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The effect of anti-gravity treadmill
training for prosthetic rehabilitation
of a case with below-knee amputation
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Hiroaki Kimura and Mitsuo Ochi

Abstract

Background: The aim of this case study was to verify the efficacy and safety of anti-gravity treadmill training for prosthetic
rehabilitation following below-knee amputation.

Case description and methods: The patient underwent left below-knee amputation as a result of diabetic foot gangrene.
Since his physical strength and vitality had declined during the perioperative period, anti-gravity treadmill training was
introduced for his outpatient prosthetic rehabilitation.

Findings and outcomes: Stable prosthetic gait exercise could be carried out under guidance on the anti-gravity treadmill,
quickly resulting in improved gait. Furthermore, the patient’s self-efficacy and exercise tolerance were elevated after the
period of anti-gravity treadmill training. At the final evaluation following 6 weeks of rehabilitation with the anti-gravity
treadmill, he had acquired prosthetic gait with the assistance of a T-cane.

Conclusion: The anti-gravity treadmill was found to be a useful instrument for prosthetic rehabilitation following below-

knee amputation.

Clinical relevance

Anti-gravity treadmill training has the potential to support the prosthetic rehabilitation of below-knee amputees,
especially for patients whose physical strength and vitality are decreased.
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Background

Recently, the main causes of amputation of the lower limbs
have changed from traffic accidents and tumors to periph-
eral arterial disease, and the incidence of lower extremity
amputation has increased.! Most patients with peripheral
arterial disease have difficulties in walking and do not
have the habit of taking regular exercise because of symp-
toms including pain and paralysis.? Therefore, the physical
strength and vitality of patients tend to decrease during the
perioperative period, and most patients cannot participate
positively in prosthetic rehabilitation; it is therefore diffi-
cult for them to attain appropriate prosthetic gait.

The anti-gravity treadmill, consisting of a treadmill
enclosed within an airtight chamber, applies air pressure to
a patient’s lower body to alter body weight support and can

decrease the load on lower extremities and cardiovascular
function.? Furthermore, on the current commercially avail-
able anti-gravity treadmill (AlterG™, Fremont, CA, USA),
the risk of falling is negligible because in addition to the
presence of a handgrip, patients wear shorts specially
designed for the treadmill which are attached to the
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treadmill air chamber. Therefore, our hypothesis was that
the anti-gravity treadmill could be a useful instrument for
prosthetic rehabilitation of below-knee amputees, espe-
cially for those patients with reduced physical strength and
vitality. However, so far, there have been no reported
investigations of the efficacy of anti-gravity treadmills for
prosthetic rehabilitation.

The purpose of this case study was therefore to verify
the safety and effectiveness of anti-gravity treadmill train-
ing for prosthetic rehabilitation of a below-knee amputee.

Case description and methods

A 66-year-old male subject (weight = 81 kg, height = 168
cm) underwent left below-knee amputation because of dia-
betic foot gangrene. Following amputation, necrosis of the
stump of the left lower leg occurred and additional debride-
ment of the stump was performed. Treatment of the wound
and servicing of the removable rigid dressing were started
the day following the debridement. However, it took 5
weeks for the wound to heal and to attach the lower extrem-
ity pressure-cast prosthesis (ICECAST Anatomy; Ossur,
Reykjavik, Iceland).* Although resistance muscular strength
training and endurance training were continued in the
interim, his physical strength and vitality decreased. After
attaching the lower extremity prosthesis, standing-position
training, balance training, and walk training with a parallel
bar were performed, but the patient could not acquire the
necessary prosthetic gait ability because he was exhausted
by the rehabilitation and required crutches and assistance in
walking at the time of discharge. Since his decreased physi-
cal strength and vitality were considered to be inhibitors of
his gait exercise, anti-gravity treadmill training was intro-
duced for his outpatient prosthetic rehabilitation.

The outpatient rehabilitation was conducted for 20-40
min three times a week, beginning with stretch exercises fol-
lowed by the anti-gravity treadmill (AlterG M320; AlterG™)
training (Figure 1). Regarding the treadmill setting, body
weight support, walking speed, and exercise time were
adjusted with the ratings of perceived exertion using Borg’s
scale of 10-13 points for walking and cardiopulmonary
effort. Borg’s’ scale is an index to measure the rating of per-
ceived exertion: 10 points indicates “fairly light” and 13
points indicates “somewhat hard.” The incline of the tread-
mill was not changed. During anti-gravity treadmill training,
guidance in the correct prosthetic gait was also carried out.
After treadmill training, resistance muscle strengthening
exercises (especially for the diseased limb) and free walk
training on the floor were briefly performed. During the
study period, body weight support, treadmill speed, and
exercise time on the treadmill were adjusted according to the
Borg ratings of perceived exertion.

The General Self-Efficacy Scale was used to assess
optimistic self-efficacy to cope with a variety of difficult
demands at each important step in the study period.®

Figure I. Patient training on the anti-gravity treadmill.

The patient is wearing shorts specially designed for the anti-gravity
treadmill and is walking with a left lower extremity prosthesis. On the
anti-gravity treadmill, the risk of falling is negligible and gait is stable.

At 1 week (initial examination) and 6 weeks after (final
examination) the introduction of treadmill training, the
performance of walking on the floor including a 6-min
walking distance was evaluated.

At the initial and final examination of the study, pulmo-
nary gas exchange was also measured breath-by-breath
with a mobile aero monitor (AE-100i; MINATO Medical
Science, Tokyo, Japan) during the anti-gravity treadmill
training at 40% of body weight support and a speed of 1.25
m/s for 8 min. The oxygen consumption rate (VO,) was
recorded throughout the tests.

Ethical consideration and informed consent

The subject and his wife were informed about the parame-
ters of the study and consented to a series of investigations.
A gigned statement of consent was obtained from the couple
for permission to use the photographs and laboratory data.
The Hiroshima University Ethics Committee suggested to
obtain a signed statement of consent for a case study.

Findings and outcomes

During the study period, no falling occurred, there were no
apparent problems with using the lower extremity prosthe-
sis, and the prosthetic gait exercises were accomplished
stably and successfully.

The General Self-Efficacy Scale was 27 before the first
operation and 26 at discharge, where it remained until the
introduction of the anti-gravity treadmill training.
However, it rose to 33 just after the introduction of anti-
gravity treadmill training and remained at 33 through to
the final evaluation.

Table 1 shows the progress of the anti-gravity treadmill
training. At the beginning, the patient exercised with

Downloaded from poi.sagepub.com at HIROSHIMA DAIGAKU on May 26, 2016



504

Prosthetics and Orthotics International 39(6)

Table 1. Exercise intensity on the anti-gravity treadmill.

Speed (m/s)

Session BWS (% BW) Duration (min)
| 40 0.56-0.83 10
2 30 L 20
3 15 0.83 20
4 30 1.39 20
5 15-25 L 30
6 015 0.97-1.11 30-40
BWV: body weight; BWS: body weight support.
(mi/min)
1200 -
1000
800
600 —o—Initial
¢ Final
400
200
Q
Time (sec)

Figure 2. Gait | week (initial) and 6 weeks (final) after
introduction to anti-gravity treadmill training: (a) initial—the
patient tried to walk with crutches but gait was unstable and he
required the assistance of his wife; and (b} final—gait was stable
and the patient could walk with a T-cane without assistance.

30%—40% of body weight support and at a speed of 0.56~
0.83 n/s for 10 min. However, at the final evaluation, he
could exercise with only 0%—15% of body weight support
and at a speed of 0.97-1.11 m/s for 30-40 min.

Before the introduction of the anti-gravity treadmill
training, he required crutches and assistance when walking.
However, at the final evaluation, he had fully acquired the
ability for prosthetic gait with the aid of a T-cane and no
longer required assistance (Figure 2). At the initial examina-
tion of the study, the 6-min walking distance with crutches
and assistance was 230 m (mean velocity 0.64 m/s).
However, at the final evaluation of the study, the walking
distance with a T-cane was 331 m (mean velocity of 0.92
m/s). The points on Borg’s scale after the 6-min walking at
the initial examination were 13: the same as at the final
examination, although the walking distance at the final
examination was longer than that at the initial evaluation.

The oxygen consumption rate reached a plateau about 3
min after the start of the anti-gravity treadmill training.
After reaching this plateau, the VO, at the final evaluation
was lower than that at the initial examination for the same
treadmill conditions (Figure 3).

Figure 3. Oxygen consumption rate (VO,) during anti-gravity
treadmill training.

The oxygen consumption rate reached a plateau about 3 min after the
start of the training. After reaching the plateau, VO, at the final exami-
nation was lower than that at the initial examination, confirming that
motion efficiency improved after the anti-gravity treadmill training.

Discussion

In space, the lack of gravity can cause bone loss and muscle
atrophy; contrarily, on Earth, gravity can cause musculoskel-
etal disease.” From these points of view, the anti-gravity
treadmill, which can provide body weight support by as
much as 80%, has been developed. Patil et al.¥ measured the
knee forces of patients who had undergone total knee arthro-
plasty on an anti-gravity treadmill and reported that it enabled
them to control and decrease forces on the knee. Regarding
cardiopulmonary function, Hoffman and Donaghe® showed
that VO, and heart rate for the same treadmill speed are
reduced with increase in body weight support.

After the anti-gravity treadmill was developed, a num-
ber of clinical and basic studies have been performed to
assess its effectiveness for patients with lower extremity
arthritis and other disorders that interfere with the ability
to walk, and some favorable data have been published.!0:!!
However, to date, there appear to have been no reports of
its efficacy for the lower limb amputees.

Concerning below-knee amputees, standing-position
training, balance training, and walk training are the generally
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reecommended methods for prosthetic rehabilitation. After
achieving prosthetic gait ability using paralle! bars, pros-
thetic gait is typically practiced away from the parallel bar.
However, since prosthetic gait requires more physical
strength than normal walking, some aged patients cannot
acquire practical prosthetic gait.!?

In this study, the eyesight of the patient was poor and
he underwent hemodialysis because of diabetic compli-
cations, so he was not in the habit of taking regular exer-
cise. Furthermore, the physical and mental activities of
the patient were decreased because he could not walk for
long distances during the perioperative period. Therefore,
the patient could not acquire practical prosthetic gait
ability until discharge because he felt exhausted during
rehabilitation, and it was considered difficult to elevate
his physical and mental activities to develop prosthetic
gait. Therefore, the anti-gravity treadmill training was
introduced as a way of reducing the load on the lower
extremity and cardiopulmonary function, with little risk
of falling.

Adjustments can be made to the anti-gravity treadmill
for percent body weight support, walking speed, and effort
required by changing the incline of the treadmill. However,
Finch et al.!? reported that the percentage of total double-
limb support time was decreased by introducing the sup-
port of 50% of body weight, and Mercer et al.!* showed
that the muscle activity of the lower extremity was
decreased by body weight reduction. These findings imply
that the prosthesis should bear a certain minimum load to
ensure successful prosthetic rehabilitation. Therefore, in
this study, treadmill training commenced at 40% of body
weight support. Initial treadmill speed was 0.56-0.83 m/s
and exercise time was 10 min, values were estimated based
on Borg’s scale for walking and cardiopulmonary effort.
The incline of the treadmill was not changed, in order to
reduce extra burden on the prosthetic gait. Providing gait
guidance was straightforward because of the transparency
of the supporting air chamber. On the treadmill, the kick-
off of the legs was easy, however, careful guidance for the
forward swing of the legs was important to obtain stable
gait. Since patients cannot see their legs on the current
commercially available anti-gravity treadmill, some minor
changes, such as mounting a lower leg monitor, were con-
sidered necessary. In this study, the treadmill reaction
forces, velocity, and duration of the exercise were gradu-
ally increased because prosthetic gait ability and physical
strength steadily improved.

As mentioned earlier, the mental activity of the patient
was reduced because of the long period experiencing dif-
ficulty in walking because of his diabetic complications.
Although his self-efficacy was temporarily elevated at the
introduction of prosthetic rehabilitation, it remained low
until the introduction of anti-gravity treadmill training.
Since he could walk comfortably, faster, and longer on the
anti-gravity treadmill, his self-efficacy was markedly

improved just after he began the treadmill training. This
unexpected benefit was not anticipated before the intro-
duction of treadmill training. Since his self-efficacy was
markedly elevated, he quickly developed a positive atti-
tude to participating in the training and his gait was quickly
and smoothly stabilized.

Cardiopulmonary function measured as oxygen con-
sumption rate at the final evaluation was lower than that
at the initial examination, demonstrating improvement in
motion efficiency following anti-gravity treadmill train-
ing. In the 6-min walking distance test, the Borg rating of
perceived exertion at the initial examination was the
same as that at the final examination.!> However, since
the walking distance at the final evaluation was longer
than that initially, this result, too, might suggest an
improvement in motion efficiency after anti-gravity
treadmill training.

In this study, the walking training on the floor was
briefly performed after the treadmill training. With the
stabilization of gait on the treadmill, the gait on the floor
was also stabilized and walking speed was elevated as
well. Together with the elevation of his physical strength
and vitality, the patient was finally able to walk with a
T-cane.

Conclusion

A case of below-knee amputation caused by diabetic gan-
grene was reported, where prosthetic rehabilitation using
an anti-gravity treadmill was shown to be successful and
efficient. Stable walking exercises could be performed
with little risk of falling. After training, the self-efficacy
and exercise tolerance were clearly elevated and the
patient progressed quickly and efficiently to acquire the
ability of prosthetic gait with the aid of a T-cane. The
anti-gravity treadmill is therefore recommended as a use-
ful instrument for prosthetic rehabilitation for below-
knee amputees.
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Immediate effect of passive and active stretching on
hamstrings flexibility: a single-blinded randomized
control trial
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Abstract.

J. Phys. Ther. Sci.
27: 3167-3170, 2015

[Purpose] This study compared the efficacy of passive and active stretching techniques on hamstring

flexibility. [Subjects] Fifty-four healthy young subjects were randomly assigned to one of three groups (2 treatment
groups and 1 control group). [Methods] Subjects in the passive stretching group had their knees extended by an ex-
aminer while lying supine 90° of hip flexion. In the same position, subjects in the active stretching group extended
their knees. The groups performed 3 sets of the assigned stretch, with each stretch held for 10 seconds at the point
where tightness in the hamstring muscles was felt. Subjects in the control group did not perform stretching. Before
and immediately after stretching, hamstring flexibility was assessed by a blinded assessor, using the active knee-
extension test. [Results] After stretching, there was a significant improvement in the hamstring flexibilities of the
active and passive stretching groups compared with the control group. Furthermore, the passive stretchirig group
showed significantly greater improvement in hamstring flexibility than the active stretching group. [Conclusion]
Improvement in hamstring flexibility measured by the active knee-extension test was achieved by both stretch-
ing techniques; however, passive stretching was more effective than active stretching at achieving an immediate

increase in hamstring flexibility.

Key words: Hamstring flexibility, Active stretching, Passive stretching

(This article was submitted Jun. 16, 2015, and was accepted Jul. 10, 2015)

INTRODUCTION

The tightness of hamstring muscles is one of the main
factors hindering performance in daily and sporting activi-
ties. Reduction in the flexibility of the hamstrings has been
reported to be associated with the occurrence of back pain
in adolescents and adults in cross-sectional studies 2.
Furthermore, reduction in the flexibility of the hamstrings
has been reported to increase the risk of damage to the mus-
culoskeletal system> 4. Thus, flexibility of the hamstrings is
important for general health and physical fitness® 9,

Several studies have indicated that flexibility of the

#Corresponding author. Yuichi Nishikawa (E-mail: yuichi@
hiroshima-u.ac.jp)

©2015 The Society of Physical Therapy Science. Published by IPEC Inc.
This is an open-access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial No Derivatives (by-nc-
nd) License <http:/creativecommons.org/licenses/by-nc-nd/3.0/>.

hamstrings is improved by stretching’"'D. Indeed, many
stretching techniques are used in clinical practice, includ-
ing ballistic stretching, static stretching, and proprioceptive
neuromuscular facilitation techniques. Among the stretching
methods, passive and active stretching techniques are easy to
implement and are useful as home exercises. Active stretch-
ing increases the flexibility of tight muscles while concomi-
tantly improving the function of antagonistic muscles'?. In
contrast, passive stretching is characterized by the addition
of stretch stimulation on muscle contraction independent
of the subject'?). Murphy detailed a new active stretching
technique called the dynamic range of motion (DROM)!¥,
This method is as an alternative to static stretching. During
DROM, a contraction by the antagonist muscle causes the
joint crossed by the agonist muscle to move through the full
ROM at a controlled, slow tempo'¥. DROM is a technique
that takes advantage of reciprocal innervation. However,
Bandy- et al. reported that passive stretching is more effec-
tive than DROM', but their study had different stretching
conditions, such as different stretch elongation times, and
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Table 1. Characteristics of the subjects in each group

Characteristics Active stretching Passive stretching Control group -

group (n=18) group (n=18) (n=18)
Age (years) 20.1+1.2 203+ 1.0 20512
Weight (kg) 615823 59.9+8.2 57.4 % 6.6
Height (cm) 167.1 £8.3 164.6 £8.2 158.8 £ 6.6
mean = SD

was not an accurate comparison of the stretching techniques.
To our knowledge, no studies have compared active and
passive stretching techniques using the same method for
the hamstring muscles. Thus, the purpose of this study
was to compare the effect of passive and active stretching
techniques using the same method on the flexibility of the
hamstring muscles.

SUBJECTS AND METHODS

Subjects

A total of 54 healthy young subjects were randomly al-
located among three groups: an active stretching group, a
passive stretching group, and the control group. The subjects
were paired according to gender (9 males and 9 females
for each group). The inclusion criteria were as follows:
limited hamstring flexibility, operationally defined as 70°
by the active knee-extension test (AKET) conducted at 90°
of hip flexion in the supine position!"’; no participation in
strengthening or stretching programs for at least 1 year; and
the absence of injury to the lower extremities. Institutional
review board approval was obtained before recruitment
of subjects. All subjects signed an informed consent form
agreeing to participate in the study. This research was ap-
proved by Saitama Prefectural University’s Committee of
Ethics in Research (No 22705).

Methods

Hamstring flexibility was measured before the interven-
tion. Hamstring flexibility was measured using the AKET,
which has high reliability!¢-'®), Subjects were positioned
supine with their right hip and knee flexed at 90°, and their
lumbar lordosis was supported with a lumbar roll. From that
position, extension of the knee was performed. The knee was
extended to the point of mild resistance or just below the
threshold of myoclonus, as described by Gajdosik'®). The
same-blinded assessor measured the knee angle (degrees
from full extension) in all three sessions using an inclinom-
eter. Subjects in the passive stretching group had their knee
extended by one examiner while lying supine with 90° of hip
flexion. In the same position, subjects in the active stretching
group extended their own knee. Stretches were performed
times in 3 sets of the assigned stretch. Each stretch was held
for 10 seconds at the point where tightness in the hamstring
muscles was felt, and then the leg was slowly lowered (over
10 seconds). Stretches at maximum knee extension elicited
a “strong but tolerable feeling of muscular tightness” in the
back of subjects’ legs'®). Subjects in the control group did
not perform stretching,.

Means and standard deviations (SD) of the pre-inter-

vention and post-intervention AKET measurements were
calculated for each group. In addition, the mean difference
between pre-intervention and post-intervention AKET mea-
surements was also calculated.

The pre-intervention and post-intervention AKET angles
of the control group were used to assess the reliability of
the measurement using the intraclass correlation coefficient,
ICC (1,1). One-way analysis of variance (ANOVA) was
used to test for significant differences between groups in
the dependent variables: characteristics of each group (dif-
ferences in age, height, and weight), pre-intervention AKET
angle, and flexibility change (difference between post- and
pre-interventions). The data were analyzed using one-way
ANOVA with the Tukey-Kramer test for multiple com-
parisons. The level of significance was chiosen as p=0.05.
Statistical analyses were performed using SPSS version 15.0
(SPSS, Inc., Chicago, IL, USA).

RESULTS

The characteristics of each group were not significantly
different (Table 1). The mean values of degreé of knee
extension of the pre-intervention and post-intervention mea-
surements of the control group were 44.2 + 5.1° and 45.1
+ 3.7°, respectively. The ICC (1,1) value calculated for the
pre-intervention and post-intervention knee extension of the
control group was 0.97.

Table 2 shows the means of the pre-intervention and post-
intervention measurements and the flexibility change each
group. The pre-intervention AKET angle was not signifi-
cantly different between the groups (p=0.57). A comparison
of each group showed a significant difference between the
groups’ flexibility changes (p=0.01). Specifically, the pas-
sive stretching group showed a greater gain in flexibility
than the control group.

DISCUSSION

The present study compared passive and active stretching
techniques for hamstring flexibility. The results of this study
demonstrate that both active and passive stretching were
effective at improving hamstring flexibility compared with
the control group. In addition, the passive stretching group
showed a significant improvement in flexibility compared
with the active stretching group. '

Winter et al. reported that passive stretching is character-
ized by the external addition of stretch stimulation on muscle
contraction, while active stretching is characterized by a
reciprocal innervation mechanism used to relax antagonist
muscle contraction'®. Reciprocal inhibition adjusts the
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Table 2. Active knee extension angles in each group before and after stretching

Active stretching

Passive sfretching Control group ‘

group group
Pre-intervention 45.9 £ 8.9° 40.6+16.1° 44,2 +51°
Post-intervention 52.948.9° 56.4 £ 15.8° 451+£3.7°
Flexibility change 7.0° # 15.8° % # 0.9°
mean + SD

*significant difference between the active and passive stretching groups. #significant differ-

ence from the control group.

Flexibility change: difference between pre intervention and post intervention

contraction of agonist and antagonist muscles to facilitate
various movements. In this study, the subjects in the active
stretching group performed stretches using this mechanism.
However, the improvement in hamstring flexibility in the
active stretching group was less than that of the passive
stretching group. The reason for this difference may be the
posture of the active stretching group during the stretch.
‘When holding the stretch position the excitatory spinal mo-
tor neurons overcome y inhibitory neuron impulses??. In
this study, the final knee extension position was held for 10
seconds by subjects in the active stretching group. Conse-
quently, there was a simultaneous contraction of agonist and
antagonist muscles without antagonist suppression of the vy
impulses. Therefore, the active stretching group did not ex-
perience antagonist muscle relaxation, suggesting that there
is a difference in the degree of stretch stimulation between
the active and passive stretching groups.

A recent study reported that passive stretching is harmful -

for movement performance??. Simic et al. reported that the
results of a meta-analysis of 104 studies showed passive
stretching before exercise results in a reduction of maximum
muscle strength?)). Tn contrast, active stretching has been
reported to improve movement performance. Yamaguchi et
al. reported that muscle strength was improved by an aver-
age of 13.3% after stretching®®. In addition, Faigenbaum et
al. compared motor function after different stretching tech-
niques, and showed that active stretching improves motor
function?. Thus, the effect of passive stretching and active
stretching should be considered together with when the
stretching occurs, e.g. before and after exercise, as this could
‘influence the effect. The results of the current study show
that passive stretching was useful for increasing the flex-
ibility of the hamstring muscles. Previous studies reported
improvements in flexibility were elicited by passive stretch-
ing conducted for patients with contracture and limited
flexibility® 3. However, passive stretching before exercise
is not recommended according to another study?!). Thus,
passive stretching should be recommended for use when
improvement in flexibility is required, for example, when
there are post-exercise and range of motion restrictions, and
particularly for bedridden patients, passive stretching may
become one of the choices of the therapy.

The subjects of this study were young people. This study
did not investigate the effects of stretching on elderly people,
and only focused on immediate effects. Further studies are
required. Specifically, studies using long-term interventions
with greater numbers of subjects including the elderly, and

comparison of time and frequency of active and passive
stretching are required. In addition, it is possible to evaluate
the effect of stretching on exercise performance, not only
flexibility.

In conclusion, we investigated the effect of passive and
active stretching techniques on hamstring flexibility. The
results of this study suggest that improvement in hamstring
flexibility can be obtained by both stretching techniques.
However, passive stretching may elicit greater improve-
ments in hamstring flexibility than active stretching.
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The Necessity of the Stanﬂard Specifications of ‘Hospital Webpage that Guarantees Web
Accessibility of Visually Impaired Person: Tanaka T*’, Tsukuma H*', Ikeuchi M*'

The world-wide-web (WWW) is an important information media for a visually impaired per-
son in Japan. Although there is lot of variations of their settings to use WWW, most of them
use a screen reader. However, most webpages of public institutions in Japan are not coded as
taking into account of a screen reader user, and their web accessibilities are not enough to pass
JIS X 8341-3. The authors reviewed the top-pages of 47 national university hospital websites
from viewpoipt of web accessibility, in January, 2015, and found that; 1) as same as other pub-

. lic institutions, many websites did not pass JIS X 8341-3, of which the resu_lt did not show re-
markable improvement frorﬁ the reviews in 2014; él1d that 2) although most of information
items on their webpages which patients need to access medical services in general were found

near to the top of webpage, there were so many variations of ways to show these items: Such a
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understanding the structure of the webpage. These problems shows the necessity of the stan-

dard specifications of hospital webpage for visually impaired persons.
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