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Abstract:
Background:

Frenkel’s ambulatory activity has been routinely employed by physiotherapists for rehabilitation of gait coordination, how-

ever, its immediate influence on blood pressure and heart rate has not been investigated.

Objective

To investigate the acute effect of Frenkel’s ambulatory activity on blood pressure and heart rate of chronic hemiparetic

stroke survivors.
Method

Using a comparative study design, 60 chronic hemiparetic stroke survivors of varying onset of stroke, <6, >6-11 and =12
months were subjected to a 2-minute Frenkel’s ambulatory activity on marked footsteps (from standard adult described foot-
steps). Participants were assessed for both blood pressure and heart rate before and after the Frenkel’s ambulatory activity.

Results

Blood pressure and heart rate significantly increased (p<<0.05) following Frenkel’s ambulatory activity in all the 3 categories
of stroke onset above baseline. However, there was no significant difference (p>0.05) across the onsets in both blood pres-

sure and heart rate responses.
Conclusion

The outcome of this study indicated that Frenkel’s ambulatory activity has the propensity to increase blood pressure and

heart rate of hemiparetic stroke survivors irrespective of the onset of stroke. We recommend a pre, within and post-activity

monitoring of stroke survivors while subjecting them to Frenkel’s ambulatory activity.
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Introduction

Gait is an organized motor activity essential for the
performance of activities of daily living. Gait activity
in humans is made possible through a sensory- motor
control systems of complex integration. The exact
cortical, subcortical, and spinal control mechanisms
of gait remain unclear'. Stroke interferes with the spe-
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cialized organization of these neural control systems
extending the period of ambulatory impairment. These
results in physical inactivity and deconditioning which
accelerate declines in neuromuscular function and car-
diorespiratory endurance, increase the risk for cardio-
vascular disease and increase disability®.

Impaired walking ability is a hallmark of the residual
deficit following stroke. At the early stage of stroke,
the paresis of the lower-extremity secondary to im-
pairment of muscle activation decreases the likely ef-
fort to propel the limb to swing and the ability to use
the limbs as a base of support during stance™'. As time
from stroke increases beyond the early post-stroke pe-
riod, motor control, muscle strength (force-generating
capacity), and walking ability gradually improve’. Pet-
sistent gait inefficiency might still be present as a re-
sult of residual impairment and development of other
secondary impairments®’. Coupled with patesis, stroke
disrupts selective voluntary control and can leave the
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patient with primitive patterns of muscle action
and spasticity®. Additionally, disuse muscular atrophy
might compound the initial neurological deficit, and
such muscle weakness could prevail for longer period
irrespective of the functional recovery attained during
the acute phase’. The resulting effect of these impait-
ments on walking is reduced speed and endurance, poor
balance and a seemingly, asymmetry during gait.

Stroke does not often occur alone as, patients with
stroke present with other forms of medical condi-
tions'’. These conditions could pre-date the stroke or
post-stroke (as complications). About 175% of stroke
survivors have been reported to present with cardiac
disease'’. Physical activity places greater energy demand
on cardiovascular system of hemiplegic patients than
apparently healthy individuals. Stroke survivors with
pre-existing or post-stroke cardiac disease might be at
increased risk for exertion related cardiac complica-
tions'’. Such complications, might delay or inhibit par-
ticipation in a therapeutic exercise program, com-
plicate the rehabilitation and/or extend long-term
post-stroke course of care. The overall effect is, limiting
the ability of the patient to perform functional activities
independently''*.

Frenkel's exercise is an aerobic exercise that consists of
a series of carefully planned activities, aimed at making
the patient employ what is left to him/her of muscle
sense, in order to prevent further decline of the muscle
sense or even effect an improvement'. The exercise was
primarily developed to treat sensory ataxic patients hav-
ing complaints of loss of impulses and lack of volun-
tary control mechanism". Subsequently, the exercise was
adopted in the rehabilitation of a number of conditions
with impaired gait, balance and coordination, including
stroke. Gait disorders in stroke could be compounded
by sensory loss apart from the motor impairments'®.
The sensory impairments could include propriocep-
tive loss leading to inability to be aware of position of
the limbs in space and thus, where to place them'". The
concept of Frenkel's exercise is to compensate for that
loss with the visual system which can update the central
nervous system about the position of the limbs in space
and their direction of movement, thereby, contributing
to balance and improving gait pattern. Detailed admin-
istrative protocol of the exercise has been explained
elsewhere''®. The ambulatory part of the exercise is
the most advanced stage of the exercise and it is char-
acterized by a well-coordinated exercise, with patients
required to place their feet in marked footprints as

they advance in walking. This activity requires a lot
of concentration, coordination and endurance and
may serve as a threat to the cardiovascular system,
especially in hemiparetic stroke survivors. This is be-
cause paretic gait is known to be associated with a high-
energy demand compared with the non-paretic'*?, and
stroke subjects' show poor endurance'®*!. Frenkel's ex-
ercise has become a popular exercise protocol among
therapists, administered mainly for gait correction and
coordination. However, there has been no documented
literature on the potential cardiovascular adjust-
ments following Frenkel's ambulatory exercise. Our
study investigated the effect of Frenkel's ambulatory
activity on selected cardiovascular parameters (specifi-
cally, blood pressure and heart rate) with an aim to iden-
tify to what extent these parameters are influenced by
the acute effect of the activity.

Methods

Participants

Sixty male and female chronic hemiparetic stroke sur-
vivors were recruited to participate in this comparative
study. Participants were all recruited from the out-
patient physiotherapy clinic of Aminu Kano Teach-
ing Hospital, Kano. Recruitment of participants was
specifically targeted at engaging 3-categories of hemi-
paretic stroke survivors based on their time since stroke
(or stroke onset).

These categories are: = 6-months (group A),>6-11
(group B), and 212 (group C) with each group having
a total of 20 participants. Recruited participants were
found to conform to study inclusion criteria which in-
clude: a) A history of cardio-vascular accident (CVA)
of at least 3-months of onset. b) Unimpaired cogni-
tion and having positive motivation. ¢) Ability to walk
a distance of 10m (walking aids are permitted, but not
the help of another person). d) Ability to stand from
sitting without help and walk a minimum of 10m inde-
pendently prior to CVA. e) Signing a written informed
consent. Similarly, participants were excluded if they
present: 1) have had some sort of Frenkel’s activ-
ity earlier. 2) Receptive aphasia. 3) Medical instabil-
ity (e.g. uncontrolled blood pressure, arrhythmias, and
unstable cardiovascular characteristics). 4) Participants
with visual impairments such as blurred vision, long or
short sightedness. 5) A history of fracture or signifi-
cant orthopaedic surgical procedure in the upper and/
or lower limb interfering with patient's functional ability
to walk prior to or post-CVA. 6) Other medical condi-
tions severe enough to impair functional activities (e.g
walking).

907 African Health Sciences Vol 14 Issue 4, December 2014



Procedure

This study is a comparative observational study of
the pre/post test influence of Frenkel’s ambulatory
activity on heart rate and blood pressure in hemiparetic
stroke survivors undergoing rehabilitation. The study
was conducted in the gymnasium of the Department
of Physiotherapy, Aminu Kano Teaching Hospital
(AKTH).The study was approved by the ethics com-
mittee of AKTH.

Prior to the commencement of the study participants'
physical characteristics including: body mass (in each
study group) was measured and recorded to the near-
est 0.1kg and stature to the nearest 0.Im and body
mass index (BMI), defined as body mass in kilogram
divided by stature in meter squared (kg/m-2). All physi-
cal characteristics measurements were performed ac-
cording to the International Society for the Advance-
ment of Kinanthropometry guidelines* (all these were
measured once, solely to describe participants features).
The physiological parameters including blood pressure
and heart rate were measured at rest and post-Frenkel's
ambulatory activity. The resting blood pressure and
heart rate were measured with the participants seated
comfortably at least 10 minutes prior to measurement
using automated blood pressure monitor (Model: Om-
ron BP710). The means of two consecutive readings
of both blood pressure and heart rate were recorded,
similarly, the procedure was performed immediately af-
ter completion of a single bout of the minute walk of
Frenkel's ambulatory exercise; no room was permitted
for a rest, so as to capture the immediate (acute) cardio-
vascular adjustments (in terms of blood pressure and
heart rate).

Administration of Frenkel’s ambulatory exercise

A 2-minute walk in a coordinated fashion guided by
marked footprints was performed by each participant
(monitored individually). This is chosen based on the
characteristic of the study population”. The 2-min-

ute walk test was  specifically administered to

determine the immediate effect of the Frenkel’s
ambulatory activity. The ambulatory activity was per-
formed on a flat concrete floor, with marked footprints
of 9cm step width and seven degrees foot angle, these
measurements have been reported as the average gait
characteristic for adults®.

To commence the activity, participants were instructed
to watch the movement they perform and to give full
attention to the activity. They were asked to ensure that
all movements are accurate and rhythmical. Each par-
ticipant was asked to walk using his/her comfortable
pace to ensure accuracy of placing each foot, on the
marked footprints and to as much as possible maintain
even tempo throughout the activity. Participants were
encouraged from the beginning to the end of the exer-
cise using phrases such as: a) you are doing well; b) you
got it right; c) better foot placement and d) maintain
the tempo. Activity was performed on separate days for
each group of participants (i.e. =6 months as A, >06-11
as B, 212 as C).

Data analysis

Data were analysed wusing descriptive —statistics
(mean®SD), dependent sample t-test and one-way
ANOVA. Changes in blood pressure and heart rate were
determined by analysing pre- and post- ambulatory val-
ues using dependent sample t-test and the percentage
change was calculated using Microsoft excel. One-way
ANOVA was used to determine differences in select-
ed cardiovascular parameters in the three independent
stroke onset categories. Analyses were conducted us-
ing Microsoft excel and SPSS (version 15.0) at a prob-
ability level of 0.05.

Results

A total of 60 stroke survivors participated in this study.
Their mean age was 49.2+9.3 years and their mean BMI
was 59.8£7.9 kgm-2. Thirty-eight (63.3%) of the par-
ticipants were male, with thirty-two (53.3%) present-
ing with left-sided hemiplegia. However, the majority
(90%) of the participants do not need walking aid, for
ambulation (Table 1).
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Table 1: Physical and disease characteristics of subjects

P-value
Variables Combined Group A Group B Group C

(n=060) (n=20) (N=20) (n=20)
*Age, years 49.21+9.3 483+7.8 51.2%£11.0 482%£94 0.709t
*Body mass (kg) 59.8 £ 7.9 59.2+9.6 60.0x7.8 60.2%£69  0.959t
*Stature (m) 1.6 £ 0.1 1.7 £ 0.1 1.6 £ 0.1 1.7+ 0.1 0.582+
*Body Mass Index (kgm-2)  21.9 £ 2.0 215+32 224+28 21731  0.788f
Gender (M/F) 38/22 14/6 12/8 12/8
Side of hemiplegia (R/L) 28/32 12/8 10/10 10/10
Walking aid (No/ Yes) 54/6 18/2 16/4 20/0

Group A, B & C= duration of onset (< 6, >6-11and = 12 months respectively),* Values are in mean * standard deviation,
M/F=male to female count, R/F= right to left hemiplegia. TNone of the comparisons of physical characteristics of
participants were statistically significant at baseline in all the categories.

Pre and post blood pressure and heart responses

The differences in blood pressure and heart rate re-
sponses pre and post Frenkel’s ambulatory activity was
found to be significant for the both of the variables

Table 2: Changes in blood pressure and heart rate following Frenkel’s
ambulatory exercise

in all the 3 categories of stroke onset. In blood pres-
sure both systolic and diastolic blood pressures dem-
onstrated significant change (p<0.5) and this influence
was also seen in the heart rate (Table 2).

P-value Group C

Variables Test GroupA %A  P-value GroupB %A
Y%A P-value
SBP (mmHg) Pre 125.5+6.9 128.0+ 7.1

0.000 140.045.3 0.000
SBP (mmHg) Post  141.1+4.6 9.3*
12.4*
DBP (mmHg) Pre 84.515.4 82.6%6.8
DBP (mmHg) Post  91.1%49 0.000 89.2£6.0 0.000
7.8* 8.0*
HR (beats/min) Pre 80.5£7.8 82.818.2
HR (beats/min) Post  113.3%7.0 0.000 113.1+7.8 0.000
40.7* 36.6*

125.0£9.1
139.6£5.0 0.000
11.7*

83.4+6.7
89.3+6.0 0.000
7.1%

82.8+55

112.6£10.9
36.0%

Group A, B & C= duration of onset (< 6, >6-11 & = 12 months respectively),* SBP=systolic blood pressure, DBP=diastolic blood

pressure, HR= heart rate, Y%oA= mean percentage change, *result is significant critical t19=1.73 at 0.05« level

Cross-sectional variation in blood pressure and heart
rate according to onset of stroke Participants were not
found to differ significantly (P>0.05) in responses based
on the duration of onset of stroke (groups A, B & C).

The outcome of the study equally, indicated insignifi-
cant differences in blood pressure and heart rate after
adjusting for age and hemiplegic side (P>0.05) across
onset of stroke (Table 3)
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Table 3: Differences in selected cardiovascular according to duration of stroke onset

Variables

Combine Group A Grou Grou F P-
d P B P C P

value

A1
DBP(mmHg) 6.4%3.4

HR(beats/mi  30.9%£9.1 32.8%£10. 30.3%
n) 1 9.2

SBP (mmHg) 14.1£5.7 15.6£5.5 12.0%5.4 14.6%

1.076 0.355a

6.8£3.9 6.6£3.5 59%3.0 0.181 0.835#a
29.8+8.8 0.294 0.748a

S

Discussion

We conducted a comparative study to investigate the
effect of acute Frenkel’s ambulatory exercise on blood
pressure and heart rate of chronic hemiparetic stroke
survivors. The outcome of this study suggests that
acute Frenkel’s ambulatory exercise significantly in-
creases both blood pressure and heart rate measures of
hemiparetic stroke survivors within each onset catego-
ries. However, while these changes are observed with-
in specific durations of stroke onset, responses were
not found to differ significantly across the duration of
stroke onset.

The outcome of this study indicating heightened blood
pressure and heart rate following acute Frenkel's ambu-
latory exercise, cannot be considered a normal physi-
ological change following dynamic aerobic exercise
because of two important reasons. Firstly, ordinary
physiological change following dynamic aerobic exer-
cise increases is characterized by a rapid increase in car-
diac output following increases in both stroke volume
and heart rate, coupled with which is increasing systolic
blood pressure (SBP) in a pattern very similar to that of
cardiac output, without any obvious alteration in dias-
tolic blood pressure (DBP).*% Our study indicating a
change in diastolic blood pressure negates the ordinary
physiological variation seen in dynamic aerobic exercise
under normal circumstances. Secondly, the implication
of significant difference between pre and post interven-
tion (in the variables) calls for a closer look into this
activity (Frenkel's ambulatory exercise). This is because
the physiological changes explained eatlier are expressed
with respect to normotensive population. The facts that
stroke survivors have a known heightened risk of sec-
ondary cardiac complications and recurrent stroke, ac-
tivities that task the cardiovascular system (such as the
Frenkel's) must therefore be introduced with caution.

Several reasons can be advanced for the physiologi-

Group A, B & C= duration of onset (< 6, > 6-11 & = 12 months respectively), SBP=
systolicblood pressure, DBP=diastolic blood pressure, HR= heart rate; F2,12=3.89 at 0.05a level

cal responses seen in our sample. First, self- reported
fatigue in stroke survivors is roughly a double higher
compared to matched controls and is not related to time
post stroke, sevetity, or lesion location®. This height-
ened level of fatigue could translate to an increased en-
ergy expenditure of hemiplegic gait which result from
the inability to activate normal movement patterns'.
The poor movement pattern has been linked with as-
sociated weakness, spasticity and abnormal central
neural patterning of muscle activation”’. Obviously,
since Frenkel's ambulatory activity is geared towards
correcting the movement pattern in stroke it might not
therefore, be a surprise that its acute effect would alter
physiological parameters significantly. Second, the
gross physical deconditioning, age-associated decline in
fitness and muscle mass, disproportionately large use
of cardiovascular and metabolic capacity to produce
192127 could all interfere with patients' physi-
ological parameters to meet the challenge of this highly
coordinated ambulatory activity when initially intro-
duced.

ambulation

A question might arise about why this difference when
our sample are currently undergoing rehabilitation. An
answer to this question has been provided by a previ-
ous study investigating exercise capacity in stroke survi-
vors. The study monitored stroke survivors undergoing
physiotherapy and occupational therapy * and 14 weeks
post stroke. The study opined that therapy might be
of insufficient intensity to produce a cardiorespiratory
training impact®™. It was discovered that on average in a
physiotherapy session, 42% of the time was spent inac-
tive in lying, 11% active in lying, 16% active in sitting and
31% active in standing and above all if it was present
the aerobic component of a typical physiotherapy ses-
sion lasted less than 3 minutes. Agreeably, with such a
poor approach towards cardiorespiratory fitness being
under therapy might not have put our participants in
a good cardiorespiratory fitness to overcome the chal-
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lenge posed by the Frenkel's ambulatory activity.

We compared the blood pressure and heart responses
in the three categories of stroke survivors and found
no significant difference in blood pressure and heart
responses. This outcome might probably explain the
lack of difference in fatigability and its consequence on
cardiovascular response in stroke survivors which has
been detailed in a study investigating the frequency and
outcome of fatigue, its impact on functioning, and its
relationship with depression in patients 3 to 13 months
post-stroke. The outcome of which indicated that fa-
tigue was not related to time post- stroke, stroke sever-
ity, ot lesion location?’.

These results must be interpreted with caution owing to
small sample size and the absence of a control group.
We cannot rule out selection bias considering the array
of recruitment criteria used in this study and this might
surely create under representation of certain medical
comorbidities. On overall our concern is that we
may over emphasize the impact of this ambulatory
activity on blood pressure and heart rate of hemiparetic
stroke survivors. However, the key information re-
mains that when introducing activity of this char-
acteristic to stroke survivors there is the need to ap-
preciate the cardiovascular status of the patients and to
introduce such activity cautiously.

Conclusion

The acute effect of Frenkel's ambulatory exercise sig-
nificantly increases blood pressure and heart rate re-
sponses of stroke survivors irrespective of onset time
post-stroke. The clinical implication of this outcome is
that poor monitoring of stroke survivors at the initial
introduction to Frenkel's ambulatory activity can pose
a threat to cardiovascular parameters, therefore, thera-
pists need to identify properly the cardiovascular status
of the patients prior to exposing to this activity. We rec-
ommend a more extensive study to further substantiate
our findings.
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