

control of posture.

Light touch information could be essential in a person with postural control impairment such as
those with stroke, as it could provide additional useful information for helping the control of
posture. Our previous study assesses the effect of light touch, using the stationary surface, on
the control of balance during static and dynamic tasks in healthy and stroke subjects
(Boonsinsukh et al 2004). The results showed that not only healthy but also stroke subjects
benefited from the use of fingertip cue. In fact, the effect of light touch was more prominent in
the stroke subjects, possibly due to the different degree of redundancy in available sensory
information in both subject groups. The stability of the trunk and center of pressure improved
during both standing and walking with the fingertip cue in the stroke subjects, leading to a

reduction in hyperactivity of the non-paretic lower limb muscle and in the use of compensatory



arm movement to assist in balance correction. Based on these findings, we proposed the use
of light touch from the fingertip as a tool to assist in equilibrium maintenance in the stroke

subjects.

The limitation of the tactile cue in the above mentioned study (Boonsinsukh et al 2003),
however, is that the stable surface must be within reach. This is not always possible in daily life
and can be temporarily solved by touching an accompanying person when there is no surface
available (Jeka 1997). For instance, subjects with postural control problems often touch a family
member during walking for orientating themselves in the environment. We have suggested
another solution for this surface problem by implementing a load sensor within a walking aid
and conducted a study to examine such modified method of light touch cues on walking in the
stroke subjects (grant from Thailand Research Fund 2005-2007). Thirty nine sub-acute (mean
onset duration of 46.6 days) stroke survivals with the mean age of 59.6 years were examined
during walking in two conditions of cane handling; light touch (average force of 230 grams) and
full weight exertion (mean force of 4,930 grams). Gait velocity, stance duration of the paretic
side, acceleration of the center of body mass (CoM) and leg muscles activities
(Electromyography from bilateral Tensor Fascia latae(TFL), Rectus femoris(RF) and

Semitendinosus(ST) muscles) were used as the indicators for walking outcomes.

Results showed that stroke subjects chose to use light touch information during the stance
phase of the paretic side, indicating that augmented sensory information was necessary when
the paretic leg accepted the body weight. Light touch through cane does not affect the speed of
walking, as similar gait speed was seen during both cane handling conditions (mean of 0.13
m/s). Medio-lateral stability, as measured by peak-to-peak acceleration of body CoM, has been
increased with light touch through cane (0.8 m/sz), as compared to the full weight exertion (1.0
m/sz). The improvement of body stability during light touch condition was not due to changes in
the paretic stance duration, as there was no difference in the duration of the paretic stance
phase (71% of gait cycle) when using light touch or full weight exertion. However, analysis of
the duration of muscle activation showed that activation of paretic VM muscles during stance

phase were longer in light touch (65% of gait cycle) than in full weight exertion condition (55%



of gait cycle). Such increased muscle-activated duration corresponded to higher muscle
recruitment of TFL, VM and ST during light touch condition, as compared to the full weight
exertion. Higher muscle recruitments were not seen in the paretic swing phase during both

cane handling conditions.

Subgroups analysis based on gait speed (less than 0.09 m/s, 0.1-0.19 m/s and 0.2-0.29 m/s)
confirmed that all three subgroups of stroke subjects benefited from light touch through a cane
in a similar way as did the whole group. These findings showed that augmented sensory input
from the fingertip through the use of a cane can improve postural stability during walking in the
subjects with stroke by stimulating the recruitment of extensor muscles on the paretic leg,
resulting in better paretic weight acceptance. Nevertheless, without direct measurement of
weight bearing on each foot, this speculation is still unknown. The stimulation of equal or higher
weight bearing on the paretic limb is always one of the crucial goals for rehabilitation. Several
methods have been invented to encourage more weight bearing on the paretic leg in the stroke
subjects. Therefore, the use of a cane in the light touch fashion could be one potential training
method for paretic weight bearing during standing and walking. Therefore, this study aimed to
examine whether prolonged and higher leg muscle activations could lead to more weight

bearing on the paretic limb during both standing and walking.

The success in modifying the method of obtaining the tactile cues through the use of a cane
suggests an alternative approach for rehabilitative training of stroke subjects with gait
impairments. This light touch method of cane handling could reduce the adverse effect of the
conventional cane usage in that the subjects did not ignore the paretic side and was not
dependent on the non-paretic side. However, prior to implementation of this method in clinical
practice, it is necessary to know when the therapist should start to use the light touch cues.
Thus, in this study, we aimed to identify the level of physical performance in patient with stroke

that is suitable to introduce the use of light touch cues through a cane.



OBJECTIVES

Three specific objectives of this study were:

1. To compare the amount of weight bearing on the paretic limb during single-legged
stance when using a cane in the light touch fashion, using a cane in the force touch
fashion and without using a cane.

2. To compare the amount of weight bearing on the paretic limb during stance phase of
walking when using a cane in the light touch fashion, using a cane in the force touch
fashion and without using a cane

3. To determine the clinical measure that can be used to identify whether the patient with

stroke would benefit from the use of light touch cue through a cane.



METHODS

Subject

Sixty two subjects suffered a cerebrovascular accident (CVA) participated in this study. All
participants were recruited from both the in-patient and out-patient Physical Therapy Neurology
program at the Prasart Neurological Institute (Bangkok, Thailand). All subjects with stroke
showed evidence of lower limb muscle deficits on the paretic side (Chedoke-McMaster
impairment inventory (Gowland et al. 1995) but they were able to stand longer than 5 s without
external support (Chedoke-McMaster, median postural control score of 5/7). All participants
could walk, for at least 5 meters without rest (Functional Ambulation Classification class 1
(Holden et al. 1984)). Characteristics of subjects with stroke participated in this study was

summarized in Table1.

Table 1 Subjects’ characteristics

Characteristics Value
Number of subjects with stroke 62
Female 25
Male 37
Affected side
Right 33
Left 29
Cause of stroke Cerebral infarction
Onset durations (days) 43.8+62.5
Age (years) 59.4+11.2
Body weight (kg) 64.6+10.6
Cane force (N)
Force contact 75.1+36.1

*Values are shown in mean+standard deviation



The subjects with stroke were excluded from the study if they had 1) used a cane during
walking before participating in this study, 2) cognitive or language impairment, 3) severe
hemineglect, 4) cerebral aneurysm, 5) bilateral cerebral impairment, 6) brainstem and cerebellar
lesions or 7) impaired touch and pressure sensation on the non-paretic hand. All subjects who
had hemianopia, dizziness or other symptoms indicating vestibular impairment, taken
medications that affected balance, impaired sensation in the lower extremity, had lower
extremity deficits such as pain or contracture were also excluded from the study. Informed
consent was received from all subjects and the study was approved by Prasart Neurological

Institutional ethics review committee.

Testing protocols

Fugl-Meyer Assessment Scale (Fugl-Meyer et al. 1975) was administered to assess the level of
physical performance in all participants. Two domains of the Fugl-Meyer Assessment Scale;
lower extremity motor (total score of 34) and balance (total score of 14), were selected to use
in this study, as they were relevant to the ability to stand and walk. After that, all subjects were
instructed to stand on the paretic leg while holding a cane in the non-paretic hand. Paretic
single-legged stance were examined while the subjects were either holding a cane in the light-
touch contact (TC) where the force exerted on the ground was less than 400 g (or 4 N), force
contact (FC) where they can exert the force on the cane as much as they wanted, or no
contact (NC) where they were not allowed to touch the cane on the ground. Three trials of each
condition were examined after the subjects practiced until they became familiarized with the
testing condition. The sequence of the testing conditions was randomly selected for each
subject and a period of rest was given between trials to prevent fatigue. The special force
sensor cane and the force sensor insole were used to assess the amount of force exerted on a

cane and the amount of force exerted on the foot during the standing trial.

Of all the sixty-two subjects participating in this study, only thirty three participants were able to
push on the cane in the light touch manner (force exerted on the ground less than 4N), thus,
these thirty three subjects were assessed in the next procedure and the results of single-legged

stance and walking from these subjects were reported. In the next procedure, all subjects were



instructed to walk in their comfortable pace across a 7-meter walkway while they were holding
a cane in the non-paretic hand during walking. Three methods of cane usage; light-touch
contact (TC), force contact (FC) or no contact (NC) were tested in this study. A special,
adjustable-height cane, instrumented with a force sensor was used in this study to measure the
amount of vertical force that a subject pushed on the cane. This force data was captured at the
sampling rate of 200 Hz and continuously transferred through a cable to a computer for
recording force patterns. The auditory biofeedback from the computer can be sent to help
patients use the cane if only the light touch cue was allowed. Two force sensor insoles were
inserted into the patients’ running shoes for detecting the amount of force exerted on each foot.
Fifteen force sensors in each insole captured the weight bearing on each foot and synchronized

this information with the force data from the cane to allow real-time data analysis.

The height of a cane was adjusted at the level of each subject’s radial styloid process of the
non-paretic hand with the arm straight hanging down (Tyson 1998). In the TC condition, the
subject’s goal was to walk and use the cane while walking without the auditory buzzer being
activated. A buzzer was activated whenever the subjects pressed on the cane with more than
400 grams (4 N) of vertical force. Although the touch-contact force is higher than reported in
other studies, this amount of force is still considered as the light contact force (Tremblay et al.
2004) which provides insufficient mechanical support to the body. As soon as the beeping
sound was heard, the trial was rejected. In the FC condition, the subject’'s goal was to walk and
push on the cane as much as they wanted whereas in the NC condition, the subject was
holding the cane but was not allowed to touch the cane on the ground. A certified physical

therapist was walking near the subject as a safety precaution.

Prior to the data collection, the subjects practiced three conditions of cane usage; FC, TC and
NT, until they became familiarized with each condition. In the FC and TC condition, the patients
were instructed to intermittently push on the cane when the paretic leg supported the body
weight to help the non-paretic leg lifting off the ground. During the data collection, each subject

performed FC, TC and NC cane usage 4 times, each in a random order, resulting in a 12
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repetitions of walking. A 5-10 minute rest (sitting) between each trial was given to the subject to

prevent fatigue.

Data collection and analysis

The total score of Fugl-Meyer performance test in the lower extremity motor and balance
domain was used for further analysis in objective 3 by correlating these scores with the amount
of minimal cane force. The correlation between minimal cane force and stroke onset duration
was also analyzed to determine whether this variable can be used to identify the capability to
handle light touch cue in the subjects with stroke. Time spent in walking during the middle 5
meter of a 7-meter walkway was used to calculate the average gait speed. EMG activity was
recorded using the Telemyo system (Noraxon Inc.) at 1,500 Hz. Bipolar silver-silver chloride
disposable surface electrodes were placed over muscle bellies of two bilateral lower limb
muscles, right and left tensor fascia latae (TFL) and vastus medialis (VM). Voluntary
contractions from each muscle were performed and monitored on the Telemyo software at the
beginning of each trial to ensure that the correct muscle was recorded and no crosstalk existed
between muscles. EMG recordings were band-pass filtered between 16 and 500 Hz. The EMG
signals were then full-wave rectified and smoothing using RMS smoothing algorithm at the

window interval of 100 ms.

A uniaxial accelerometer (Noraxon Inc.) with the resolution of 400 mV/G was attached to the
spinous process of L3 to measure the medio-lateral (M-L) acceleration of the centre of body
mass at the sampling rate of 1,500 Hz. Two insole foot switch (Noraxon Inc.) was positioned
under each foot to determine the paretic and non-paretic stance and swing phases of gait
cycle. The force setting of the foot switch is 015 to 1.2 kg/cm2 and its sampling frequency is
1,500 Hz. Stance and swing phases were then calculated as the percentage of each gait cycle.
Approximately, an average of 40 gait cycles from each subject was used as the representative
percentage of gait cycle. Insole force sensors consisting of 15 sensors in each insole were
placed under each foot to assess the amount of vertical force exerted on the paretic and non-
paretic feet. The data from insole and cane was also synchronized to characterize the temporal

component of cane usage.
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Matlab (MathWorks Inc.) software program was used to perform subsequent data analysis. The
amount of peak force exerted on the cane during each gait cycle was subtracted by the weight
of a cane, then averaged and compared between TC, FC and NC conditions. During standing,
peak vertical ground reaction force was identified when the non-paretic leg lifted off the ground
and only the paretic leg was left on the ground. The peak vertical ground reaction force was
then normalized to the body weight and calculated as the percentage of body weight. The
duration of single legged stance was calculated by using the information from the insole foot
switches. During walking, peak vertical ground reaction force on the paretic and non-paretic
during each step was determined and normalized to the percentage of body weight between

the cane usage conditions.

During standing, EMG data from paretic VM and TFL was integrated during the paretic single
legged support period, and normalized to the peak activity of the same muscle on the non-
paretic side. During walking, EMG data was normalized to the gait cycle and the integrals of
EMG data during stance and swing phase were calculated. The EMG integrals were then
normalized to the EMG integrals from peak activity of the same muscles in the non-paretic side.
On average, each subject performed 40 gait cycles in each cane usage conditions, therefore,
each subject's EMG integrals were the average of normalized EMG integrals from 40 gait

cycles.

Variability of pelvic acceleration was calculated from averaged peak-to-peak M-L acceleration of
the pelvis during paretic single legged support and during stance phase of walking in each gait
cycle. Averaged peak-to-peak lateral acceleration of the pelvis was used to quantify the
postural stability in the M-L direction during walking, particularly when the paretic limb was on
the ground. Statistica (StatSoft Inc.) software was used to perform statistical analysis. All
dependent variables were compared between TC, FC and NC conditions, using a 1 way
repeated measure ANOVA. A p-level of less than 0.05 was accepted as significance. The
scatter plots between the score of Fugl-Meyer Assessment Scale and the minimal level of cane

force were assessed to determine the cut-off point for TC and FC conditions.



12

RESULTS

Results regarding the effect of light touch contact during single-legged stance and during
walking were obtained from thirty six subjects with stroke who were able to use the cane in the
light touch fashion. Table 2 shows the characteristics of the subjects with stroke who can

complete the single-legged stance and walking trials.

Table 2 Characteristics of subjects with stroke who can complete the standing and walking

trials.
Characteristics Value
Number of subjects with stroke 36
Female 13
Male 23
Affected side
Right 18
Left 18
Cause of stroke Cerebral infarction
Onset durations (days) 45.7+68.2
Age (years) 58.1+10.9
Chedoke-McMaster Score
Foot 3/7
Leg 5/7
Postural control 5/7
Cane force (N)
Force contact 63.8+32.8
Touch contact 1.4+0.5
Gait Speed (m/s)
Force contact 0.17+0.06
Touch contact 0.17+0.06
No contact 0.17+0.06

*Values are shown in meantstandard deviation
Chedoke-McMaster score total of 7
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Single-legged stance

Vertical ground reaction force on the paretic leg was measured during two-legged and one
legged stance (Table 3). During double legged support, the patients exert weight on the paretic
leg about 29 percentage of body weight, suggesting that approximately 71% of body weight is
borne on the non-paretic leg. During single-legged standing on the paretic, the subjects with
stroke exert highest vertical ground reaction force on the paretic leg in the no touch condition
but lowest in the force contact condition. One way repeated measure ANOVA reveals
significant difference between the paretic vertical ground reaction force in the FC and NC

conditions (p=0.0001), FC and LC condition (p=0.0001), LC and NC condition (p=0.012).

The lifting durations and the medio-lateral acceleration are also shown in Table 3. The subjects
with stroke are able to lift the non-paretic leg and stand on the paretic leg longest in the FC
condition, as compared to the LC (p=0.04) and NC (p=0.0001) conditions. The lifting duration in
the TC condition is significantly higher than in the NC condition (p=0.02). The lifting duration
corresponds to the medio-lateral acceleration, where the longest lifting duration results in the
lowest medio-lateral acceleration. The medio-lateral acceleration is largest in the NC condition

than in the TC (p=0.0001) and FC (p=0.0001) conditions.

Table 3 Vertical ground reaction force on the paretic leg and medio-lateral acceleration during

single-legged stance

Characteristics FC TC NC

Vertical ground reaction force on the

paretic leg (%BW)

During 2-legged standing - - 29.0+7.2
During single-legged standing 80.318.3*# 94.6+5.7** 99.3+1.1
Lifting durations (sec) 15409 " 0.9+0.7** 0.3+0.2
M-L acceleration (m/s’) 1.240.4 1.3+0.4** 2.5+0.7

* significant difference between FC and NC at p<0.05
;* significant difference between TC and NC at p<0.05
significant difference between FC and TC at p<0.05
Values are shown in mean+standard deviation; %BW= percentage of body weight
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Percentage of muscle activations from paretic vastus medialis (VM) and tensor fascia latae
(TFL) are shown in Figure 1. From this figure, the muscle activations from VM on the paretic
leg are lowest in the FC condition, as compared to the LC (p=0.008) and NC (p=0.0001)
conditions. Similarly, lowest muscle activation of the TFL on the paretic leg is also found in the
FC condition, as compared to the LC (p=0.001) and NC (p=0.0001) conditions. However, the

amount of muscle activations does not differ between the TC and NC conditions.

Muscle Activities on the paretic leg during single-legged stance

*
x I
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Percentage of non-paretic leg
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Figure 1 Percentage of Vastus Medialis (VM) and Tensor Fascia Latae (TFL) muscle
activations on the paretic leg during single-legged stance in the force contact (FC), touch

contact (TC) and no touch contact (NC) conditions.

Walking

Vertical ground reaction force on the paretic leg was calculated as the percentage of body

weight when the paretic leg was in the stance phase of walking (Table 4). The vertical ground
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reaction force on the paretic leg during walking is lowest in the FC condition (p=0.0001), where
the amount of vertical ground reaction force is not significant different in the TC and NC
conditions. During the paretic stance phase of walking, the medio-lateral acceleration is highest
in the NC condition, followed by the TC (p=0.0001) and FC conditions (p=0.0001), respectively.
The stance and swing durations are also reported as the percentage of gait cycle in Table 4.
Pattern of stance-swing duration is the longer non-paretic stance duration as compared to
paretic stance duration. In contrast, the non-paretic swing duration is shorter than the paretic
swing duration. However, the stance-swing duration on each leg does not differ between the

cane usage conditions.

Table 4 Vertical ground reaction force on the paretic leg and medio-lateral acceleration during

the stance phase of walking

Characteristics FC TC NC
Vertical ground reaction force on the 99.6111.6*;‘;t 115.3+11.4 123.0+14.0
paretic leg (%BW)
M-L acceleration (m/s’) 1.9+0.6 1.9+0.6** 3.3+0.8
Stance duration (%gait cycle)
Paretic 53.6+9.9 52.3+11.2 53.6+10.0
Non-Paretic 73.5+10.1 76.2+9.4 73.7+9.8

Swing duration (%gait cycle)
Paretic 46.4+9.9 47.7+11.2 46.4+10.0
Non-paretic 26.5+10.1 23.8+9.4 26.3+9.8

* significant difference between FC and NC at p<0.05
;* significant difference between TC and NC at p<0.05
significant difference between FC and TC at p<0.05
Values were shown in meanztstandard deviation

%BW = percentage of body weight
%gait cycle = percentage of gait cycle

Muscle activations of the vastus medialis (VM) and tensor fascia latae (TFL) on the paretic and
non-paretic legs during the stance phase of walking are shown in Figure 2. The paretic VM

muscle activations are lowest in the FC condition, as compared to the TC (p= 0.03) and NC
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(p=0.0002) conditions. Similarly, the paretic TFL muscle activations are lowest in the FC

conditions, as compared to the TC (p=0.02) and NC (p=0.016) conditions. However, the amount

of muscle activations do not differ across the cane usage conditions on the non-paretic leg.

Muscle activations during paretic stance phase of walking
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Figure 2 Percentage of Vastus Medialis (VM) and Tensor Fascia Latae (TFL) muscle

activations on the paretic and non-paretic legs during the stance phase of walking in the force

contact (FC), touch contact (TC) and no touch contact (NC) conditions.

Fugl-Meyer score and minimum cane force

From the objective 3, we hypothesize that the level of physical performance assessed by the

Fugl-Meyer Assessment scale and the duration of stroke would be the clinical-significant

variables to determine whether the subject with stroke would benefit from the light touch

training. Data from 62 subjects with stroke were included in this analysis. The scatter plot
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between the minimal cane force; the amount of cane force that the subject can exert minimally
while able to stand on the paretic leg, and the total lower limb motor and balance domains of
Fugl-Meyer score is shown in Figure 3. From this figure, it is clear that there are two clusters of
scores, one is around the zero-cane force line and the other is grouped at the above section of
the cane force level. These two clusters can be separated clearly at the score higher or lower
than the vertical dashed line, such that the subjects who had the Total Fugl-Meyer score of
more than 25 were able to push on the cane as minimal as the TC force level but those who
had been scored lower than 20 could not perform the light touch contact. However, the
boundary is not clear-cut for those with stroke who had the score between 20-24 scores, as this

window of score contains both subjects who were able to perform TC or FC condition.

Total Fugl-Meyer Score and cane force

250 +
200 ® : TC
- :
-~ ° :
< 150 s =
8 E .. E E
= .o P e
“= 100 : :
o 100 E“
c .
© :
O g
50 £ )
0+ ® o eoee oce° ooe o0
F T T T T — T T T T 1
0 5 10 15 20 25 30 35 40 45 50

Total Fugl-Meyer Score

Figure 3 Scatter plot of total lower limb motor and balance domains (total of 48) of Fugl-Meyer
Scale and the minimal cane force (N). The TC depicts “touch contact” zone and FC refers to

“force contact” zone.

When analyzing the scatter plot for each lower limb motor and balance domain of Fugl-Meyer

scale and minimal cane force (Figure 4 and 5), it can be seen that the lower limb motor domain



18

shows similar trend as the combination of both lower limb motor and balance score (Figure 3).
From Figure 4, the lower limb motor score of more than 15 ensures that the subjects with
stroke were able to perform the touch contact. Those subjects with the score of less than 12
maintained the minimal force in the force contact condition, larger than 4N. The in-between
zone (score of 12-15) is also seen where the TC or FC group cannot be determined clearly. In
contrast, the scatter plot of balance domain and the minimal cane force (Figure 5) does not

reveal any specific clusters as seen in Figure 3 or 4.

Lower Limb Motor Fugl-Meyer Score
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Figure 4 Scatter plot of lower limb motor domain (total of 34) of Fugl-Meyer Scale and the

minimal cane force (N). The TC depicts “touch contact’” zone and FC refers to “force contact’

Zone.
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Figure 5 Scatter plot of balance domain (total of 12) of Fugl-Meyer Scale and the minimal cane

force (N).

The scatter plot of onset duration and minimal cane force is shown in Figure 6, where no
distinct pattern can be identified from this graph. It can be seen that those subjects with stroke
who were able to perform light touch contact (cane force <4N) had the history of stroke for
either short or long durations. Similarly, the subjects who exerted the minimal cane force of

more than 4N were having stroke for either short or long durations.
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Figure 6 Scatter plot of stroke onset duration and the minimal cane force (N).

Results from our analysis show that the total Fugl-Meyer scores that combine the lower limb
motor and balance domains or only the lower limb motor domain of Fugl-Meyer scores are the
significant clinical variables that can be used to determine before-hand if the subjects with
stroke would be able to perform the light touch cue through a cane. In contrast, the score from
balance domain of Fugl-Meyer scale and the stroke onset duration do not reflect the ability to
perform light touch contact, hence, these two variables are not the good clinical indicators for

determine the light touch training program for subjects with stroke.
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DISCUSSION

Light touch contact improves paretic weight acceptance

Stroke is associated with the inability to control one side of the body, leading to the non-use of
the paretic side and overuse of the stronger (non-paretic) side. This partly reflects in the
decrease of weight bearing on the paretic leg during standing and walking. Therefore, the
improvement of weight bearing on the paretic leg has been a major goal in stroke rehabilitation.
We showed in this study that the use of light touch contact helps improve the paretic weight
bearing during single-legged stance and during walking, while providing similar postural stability
as measured by the medio-lateral acceleration, when comparing to the use of force contact
through a cane. When using a cane in the force contact method, the cane is held on the non-
paretic side and pushing on a cane would result in more weight borne on the non-paretic leg.
Shifting the weight to the non-paretic side has been found to be beneficial for lifting the paretic
limb off the ground (Kuan et al. 1999) but not for the purpose of increasing paretic weight
acceptance. Therefore, although a cane can provide better trunk stability during standing and
walking by giving the mechanical support to the body, it encourages more weight bearing on
the non-paretic side. With the use of light touch contact through a cane, the adverse effect of
the use of a cane disappears, as the light touch cue maintains the body stability as well as the

amount of weight bearing on the paretic leg.

The increase in weight bearing as a result of light touch cue corresponds to the increase in
muscle activations during standing and walking. These findings are in agreement with our
previous findings that the paretic vastus medialis (VM) and tensor fascia latae (TFL) increase
their activations during the stance phase of walking with no evidence of the non-paretic overuse
(Boonsinsukh et al. 2009). Light touch cue has been suggested to increase muscle activation
as compared to using force contact by providing the somatosensory inputs regarding the
position and velocity of the sway to the center nervous system in the feed-forward manner

(Jeka and Lackner 1994). Paretic postural and leg muscles, such as VM and TFL muscles, are
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then recruited as a result of light touch cue to stabilize the body during standing and walking.
As a result, the paretic leg is more stable to accept the body weight, leading to higher weight

acceptance on the paretic leg during both standing and walking.

During the no-contact condition, the amount of weight bearing and paretic muscle activations
are the greatest. This method of cane usage allows better stimulation of weight acceptance and
muscle recruitments. However, the body stability is lowest during the no touch condition,
indicating that the patients would be at risk of fall during single-legged stance or during walking.
Therefore, light touch condition seems to be the solution for the treatment aiming in stimulating
paretic weight bearing and paretic muscle activations during standing and walking, while
providing better body stability for the patients with stroke. In addition, our result corresponds to
the previous study showing that the amount of leg muscles are maximum when there is no
touch, lower in the touch contact condition and lowest in the force contact condition (Jeka and
Lackner 1995). The lower recruitment of leg muscles in the force contact condition can be
explained by the increase in the function of the upper extremity that uses for holding and
pushing on the cane. During the no touch condition, although higher paretic muscle activations
are seen, we also found that the non-paretic muscles had the tendency to activate more than
their requirements (overuse), which can be considered as the adverse effect of no-touch

condition.

Clinical variables for identifying light touch capability

In an attempt to identify the clinical measures that can be used to indicate whether the subject
with stroke would be a good candidate for light touch cue training, we assess two common
clinical measures; physical performance measure and the stroke onset duration. The stroke
onset duration has been used to predict the functional recovery in subjects with stroke. It has
been suggested that the first three-month post stroke is the effective period for motor function
recovery and, hence, the rehabilitation should be initiated during this period to ensure optimal

motor recovery (Barbeau and Visintin 2003). However, the stroke onset duration does not show
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the discriminating ability for classifying the stroke subjects who were able to perform the light
touch contact, indicating that this variable does not correlate well to the ability to stand and

walk.

The assessment tool selected in this study for measuring the physical performance is the Fugl-
Meyer Assessment Scale. This scale is a well-designed, feasible and efficient clinical
examination method that has been tested widely in the stroke population (Fugl-Meyer et al.
1975). The Fugl-Meyer scale assesses multiple domains of physical performance including joint
range of motion and pain, sensation, upper extremity motor, lower extremity motor and balance.
The scale has been validated in many aspects and is recommended highly as a clinical tool for
evaluating changes in motor impairments following stroke (Gladstone 2002). We have shown
that the score from the lower extremity motor domain of the Fugl-Meyer Assessment Scale is
able to differentiate those who will be able to perform the light touch contact. The lower
extremity motor aims to evaluate multiple aspects of the lower extremity function, including the
reflex activity, the combined movement of lower limb and the quality of movement such as
tremor, speed and dysmetria. The function of lower limb and trunk is highly related to the
standing and walking activities, therefore, it is not surprising to know that this domain of Fugl-
Meyer Scale can be used as a screening test to identify the subjects with stroke who will be

able to include in the light touch training program.

We also expected that the balance domain of the Fugl-Meyer Assessment Scale would reflect
the group discrimination. However, the result does not support our hypothesis, even though the
balance ability is highly related to the ability to stand and walk. Upon further analysis, we found
that the ranking score in the balance domain is not sensitive enough to detect the subtle
change of balance ability in the participants. For example, in the item of “stand on affected
side” (paretic single legged stance), the 0 score is allocated to those who are able to stand less

than 1-2 seconds. The maximum and the minimum durations that our participants were able to
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stand on one leg were 1.9 and 0.3 seconds, respectively, which would be scored of 0 in both

groups.

The summation of both lower extremity and balance scores shows the better picture in
classifying the subjects into the light touch contact (TC) or force touch (FC) groups. The cutting
points of 24 and 20 have been suggested, indicating that those with the combined score of
more than 25 would be able to perform light touch contact and hence, is the candidate for light
touch training. In contrast, those with the score of less than 20 points would not benefit from
the light touch cue, as they were unable to control the touch force. When the score falls in the
20 to 24 point, the judgment and experience of the therapists will be required to determine

whether the patients are ready for the light touch training.

Future suggestions

Our study confirms the immediate benefit of light touch cue through the use of a cane in
providing higher lateral stability during standing and walking in the subjects with stroke. The
improvement of body stability corresponds to the increase in weight-acceptance muscle
activations on the paretic leg as well as the increase in the amount of weight bearing on the
paretic leg. The provision of light touch cue, however, seems to affect only the paretic limb and
does not cause the overuse of the non-paretic leg. It would be of interest to know whether the
long-term use of light touch cue would facilitate the process of motor recovery required for
standing and walking. In addition, the advantage of light touch cue on the postural control could
lead to the reduction of fall risk or the prevention of falls in the subjects with stroke. However,

this hypothesis needs to be validated in the future study.
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CONCLUSION

Light touch cue can improve weight acceptance on the paretic leg during single-legged standing
and walking in the subjects with stroke. The lower extremity motor domain of the Fugl-Meyer

Assessment Scale is the clinical tool that can identify the candidate for light touch training.
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Effect of Light Touch Cue on Postural Control during Walking
with Narrow Base of Support in the Elderly
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ABSTRACT

Objective: To compare the effect of light touch cue through a cane on postural control during walking in the healthy elderly and
young subjects. Postural control during walking was challenged by the parallel walk and wearing dark sunglasses. Method:
Fifteen elderly female subjects with the average age of 68.46 years and twelve young female subjects with the average age of
19.91 years participated in this study. The participants were asked to perform parallel walk for 7 meters while wearing dark
sunglasses in the 2 testing conditions; light touch through a cane (force exerted on the cane less than 100 grams) and no
touch. The observed parameters were gait velocity during 5-meter walk, mediolateral trunk acceleration and electromyographic
signals from bilateral peroneus longus and tensor fascia latae. Two-way repeated measures ANOVA (group x condition) was
used to test for statistical significance at the P level of less than 0.05. Results: Gait velocity and mediolateral trunk acceleration
during parallel walking in the elderly was less than the young. The mediolateral trunk acceleration was, however, not different
between testing conditions. Leg muscle activations in the elderly subjects were higher than in the young group and the highest
muscle activation was found in the peroneus longus of the stance leg. Light touch cue reduced the amount of muscle activations
on the left peroneus longus and left tensor fascia latae in the elderly group, but not in the young subjects. Conclusion: Light
touch cue improves body stability during parallel walk by providing accurate body orientation in space in the elderly subjects so
that the body requires less activity of weight acceptance peroneus longus and tensor fascia latae. Light touch cue, however,

shows no benefit on the postural control during parallel walk in the young subjects.

Key words: dynamic postural control, parallel walk, light touch cue, gait in aging, walking aids
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