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Comparison of Plantar Pressure and Plantar Contact Area before and

after Botulinum Toxin Type A (BoNT-A) Therapy in Stroke Patients
with Lower Limb Spasticity
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Abstract : The effectiveness of botulinum toxin type A (BoNT-A) therapy for
reducing muscle spasticity has been reported. We examined changes in the plantar
contact area and plantar pressure after BONT-A injection therapy in stroke patients
with spastic hemiparesis. The study participants were 12 male hemiparetic stroke
patients treated in our outpatient clinic (right hemiparesis, 7; left, 5), who were
able to walk without orthoses. They were requested to walk barefoot at their
normal walking speed on a sheet with pressure measurement sensors, before, and
at one and three months after BoNT-A therapy. Simultaneously the maximum
plantar pressures and maximum plantar contact areas of both feet during the
standing phase of walking were analyzed using a pressure distribution measuring
system. The ratios of the measured values for the affected side to that of the
unaffected side were calculated. The mean ratio of the maximum plantar pres-
sure of the affected/unaffected limb on standing changed from 61.5% +12.4%
to 75.0% £9.5% at one month, and 61.2% +73% at three months after BoNT-A
therapy. The mean maximum plantar contact area ratios also changed from 75.3%
+11.7% to 879% +8.7% at one month and 778% =+ 8.8% at three months. For
both parameters, the ratios were significantly increased at one month after BoNT-A,
compared to the other time points (P < 0.01). These results suggest that BoNT-A
therapy reduces muscle spasticity of the lower limbs, which improves the range of
motion of the ankle joints, leading to improved plantar contact during the standing
phase of walking. This pressure measurement system may be useful for assessing
the effectiveness of BoNT-A therapy.
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Introduction

Muscle spasticity is a common sign of upper motor neuron syndrome. It is defined as a

motor disorder characterized by a velocity-dependent increase in the tonic stretch reflex with an

1,2)

exaggerated tendon reflex™ It is a condition of increased muscle tone observed in patients

who have sustained central nervous system damage, such as that caused by strokes. If muscle
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spasticity persists for a prolonged period, the range of motion of the joints becomes restricted
due to changes in the viscoelasticity of the muscles, thereby negatively impacting the patients’
activities of daily living, such as eating and dressing, and leading to the deterioration of walking
ability due to equinus foot or skew foot”. In recent years, botulinum toxin type A (BoNT-A)
therapy has received attention as a potential treatment for muscle spasticity. It is predicted
that amelioration of muscle spasticity will lead to an improvement in the walking ability of
hemiparetic stroke patients.

To our knowledge, no studies have examined the changes in walking ability before and after
BoNT-A injection, using an objective measurement instrument. In this study, we analyzed
changes in the maximum plantar pressure and maximum plantar contact area during the standing
phase of walking, before and after BoNT-A injection therapy in stroke patients with spastic
hemiparesis, using a pressure measurement system consisting of a sheet sensor and a pressure
distribution measuring system.

Materials and methods

Study participants (Table 1)

Twelve male patients (mean age, 62.9 +72 years; range, 52-77 years) who had chronic
hemiparesis with a post-onset duration of over one year participated in the study. Seven
patients had right hemiparesis and five had left hemiparesis, with a lower extremity Brunnstrom
stage of 3-4 and modified Ashworth scale of 3-4. They were able to walk barefoot. The
participants did not change their physical therapy program and there were no recurrences of

Table 1. Characteristics of patients with spasticity and BoNT-A dose

Pt. Age  Gender  Diagnosis Alfected MAS Brusrg;gom BoNT-A
side (lower) §19)
1 56 M CH Left 4 I 300
2 57 M CH Right 4 I 300
3 77 M CH Right 3 I 200
4 52 M CH Left 4 v 300
5 69 M CH Left 4 v 300
6 62 M CH Right 4 I\% 300
7 65 M CH Right 3 v 300
8 67 M CH Right 3 v 200
9 54 M CI Left 4 I 300
10 68 M CI Left 3 v 300
11 63 M CI Right 3 v 200
12 65 M CI Right 3 v 300

6-MAS 4 3-200 TU

All 62.9* 12M 8CH /4Cl 7R /5L 6-MAS 3 4100 /81V 9-300 TU

BoNT-A, botulinum toxin type A ; Pt., patient number; MAS, modified Ashworth scale ;*,
mean ; M, male; R, right; L, left; CI, cerebral infraction ; CH, cerebral hemorrhage.
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cerebral vascular accidents during the whole study period. In addition, rehabilitation during the
period was not changed.

Informed consent was obtained from each patient after a full explanation of the study
was provided in writing, including the risks and benefits of BoNT-A injection therapy. This
study was approved by the Ethics Committee of Showa University School of Nursing and
Rehabilitation Science (approval number : 241).

BoNT-A injection
In total, 200-300 IU of BoNT-A was injected into the spastic muscles (gastrocnemius, soleus,
and posterior tibial muscles) of the affected leg of each patient.

Measurement device and measurement method (Fig. 1)

The participants were requested to walk barefoot at their normal walking speed on a sheet
with pressure sensors (WalkWay MW-1000, ANIMA Corp., Tokyo, Japan) before BoNT-A
injection and then again at one and three months after injection. The maximum plantar
pressure and maximum plantar contact area of the right and left feet during the standing phase
of walking were evaluated using a pressure distribution measuring system (Predas MD-1000),
ANIMA Corp., Tokyo, Japan). The ratio, expressed as a percentage, of the maximum plantar
pressure on the affected side to that on the unaffected side was compared between before
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Fig. 1. Original data of foot pressure during gait
Patient 4: 52-year-old male with left foot spasticity, Brunnstrom stage (lower)III,
injected with 300 TU botulinum toxin type A (BoNT-A). Modified Ashworth scale
for dorsiflexion decreased from 4 (before BONT-A) to 2 (one month after BONT-A).
A maximum foot pressure value was taken from both the right and left foot to
calculate the ratio of affected / unaffected foot pressure.
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injection, and at one and three months after injection. The ratios of the maximum plantar
contact area of the affected side / unaffected side were similarly compared.

Statistical analysis

The maximum plantar pressure and plantar contact area before injection, and at one and three
months after injection, were analyzed by paired one-way analysis of variance and then compared
between the groups by a post-hoc test (Scheffe method) using SPSS 19.0 J (SPSS, Chicago, IL).
Data were expressed as mean * standard deviation, and the significance level was set at 5% .

Results

The modified Ashworth scale was decreased in all patients at one month after BONT-A injection
(Fig. 2). The ratio of the maximum plantar pressure of the affected /unaffected side was 61.5%
+124% before BoNT-A injection, 75.0% +9.5% at one month after injection, and 612% =+ 73%
at three months after injection. The ratio was significantly increased one month after injection,
compared to before injection (i.e., the difference in plantar pressure between the affected and
unaffected sides was decreased), but it had returned to the pre-treatment level at three months
after injection (Fig. 3). The ratio of the maximum plantar contact area of the affected / unaffected
side was 75.3% + 11.7% before BoNT-A injection, 879% +8.7% at one month after injection, and
778% + 8.8% at three months after injection. The ratio was significantly increased one month
after injection, compared to before injection (i.e., the difference in the plantar contact area between
the affected and unaffected sides was decreased), but it had returned to the pre-treatment level at
three months after injection, similar to the plantar pressure results (Fig. 4).
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Fig. 2. Changes in modified Ashworth scale before (pre) and
one month after injection of botulinum toxin type A
(BoNT-A) into the spastic muscles of the lower limb.
** P <001, pre vs. one month. n, number of patients.
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Fig. 3. Ratio of maximum plantar pressure of the affected/
unaffected side before injection of BoNT-A (Pre),
and one month and three months after BoNT-A.**,
P < 0.01, compared to the other time points. BONT-A,
botulinum toxin type A.
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Fig. 4. Ratio of maximum plantar contact area of the
affected / unaffected side before injection of BoNT-A
(Pre), and one month and three months after
BoNT-A.**, P < 0.01, compared to the other time
points. BoNT-A, botulinum toxin type A.

Discussion

Muscle spasticity is observed in almost all stroke patients. If it persists for a prolonged
period, patients develop range of motion restrictions in their joints due to changes in the
viscoelasticity of affected muscles, which negatively impacts on their activities of daily living,
and causes deterioration in their walking ability®. Traditional treatments for spasticity

include oral antispasmogenics®

, nerve blocks targeting the motor nerve and muscular junction

(motor point)>®, prolonged stretching”, orthotic treatments such as an inhibitor bar® or a
P P g g

toe spreader”, the Vulpius method, and orthopedic procedures such as anterior tibial tendon

transfer'?.
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Although there is a wide variety of treatment methods, their effects are limited. The first
clinical use of BoNT-A was for the treatment of strabismus, as reported by Scott in 1980'".
Since then, BoNT-A therapy has received attention as a potential treatment for muscle spasticity.
BoNT-A is a component of botulinum toxin produced by the Clostridium botulinum organism,
which is a gram-positive anaerobic bacterium. There are seven different categories of botulinum
toxin, designated types A through G. BoNT is the most toxic form, and the lethal dose of
BoNT-A when inhaled by a human (70kg) is estimated to be approximately 0.7-0.9 pg'®.
BoNT-A causes muscle relaxation by blocking the release of acetylcholine from the nerve
terminal at the neuromuscular junction. This effect has led to the development of the toxin
as a muscular relaxant for patients with abnormal muscle tone, such as those with spasticity
and torticollis. BoNT-A is currently used for a wide variety of conditions, including spasticity,
blepharospasm, unilateral facial spasm, strabismus, spasmodic strabismus, glabellar line between
the eyebrows, hyperhidrosis, and hyperactive bladder. In Japan, BoONT-A was approved for the
treatment of spasticity involving the upper and lower extremities in adults in 2010, and several
studies have demonstrated the effectiveness of BONT-A on muscle spasticity'> .

Muscle spasticity may be related to changes in peripheral tissues and the breakdown of the

central nervous system in acute stroke patients '®

, and a model of spasticity development for
the stages of motor output reorganization after stroke has been proposed (spasticity is considered
to be a manifestation of maladaptive plastic responses)'”. Studies have shown the effects of
BoNT-A on activities related to muscle stretch reflexes, such as an effect on 7y -motor neurons
at the neuromuscular junction, a change in stimulation of Ia muscle spindles due to degeneration
of ¥ -neurons, decreased co-contraction, and decreased Renshaw inhibition of the H reflex'¥. In
addition, a study of stroke patients has demonstrated that short-interval intracortical inhibition in
the unaffected cerebral hemisphere recovers to a normal level after BONT-A injection, suggesting
an effect on the central nervous system'”. Therefore more observations of the injured brain
area and size are required in future studies.

Numerous studies have analyzed the center of foot pressure in healthy individuals while
walking, by measuring the plantar pressure or contact area using pressure measurement systems,
similar to the device employed in our present study. The plantar pressures and plantar contact

20, 21) In

areas are reportedly almost the same in the right and left feet of healthy individuals
contrast, hemiparetic stroke patients have difficulty placing their weight on the affected leg,
because their plantar contact area is reduced due to a decrease in the range of motion of the
ankle joint and equinovarus foot deformity resulting from muscle spasticity. In the present
study, the maximum plantar pressure and maximum plantar contact area on the affected side
were 60%~ 70% of the unaffected side before BoNT-A injection. One month after BoNT-A
injection, the maximum plantar pressure and plantar contact area on the affected side reached
70 % ~ 90 % of the unaffected side, i.e., they were comparable to the unaffected side. These
results suggest that botulinum therapy reduced the muscle spasticity of the lower limbs, which
improved the range of motion of the affected ankle joints, leading to improved plantar contact

during loading.
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However, at three months after injection, the maximum plantar pressure and maximum plantar
contact area had returned to 60%~ 70% of the unaffected side. It is assumed that the nerve
terminals that stopped releasing acetylcholine after BoNT-A therapy regained neurotransmitter

function by sprouting new nerve terminals over the period of three to four months after

tzz)

treatmen Spasticity was therefore considered to have returned to the pre-injection level. In

addition, these results suggest that the pressure measurement device used in the present study
might be useful for assessing the effectiveness of BoNT-A therapy by comparing walking status
before and after BONT-A injection.
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