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Abstract:

Objective: This study aimed to determine the main factors affecting older people as they rise from a toilet seat and to
identify the suitable toilet seat height for this population.

Material and Methods: Data from 342 older people both male and female aged 60 years and older were used to
design a mock-up toilet with a specified seat width according to the 95" percentile of hip breadth. The data of lower
leg length were used to design toilet seat height levels in the second phase in another 30 older participants at 100.0%,
110.0% and 120.0% of an individual’s lower leg length (LLL). Rectus femoris and gluteus maximus muscle activity, time
taken while rising, pressure under the thighs and satisfaction of the older participants were compared across three
toilet seat height levels; using the repeated analysis measurements of variance. These three potential factors were
then analyzed together with the prioritized factor indicated by the specialists using the Analytic Hierarchy Process.
Results: Rectus femoris muscle activity, time taken while rising, and satisfaction of the older participants in rising from
toilet seat heights 100.0, 110.0 and 120.0% LLL were significantly different (p-value<0.05).

Conclusion: It was found that the suitable toilet seat height level for older people for industrial ergonomic purposes

was at 110.0% LLL, which was also equivalent to the 95" percentile of male and female LLL.
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Suitable Toilet Seat Height for Older People

Introduction

The common health problems of older people are a
concern, especially physical and psychological disabilities.’
As a result of physiological declines, motor functions such
as muscle weakness and balance disorders appear. Reduc-
tion of muscle usage also decreases the circulatory supply,
leading to a further loss of musculature and diminution in
strength.' Particularly, weakness of lower extremity muscles
could lead to difficulty in walking. In addition, balance dis-
orders could increase the risk of falling.>® The decreased
range of joint motion and muscle weakness could also
affect sit-to—stand performance.’ These problems lead to
a difficulty in rising and balancing from sitting to standing
in the daily activities of older people, such as rising from
a toilet™®, which could also increase the risk of injury or
falling.>>>®
Another common health problem in the older adult
population is constipation.” The number of cells in the skin
decreases together with collagen and elastic fiber, leading
to fragile skin in this population." Sitting for a long time
as a result of constipation or at an unsuitable seat height
could therefore increase the pressure distribution under
the thighs, which may lead to soft tissue injuries.® ™

Rising from a toilet involves the gluteus maximus
together with the hamstrings muscles, extending the hips
while the quadriceps femoris extend the knees.® One
clinical test that has been used to assess quadriceps
femoris and gluteus maximus muscle performance is the
Sit-to-Stand test. With a similar principle, the Five Times
Sit-to-Stand test is another test that indicates lower

14-16

extremity muscle strength and good balance ™ ~, as well

> The time taken while

as predicting falls in older people.
rising from the sitting position has also been used to
indicate postural control in older people with high intra-

rater reliability.""

Most available studies explored the
factors associated with rising from an office chair, such as

seat height, comfort, and pressure distribution under the
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thighs."*"""® Likewise, the factors reported to affect sit-to-
stand performance were seat height and seat compres-
sibility.*"** Among existing studies, the optimal performance
of the quadriceps muscles was when standing from a seat
height at 100.0-120.0% of lower leg length (LLL), while
80.0 and 90.0% of LLL are unsuitable seat height levels
as they lead to a difficulty in rising and balancing from
sitting to standing in the daily activities of older people.?*”*

As studies addressing the toilet are limited, we
focused on several factors that affect the performance of
rising from a chair. These included quadriceps femoris
muscle performance, gluteus maximus muscle performance,
pressure distribution under the thighs, time taken to sit-

81471825 |1 a few studies

to-stand, and comfort while sitting.
regarding toilet seat height, only performance of quadriceps
femoris and gluteus maximus muscles were reported.’
Other factors that are possibly related to rising from a
seating toilet in older people have not been explored.

Based on the ergonomic design principle, both the
biomechanical and psychological aspects are required
for consideration. Therefore, the aims of this study were
to determine the factors that potentially affect rising from a
toilet in older people, and to identify a suitable seat height.
The five factors of interest were (1) rectus femoris muscle
activity, (2) gluteus maximus muscle activity, (3) pressure
distribution under the thighs, (4) time to rise, and (5) satis-
faction while rising from a toilet. Three toilet seat height
levels were chosen in the range of promoting optimal
lower extremity muscle activity at 100.0, 110.0 and
120.0% LLL.

Material and Methods

This study consisted of two phases. The first phase
aimed to measure the anthropometric data of older Thai
people. These were performed in the sitting position:
(1) lower leg length, (2) hip breadth, and (3) buttock to

popliteal length; according to: the International Organi-
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zation for standardization of ISO 7250-1:2017, basic human
body measurements for technological design. Part 1: Body
measurement definitions and landmarks.”® They were
recruited from communities in Ubon Ratchathani province,
the largest province in Northeastern Thailand with the
top five largest older Thai population.”” One previous study
also concluded that the anthropometric data of largest
sample could represent older population in Thailand.
Furthermore, it was found that the mean of individual’s
LLL of this sample was in the range of 37.00-40.10 cm for
thai people at this age.”® They were included if they
were 60 years or above, able to rise from a seat without
using any assistive device, and able to follow simple
instructions. Sample size 342 older people were calculated
from the total population of 2,373 based on sampling method
of Taro Yamane being calculated from the total of popula-
tion at significant level (p-value=0.05).”° This study was
approved by the Ethics Committee of Thammasat University
(COANO0.198/2559). All participants signed the consent
form before enrolling in this study. The samples group was
categorized the measure of the anthropometric data for
older people in the overall age group of 60 years and
older consisting of 152 males and 190 females. The overall
age group was classified in subgroups of 60-64, 65-69,
70-74 and above 75 years. The anthropometric data
determined from overall group and from subgroups were
approximately the same. Therefore, such data of the overall
group were used to design a mock-up toilet for the next
phase.

The second phase was designed with an aim to
determine the factors potentially affecting rising from a
toilet, and to determine a suitable toilet seat height for
older people. Five potential factors affecting rising from a
sitting position were extracted from the literature review:
(1) rectus femoris muscle activity, (2) gluteus maximus
muscle activity, (3) pressure distribution under the thighs,

(4) time to rise, and (5) satisfaction while rising from a
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toilet. The weight attributed to these five factors was deter-
mined by six healthcare professional with ergonomic
related specialists. In addition, a questionnaire for older
participants in relation to the problems and satisfaction of
toilet use was created by the authors. It was constructed
and validated by the same specialists [content validity
index (CVI)=0.86]. Area stratified random sampling from
the sample in the first phase was applied in this phase.
The mock-up toilet with specified seat width was
designed according to the 95" percentile of male hip
breadth.'® The seat depth was chosen as the universal
size in order to support the buttocks and thighs for all
participants.” Three seat height levels were selected
at 100.0, 110.0 and 120.0% of individual’s LLL. At these
levels, the performance of quadriceps muscles was
found to be optimal and the risk of injury and falls

12222432 Toilet seat

could be minimized in older people.
height was adjusted using a firm wooden layer inserted
under each participant’s feet (Figure.1).

In the second phase, first, the participants were
familiarized with sitting and standing from the mock-up
toilet. They were then asked to sit with their back straight
at each toilet seat height for five minutes. During this time,
pressure distribution under the thighs was measured using
a stabilizer pressure bio-feedback (Chattanooga Group,
INC, USA). The instruments were secured on the top
surface of the toilet seat for each trial. To measure the
pressure distribution, each participant sat on the instru-
ments for five-minutes record. This protocol was based
on previous studies®™ and our pilot study. Muscle activity
of rectus femoris and gluteus maximus while moving from
sitting to standing was recorded using the electromyo-
graphy (EMG) (NORAXON, impedance <5,000 Q, bandpass
80-250 Hz). EMG signals were sampling at frequency rate
of 1,000 Hz* (Figure 1). Surface EMG preparation and
data collection protocol were based on SENIAM.* EMG

data were presented as the percentage of maximum

J Health Sci Med Res 2020;38(1):25-34
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(a)
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Figure 1 A participant sitting on the mock-up toilet (a) and standing (b).

voluntary contraction (%MVC). The reliability of the surface
electrode attachments and the measurement of MVC of
the rectus femoris and gluteus maximus by the researchers
were in acceptable agreement with the specialists.

The time taken from sitting to standing was recorded
using a stopwatch for later calculation of average move-
ment speed in rising from sitting."® Lastly, they were asked
to rate their satisfaction on toilet use using a ranking scale
(3=most satisfaction, 2=moderate satisfaction, and 1=low
satisfaction). This ranking scale and the details were created
by the researchers and validated by the specialists (CVI=1)
(CVI =0.8=good content validity, CVI=1 completed content
validity).® The order of testing among the three toilet
seat height levels was random for all participants from
100.0, 110.0 and 120.0% LLL. Each participant completed
the same measurement steps as mentioned above.

Descriptive statistics were used to analyze the data
in the first phase. Repeated measures ANOVA was used

to determine the factors potentially affecting rising from
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the toilet among the three seat height levels in the second
phase. With such potential factors and the different toilet
seat heights by % LLL and percentiles, the Analytic
Hierarchy Process (AHP) was applied to determine a
suitable toilet seat height for older people. The AHP has
been implemented in the decision-making process with the

priority items determined from the AHP highest score.*

Results

1. Anthropometric data

Results from the first phase of this study provided
personal characteristics and anthropometric data of the
participants in sitting. The participants were 190 females
and 152 males ranging in age from 60 to 90 years, with an
average height of 153.20 cm (S.D.=9.25) (Table 1). The data
analyses showed that the 5", 50" percentile of hip breadth
were proximate for older men and women. The o5" percen-
tile of hip breadth was 38 cm for both older men and women.

This was designed for extreme individuals. Therefore, the

J Health Sci Med Res 2020;38(1):25-34
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seat width was designed at maximum condition which is

at the 95" percentile of male hip breadth'**

to support hip
breadth for all participants (Table 2). The lower leg length
of older men was 42.67 cm and for older women it was
40.02 cm. The buttock to popliteal length was 46.72 cm and

44.75 cm for older men and women, respectively (Table 2).

Table 1 Characteristics of participants

Participants
Number (%)/MeanS.D.

Characteristic

Sex
Female 190 (56.0)
Male 152 (44.0)
Age (years) 69.06+7.29
Height (cm) 153.21£9.25
Weight (kg) 57.72+10.69
BMI 24.53+4.60

cm=centimeter, kg=kilogram, BMI=body mass index,

S.D.=standard deviation

2. Factors potentially affected rising from a toilet
In the second phase, the participants were selected
based on operating characteristic curve. There were 18
females and 12 males participating in this phase. There

were five factors of interest as previously mentioned.

Table 2 Anthropometric data

2.1 Rectus femoris muscle activity

The % MVC of rectus femoris muscles were
significantly different (p-value<0.05) in all levels of seat
height. The least % MVC of the rectus femoris muscle
during sit to stand was found at the seat height 120.0% LLL
(Table 3).

2.2 Gluteus maximus muscle activity

The % MVC of gluteus maximus muscles were
not significantly different (p-value>0.05) in all seat
height levels (Table 3).

2.3 Pressure distribution under the thighs

There were no significant differences of pressure
distribution under the thighs in all three seat height levels
(Table 3).

2.4 Time taken in standing from sitting

Time taken in standing from sitting were signifi-
cantly different (p-value<0.05) between at seat height
120.0% LLL and 100.0% LLL, and between 120.0% and
110.0% LLL. The least time taken in standing from sitting
was found at the seat height 120.0% LLL (Table 3).

2.5 Satisfaction on standing from sitting

The highest mean score of satisfaction was
obtained from the seat height 110.0% LLL. Older participants
were more significantly satisfied when sitting on the toilet

seat height 110.0% LLL than at 120.0% LLL (Table 3).

Percentiles
Anthropometric (cm) Sex
5lh soth gsth

Hip breadth Male 29.50 33.53 38.00

Female 28.50 33.35 38.00
Lower leg length Male 36.65 39.33 42.67

Female 34.48 37.15 40.02
Buttock to popliteal length Male 38.75 42.08 46.72

Female 37.33 41.15 44.75

cm=centimeter

Journal of Health Science and Medical Research 29
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3. Suitable toilet seat height
In the second phase, the five factors of interest
were ranked by the specialists. The first to third level were
(1) the satisfaction, (2) rectus femoris muscle, and (3) the
time taken in standing from sitting. At this stage, the data
of these three potential factors of the three toilet seat
height levels were determined in order to justify a suitable

toilet seat height. As the priority of each factor was different,

Tharbthong P, et al.

the AHP was applied to determine a suitable toilet seat
height for older people. The consistency index and the
consistency ratio of this analysis by a hierarchy process
were 3.01 and 0.02, respectively. In this case, a toilet seat
height of 110.0% LLL is the most suitable level with the
highest score of AHP. This toilet seat height also represented
the 95" percentile of older men and women’s LLL (Table

4 and 5).

Table 3 Rectus femoris activity, gluteus maximus activity, pressure distribution under the thighs, time taken from sitting

to standing, and satisfaction in different toilet seat height levels

p-value
Mean (S.D.)
Variables among three toilet seat
100.0% LLL 110.0% LLL 120.0% LLL height levels

Rectus femoris activity (%MVC, pv) 51.30 (28.60) 45.05 (27.35) 39.32 (23.08) <0.001**"°
Gluteus maximus activity (%MVC, pv) 30.66 (19.17) 31.47 (19.37) 30.15 (19.55) 0.073
Pressure distribution under the thighs (mmHg)  104.56 (16.23) 107.71 (19.05) 105.43 (17.25) 0.162
Time taken from sitting to standing (sec) 1.43 (0.39) 1.56 (0.59) 1.30 (0.34) 0.007**°
Satisfaction level (ranking score) 2.10 (0.89) 2.27 (0.69) 1.63 (0.77) 0.039*°

LLL=lower leg length, MVC=maximum voluntary contraction, pv=microvolts, mmHg=millimetres of mercury, sec=second, S.D.=standard

deviation

*significant difference in the three toilet seat height levels (p-value<0.05)

®significant difference between 100.0% LLL and 110.0% LLL (p-value<0.05)
°signiﬁcant difference between 110.0% LLL and 120.0% LLL (p-value<0.05)
“significant difference between 120.0% LLL and 100.0% LLL (p-value<0.05)

Table 4 Priority and ranking score to determine the suitable toilet seat height evaluated by the Analytic Hierarchy Process

Weight score

. . Satisfaction Rectus femoris  Time taken Ranking _
Toilet seat height level . " Priority
level activity from sitting score
(0.54) (0.30) to standing
(0.16)
100.0% LLL (0.80)*(0.54)+(0.16)*(0.30)+(0.30)*(0.16) 0.26 3¢

110.0% LLL
120.0% LLL

(0.54)*(0.54)+(0.30)*(0.30)+(0.16)*(0.16) 0.41 1
(0.16)*(0.54)+(0.54)*(0.30)+(0.54)*(0.16)

0.33 2

LLL=lower leg length

Journal of Health Science and Medical Research
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Table 5 The suitable toilet seat height for older people

presenting by the percentile

s Average 110.0% 95" percentile
ex

LLL (cm) LLL (cm) of LLL (cm)
Female 37.20 40.92 40.02
Male 39.34 43.27 42.67

LLL=lower leg length, cm=centimeter

Discussion

The results of this study addressed factors affect-
ing rising from a toilet in older people. It was found that
quadriceps femoris muscle activity, particularly the rectus
femoris, was altered by a seat height of 100.0%, 110.0%,
and 120.0% LLL. In accordance with previous studies,
quadriceps muscles are the most active muscles in this

3487 The least % MVC of the rectus femoris muscles

task.
at a toilet seat height of 120.0% LLL implied a more appro-
priate seat height for older people to stand easily from the
sitting position than the other seat height levels. The optimal
performance of quadriceps muscles could lead to good
balance control when rising and decrease the risk to fall
in older people."™® The seat height 100.0-120.0% of LLL
has been considered optimal for performing sit to stand in
older people.” Appropriate seat height could minimize
the degree of knee extension while rising.***' The finding
of the current study is in line with the previous reports in
which quadriceps femoris worked efficiently in standing
from the seat height of 100.0-120.0% LLL."®™

Gluteus maximus muscle activity was, however,
not affected by all the three toilet seat height levels. The
activities of various muscles are apparent while rising
from sitting, such as the hamstrings, gluteus maximus and

quadriceps femoris.>*

Rising from a high seat height would
minimize the degree of hip extensor muscle activity,”

while rising from a low seat would increase the degree
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of hip extensor muscle activity.>®> However, in the current
study, rising from a toilet seat height level of 100.0, 110.0
and 120.0% LLL did not significantly alter the muscle
activity of the gluteus maximus muscles.

Pressure distribution under the thighs was also
not affected by all three seat height levels. Nevertheless,
the lowest pressure distribution under the thighs was
found at the toilet seat height of 100.0% LLL. In spite of
no significant difference, this finding is in accordance with
the recommendation for a seat height of 100.0% LLL in

10,11

order to reduce pressure under the thighs. ™ At the toilet
seat height of 100.0% LLL, participants could fully place
their feet on the floor and their body weights were distri-
buted from buttocks to the floor. On the other hand, with
the other seat heights the participants could partially place
their feet on the floor. However, it was likely that the pres-
sure distribution at 120.0% LLL was less than at 110.0%
LLL. This might be due to unbalance on their thighs in
sitting in some patrticipants. As a result, there were no great
differences among the three toilet seat height levels.

The time taken while rising from the toilet was
affected by different toilet seat height levels. The time
taken in standing from the seat height of 120.0% LLL was
the lowest as compared with the other two seat height
levels. A high seat could minimize the degree of motion
for both knee extension and hip extension while rising.”
Therefore, older individuals could stand more easily and
rapidly. The time taken for 100.0% LLL was less than
that for 110.0% LLL without significant difference could
be due to a delay in rising in some participants. The time
taken in standing is a behavioral characteristic.*® Physical
disabilities, such as decreased range of joint motion or
muscle weakness, could affect sit-to-stand pen‘ormanoe.“4
However, no participant in the current study had any such
disability. Therefore, the difference in the time taken to
stand from sitting was purely due to the different toilet

seat heights. Time taken from sitting to standing has been

J Health Sci Med Res 2020;38(1):25-34
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used to indicate performance of knee extensors and hip

extensors in an older population.""

Less time spent in
standing from sitting implied better hip and knee extensor
muscle performance.” A toilet seat height of 120.0% LLL,
as determined by the time taken in standing from sitting,
was also supported by the least rectus femoris muscle
activity.

The highest satisfaction of older adults on rising
from the toilet was found at a seat height of 110.0% LLL.
At this toilet seat height, the individual’s entire feet may
not be placed on the floor like at the seat height 100.0%
LLL. Higher seat heights made it easier to rise from sitting
while too high a seat made older adults feel unsafe.’
Ease and safety were related to the level of satisfaction.’

The satisfaction of older people was considered as
the first priority factor as judged by the specialists in the
current study. Satisfaction is a psychological aspect in the
contemporary human factor and ergonomic discipline.”
The psychological methods utilized the integration of
various information that included signals elicited from
muscles and joints, and perceptions and experiences of
the central nervous system.*” The muscle activity of rectus
femoris and the time taken while rising from a toilet are
considered biomechanical aspects.” Devices designed for
older adults, based on ergonomic principles, need to be
physically comfortable and acceptable, or at least avoid
pain or discomfort.”

Previous studies evaluated the suitability of seat
height for older people with subjective methods.”* This
study evaluated toilet seat height suitability based on
both objective and subjective methods. The objective
methods were the measurement of muscle activity using
the EMG and pressure distribution under the thighs
using a stabilizer pressure bio-feedback. The subjective
measurement was the satisfaction assessment of older
participants via the questionnaire. The suitable toilet seat

height for older people was 110.0% LLL indicated by the
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AHP. This level is equivalent to the 95th percentile of men
and women’s LLL. The percentile 95th of anthropometric
data is considered to be suitable for most people based

on ergonomic principles.’®®

As this study was based on
the anthropometry data of Thai older people, this suitable
level may not be applicable for older people who are

much taller or shorter as well as extreme BMI.

Conclusion

The essential factors affecting rising from a toilet
in older adults were satisfaction, the muscle performance
of rectus femoris, and the time taken while rising from a
toilet. The suitable toilet seat height for older people
was 110.0% LLL or the 95" percentile of older men and
women’s LLL. This finding could be applied to the design

of a proper toilet, taking into account seat height.
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