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Abstract— We developed a stretching machine that automat-
ically performed dorsiflexion foot stretching, and subsequently
verified its long-term effect. One participant, with a history of
cervical spine injury, underwent stretching of her left foot for
10 mins, twice a week, for 4 weeks. Before and after the exper-
imental period, the ankle dorsiflexion range of motion (ROM),
passive resistive torque during passive dorsiflexion, maximum
voluntary contraction (MVC) of the ankle plantarflexors, 5-m
walking parameters (time, steps, and cadence), and time up-
and-go (TUG) test time were evaluated. We found that after
4 weeks of stretching, the ankle ROM was increased, and
the passive torque at 10◦ dorsiflexion and MVC had slightly
decreased. Although the 5-m walking time did not change
significantly, the TUG test time was 1.2 sec faster. These results
indicate that the rigidity of the foot decreased slightly and the
stability during the turning motion increased owing to foot
stretching using the stretching machine.

I. INTRODUCTION

Static stretching has the effect of improving range of mo-
tion and reducing muscle tone. In clinical practice, stretching
is often performed to treat impairments of the foot. Several
stretching equipment have been studied with the aim of au-
tomating foot stretching. One research group at Northwestern
University previously developed a stretching machine for
use in bed-side care, and suggested its effects for stroke
patients [1], [2]. The foot has the three degrees of freedom
as shown in Fig. 1, so that Yoo, et al. developed the three-
dimensional foot stretching device for use while standing.
They reported that stretching using this device improved
the locomotion ability in stroke survivors [3]. In addition,
Toda, et al. produced a stretching machine which simulated
the therapists’ manual stretching technique, which involves
pulling the heel towards the bottom side during stretching [4].
However, the clinical effect of this machine has never
been examined. Furthermore, Yamada, et al. had developed
a three-dimensional foot stretching machine for use with
sitting [5], [6]. This machine can automatically stretch the
foot, facilitating eversion, abduction, and dorsiflexion and is
under improvement to achieve a sufficient effect.

The dorsiflex movement is major procedure in clinical
manual foot stretching [7]. Therefore, in the present study,
we developed a dorsiflex stretching machine that can be used
at home. A commercialized automatic foot exerciser that is

*This work was supported by JSPS KAKENHI Grant Nos. 17K13108
and 20K19403 and Grants-in-Aid for individual research in Aichi Medical
College. We also acknowledge technical support from LAP Co., Ltd.

1Faculty of Physical Therapy, Aichi Medical College for Physical and
Occupational Therapy, Kiyosu, Japan

2Department of Mechanical Systems Engineering, Nagoya University,
Nagoya, Japan.

A’

A: plantarflexion / A’: dorsiflexion  

B: inversion / B’ : eversion

C: adduction / C’: abduction

A
B’

B

C’

C (Right foot)

Fig. 1. The three degrees of freedom of the foot movement.

pneumatically driven was modified with a function to allow
static stretching over a long period [8]. Foot stretching using
this machine in young healthy subjects increased the ankle
joint range of motion and reduced the resistive torque during
passive dorsiflexion. Furthermore, in healthy elderly people,
10 mins of foot stretching using this stretching machine
increased the ankle joint range of motion, and potentially
decreased the stiffness of the Achilles tendon [9]. These re-
sults verified the immediate effect of our stretching machine;
however, the effect of long-term use remains unclear.

Although several previous studies have investigated the
immediate effects of foot stretching devices, the effects
of long-term interventions have not yet been fully demon-
strated. Zhou et al. reported the effect of using an automatic
stretching device three times a week for three months in
stroke patients [10]. In their study, stretching was per-
formed using the proprioceptive neuromuscular facilitation
(PNF) method, in which 15-sec stretching was repeatedly
performed, followed non-static stretching, which involves
continuous stretches over a long period. A systematic review
of a study of chronic foot stretching, including several types
of stretching (i.e., static, dynamic, and PNF), suggested that
more than 8-12 weeks of long-term intervention or more
volume and intensity of each stretching was needed to change
the structure of the muscles and tendons [11]. The stretching
machine we developed is capable of static stretching for a
long period, and long-term use of the device is expected
to improve foot function. Therefore, using our stretching
machine, we examined the effect of stretching when long-
term intervention was performed in elderly people with a
smaller foot ROM. In this paper, we present the data of one
participant.
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Fig. 2. The mechanism of the stretching machine. First, the foot is placed
at the initial position (a). By air inflow, the bellows are extended and the
foot is dorsiflexed (b).

II. METHODS

A. Participant

The subject is a 68-year-old woman who attended an adult
day care center. She had a history of cervical spine injury
caused by an accident 3 years prior. Although she could
walk independently, she presented with a mildly increased
muscle tone in both lower limbs and mild restriction of the
range of motion of the ankle joint on both sides. She usually
visited the day care center 5 days a week for individual
rehabilitation. She had no cognitive function problems. We
explained to the patient the purpose and procedure of this
study, both verbally and in writing, in advance and obtained
informed consent before the experiment. This study was
conducted with the approval of the ethics committee of Aichi
Medical College (#19204).

B. Stretching method

The stretching machine we developed is pneumatically
driven, and the mechanism is shown in Fig. 2. When air
flows into the bellows, the foot is dorsiflexed. As the machine
is driven with the hold-to-run method, air continues to flow
while the user holds the switch.

To stretch the foot, a certain dorsiflexion angle must
be maintained. Before stretching, the foot was passively
dorsiflexed by the stretching machine, and the air pressure
when the user experienced stretching in the lower limbs
was recorded. The stretching intensity was thus determined
by setting this value as the upper limit of the air inflow
during stretching,. After this, to perform foot stretching, the
user held the switch to allow upward air inflow until they
decided that the stretching intensity had been reached, and
the foot was kept in the dorsiflexion position. The machine
was programmed to automatically block the inflow of air
when the specified stretching time was reached.

The patient’s left foot was stretched in the experiment
because it had more movement restrictions than the right
foot. The left foot was placed on the stretching machine
while the patient sat in a chair. Her knee joint was extended,
and she operated the switch with her dominant right hand
(Fig. 3). Static dorsiflexion stretching using the stretching
machine was performed twice a week for 4 weeks. Each
session was performed for 10 min by repeating 5 sets of 2-
min static stretching. The stretching intensity was set each
time before the 2 min of stretching.

Fig. 3. Stretching situation. The participant sat in a chair and the foot was
placed on the machine.
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Fig. 4. Outline of time up and go test. The time taken from standing up,
walking to a target placed 3-m away, turning around it, walking to the return
point, and sitting in the chair is measured.

C. Biomechanical and functional measurements

Biomechanical and functional measurements were per-
formed before and after the 4 week experiment. For biome-
chanical measurements, passive foot dorsiflexion angle, pas-
sive resistance torque during passive dorsiflexion, and max-
imum voluntary contraction (MVC) of active plantarflexion
were evaluated. The dorsiflexion angle was manually mea-
sured using a goniometer. The passive resistive torque was
evaluated using a handheld dynamometer by measuring the
reaction force from the bottom of the foot when passively
dorsiflexed to 0◦, 5◦, and 10◦. MVC was measured as the
participant was pushing the handheld dynamometer fixed to
the frame with the bottom of the foot in the plantar flexion
direction. Passive torque and MVC were measured three
times each, and the average was used as the representative
value.

As functional measurements, the time, number of steps,
and cadence during normal 5-m walking and time up and go
test (TUG) results were evaluated. Cadence was calculated
as the number of steps per second. In the TUG, the time
taken from standing up, walking to a target placed 3 m away,
turning around it, walking to the starting point, and sitting
in the chair (Fig. 4) is measured. The result of the TUG test
is usually used to evaluate balance ability. For 5-m walking
and TUG, each measurement was taken twice, and the faster
times were used as the representative values for each test.

III. RESULTS

The results are shown in Table I．As a result of stretching
with the device for 4 weeks, the range of motion of the ankle
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TABLE I
RESULTS OF BIOMECHANICAL AND FUNCTIONAL MEASUREMENTS PRE

AND POST 4 WEEKS STRETCHING

Pre Post
ROM (°) 10 15
Passive torque (Nm) at 0° 5.0±0.9 4.3±0.6

at 5° 4.7±0.4 5.1±1.1
at 10° 6.0±0.6 5.6±0.4

MVC (Nm) 4.5±0.9 3.5±0.2
5m walk time (sec) 4.4 4.5

steps (step) 11 11
cadence (step/sec) 2.5 2.4

TUG (sec) 8.9 7.7

mean±standard deviation
ROM: range of motion in passive dorsiflexion
MVC: maximum voluntary contraction in planterflexion
TUG: time up and go test
0°, 5°, 10°: passive foot dorsiflexion angle during measurement

dorsiflexion increased by 5◦. The passive torque decreased
slightly at 0◦ and 10◦ dorsiflexed and increased at 5◦ dorsi-
flexed. The MVC in plantarflexion decreased by 1.0 Nm. In
the 5m walk, the number of steps did not change, and the
time and cadence showed minimal changes. The TUG time
was 1.2 sec faster after 4 weeks.

IV. DISCUSSION

In this study, we investigated the effect of long-term
use of the stretching machine we developed, in addition
to normal rehabilitation. The participant performed 10-min
foot dorsiflexion stretching using the machine twice a week
for 4 weeks. After the experimental period, the dorsiflexion
range of motion of the ankle increased by 5◦ and the passive
torque at 10◦ dorsiflexed foot decreased, indicating decreased
foot rigidity. We hypothesized that foot stretching using
the machine mitigated the muscle tone, thereby increasing
the ankle range of motion for a participant who had slight
hypertonia of the lower limb because of the cervical spine
injury. Moreover, it is possible that the ankle plantar flexion
muscle strength also decreased due to the reduction in lower
limb muscle tone. Additionally, although the results of 5-
m walking did not change significantly, the TUG time was
shortened. TUG measures both straight walking and turning;
accordingly, the time could be reduced because the turning
became smoother. Thus, it was predicted that the subject’s
balance ability had improved.

The limitation of this study is that the experimental period
was only 4 weeks. Previous studies have suggested that con-
tinuous foot stretching for 8-12 weeks or longer is desirable
to assess long-term effects [11], and verification over a longer
period is required. In addition, this study reports the effects
of machine use in only one participant; further studies with
healthy participants and a larger sample size are required to
verify our results.
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