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Abstract

Background: The objective of this study was to investigate the effects of foot-
wear on posture and balance while walking. The types of footwear investigated
in this study were open back shoes, commonly worn by hospitalized patients,
and closed back shoes. Previous studies have shown that open back shoes, or
slippers, increase the risk of falling (among elderly). We hypothesized that our
findings would suggest that open back shoes negatively affect gait mechanics
in healthy individuals. Methods: Healthy individuals (n = 12) participated in a
walking test while wearing closed back shoes and open back shoes. The expla-
natory variables in this study were the analysis of gait, posture, and balance
before and after walking. The objective variable was footwear (closed back
shoes vs. open back shoes). A paired t-test was performed to detect significant
differences between the two conditions. Results: Among the test items meas-
ured, we found a significant difference in minimum wide tilt angle and left-
right differences in step length and intensity while walking between the condi-
tions of closed back shoes and open back shoes. These results suggest that
open back shoes could negatively impact posture and balance while walking,
even in healthy subjects. Conclusion: It is imperative to improve patient aware-
ness of the risk of falling. We believe that the inclusion of our findings in edu-
cational pamphlets and in-house notices could help improve patient awareness
and more effectively prevent falls among patients.

Keywords

Footwear, Posture, Walking Test, Health, Fall

1. Introduction

At Juntendo University Hospital, various measures are taken to prevent patients
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from falling, including utilizing fall risk assessment scores, color coding patients
with silicon wristbands, and distributing educational brochures such as “moving
safely using a cane”.

Despite these efforts to prevent falls, more than 300 falls are reported annually
at Juntendo University Hospital. Falls can result in serious injuries and fractures.
Even if the injury is non-life-threatening, patient quality of life can be severely
affected as a consequence of prolonged hospital stays, higher medical costs, and
restricted physical activity [1] [2] [3] [4].

Previous studies have reported that muscle weakness compromises gait kinet-
ics and predisposes a person to falls [4] [5]. It has been speculated that prolonged
bed rest and immobilization from extended hospital stays can decrease muscle
strength [6], leading to changes in balance and posture during in-hospital am-
bulation. The risk of falling is also higher for elderly patients who are hospita-
lized compared to seniors who live at home. Elderly patients tend to lose muscle
strength and bone mass in their lower extremities more quickly due to medical
treatments and environmental changes have undergone while hospitalized.

As described above, there are complex internal factors that elevate the risk of
accidental falls, including age, the total duration of hospital stays, and underly-
ing medical conditions.

Various external factors are known to increase the risk of falling among pa-
tients, including the difference in heights of surfaces while stepping, inadequate
lighting, and unfamiliar environments. In this study, we focused on the external
factor, “footwear”. Research regarding footwear often involves investigating the
sole of the shoe. Data from past research [7] suggests that the harder the sole, the
larger the contact area of the sole, and the lower the heel, the more stable walk-
ing becomes. However, there are few scientific studies that investigate the effects
of open back shoes, or slippers, on gait. We believe that one of the reasons there
are so few studies investigating the use of open back shoes is because the use of
indoor slippers and hospital slippers is not very common outside of Japan. Open
back shoes, such as slippers and sandals, have been associated with a higher risk
of falling due to poor grip abilities and its tendency to cause the wearer to slip
and trip. In particular, slippers are often made of slippery material and because
there is no back to the shoe, it can cause loss of balance, and therefore, unstable
walking [8]. In fact, some hospitals have successfully reduced in-hospital falls by
recommending closed back shoes to patients [9]. At Juntendo University Hos-
pital, we recommend wearing closed back shoes instead of open back shoes to
our patients for inpatient footwear. Because of this, the amount of falls due to
footwear has been decreasing. However, while fall incidents have been decreas-
ing, it hasn’t been eliminated because some patients still prefer to wear open
back shoes. Even though we have a culture of wearing open back shoes in Japan,
there are a lot of retrospective reviews, such as fall incident analysis and ques-
tionnaire surveys regarding slipper use.

Accordingly, we surmised that footwear could negatively affect gait parame-
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ters, balance, and posture, not only in hospitalized patients but also in healthy
individuals.

In this study, we analyzed the characteristics of balance and posture control
with a wearable sensor on healthy individuals while wearing closed back shoes
and open back shoes during a walking test and compared the results. By scien-
tifically analyzing fall risks associated with footwear as reported in earlier stu-
dies, and by demonstrating the negative impact of open back shoes on gait
parameters, we aim to raise the awareness of risks associated with in-hospital
falls.

2. Materials and Methods
2.1. Subjects and Sample Size

A total of 12 faculty and medical staff members of Juntendo University Hospital
were randomly recruited as subjects (6 male and 6 females, mean age 38.6 years,
range 20 - 60 years) to participate in a walking test (Table 1). Participants were
deemed eligible if there was no age-related decline in daily walking ability and if
they did not have any underlying medical conditions and/or physical disability,
particularly of the lower extremities, as this could significantly impact gait. All of
the subjects were informed about the possible risks and discomforts that may
occur during the experiment prior to receiving their written informed consent to

voluntarily participate in the study.

Table 1. Background of the subjects.

¥ gender Age Height Weight BMI2
(years) (cm) (kg) (kg/m?)

01 M 46 172.4 68.9 23.2

02 M 36 173.6 73.3 243

03 F 39 161.5 53.0 20.3

04 M 30 163.0 57.0 21.5

05 M 26 171.0 68.0 233

06 F 63 149.7 57.5 25.7

07 F 34 158.0 48.0 19.2

08 F 21 153.6 46.2 19.6

09 M 58 170.2 66.3 22.9

10 F 39 162.4 45.6 17.3

11 M 42 176.5 79.8 25.6

12 F 29 153.0 43.6 18.6

Mean + S.D. 38.6 +12.4 163.7 £9.0 589 +12.2 21.8+2.8
DOI: 10.4236/health.2022.142016 211 Health
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2.2. Procedures

The walking test was performed in the corridor of the Department of Hospital
Administration at Juntendo University Graduate School of Medicine. Participants
walked 10 meters with closed back shoes or open back shoes. The closed back
shoes utilized in this study were shoes the participants themselves wore on daily
basis. The open back shoes were slippers that were previously worn and distri-
buted by our hospital. Participants wore wearable biosensor (M-BIT, BITAS Cor-
poration, Tokyo, JAPAN) on their chest to evaluate gait and posture.

2.3. Wearable Biosensor Device Measurement Method

According to the sensor’s accelerometer measurement manual, the procedure
was performed as follows.
1) Using a specialized belt, place the sensor in the middle of the torso.
2) Place the biosensor by yourself or ask for assistance.
3) Stand in an upright position and when ready, press the (Start) button to
start the measurement process (the LED lamp will blink green).
4) Stand still for 30 seconds.
5) Starting from the right foot, walk straight for 10 meters.
6) Stop and stand still for 30 seconds.
7) Press and hold the button until the LED lamp turns off to stop measuring.
8) Remove the biosensor from the body.
9) Connect the biosensor to a PC, launch the software for data analysis, and
extract results.
Data obtained from analyzing the results of biosensor items:
¢ Resting postural tilt angle before and after walking (deg);
e Left-right resting postural tilt angle before and after walking (deg);
e Minimum wide tilt angle (deg);
e Step length (sec) during walking: Mean, left, right;
e Step intensity (G) during walking: Mean, left, right;
o Average walking speed (m/sec);
e Harmonics ratio.
10) After the data is transferred, delete data from the biosensor.
Out of the extracted items, the following were analyzed:
1) Differences in resting postural tilt angle before and after walking (deg);
2) Differences between left-right resting postural tilt angle before and after
walking (deg);
3) Minimum wide tilt angle (deg);
4) Left-right differences in step length during walking (sec);
5) Left-right differences in step intensity during walking (G);
6) Average walking speed (m/sec);
7) Harmonics ratio.
“Tilt angle” refers to anterior and posterior pelvic tilt. The larger the differ-

ence between the anterior and posterior pelvic tilt, the larger the tilt. Although
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there are some errors depending on body shape and sensor position, 90 degrees
or more is considered a general tilt angle. A tilt angle of 90 degrees or less is con-
sidered to be at an angle that’s easy to fall while walking [10].

“Left/right angle” refers to lateral left and right pelvic tilt. The larger the dif-
ference between the left and right pelvic tilt, the larger the tilt. Similar to “tilt an-
gle”, although there are some errors depending on body shape and sensor posi-
tion, posture is considered good when it’s close to 0 degrees.

“Wide tilt angle” is an index to evaluate the overall postural tilt of the body
while walking. (Tilt angle and left/right angle combined). The base measurement
for “wide tilt angle” is 90 degrees, measured from the ground. The larger the dif-
ference from 90 degrees, the worse posture is considered.

“Harmonics ratio” measure smoothness of trunk motion during gait; higher
ratios indicate greater smoothness [11].

“Step length” refers to the amount of seconds to take one step. The length and
strength of each step are used as an index to evaluate the amount of weight bal-
ance of each step. The larger the difference between left and right steps, the
worse weight balance is considered.

We also interviewed the participants and recorded personal information, such
as age, sex, height, and weight, in which the software prompts for data extrac-

tion.

2.4. Statistical Analysis

Using footwear (closed back vs. open back) as objective variables, and test items
extracted from the biosensors as explanatory variables, we compared the variables
using a paired t-test.

For the paired t-test, closed back footwear was designated as the “shoes group”
and open back footwear as the “slippers group”.

All data is expressed as means * standard errors, unless otherwise specified.

2.5. Ethical Considerations

This study’s design was approved by the Medical Corp Koyokai, Tokyo, Japan
(Protocol # MCK-2019-01). This study was conducted in accordance with the
“Ethical Guidelines for Medical Sciences Research for Humans”. To protect the
privacy and confidentiality of the study subjects, each subject was assigned a

unique code number and special attention was paid to data management.

3. Results

A paired t-test was performed to determine the association between objective
variables (the shoes group vs. the slippers group) and explanatory variables (bio-
sensor data obtained from the 12 subjects). Our results are summarized below as
well as in Figure 1.

There were significant differences found in 3 test items between the shoe

group and the slippers group.
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Figure 1. Comparison of walk test results between closed back shoes (shoes) and open back shoes (slippers). Results are expressed
as mean * S.E, *p < 0.05, **p < 0.01, n = 12.

Minimum wide tilt angle (p < 0.01)

The slippers group (79.55 + 2.47) had a larger tilt angle than the shoes group
(83.48 + 2.5).
Left-right differences in step length during walking (p < 0.05)

The slippers group (0.16 = 0.03) had a larger difference in left-right step
length during walking than the shoes group (0.07 + 0.02).

Left-right differences in step intensity during walking (p < 0.05)

The slippers group (0.13 £ 0.02) had a larger difference in left-right step in-

tensity during walking than the shoes group (0.07+ 0.01).

We saw no significant differences in the other 4 test items (differences in resting
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postural tilt angle before and after walking, differences between left-right resting
postural tilt angle before and after walking, average walking speed, harmonics
ratio) between the shoes group and the slippers group.

Although our small sample size limits statistical validity, our results show pre-
liminary evidence of footwear affecting posture and gait balance in healthy indi-

viduals.

4. Discussion

Our results showed the impact of footwear on posture and balance while walk-
ing. To our knowledge, there have been very few studies until now that provide
objective data about this topic.

We found that the slipper group had a significantly smaller minimum wide tilt
angle compared to the shoe group. These results suggest that open back shoes ne-
gatively impact posture while walking in comparison to closed back shoes. Pre-
vious studies on the elderly have shown that a forward leaning posture increases
the risk of falling [12] [13] [14]. In our study, a significantly smaller minimum
wide tilt angle was found in the slipper condition group compared to the shoe
condition group, suggesting that slippers may affect posture while walking and
increase the risk of falling.

In addition, the slipper group had significantly higher left-right differences in
step length and intensity while walking compared to the shoe group. We con-
jecture that open back shoes are more likely to disturb the movements of both
legs while walking. In this study, the participants in the shoes group wore closed
back shoes that they are familiar with, whereas the slippers group used unused
open back shoes. Our results suggest that the difference in degree of wear of the
sole of the shoe is a factor of walking asymmetry. Increased gait asymmetry gen-
erally reflects poor coordination which disturbs gait stability, ultimately increas-
ing the risk of falling [15].

There is an abundance of research studying gait stability among older adults
[16]. In this study, we were able to show variance in walking stability due to dif-
ferences in footwear (closed back shoes vs. open back shoes) in healthy adults.
Most falls occur without awareness [17]. Although the reliability of our results
could have been compromised by whether or not the subjects had an increased
sense of awareness during the test, the testing environment was the same for both
types of footwear. In addition, a 10-m walk test is a common method among re-
searchers and is recommended as standard protocol due to the fact that this test
can be performed quickly and easily without special equipment [18].

For these reasons, we believe our results to be accurate.

We saw no significant differences in resting posture. A previous study has re-
ported that upright posture is relatively stable when wearing open back shoes
because the soles are flat, so our results support their findings [19]. Although no
significant difference in average walking speed was found in this study, other re-
search suggests that asymmetry during walking, in addition to walking speed has
a great influence on fall risk while walking. Previous studies have shown that the
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slower the walking speed, the higher the risk of falling [20]. This study’s results
also show that participants in the slipper group walked at a slower pace, which
we believe may have contributed to the increased risk of falling while wearing
open back shoes. We plan to further investigate this relationship with a large
sample group in future studies.

Hospitalized patients usually put on open back shoes to go somewhere, such
as to the bathroom or to examination rooms, not just for standing in place. Thus,
we believe that patients should be educated about the risks of wearing open back
shoes in a hospital environment, even during limited in-hospital ambulation, be-
cause suboptimal footwear can compromise posture and balance. We plan to use
the results of this study to educate medical professionals, such as nurses, physical
therapists, and occupational therapists, as well as healthcare students to accu-
rately observe the walking condition of patients.

Further, earlier studies have demonstrated that gait disturbance may increase
the risk of falling, but few hospitals explain these risks to patients with the use of
clear and persuasive statements backed by evidence [21]. Juntendo University
Hospital recommends wearing closed back shoes instead of open back shoes to
all hospitalized patients, but some still prefer to wear slip-ons due to their ease
of use. Our findings indicate that open back shoes can negatively affect gait
mechanics. We have therefore decided to share our findings in pamphlets and
in-house bulletins starting from September 2021. We compared the number of
inpatient incidents related to falls and footwear that occurred for 3 months since
the release of the new pamphlet in September, with the same months of the pre-
vious year. Although the causal relationship of the pamphlet can’t be confirmed,
the number of fall incidents due to footwear decreased from 6 to 1. Rather than
informing patients individually, we aim to reach a greater audience and contribute
to improving patient awareness about the risk of falling through these pamphlets
and in-house bulletins.

Current monitoring of falls by healthcare professionals alone is inadequate in
preventing accidental falls. Given that the number of hospitalized patients with a
high risk of falling is expected to increase with age, it is important to enhance
awareness of these risks among patients.

The walking test conducted in this study is very simple and non-invasive,
thus, we expect patients to find this test easy to understand and to perform.

A number of studies in Japan and overseas have reported that falls can be re-
duced by educating patients and their family members about fall prevention
[22]. For our next study, we plan to perform a correlational analysis between
objective data from our walking test and subjective data from fall risk assess-
ments conducted by nurses who work with patients in hospitalized settings to
further explore the feasibility of our experimental method and its potential im-

pact on patient awareness about the risks of falling.

5. Conclusions

Our findings suggest that open back footwear can disrupt posture and balance
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while walking, and that the risk of falling may be higher among hospitalized pa-
tients wearing slip-on footwear compared to those wearing closed back footwear
such as sneakers.

We hope that our findings will contribute to the development and practical

applications of effective fall risk assessments in the future.
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