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Abstract

Researchers have been more interested in the working population hoping
to make the work more effective, more comfortable and more productive.
Populations outside the work age such as children and the elderly have not
been extensively studied especially in developing countries. In this study,
anthropometric measurements were taken from a sample of the elderly in
Bahrain to assess their body physique, and to provide anthropometric data
that can be used in the design of products for them. In this regard, 39 body
measurements were taken (age, weight, 08 standing heights, 3 lengths, 3 sitting
heights, 11 circumferences, 2 skin-fold measurements, 2 hand measurements,
2 foot measurements, 2 anthropometric Indices, and 2 strength measurements).
Results showed that Bahraini elderly were both overweight (males) and obese
(females). In addition, there were statistical differences between gender
groups and between age groups. Also there was a clear difference between the
Bahraini elderly and elderly from international countries. Finally, some light
was shed on the design of products for the elderly.

Keywords: anthropometric measurements, elderly, developing countries, Bahrain.

Received on: 12/9/3013 Accepted on: 6/2/2014



Journal of Educational & Psychological Sciences

Aragigd W1 (a1 pa M (! Ly yagd g 51

Mdde Ao .. Srbai¥ | mtlo (e a1
el @le @uid rrladl ety Al 1 Ayl 3lS
Ol dnals — VI A Ol dasls
el

5 e Jpummdl 2 Sl Jeall e 5313 5o pe Bl sty cneign gl 3w Y sl Ll OIS
Ll Igbay @l (ol ly JLALYIS Jandl le 55080 ) ¢ygadiay oo Lol .z oY1y
elulat 3aT Eulul sk 2 @3 aid (agl el laldl 2 Aol 2SI uall
iy Bk yudll gl le sguall dadbetd o yomd] el (o Rie (yn &y yiagyg Y1
2 algal e a0 2 ¥EA dansiin Lo muenad 2 Lgaladeinl (S 3 099,501 bl
ousladl 2 cile ) 2ilady 03slly Cpeall 2 i Lo Tuay ¥4 ulid @3 coouall 10
lewd Oluldy Unoes e anly Guglod! oLET Jlokl 2039 Cagdgll LaT Jlobol &M54
o ol Ln® 5530 Luldy Olyiess syl Ol pigag cadil Hluldy all Hluldy ALl
OSe @y Al SLYI il Lags «0p3sll doy (ygilay 8 a0 o pomd) ol ! o) Sl
Ol 0 B p 9 (39,2 a3 alS (ST« paall il g LW g 58 01 s &y pagr (3952 45
(I Eliad] Gass (e @ e g O e

Oyl Al Gl aldl gl | e yiags g, Y1 enliuLall s Liat | SrlLedsI

(=2}
=3
<

Volume 16 Number 1 March 2015



(=)
S

8

Volume 16 Number 1 March 2015

Elderly anthropometrics for ergonomic purposes Prof. Muna Al-Ansari, Prof. Mohamed Mokdad

Elderly Anthropometrics for Ergonomic Purposes

Prof. Muna S. Al-Ansari Prof. Mohamed Mokdad
College of Physical Education College of Art
& Physiotherpy Psychology Department

1. Introduction

The demographics of the world population have considerably changed.
People are getting healthier, and living longer. The elderly people have
also become a large group in society. According to the United Nations
Department of Economic and Social Affairs, it is estimated that the number
of elderly in the world surpasses 700 million. In 1950, the population aged
60 years or over reached about 200 million. While, in 2000, the elderly
population was about 600 million. In 2006, the number had surpassed 700
million. And by 2050, 2 billion older persons are projected to be alive,
implying that their number would have tripled over a period of 50 years
(United Nations, 2006).

This increase may be attributed to various factors, such as developed
health care programmes, balanced food supplies, persistently low fertility
and continuously increasing number of survivors to higher ages. Winn and
Ilmarinen predict the working population over 50 years of age will explode
during the next 25 years, and argue that the work force will soon comprise
approximately 35% of bridge employment workers (50 — 64 years) and
only 17% of younger workers (15 — 24 years), (Winn and Ilmarinen, 2000).

Having known that older ages continue to increase, we see a clear change
in the area of work, and the development of bridge employment. Bridge
employment refers to the work an individual takes up after retirement from
career work. It is called bridge employment because it bridges between
first retirement and final retirement (stopping completely the work). Quinn
defined bridge employment as a part-time or short-duration job that occurs
between full-time career employment and complete labor force withdrawal
(Quinn, 2002). It acts as a transition between long-term career positions




Journal of Educational & Psychological Sciences

and total retirement. It is well documented that with aging many physical
and physiological changes take place in elderly bodies, hence using data
from other populations (e.g adults) for design purposes is not applicable
(Rosnah, Mohd Rizal, and Sharifah Norazizan, 2009). The most obvious
changes are:
Physical changes: Hettinger mentioned that, by the age of 65, about 70%
of the strength that a person had at his/ her youthful peak from 25 to 30
(Hettinger, 1960). Also, all sight aspects deteriorate. The ability of eyes
to focus on objects (accommodation) declines. This is due to the loss of
elasticity in the lens of the eye. Furthermore, approximately one-third of
65-74 year old people have hearing problems mainly hearing loss. Besides,
at old age, motor skills (manual dexterity and tactile feedback) deteriorate,
and reaction time decreases. Balance is also reduced by the same age. Other
body composition features associated with aging are the distribution of fat,
a decreased elasticity of the skin, the atrophy of subcutaneous adiposities
resulting in increasing tissue compression (Lipski, et al. 1993).
Physiological changes: By the age of 65 years old, 40 percent decrease in
oxygen exchange, 25 percent decrease in respiratory system function, a
decrease of 15-20 percent in the function of cardiovascular system, and on
the other hand, systemic blood pressure increases (Ogawa, et al. 1992 and
Buskirk & Hodgson, 1987). One of the major results of these changes is
that fatigue occurs more rapidly.
Psychological changes: At old age, cognitive changes occur among aging
adults. It may take older adults more time to encode, store, and retrieve
information. The rate, at which new information is learned by them, can
be slower. Long-term memory shows substantial changes with age, while
short-term memory shows less age-related decline. In addition, most aspects
of language ability remain strong. However, wisdom and creativity often
continue to the very end of life. Overall prevalence of mental disorders in
older adults is less than in any other age group (Anstey & Low, 2004 and
Christensen, 2001).

Individuals and/ or institutions who work with the elderly need to be
aware of their physical and cognitive abilities, and how they influence
their interactions with the environment.
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Anthropometric surveys of the elderly are vital due to the fact that

design solutions for the elderly, made in accordance with anthropometric

guidelines, are often also easier to use for others who do not have the

physical capabilities of young and healthy people. Besides, the elderly

anthropometric studies lies in the relatively high number of home accidents

among elderly people (Molenbroek, 1987). Products or environments

that are difficult to use provide a frequent cause of accidents when the

physical and psychological capacities of users are ignored. It is important

to consider the fact that with increasing older people size, the planning and

design of their products should be made upon their physical, cognitive and

anthropometric characteristics (Rosnah, et al. 2009).

In Bahrain, a lot of attention is given to the elderly by both the government

and private institutions. On the government side, two ministries participate

in caring for the elderly: the Ministry of Social Development and the

Ministry of Health.

First, the services of the Ministry of Social Development are given through

two care institutions:

* The National Bank of Bahrain House for the Elderly that started in 1985,
and gives care to about 50 elderly.

* The Muharraq Centre for Social Care that started in 1995 and gives
service to about 60 elderly.
Second, Services of the Ministry of Health are given through two

institutions:

* The Unit for the Elderly care that was established in 1973 and gives
service to more than 130 elderly.

* The Psychological Therapy Unit that was established in 1979 at Salmaniya
medical Complex to care for al the elderly in Bahrain.

On the private side, a great effort is given to the elderly through many
societies and centres, of which:

* UCO House for Parents Care that was established in 1994 at Al-Hidd
area.

* Wisdom Society for the Retired that was established in 1989 to reinsert
those who retired from work and who are willing to continue working
as far as they are physically and mentally able to go on working.
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* Al-Manar House for the Elderly that was established in 2001.

If the elderly is to live independently and self-efficiently, whether at
home or in social care institutions, equipment, tools, environment, daily-
use items, and personal-use items should be designed for them, so that
their needs are entirely satisfied, and abilities and limitations are carefully
considered.

Consequently, this study was carried out aiming at assessing the
anthropometric profile of the elderly in Bahrain, making a comparison
between males and females, and between Bahrainis and elderly from other
nationalities and providing anthropometric data which could be used for
the ergonomic design of working and living environment and products such
as working tools, home appliances and clothing which can significantly
influence the quality of life for this group of people. It is to note that, in
Bahrain, anthropometric research of the elderly for designer use has not
been conducted up to the present.

2. Materials and Methods:
2.1) Research Design: The largest part of this research is an anthropometric
survey necessitating the use of a survey method. According to Groves et

(X3

al, the survey is ‘‘a systematic method for gathering information from a
sample of entities for the purposes of constructing quantitative descriptors
of the population of which the entities are members’” (Groves, Fowler,
Couper, Lepkowski, Singer, and Tourangeau, 2004). In addition, a
comparative method is used. Almost all anthropometric studies need some
kind of comparisons to see whether the differences between the individuals,

subgroups and samples are significant.

2.2) Population and sample:

a. Population: According to Bahraini Ministry of Health, the number of
the elderly in Bahrain is about 07 % of the whole population (about
87000) in 2011. However, the number is increasing. It is expected
that the elderly will form about 20.4 % in 2022, and 24.9 % in 2050.
This increase is attributed to age longevity, health care and balanced
nutrition (Habib, 2009).
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b. Sample: Taking into account the nature of the Bahraini society,
a conservative society, and the facilities available to researchers
(financial resources, time, documents, etc) it was decided to carry out
the anthropometric survey in care houses: UCO House for Parents
Care (Al-Hidd area) with 50 elderly (30 females and 20 males), and
Al-Manar House for the Elderly with 34 elderly (20 females and 14
males). Subsequently, the sample consisted of 84 elderly (34 males and
50 females). Table (1) depicts sample subjects’ age.

Table (1)
Age of sample subjects according to age groups.

Age group males Mean SD Females Mean SD
60-69 12 63.75 2.27 23 64.04 1.83
70-79 8 73.37 2.11 12 73.41 2.28
80-89 10 85.00 2.04 9 84.00 2.16
90 > 4 93.25 1.63 6 92.66 2.13

2.3 Equipment: Authors used the easy-to-use equipments mainly the
Harpenden anthropometer, skinfold calipers, sliding calipers and Seca
weighing scales.

2.4 Anthropometric measurement: To satisfy the aims of this study, the
following anthropometric dimensions and indices were measured:

a) Demographic characteristics: Age, sex, and employment status.

b) Body weight.

c¢) 08 standing heights: Body height, shoulder height, elbow height, knee
height, thigh height, leg height, shoulder height, and elbow height.

d) 3 lengths: head length, abdomen length and arm length.

e) 3 sitting heights: Body height, shoulder height, and elbow height.

f) 11 circumferences: Shoulder circumference, abdomen circumference,
hip circumference, head circumference, neck circumference, chest
circumference, waist circumference, thigh circumference, fore-arm
circumference, ankle circumference, and upper-arm circumference.

g) 2 Skin-fold Measurements: Triceps skin-fold, and sub-scapular skin-
folds.
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h) 2 Hand Measurements: Hand length, and hand width.

1) 2 Foot Measurements: Foot length, and foot width.

J) 2 Anthropometric Indices: Waist Hip Ratio (WHR), and Body Mass
Index (BMI).

k) 2 Strength Measurements: Right hand grip and left hand grip.

2.5 Procedures: The procedures of this research consisted of the following:
1. Administrative procedures: The researchers were faced with a challenge
of locating their subjects. In Bahrain, the elderly can be met in the following
locations; at home, in care houses, in hospitals and at work for those doing
bridge employment. The first experimental week of the study showed that it
is easier and more practical to take the anthropometric measurements from
the elderly who reside in care houses where assistants, aids, and appropriate
places for measurement are available. Therefore, it was decided that the
study location will be at two day private care houses: UCO House for
Parents Care and Al-Manar House for the Elderly. Before measurements
were taken, subjects’ consents to participate in the study were taken.
All participants were informed of the procedures and the measurements
that will be performed, they were asked to sign informed consent forms
approved by the administration of the care house they belong to.

2. Technical procedures: All measurements were taken with the following
points in mind:

- The measurements were made according to the definitions of the selected
body dimensions as given in Pheasant (Pheasant, 1986).

- Elderly subjects postures were maintained as natural as possible according
to Hertzberg (Hertzberg,1968).

- All measurements were taken in the morning (from 08.00 am to noon)
during summer (in June and July 2011) where subjects were wearing light
clothes.

- While measurements were taken, subjects were sitting or standing with
body weight evenly distributed on both legs.

- All Anthropometric measurements measured in this study are based
on protocols as outlined primarily in Wright, Govindaraju, and Mital.
(1997), and also in Pheasant (1996), Roebuck, (1995) and Smith, Norris,
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and Peebles, (2000). All participants were provided adequate rest (self-
determined as and when needed) between measurements to minimize
effect of static fatigue.

2.6 Quality of anthropometric data: If designers, health offices and all
those concerned with the elderly are to use anthropometric data; and if data
are to describe the population, anthropometric surveys should be quality
checked. Authors used the following measures to achieve this aim:

a. Recorded measurements: All measurements were taken twice, and the
mean was recorded.

b. Prior to taking measurements, assistants were given two training sessions:
The theoretical session shed lights on how to carry out an anthropometric
survey, to measure the dimensions, to define the landmarks, and to record
the readings. Whereas the practical session focused on practical issues of
measurements. It was done as follows: first, one of the researchers took the
measurement and recorded the reading. The assistant who was observing
then took the measurement and recorded it. A comparison between the
two values was made. If the difference between the two measurements
was greater than + 02 mm, the assistant was asked to re-measure again the
dimension he/ she was measuring.

c. For measurements validation, the formula of Panchon et al’s was used.
Se= 100 x ((shoulder height - elbow height) — (arm length) / (arm length)
(Panchon, et al. 2004). According to this formula, measurements are valid
if the index (Se) is less than 7%. Results indicated that (Se) value was
(6.39%) in the range described by the authors.

2.7 Statistical analysis: The most widely statistical measures in
anthropometric studies including the actual one are: mean, standard
deviation (SD), coefficient of variation (CV) and standard error of mean
(SEM). In addition to these measures, t- test and ANOVA were computed.
Data were analyzed using Statistical Package for Social Science (SPSS)
version 17.0. In addition, a 5% level of probability was used to indicate
statistical significance.
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3. Results and discussion
First, The anthropometric profile of the elderly in Bahrain: Table (2),
presents the anthropometric profile results.

Table 2
Anthropometrics of Bahraini elderly
Std Percentiles
Measurements Sex N Mean Std Dev. CvV Error
Mean 5t 500 95t
Right Hand Grip | Male 34 | 222500 | 7.59822 | 34.1 | 130308 | 08.15 | 2L.15 35.92
(kg) Female | 50 | 167600 | 471822 | 28.1 | 066726 | 0720 | 1720 | 24.33
Left Hand Grip Male 34 | 208529 | 678587 | 32.5 | 1.16377 | 0840 | 20.75 32.97
(kg) Female | 50 | 163460 | 4.61715 | 282 | 065296 | 07.10 | 17.05 25.07
Male 34 | 735647 | 14.6949 | 199 | 252016 | 4745 | 7230 | 10637
Weight (kg)
Female | 50 | 80.0340 | 18.0091 | 22.5 | 2.54688 | 5090 | 74.90 | 120.27
Body Height Male 34 | 165.0088 | 9.21903 | 559 | 1.58105 | 149.37 | 16525 | 18150
(cm) Female | 50 | 152.6300 | 5.41899 | 3.55 | 076636 | 14155 | 153.00 | 161.90
Male 34 | 80.5912 | 524262 | 651 | 0.89910 | 7037 | 80.85 89.75
Torso (cm)
Female | 50 | 73.6000 | 3.87693 | 527 | 054828 | 66.10 | 74.00 | 78.72
Knee Height Male 34 | 408529 | 197150 | 4.83 | 033811 | 3775 | 41.00 | 4425
(cm) Female | 50 | 37.2900 | 227248 | 6.09 | 032138 | 33.00 | 37.00 40.22
Thigh Height Male 34 | 439588 | 293899 | 669 | 050403 | 3875 | 44.00 | 49.80
(cm) Female | 50 | 425600 | 278597 | 6.55 | 039400 | 38.00 | 4250 | 48.00
Male 34 | 84.5706 | 4.37767 | 5.18 | 075076 | 7725 | 84.75 91.75
Leg Height (cm)
Female | 50 | 79.6900 | 3.90955 | 491 | 055289 | 73239 | 79.69 | 86.1407
Shoulder-grip Male 34 | 733215 | 8.66521 | 11.8 | 1.48607 | 59.023 | 73.321 | 87.6190
length (cm) Female | 50 | 68.1254 | 755662 | 11.1 | 1.06866 | 55.656 | 68.12 | 80.5938
Male 34 | 432181 | 62231 | 144 | 1.06725 | 32.949 | 4321 | 53.4862
Arm length (cm)
Female | 50 | 403574 | 7.0520 | 174 | 099730 | 28.721 | 4035 | 51.9932
Hand length Male 34 | 187643 | 3.5241 | 18.8 | 0.60437 | 12.949 | 18.764 | 24.5790
(cm) Female | 50 | 159808 | 32310 | 202 | 045693 | 10.658 | 1598 | 21.3209

Hand breadthat | Male | 34 | 101223 | 93725 | 926 | 160737 | 53423 | 10.122 | 25.5869

metacarpal (cm)

Female 50 08.3345 8.3562 100 1.18174 5.4532 8.334 22.1222

Male 34 24.6512 2.3541 9.54 0.40372 20.766 24.65 28.5354

Foot length (cm)
Female 50 23.1423 3.1212 13.5 0.44140 17.992 23.14 28.2922

Foot breadth Male 34 73121 1.2386 169 | 021241 | 52684 | 7312 | 9.35579
(ball of foot)
(em) Female | 50 | 5.3424 19924 | 373 | 028176 | 2.0549 | 5342 | 8.62986
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Table 2 Continued
Std Percentiles
Measurements Sex N Mean Std Dev. Cv Error
Mean Slll 50“‘ gsth
Shoulder Height Male 34 | 140.6788 | 8.28534 6.0 142092 | 124.00 | 140.6 | 151.349
(cm) Female | 50 12:4.121 7.03270 5.6 0.99457 | 112.61 | 1282 | 135.820
Elbow Height Male 34 | 97.6500 | 10.1015 | 103 1.73239 | 80.982 | 97.65 | 114317
(cm) Female | 50 | 93.8222 5.4329 5.8 0.76832 | 84.857 | 93.82 | 102.786
Forearm Height Male 34 | 275735 | 1.95065 | 7.07 | 0.33453 24.62 | 2775 31.25
(cm) Female | 50 | 412600 | 2.73160 | 6.62 | 0.38631 37.55 | 41.00 47.00
Head Width Male 34 | 147882 | 0.88789 | 6.00 | 0.15227 12.87 14.90 16.15
(cm) Female | 50 | 123100 | 1.08275 | 880 | 0.15312 11.00 12.00 14.00
Shoulder Male 34 | 428588 | 647424 | 15.1 1.11032 3490 | 41.70 55.22
Circumference
(em) Female | 50 | 36.8500 | 3.63409 | 9.86 | 051394 | 33.00 | 36.00 43.80
Abdomen Width Male 34 | 303882 | 295991 | 9.74 | 050762 | 25.15 | 30.40 34.77
(cm) Female | 50 | 309400 | 3.58944 | 11.6 | 050762 | 2500 | 30.00 37.90
Male 34 | 324882 | 272405 | 838 | 046717 | 27.65 | 32.40 36.75
Hips Width (cm)
Female | 50 | 342600 | 3.65089 | 10.6 | 0.51631 29.10 | 33.00 40.00
Head Circumfe Male 34 | 55.8441 1.96456 | 352 | 033692 | 52.15 56.25 59.12
rence (cm) Female | 50 | 552700 | 239943 | 434 | 0.33933 51.55 55.00 59.00
Neck Circumfe Male 34 | 387353 | 4.15100 | 107 | 071189 | 3225 38.25 46.62
rence (cm) Female | 50 | 392000 | 3.81725 | 9.74 | 053984 | 32.55 39.00 45.80
Chest Circumfe Male 34 | 992500 | 9.08399 | 9.15 1.55789 | 85.00 | 98.50 118.62
rence (cm) Female | 50 | 109.2400 | 13.89400 | 12.7 1.96491 90.00 | 110.00 | 134.60
Waist Circumfe Male 34 | 1002353 | 1142249 | 114 | 195894 | 77.00 | 99.00 117.12
rence (cm) Female | 50 | 105.1600 | 1429051 | 13.5 | 2.02098 84.55 | 105.00 | 130.90
Abdomen Circu Male 34 | 101.4176 | 10.08270 | 9.94 | 1.72917 84.00 | 99.75 116.62
mference (cm) Female | 50 | 113.4800 | 14.80105 | 13.0 | 2.09318 92.10 | 114.00 | 14135
Hip Circumfe Male 34 | 975294 | 1570704 | 16.1 | 2.69374 | 67.62 | 98.50 18.50
rence (cm) Female | 50 | 116.5100 | 15.99314 | 13.7 | 2.26177 87.95 | 11450 | 147.00
Thigh Circumfe Male 34 | 462794 | 639729 | 132 1.09713 3575 | 46.25 58.12
rence (cm) Female | 50 | 51.7000 | 824683 | 159 1.16628 3630 | 52.00 66.00
Fore-arm Circu Male 34 | 248235 | 220111 | 887 | 037749 | 2075 | 25.00 29.00
mference (cm) Female | 50 | 264200 | 2.80189 | 10.6 | 0.39625 2200 | 27.00 31.00
Ankle Circum Male 34 | 243088 | 1.87089 | 7.70 | 0.32085 2137 | 24.00 27.87
ference (cm) Female | 50 | 23.5900 | 3.28213 | 139 | 046416 | 91.10 | 23.00 29.45
Upper Arm Circ Male 34 | 283529 | 291685 | 102 | 050024 | 23.00 | 28.00 33.62
umference (cm) | Female | S0 | 332900 | 4.56483 | 13.7 | 0.64556 | 25.65 32.50 4235
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Table 2 Continued
Std Percentiles
Measurements Sex N Mean Std Dev. Cv Error
Mean Slll 50l|| 95“‘

Triceps Skinfold | Male | 34 | 185588 | 630147 | 339 | 108069 | 0675 | 1900 | 32.00

(mm) Female 50 35.9000 9.25434 25.7 1.30876 22.00 35.00 56.35

Sub Scapular Male | 34 | 23.0588 | 640521 | 27.7 | 1.09848 | 1225 | 22.00 | 33.00

Skin fold (mm) | peate | 50 | 37.9800 | 9.23058 | 243 | 130540 | 19.85 | 37.50 5245

Male 34 1.0699 0.35655 333 0.60115 00.86 01.01 01.61

Waist hip Ratio
Female 50 0.9074 0.08993 9.91 0.01272 00.77 00.89 01.06

Body Mass Male 34 26.9056 4211211 15.6 0.72237 20.57 26.84 35.72
Index
(kg/m?) Female 50 34.2264 6.77394 19.7 0.95798 2245 33.12 47.13

Arm Circumfe Male | 34 | 283.529 | 20.1685 | 103 | 5.00236 | 230.00 | 280.00 | 336.25

rence (mm) Female | 50 | 332.900 | 456482 | 137 | 645564 | 25650 | 325.00 | 423.00

Mid- arm circu Male | 34 | 2252547 | 2285623 | 10.1 | 3.91981 | 19237 | 22226 | 268.79

mference (mm) Female 50 | 220.1740 | 38.18640 17.3 5.40037 145.66 | 215.97 282.03

Mid-arm Muscle Male 34 | 40.8015 8.5622 20.9 1.4684 29.468 | 39.335 | 57.705
Area (MAMA)

(cm?) Female 50 39.7338 13.5495 34.0 1.1962 16916 | 37.142 63..334
Mid-arm Fat Male 34 23.8599 9.2717 38.8 1.5900 07.403 | 39.335 57.705
Area (MAFA)

(Cm? Female 50 50.1265 16.3496 32.6 2.3121 28.705 | 47.433 63.334

a) Anthropometric measurements: Table (2), shows the results of both
men and women, namely: Mean, SD, CV, SEM, and percentiles (5", 50™,
and 95"),

As to the CV % results, the following criteria were taken up in the Table
(2) criteria were taken up in the interpretations of coefficient of variation
values. (CV < 5) designates small dispersion, (6 < CV < 15) designates
that the dispersion is of average strength, and (CV = 16) designates great
dispersion. It has been found that the highest values were the triceps skin
fold for males (33.9), the waist hip ratio for males (33.3), sub scapular skin
fold for males (27.7), the triceps skin fold for females (25.7), sub scapular
skin fold for females (24.3), weight for females (22.5) and for males
(19.9). These values exceeded highly the values of all other dimensions
which are generally small, meaning that the greatest dispersions are in
these body dimensions. The greater the CV values, the more difficult the
design decisions will be. However, the smallest CV values were head
circumference values for males (3.52), height for females (3.55), and
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head circumference values for females (4.34), indicating that the smallest
dispersions are in these dimensions. In order to reduce CV% values, one
has to increase the mean values and/ or to reduce standard deviation values
which could be done by adding new observations to the sample. Increasing
the sample mean will in-turn cause CV to decrease.

However, as regards to the SEM, it has been found that the highest SEM
values were arm circumference values for both females (6.45) and males
(5.00). These results indicate that spread among the above mentioned
anthropometric body dimension (arm circumference) is greater than spread
among the means of other set of indices and dimensions. Therefore, design
or redesign decisions where body dimensions and indices with large SEM
values are used, should be carefully made as generalizations from the
sample to the population could be difficult.

b) Anthropometric Indices:

* Waist to hip ratio (WHR): WHR is a simple anthropometric index for
assessing the amount and distribution of body fat. It was found that
WHR for male subjects was 1.06, and .90 for female subjects. These
values showed that the male subjects were at risk of being obese at
the abdominal region which indicates risk factor of being prone to
heart related diseases (Alam, Larbi, Pawelec, & Paracha, 2011). While
female subjects of this study are considered to be within normal ranges
in regard to WHR (Alam, Larbi, Pawelec, and Paracha, 2011). Obesity
in older age can be referring to sedentary lifestyle, as people in the Gulf
area in general, and especially in Bahrain are more prone to inactive
lifestyle. This can be due to many factors including weather conditions
(hot and humid climate in most of the year time), traditions, and other
factors related to the health status of the elderly. (Patil, Parale, Kulkarni,
Pati, 2011) show that waist—to—height ratio in addition to waist-to-hip
ratio, BMI, and waist circumference showed to be good predictors to
coronary artery disease risk factors in the elderly.

* Body mass index (BMI): BMI was used in this study as it is convenient
for this age group. In addition, it is used in many anthropometric studies
(Perissinotto, et al, 2002; Delarue, et al. 1994), despite the fact that
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some authors consider it as a poor index in the identification of obesity
(Allison, et al. 1997; Seidell & Visscher, 2000). High BMI was found
to be associated with coronary heart disease in elderly men (Huang, et
al. 1997). Results show that males and females BMI means were 26.90
(SD 4.21) and 34.22 (SD 6.77) respectively. According to the World
Health Organization (WHO) BMI classification of underweight (Below
18.5), normal (18.5-24.9), overweight (25.0-29.9), obesity (30.0 and
over), it is clearly seen that male subjects are regarded overweight,
whereas female subjects are obese. Bahraini women used to be active
income performing their own house works. They also had a share in
their family income in the earlier years before the invention of oil in the
country. Later, the living life had changed where women cut down their
movement pattern and become prone to sedentary life style as part of a
wealth in life style. This kind of life style continued, where nowadays,
most of the Bahraini families depend on house-maids to perform their
house works. Furthermore, other factors like dieting, health status are
also considered to reflect obesity. These results do not conform with
what (Corish and Kennedy, 2003) have suggested that height, weight,
BMI and muscle reserves decrease with increasing age.

Mid-arm Muscle Area (MAMA) (cm2): The anthropometry of the
upper arm includes what is called the principal anthropometry measures
such as the upper arm length, the triceps skin fold, and the mid- arm
circumference. The derived measures that derive from the principal
measures using specific formulae such as the mid- arm muscle area
(MAMA), and the mid- arm fat area (MAFA). MAMA is an estimation
of the area of the bone and muscle portions of the upper arm. It is
seen in Table (2) that males and females mean values equal (40.8015)
and (39.7338) respectively indicating that they are around the 50th
percentile. According to Frisancho (1990), these values point out that
the muscles of the male and female Bahraini elderly are of average
values.

Mid-arm fat Area (MAFA) (cm2): The mid- arm fat area (MAFA) is an
estimation of the area of the far portions of the upper arm. It has been
used as a representation of body composition specifically fat in both
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clinical and field research settings for decades (Frisancho, 1981; Wolfe,
et al. 1994; Cigek, et al 2010). Results indicate that the elderly males
values were (9.0), whereas the female values were (16.3) indicating
that the Bahraini elderly are generally fat but not to the extent of having
what is called Bingo wings. In comparison with other elderly from
other nationalities, the Bahrainis are fatter than the Indians (Bisai, et al.
2009), but not as fat as the Brazilians (Martins dos Santosa and Sichieri,
2005).

¢) Anthropometric differences between males and females: Table (3), Shows
some significant differences between men and women subjects. Significant
differences are seen between the two groups where men were found to have
bigger values in the following dimensions: right hand grip, left hand grip,
body height, shoulder height, knee height, thigh height, leg height, head
circumference, shoulder circumference, hip circumference, waist hip ratio,
and body mass index. Whereas, women were found to have bigger values
in the following dimensions: forearm circumference, chest circumference,
abdomen circumference, hip circumference, thigh circumference, for-arm
circumference, arm circumference, triceps skinfold, sub-scapular skin
fold, and arm circumference.

On the other hand, Table (3) also, shows that differences in body weight,
thigh height, shoulder height, abdomen circumference, hip circumference,
head circumference, neck circumference, chest circumference, waist
circumference, ankle circumference, mid-arm circumference values, are
not statistically significant. Elderly men showed to have lower triceps
values and a higher lean mass than elderly women (Portero —Mclellan, et
al. 2010)

Table 3
Anthropometric differences between males and females
Measurements Sex N Mean Std Dev. T-test | Significance
. . Male 34 | 22.2500 | 7.59822
Right Hand Grip 4.625 0.000
Female | 50 16.7600 4.71822
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Table 3 Continued
Measurements Sex N Mean Std Dev. T-test | Significance
. Male 34 20.8529 6.78587
Left Hand Grip 3473 0.000
Female 50 16.3460 4.61715
. Male 34 73.5647 14.69494
Weight -1.737 0.086
Female 50 80.0340 | 18.00918
) Male 34 | 165.0088 | 9.21903
Height 7.741 0.000
Female 50 | 152.6300 | 5.41899
Male 34 80.5912 5.24262
Torso 7.025 0.000
Female 50 73.6000 3.87693
) Male 34 40.8529 1.97150
Knee Height 7.433 0.000
Female 50 37.2900 2.27248
) ) Male 34 43.9588 2.93899
Thigh Height 2.209 0.030
Female 50 42.5600 2.78597
. Male 34 84.5706 4.37767
Leg Height 5.349 0.000
Female 50 79.6900 3.90955
_ori Mal 34 73.3215 8.66521
Shoulder-grip ale 4752 0031
length (cm) Female 50 68.1254 7.55662
Male 34 43.2181 6.2231
Arm length (cm) 3.475 0.037
Female 50 40.3574 7.0520
Male 34 18.7643 3.5241
Hand length (cm) 2.841 0.001
Female 50 15.9898 3.2310
Mal 34 10.1223 9.3725
Hand breadth at ale 7632 0.021
metacarpal (cm) | Female | 50 | 08.3345 | 8.3562
Male 34 24.6512 2.3541
Foot length (cm) 1.867 0.041
Female 50 23.1423 3.1212
Mal 34 7.3121 1.2386
Foot breadth (ball ale 2102 0.007
of foot) (cm) Female | 50 5.3424 1.9924
. Male 34 32.2794 1.85534
Shoulder Height 0.260 0.795
Female 50 32.1300 2.97405
i Mal 34 | 97.6500 10.1015
Elbow Height ale 5100 0.008
(cm) Female 50 93.8222 5.4329
) Male 34 27.5735 1.95065
Forearm Height -25.15 0.000
Female 50 41.2600 2.73160
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Table 3 Continued
Measurements Sex N Mean Std Dev. T-test | Significance
. Male 34 14.7882 0.88789
Head Width 11.05 0.000
Female 50 12.3100 1.08275
Mal 34 42.8588 6.47424
_ Shoulder ae 543 0.000
Circumference Female 50 36.8500 3.63409
_ Male 34 | 30.3882 | 2.95991
Abdomen Width -0.741 0.461
Female 50 30.9400 3.58944
, _ Male 34 | 32.4882 | 2.72405
Hips Width -2.409 0.081
Female 50 34.2600 3.65089
Mal 34 55.8441 1.96456
_ Head ae 1156 | 0251
Circumference Female | 50 | 55.2700 2.39943
Mal 34 38.7353 4.15100
_ Neck ae 0529 | 0599
Circumference Female | 50 | 39.2000 | 3.81725
Mal 34 99.2500 9.08399
_ Chest ae 3687 | 0.000
Circumference Female 50 109.2400 | 13.89400
i Mal 34 | 100.2353 | 11.42249
| Waist e 1677 | 0.097
Circumference Female | 50 | 105.1600 | 14.29051
Mal 34 | 101.4176 | 10.08270
~Abdomen e 4140 | 0.000
Circumference Female 50 | 113.4800 | 14.80105
. Male 34 97.5294 15.70704
Hip -5.378 0.000
Female | 50 | 116.5100 | 15.99314
i Mal 34 46.2794 6.39729
. Thigh ae 3227 0002
Circumference Female | 50 | 51.7000 8.24683
- Mal 34 24.8235 220111
Fore-arm ae 2787 | 0.007
Circumference Female 50 26.4200 2.80189
Mal 34 | 243088 | 1.87089
| Ankle e 1154 | 0252
Circumference Female 50 23.5900 3.28213
Mal 34 | 28.3529 | 2.91685
Upper Arm e 5574 | 0.000
Circumference Female 50 33.2900 4.56483
) . Male 34 18.5588 6.30147
Triceps Skinfold -9.520 0.000
Female | 50 | 35.9000 | 9.25434
Mal 34 23.0588 6.40521
Sub Scapular = 8175 | 0.000
Skinfold Female 50 37.9800 9.23058
o Male | 34 | 1.0699 | 0.35655
Waist hip Ratio 3.090 0.003
Female 50 0.9074 0.08993
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Table 3 Continued
Measurements Sex N Mean Std Dev. T-test | Significance
Male 34 | 269056 | 4.211211
Body Mass Index -5.602 0.000

Female | 50 | 34.2264 6.77394

Arm Circumfe Male 34 | 283.529 | 29.1685
rence (mm) Female | 50 | 332900 | 45.6482

- 8.86 0.000

Mid- arm circu Male 34 | 225.2547 | 22.85623

6.023 0.008

mference (mm) Female | 50 | 220.1740 | 38.18640

d) Anthropometric differences between age groups:

Table (4)
Anthropometric differences between age groups

5 60- 69 70-79 80- 89 90 and >
=] Age F- -
= Significance
@ group | Mean | SD | Mean | SD | Mean | SD | Mean | SD Test

Height | 1693 | 59 | 168.1 | 59 | 1628 | 64 | 1576 | 25 | 9.12 .000
é Weight | 774 | 427 | 753 | 329 | 709 | 347 | 68.0 | 627 | 7.84 001

N 12 8 10 4

= | Height | 1634 | 29 | 1584 | 41 | 1575 | 56 | 1568 | 3.5 | 7.84 .000
Q
E | Weight | 820 | 59 | 775 | 60 | 723 | 41 | 699 | 31 | 197 .000
= N 23 12 9 6

Table (4), demonstrates that in both men and women, height decreased
at a constant rate with increasing age. Yet, Scheffe’s test, indicated that
height vary significantly with age groups. For men, first age group (60-
69) is significantly taller than both the third (80- 89) (p< .005) and the
fourth (90 and Over) (p< .000) groups. In addition, it is also taller than
the second group (70- 79), but the difference isn’t significant (p< .0810).
Alternatively, for women, the difference between the first and other three
groups (p< .019, p<.011, and p< .005 respectively) were significant.

Table (4), furthermore demonstrates that weight in both men and women,
decreased constantly with age. The calculation of Scheffe’s test shows the
following: For men, first age group (60- 69) is significantly heavier than
the third group (p< .009) and the fourth group (p< .005). In addition, it is
also heavier than the second group, but the difference isn’t significant (p<
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.0756). On the other hand, for women, differences between the first and
other groups were significant. The first group is heavier than the second
group (p< .058), the third group (p< .000) and the fourth group (p< .000).
These results are consistent with Rosnah, et al. (2009) who reported that
body weight and height declined with aging among elderly from different
backgrounds (Malays, Italians, Canadians). Launer and Harris (1996) have
also found almost similar results. They showed that BMI and height to
decline with aging. On the other hand, they demonstrated that BMI values
of women are higher than that of men from similar ages. Coqueiro, et
al. (2009) reported a decline in anthropometric measurements with the
advancement of age among Cuban elderly men and women. The age of
70 years showed to be the decisive moment for the main anthropometric
differences reported. Similarly, anthropometric values showed a decline
in both elderly men and women of Santiago, Chile, where women tend to
have a higher BMI values. However, men showed to be taller and heavier
(Santos, et al. 2004).

e) Anthropometric differences between Bahraini elderly and other
nationalities

Table 5
Elderly values from different nationalities (males and females)
Body Height Body Weight
Reference Nationality Gender Age
N Mean SD N Mean SD
Kothiyal & Male 65-92 33 1658 | 79 33 7 11
1 Australia
Tettey, (2000) Female 65-92 138 1521 | NA | 138 61 N/A
Kirvesoja, et al. Male 70-80 24 170.3 8.5 N/A N/A N/A
2 Finland
(2000) Female 70-80 31 1565 | 55 | N/A N/A N/A
Molenbrock, Male 65-74 152 1656 | 82 | 194 67.3 13
3 Netherlands
(1987) Female 65-74 457 1543 | 72 | 621 62.6 14
; Perissinotto et . Male 65-84 5462 | 1717 | N/A | 5462 726 N/A
taly
al. (2002) Female 65-84 5462 1522 | N/A | 5462 63.8 N/A
) Kuczmarski et Us Male 50 and above 7561 NA | NA | 7561 86 N/A
al. (2000) Female 50 and above 7561 NA | NA | 7561 709 N/A
Delarue, et al. Male 65-97 289 1675 | 007 | 289 71.85 10
France
(1994) Female 65-97 337 15525 | 0.05 | 337 61.6 11.53
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Table 5 Continued
Body Height Body Weight
Reference Nationality Gender Age
N Mean SD N Mean SD
Male N/A N/A NA | NA | NA N/A N/A
4 Jarosz, (1999) Poland
Female 60-96 106 1524 | 692 | 106 65.4 10.5
Male 65.2-85.1 50 1655 | 543 | 50 68 10.6
5 Hu et al. (2007) China
Female 65.0-80.7 55 1526 | 693 | 57 60 9.7
. Pennathura & Mexican Male 60- 85 40 1664 | 790 | N/A N/A N/A
Dowling, (2009) | Americans Female 60-85 106 1525 | 989 | N/A N/A N/A
Faruque, et al, Male 60-106 718 1597 | 6.1 718 477 8.6
7 Bangladesh
(2006). Female 60-106 478 1470 | 57 478 41.1 9.4
Rosnah et al, Male 60 and above 129 162.3 7.5 129 66.6 11.3
8 Malaysia
(2009). Female 60 and above 101 1490 | 58 101 60.0 13.8
Barbosa, et al. Male 60 and above 770 164.4 0.06 770 68.20 12.41
9 Brazil
(2005) Female 60 and above 1124 | 1500 | 005 | 1124 | 6257 0.06
Coqueiro, et al, Male 60 - 102 708 166.0 | 007 | 708 63.36 12.32
10 Cuba
(2009) Female 60 - 102 1197 | 1528 | 192 | 1197 | 5940 1251
Suriah, et al. Male 60-89 140 1594 | 73 140 55.42 11.82
11 Malaysia
(1998) Female 60-89 204 1460 | 51 | 204 47.78 10.77
" Santos, et al, Chile Male 60-99 411 1646 | 7.1 | 411 732 13.0
(2004). Female 60-99 807 1498 | 63 | 809 63.6 134
Male 60-92 34 34
This study Bahrain
Female 60-92 50 50

It can be seen from Table (5) that anthropometric dimensions (body
height and weight) of individuals from developed countries (Australia,
Finland, Netherlands, Italy, USA, France, and Poland) are higher than
anthropometric dimensions of individuals from developing countries
(China, Bangladesh, Malaysia, Brazil, Cuba, Chile, and Bahrain).
Anthropometric dimensions of developed countries are 168.18 cm, and
73.95 kg for height and weight respectively for males, and 153.79 cm
and 64.22 kg for height and weight respectively for women. However,
developing countries anthropometric dimensions are 163.54 cm and 63.21
kg for height and weight respectively for males, and 149.96 cm and 56.35
kg for height and weight respectively for women. Mediterranean elderly
(Italy, Greece, and Greeks living in Australia) showed to have higher
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values of BMI than their counterparts from Europe, Asia, Africa, and the
United States. Furthermore, it is to note that anthropometric differences
are also seen among populations from developed countries. Women had
higher values in BMI and triceps skin fold, whereas men had higher values
in muscle mass (indicated by muscle circumference measurements and
indices) (Launer & Harris, 1996).

Second, providing anthropometric data to use in the future design: It
has already been mentioned that human beings experience a lot of changes
when they are old. In fact, these changes take place at all personality
levels (somatic, cognitive, affective and spiritual levels). These changes
should be taken into consideration when designing for them. It is worth
mentioning that what has been deigned for use by younger adults does not
necessarily fit the elderly. Therefore, designs should be specifically made
for the elderly. Karwowski (2005) defined one of the general dimensions
of ergonomics discipline as design whether it is in its traditional form or
in its new form of the universal design. It can be considered as a new
paradigm that can go hand in hand with ergonomics to fit work, equipment
and environment to people (Ostroff, 2001). It is defined as “an approach
to creating environments and products that are usable by all people to the
greatest extent possible” (Mace, et al. 1991). The Center for Universal
Design of the School of Design at the State University of North Carolina,
USA, has given seven principles that guide designers in their design
endeavor. These are:

1. Equitable use- the design is useful and accessible to all people and has
the same mode of use.

2. Flexible use- the design suits multiple individual preferences and
abilities.

3. Simple and intuitive use - the design is understandable and readable
regardless of experience, knowledge, language skills or levels of cognition
and concentration

4. Perceptible information- the design has the information needed for use,
regardless of environmental conditions and users’ sensory capabilities.

5. Tolerance for error - the design minimizes the dangerous consequences
arising from accidental or unintended actions.
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6. Minimum physical effort —the product can be used efficiently and is
convenient with a minimum of fatigue.
7. Dimensions appropriate for use and comfort — they provide space and
dimensions to ensure flexibility, reach, manipulation and use regardless
of the user’s size, posture and mobility; the components are within
comfortable reach (Story, et al. 1998).

Nowak (20006) stated: “By adjusting the articles of daily use, appliances,
and interior furnishings to the dimensions and physical predispositions of
the elderly, ergonomics not only provides this group of people with the
facilities for living independently, but also contributes to the increase of
their life comfort and often prevents them from dangerous accidents”.
Elderly ergonomic designs will not achieve their aims unless elderly
abilities and limitations are known. In this study, various anthropometric
measurements have been taken to be put at the hands of designers to
use while designing for the elderly. The various standing heights, the
lengths, the sitting heights and the circumferences are used in designing
the reach wherever it is needed (at home, at work, at hospital). Strength
measurements are to be used in designing work, tasks and operations that
need grip, push, and pull. However, hand and foot measurements are used
in the design of tools and clothing such as gloves and shoes.

4. Conclusion: The aim of this research was to investigate the
anthropometric profile of the elderly in Bahrain, study the anthropometric
differences between the males and females subgroups, between the
elderly age groups, and between elderly from Bahrain and elderly from
other nationalities. First, the profile has been clarified through various
anthropometric measurements taken from both the Bahrainis and from
international subjects. Second, the anthropometric differences have
been calculated. Third, anthropometric data are ready to use in design or
redesign purposes. It is known that older people often have problems using
everyday products because the design of many commonly used products
do not take into account their limitations. Further, despite the fact that
the authors were willing to measure as large a sample of the elderly as
possible, the dispersion of the elderly among day care houses, their homes,
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at work and at hospitals prevented the authors from having a larger sample.
Likewise, the most beautiful lesson that has been learned in this research
was to try first to understand the needs of the elderly to maintain their
self respect and independence, and treat them accordingly. This may be
the access to building good relationship with them so that anthropometric
measurements are carried out efficiently.
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