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ABSTRACT:

Health for the elderly is a paramount concern in our rapidly ageing society,
where individuals often grapple with physical challenges that impede their
independence. This study explores the vital role of ergonomically designed
assistive cutlery in enhancing the quality of life for seniors with upper limb
impairments. Through a comprehensive survey involving 78 elderly with
various upper limb impairments in Vellore, Tamil Nadu, India, we examined
their experiences and the inadequacies of the present assistive cutleries, which
often fail to provide the necessary comfort and autonomy during meals. The
findings indicate that many elderly individuals struggle with grip strength and
functionality, leading to feelings of frustration and dependency. In addition, a
systematic review was conducted based on PRISMA guidelines, screening 469
publications and identifying 32 relevant studies. This effort resulted in
proposing enhanced ergonomic design guidelines from various databases in
recent years, compiling them into a single comprehensive set. Moreover, the
mealtime experience is essential for ensuring that older adults receive adequate
nutritional intake. By identifying specific design requirements based on user
feedback and prioritizing functionality alongside aesthetics, this resource aims
to assist health professionals, designers, and policymakers in emphasizing the
importance of tailored ergonomic solutions that cater to the diverse needs of
elderly individuals with upper limb impairments, ensuring that assistive devices
can effectively contribute to public health outcomes and the sustainable
development of healthcare systems for ageing populations.

1. Introduction

As we move forward in an era marked by significant demographic shifts toward an ageing population,
incorporating assistive technology into public health strategies is becoming increasingly important.
This technological advancement in elderly care not only promotes independence but also profoundly
influences public health outcomes and the allocation of healthcare resources [1]. The integration of
assistive technology into elderly care signifies an important evolution in public health strategy. By
embracing these innovations, we can enhance our support for the ageing population while ensuring the
sustainability of healthcare systems for future generations [2][3].

An assistive device is an equipment designed to improve the quality of life for people who have
disabilities by allowing them to perform tasks that would otherwise be impossible. Specifically
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designed cutlery improves self-reliance during meals for those with upper limb impairments. The
market for self-assistive cutlery is expected to grow from $26.5 billion in 2024 to $41.7 billion by
2030 (at a CAGR of 7.9%). Demographic trends reinforce this demand, with the elderly population
(aged 60+) expected to increase from 9.3% in 2020 to 16% by 2050 [4]. Ergonomic design plays a
crucial role in these devices, improving health with user comfort by 37% over standard designs.
Advancements in materials, sensor technology, and Al controls have increased user performance in
Al-powered prosthetics by 42% and reduced cognitive load by 31%. Approximately 30% of seniors
face challenges during meals due to upper limb impairments, with 45% of caregivers noting mealtime
difficulties [5][6]. The WHO reports that many elderly individuals have limitations in daily activities,
including independent eating, and the acceptance of assistive devices has grown significantly,
increasing from 12% in 2018 to 28% in 2022 [7].

Ergonomically designed devices significantly reduce the risks of injuries and complications. A study
found that wheelchair users with ergonomic seating experienced a 45% reduction in ulcer incidence
over two years. Aesthetically pleasing and comfortable devices are more likely to be incorporated into
daily life, encouraging longer use and enhancing the performance of activities of daily living (ADLS).
Implementing ergonomics has increased community participation by 39%. Self-assistive cutlery
enhances the dining experience for individuals with upper limb impairments by promoting usability,
reducing stigma, and fostering independence during mealtime [8]. Effective design allows those with
reduced dexterity to grip utensils more easily and mitigates feelings of embarrassment in social dining
settings. Advanced assistive dining devices, such as motorized utensils, empower users to eat
independently. Balancing functionality with aesthetics is essential to avoid stigmatization [9].

Assistive devices also facilitate emotional connections, but users often struggle to adapt to them in
social settings. This study examines user experiences and preferences to inform future product designs.
Certain medical conditions, like stroke-related hemiplegia and arthritis, significantly impact grip
patterns, with those who are "very impaired" facing considerable challenges in using cutlery [10].

2. Review of Literature

The quality of mealtime experiences is a crucial factor impacting the nutritional status and overall
well-being of elderly individuals [11]. This review thoughtfully examines recent literature that
explores the relationship between mealtime experiences, the utilization of adapted utensils, and health
outcomes within the elderly population across the world. The current research predominantly focuses
on the urban context of using assistive cutlery. In 2011, India had a total of 5,376,205 elderly
individuals classified as disabled, resulting in a disability rate of 5,178 per 100,000 elderly population.
Notably, disabilities related to movement and vision accounted for 25% of all disabilities, while
hearing impairments represented 19%. Disability rates exceeded the national average in 17 Indian
States and Union Territories. As age increased, so did the disability rates, peaking at 8,409 per 100,000
among individuals aged 80 years or older. Furthermore, disability rates were higher in males compared
to females, with figures of 5,314 and 5,045 per 100,000, respectively; rates were also higher in rural
areas (5,593 per 100,000) than in urban environments (4,181 per 100,000) [12]. Specific to Tamil
Nadu, there were 1,179,963 disabled individuals in 2011, resulting in a disability rate of 1,635 per
100,000 population. Additionally, multiple disabilities were notably prevalent among age groups 0-19
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years and 60 years and older [13]. Research findings indicate that the mealtime experience plays an
essential role in ensuring adequate nutritional intake among older adults. A comprehensive study
conducted by Martinez-Velilla et al. (2019) revealed that enhancements in mealtime environments
resulted in a 23% increase in food intake and improved nutritional status among residents of care
facilities. However, there is a significant gap in studies that explore the feedback of the elderly in
designing assistive cutlery in semi-urban and rural areas. Furthermore, social interaction during meals
has been identified as a significant contributor to promoting healthier dietary habits and psychological
well-being [14][15]. The evidence highlights the significance of investing in appropriate adaptive
equipment for eating, as it can greatly improve nutritional outcomes, health, and overall quality of life.
There has been very limited research on how a single comprehensive design consideration can help
health professionals, designers, and policymakers enhance the health and quality of life for the elderly.

Recent studies, conducted by Sharma et al. (2019) on prosthetics in Rajasthan and Kumar and Rao
(2021) focusing on urban South India, highlight significant advancements; however, there remains a
notable gap in understanding the impact of assistive technologies (AT) in semi-urban and rural
contexts. Research by Raghavan et al. (2018) demonstrated favorable outcomes in metropolitan areas,
yet it did not account for the diversity of environments that can influence these results. This gap is
particularly pertinent in the Vellore district of Tamil Nadu, where the incidence of disabilities is
notably higher within the rural population compared to urban settings. It is essential to address this
void in knowledge to gain a comprehensive understanding of the effects of ATs across different
environments.

3. Research Methodology

The research methodology adopted for this study encompasses a thorough and multifaceted approach
to data collection, ensuring a robust foundation for the findings. Primary data was meticulously
gathered through a series of three visits to elderly individuals aged 60 and above using the purposive
sampling method, during which interviews and interactions with a diverse group of 78 individuals took
place. The interviews were conducted to promote in-depth discussions and to gain a comprehensive
understanding of the participants' perspectives. A total of 17 questionnaires were developed,
facilitating the collection of qualitative data. This approach enabled participants to convey their current
experiences while also reflecting on their previous interactions with assistive cutlery. This not only
provided insights into personal preferences but also revealed underlying cultural and contextual factors
that influence their choices. The iterative nature of these discussions encouraged participants to express
themselves freely, leading to rich, narrative-driven data. In addition to these interviews, observations
were conducted in real-life settings. This aspect of the research was crucial, as it provided an
opportunity to see how individuals interact with assistive cutlery in their daily lives. These
observational insights complemented the qualitative data garnered from the interviews, allowing for a
more nuanced understanding of the subjects at hand. The questionnaire survey underwent a pretest
involving a group of experts to ensure the clarity of the design and the appropriateness of the wording.

A meticulous and systematic search was conducted for secondary data across several major academic
databases with the accordance of PRISMA (Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses) illustrated in Figure 1, resulting in an initial pool of 429 articles. This rigorous process
began with a screening phase, wherein we carefully reviewed the titles and abstracts of these articles
to identify those most pertinent to our research objectives. During this preliminary review, we excluded
302 articles that did not align with the research focus, narrowing our selection down to 96 articles for
further detailed evaluation. The subsequent phase involved a thorough critical assessment of the full
texts of the remaining articles against a set of predefined criteria. This critical evaluation process led
to the exclusion of an additional 9 articles that failed to meet the necessary standards for inclusion in
our review. Furthermore, we identified and removed 55 articles that presented overlapping findings,
thereby ensuring that our final selection would only include unique contributions to the research topic.
Following this rigorous screening process, we determined that 32 articles were appropriate for a
comprehensive review. This meticulous selection process demonstrates our dedication to upholding
high research standards and ensuring that our findings are robust, reliable, and representative of the
current landscape of cutlery usage and perceptions.

[ Identification of studies via databases and registers ]
)
c Records identified from: Records removed before
= Web of Science (n = 369) - screening
_S Scopus (n = 60) v Duplicate records removed
= Total (n = 429) (n=31)
S
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l
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Web of Science (n = 340) —»| the title
Scopus (n =58) And abstract (n = 302)
Web of Science (n = 266)
Scopus (n = 36)
\4
o Reports sought for retrieval. Reports not retrieved (n = 9)
= (n=96) ——»| Web of Science (nh = 7)
) Web of Science (n = 74) Scopus (n = 2)
()
= Scopus (n = 22)
n
A 4
— Reports excluded: (n = 55)
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Web of Science (n = 67) «  Information from the
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v *  From other included
3 literature (n = 14)
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= Scopus (n = 16) =7)
—

Figure. 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram
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4. Assessment of collected data on the significance of ergonomics in design for elderly health.

During the initial phase of data collection, visits were made to the residences of elderly individuals in
Mudhiyor Balar Kudumba Grama Pannai (MBKG Pannai), Divine Mercy Old Age Home, and Faith
Senior Care Center in Vellore. The first visit was to Mudhiyor Balar Kudumba Grama Pannai, founded
by Dr. Pauline E. King in 1969 to provide housing, education, and nutrition for orphans, the elderly,
and the destitute. The organization promotes a nurturing environment where the elderly can engage
with children. The home is staffed by 27 caregivers ("cottage mothers™) and houses a total of 98 elderly
individuals, where 14 males and 19 females 33 suffering from various upper limb impairments (See
Figure’s 2) providing a caring environment for their well-being [16].

We visited MBKG Pannai Family Village Farm on February 5th, 2024, motivated by the fact that 90%
of the residents use assistive technology due to health conditions. We were welcomed by the Director
and farm coordinator, Mr. Y. Kirubabhara Daniel, and Ms. Anita Grace Paul, who provided an
overview of the farm. During our tour, we interacted with residents from various parts of India,
primarily Tamil Nadu and Andhra Pradesh. Although language barriers existed, an interpreter
facilitated effective communication.

On February 10, 2024, we visited the Divine Mercy Old Age Home in Palavasathukkam, Vellore, a
nonprofit organization under the Indian Trusts Act of 1882 that provides shelter, food, and medical
care for abandoned elderly individuals. Currently, there are 88 residents, including 25 with upper limb
impairments (9 males and 16 females). (See Figure 2) During our visit, we gathered data, conducted
interviews, and captured videos and photos to assess the mealtime experience of the elderly. We aimed
to support the organization's mission of ensuring a healthy and dignified life for all [17].

Table 2. The table represents the Analysis of Gender Distribution Across Three Distinct Visits.

Analysis of Gender Distribution Across Three Distinct Visits (aged 60 and above)

Mudhiyor Balar Kudumba Divine Mercy Old Age Home in Faith Senior Care Centre,
Grama Pannai (MBKG Pannai) Palavasathukkam Vellore
Male Female Male Female Male Female
14 19 9 16 8 12
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Figure 2. The observation of elderly individuals aged 60 and above during mealtime, utilizing
assistive cutlery in a real-life setting, provides valuable insights into their dining practices and
experiences.

On March 2, 2024, we conducted a visit to the Faith Senior Care Centre, Vellore. This facility is closely
affiliated with the Christian Medical College CMC, Vellore, and is dedicated to providing shelter,
nutritious meals, and medical assistance to abandoned and vulnerable individuals. At present, the
centre houses 78 elderly residents in need, as well as 20 individuals, comprising 8 males and 12
females, who are grappling with upper limb impairments [18]. During our visit, we meticulously
collected data, conducted interviews, and made detailed observations to gain a better understanding of
the individuals' daily lives and challenges. Our primary goal was to collect relevant information for
our study while taking into account their mealtime experiences.

@ ® (© @ @ O @ O

Figure 3. The assistive devices used by individuals during their mealtime.

3312 |Page



SEEJPH

Enhancing Healthy Lifestyle through Mealtime Independence for the Elderly
SEEJPH Volume XXVI, 2025, ISSN: 2197-5248; Posted:04-01-2025

Table 2. The table represents the interview from MBKG Pannai Family Village Farm, Kasam,
Divine Mercy Old Age Home in Palavasathukkam, and Faith Senior Care Centre, Vellore, India

MBKG Pannai Family
Village Farm, Kasam, Vellore

Divine Mercy Old Age Home
in Palavasathukkam, Vellore

Faith Senior Care Centre,
Vellore

Sl
no

Questions

As per the availability of
participants for particular
questions (14 Males ‘M’/19

Females ‘F’) out
of 33

As per the availability of
participants for particular
guestions
(9 Males ‘M’/16 Females ‘F’)
out of
25

As per the availability of
participants for particular
guestions
(8 Males ‘M’/12 Females ‘F’)
out of
20

Yes No Not
sure

Yes No Not
sure

M F Yes | No | Not

sure

Do you experience
difficulty holding
assistive cutlery
during eating?

12 | 18 30 0 0

7 | 14 20 0 1

7 5 12 0 0

Do you find it
challenging to
maintain a stable grip
on utensils for an
extended time?

10 | 17 25 1 1

Do you have reduced
strength or control in
your hands, arms, or
wrists that affects
your ability to use
assistive cutlery?

Do you struggle to
use assistive cutlery
due to tremors or
involuntary hand
movements?

13 | 16 29 0 0

Do you experience
discomfort or pain
while using assistive
cutlery?

12 | 17 25 2 2

Do you feel fatigued
or unable to finish a
meal comfortably due
to difficulty handling
assistive cutlery?

11 | 14 24 0 1

Would you benefit
from cutlery that is
easier to grip and
used with less hand
mobility?

Are certain foods
(e.g. Tough or
slippery) more
difficult for you to
manage with assistive
cutlery?

Do you find avoiding
certain meals or foods
due to the difficulty
of using assistive
cutlery?

14 | 14 25 2 1

10.

Have you tried to
modify, how you hold

12 | 16 23 5 0
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cutlery to make it
easier for you to eat?

11.

Do you rely on
someone else to assist
you with cutting or
holding your food
because of difficulty
using assistive
cutlery?

11

13

23

14

17

10

16

12.

Do you find it hard to
coordinate the
movement of food
from the plate to the
mouth using assistive
cutlery?

10

13

23

16

11

13.

Do you experience
difficulty in rotating
or adjusting your
wrist to  position
assistive cutlery

properly?

11

18

17

14.

Have you
experienced frequent
dropping of cutlery
due to limited grip
strength or
coordination?

13

12

24

15

21

15.

Do you feel
embarrassed or
frustrated by the
difficulty of using
assistive cutlery in
various settings?

16

22

11

16

16.

Have you used a
better-designed

assistive cutlery to
make eating easier?

15

16

13

22

11 0

17.

Would  you be
interested in
exploring ergonomic
(explained to the
participants) cutlery
that would assist with
your ADLs?

12

16

11

14

11
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Figure 4. Bar Chart showing the distribution of responses (Yes, No, Not sure) for each survey
question. This chart provides an overview of how participants responded to each question, allowing

for easy comparison across all questions from MBKG Pannai Family Village Farm, Kasam, Vellore,

Divine Mercy Old Age Home in Palavasathukkam, Vellore and Faith Senior Care Centre, Vellore.
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Would you be interested in exploring ergonomic cutlery (explained) to enhance the
mealtime experience for better health?

« o o NotSure =1
2 22E55 No O
= S & © c=
8 LEOS3 Yes 11
5 ex gqs)% £ NotSure 3
5 S53Ez< No 0
NZ2752w =
S OIf=e Yes 14
z
Os>0 - <o NotSure 2
YEERESS No | o
DEI=C]D 0
2al>tx> Yes 16
0 2 4 6 8 10 12 14 16 18

Number of Responses

Figure 5. Bar Chart showing the distribution of responses (Yes, No, Not sure), an overview of how
participants responded to the question “Would you be interested in exploring ergonomic cutlery
(explained) to enhance the mealtime experience for better health?”” allowing for easy comparison of
the response from MBKG Pannai Family Village Farm, Kasam, Vellore, Divine Mercy Old Age
Home in Palavasathukkam, Vellore and Faith Senior Care Centre, Vellore.

(See Table 2), (See Figures 4 and 5) Based on the data and bar chart provided, it is evident that a
significant portion of participants experience difficulties using assistive cutlery. For example, in
question 1, 8 out of 10 participants (See Figure 3 g) reported difficulty holding assistive cutlery during
eating. In question 2, 11 out of 10 participants found it challenging to maintain a stable grip on utensils
for an extended time. For instance, in question 7, 9 out of 10 participants indicated that they would
benefit from cutlery designed to be easier to grip and used with less hand mobility. Additionally, in
question 16, 9 out of 9 participants expressed interest in using better-designed assistive cutlery to make
eating easier. Furthermore, (See Figure 3c) the data suggests that some participants have resorted to
modifying the way they hold assistive cutlery or avoiding certain foods due to the difficulty of using
assistive cutlery. For example, in question 10 (See Figure 3a), 12 out of 11 participants reported trying
to modify how they hold cutlery to make it easier for them to eat. Similarly, in question 9, 9 out of 10
participants (See Figure 3a) reported avoiding certain meals or foods due to the difficulty of using
assistive cutlery. Additionally, participants often dropped their cutlery because of limited grip strength.
Many participants rely on others to cut or hold food, which highlights the challenges associated with
current assistive cutlery options. (See Figure 3 b) Participants struggle to coordinate moving food from
their plates to their mouths using present assistive cutlery. These findings highlight the potential
challenges faced by the participants in utilizing assistive cutlery. Moreover, it is notable that a
considerable number of participants expressed the need for easier-to-use cutlery.

The data indicates that a considerable number of participants experience difficulty with assistive
cutlery, including challenges such as maintaining a stable grip, reduced strength or control in their
hands, arms, or wrists, and discomfort or pain while using assistive cutlery. Many participants also
reported feeling fatigued or unable to finish a meal comfortably due to the difficulty of handling present
assistive cutlery. Furthermore, several participants expressed interest in exploring enhanced ergonomic
cutlery designed to assist with their activities of daily living (ADLs). Based on the responses, there is
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a clear opportunity to provide better-designed assistive cutlery as well as the participants look forward
to using self-assistive cutlery to make eating easier for elderly individuals in these care facilities. This
analysis suggests that addressing the specific challenges highlighted in the data could greatly improve
the dining experience and overall quality of life for elderly residents.

5. Guidelines for Designing Ergonomic Self-Assistive Cutlery for the Elderly to Promote Better
Health

Based on the survey findings, we have identified the problems faced by the elderly. We aim to propose
enhanced ergonomic design guidelines to improve food intake and promote a healthier lifestyle.
Ergonomics is an important factor that plays a crucial role in the design of cutlery, especially spoons,
for upper limb impairments. The ultimate design of well-crafted cutlery is highly beneficial in
enhancing the user's satisfaction and self-reliance in leading a high-quality life. It is preferable to
design cutlery ergonomically to maintain a balance between the user and the product, also considering
the user experience. (See Table 3) For comfortable food intake, the average requirement for maximum
mouth opening for males is 52 degrees, and for females, it requires 59 degrees [19]. A spoon with an
angle between 50-60 degrees allows the users to have an efficient and comfortable intake of food inside
the mouth. Steeper angles exceeding the natural jaw opening could cause pain and obstruction during
meals [20]. A 55-degree angle provides higher satisfaction for 90% of anthropometric users [20], [21],
[22].

Table 3. The table represents the ergonomic guidelines for designing self-assistive cutlery for the
elderly.

THE ERGONOMIC GUIDELINES FOR DESIGNING SELF-ASSISTIVE CUTLERY FOR THE ELDERLY

1. | The handle design

i The thickness of the spoon (1) A diameter between 25-40mm was preferred by the maximum number of users due to
providing a balance between grasp ability and control [23].

(2) For rheumatoid arthritis, the preference for thicker handles with 35-40mm is due to the
lesser amount of joint stress.

(3) For osteoarthritis: A requirement of a slightly smaller diameter of 30-35mm with much
more efficient control [23].

(4) For users with neurological conditions like Parkinson’s disease, the requirement of larger
ends with 35-40mm for enhanced stability [24].

ii. | The texture of the spoon (1) The silicon-based textured grips help in better improvement in controlling by 30% of the
smooth metal handles [25].

(2) The sandpaper-like textures do improve the ability to grasp the grip with ease and users
with less or moderate impairments [25].

(3) Textures with larger and more raised dots or ridges are much more beneficial to users
with severe sensory deficits [25].

(4) Providing textures according to the requirements enhances overall handle ergonomics
[25].

iii. | The shape of the spoon (1) S-curve design reduces wrist deviation by 15 degrees on average compared to straight
handles [26].

(2) The spoons with flattened sections improve control providing stability for the index
finger [4].

(3) The spoons with a slight bulge at the end of the handles prevent slippage and help enhance
security for users with very limited grip strength [27].

2. | Weight and balance

i Overall weight (1) The spoons weighing less than 100 grams were less effective in reducing tremors [4].
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Users with muscle weakness experience a rapid amount of fatigue while using spoons
over the weight of 150 grams [28].

Optimal weight varies by tremor severity, with much more severe cases benefiting from
weights closer to 150 grams [28].

Weight distribution

)
0]
@)
(4)

The 60% of the weight of weight of the spoon in the handle improved control and much
reduced the spillage for users with limited use of finger dexterity [29].

A weight ratio of 60:40 (handle: bowl) intended to have reduced movements by 25%
compared to evenly balanced spoons (38).

Users are having a proximal weakness that is shoulder or upper arm, have benefited from
weight in the handle up to 70% (46).

The provision of adjustable weights allowed customization of the needs of the users as
well as personalized meal options [29].

3. | Bowl shape and size
i Depth of the bowl (1) A depth of the bowl of 10-15mm was ideal for several users, as well, and balancing the
food and too was easy while eating (47).
(2) The users with less mobility in their necks struggled to have access to food with a depth
exceeding 15mm (9).
(3) The bowl with slight tampering in the depth from the back to front, like 15mm to 10mm,
provides food retention and ease of use [29].
(4) Bowils shallower than 10mm resulted in more spillage, mostly of liquids (31).
ii. | Shape of the bowl (1) The researchers discovered that spoons with a 15-degree longitudinal tilt reduced food
spillage by 40% for users with hand tremors (48).
(2) Aslight concave curvature across the width helps to reduce the amount of lateral spillage.
(3) With the edges raised on the sides by 2-3mm, it helps to have food with ease (49).
(4) The bowl's pointed tip helps users with small mouth openings access food with ease [8].
4. | The angle of the handle
i. | Wrist position (1) An angle of 30-40 degrees handle to bowl reduced wrist strain up to 60% when
compared to the normal spoons (50).
(2) The angles with less than 30 degrees did not provide much of a significance in
reduction to the wrist flexion for the users [33].
(3) Most users with proximal weakness found it difficult to control the orientation of the
bowl angles greater than 45 degrees [20].
(4) The optimal angle varied depending on the users' eating positions, such as upright vs.
reclined.
5. | Adaptability
i Adjustable features (1) The spoons with adjustable angles of hand did provide user satisfaction by 75% and too
in long-term usage as compared with fixed designs (38).
(2) The users with spoons change the angles of the spoon and adapt to the condition over
time [32].
(3) Spoons with magnetic interchangeable handles in different textures and shapes improved
versatility significantly.
(4) The handle and the bowl with swivel mechanisms helped to reduce spillage and
accommodate tremors.
6. | Modular Components (1) The modular spoons with compatible handles and bowls increased successful

0]
@)
(4)
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(6)

independent feeding by 50% in various upper limb impairments [28].

The ability to combine and arrange helped the components with getting personalized
options and solutions [29].

Furthermore, weight change inserted in handles helped the users to have a better
modification to the spoon balance.

The flexibility with the bowl attachments with varying depths and shapes helped the users
with a variety of food [29].

A spoon with a length of 254-305mm enables the user to take a proper bite while
maintaining a buffer zone of at least 152mm from the face (34,52).

Additionally, ergonomic guidelines propose that the arm of any moving device should be
within 305mm from the eyes to avoid visual strain (50)[19].
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(7) The elbow angle should be adjustable within the range of 90-120 degrees, allowing the
rest of the forearm to be in a neutral and aligned position without needing elbow support
(50) .

(8) The spoon bowls do need to be taken into consideration during design, which duly
requires careful ergonomic assessment. Standard oval soup or teaspoon bowls typically
measure 38mm in width, which is suitable for the majority of adult mouth sizes [33].
However, the widest mouth width exceeds 46mm, increasing the risk of spills and visual
obstructions. In contrast, a narrower 30mm width offers a more balanced bite and
minimizes associated risks [19]. Additionally, this bowl size enhances visibility through
its 38mm average opening width during eating. The height ranging from the chin to the
lip level for the 90th percentile of erect sitting height was found to be 483mm for males
and 432mm for females. Considering these measurements prevents user discomfort and
obstruction (34).

6. Discussions with theoretical framework

The aim of this study is to explore the impact of ergonomically designed assistive cutlery on enhancing
mealtime independence and overall quality of life for elderly individuals with upper limb impairments.
By assessing user experiences and identifying design inadequacies, the study seeks to provide
guidelines for creating effective and comfortable assistive devices that promote self-reliance and
address the specific needs of this population.

The study used a comprehensive approach for data collection, gathering primary data through
interviews with 78 elderly participants aged 60 and above via purposive sampling. A total of 17
questionnaires were designed to collect qualitative data, capturing participants' experiences and
preferences regarding assistive cutlery, along with cultural factors influencing their choices.

The loss of self-feeding independence among elderly people aged 60 and above with upper limb
impairments is a major global healthcare challenge that affects their quality of life and dignity.
According to World Health Organization studies, approximately 35-40% of older adults worldwide
struggle with self-feeding activities. According to a study, approximately 45% of urban elderly people
struggle with self-feeding due to conditions such as arthritis (28%), post-stroke impairments (15%),
and Parkinson’s disease. Due to limited access to healthcare and poor quality of assistive devices, the
burden in rural areas is significantly higher, reaching up to 55% [35].

International data from developed nations provides varying statistics: According to Japanese studies,
25% of community-dwelling elderly require feeding assistance, while European research suggests
rates of 30-40% for those with upper limb impairments. According to data from the National Institute
on Aging in the United States, approximately 38% of nursing home residents require feeding
assistance, with the percentage rising to 60% for those over 60 years old. The consequences are
especially severe in developing countries, where the prevalence can reach 50-60% due to inadequate
healthcare infrastructure and limited access to rehabilitation services [36].

The ergonomic aspects of self-assistive cutlery are understood through several interconnected theories
addressing the relationship between ageing users and assistive devices. Central to this is the Person-
Environment-Occupation (PEO) Model, which emphasizes the interaction among elderly individuals
with upper limb impairments, their mealtime environments, and the essential occupation of self-
feeding [37]. This is complemented by the Human Activity Assistive Technology (HAAT) model,
which examines how assistive technology aligns with users' capabilities and environmental needs. The
biomechanical framework of ageing sheds light on age-related changes in strength and motor control
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affecting utensil use [38]. Motor Learning Theory explains how elderly individuals adapt to new
movement patterns with modified utensils [39].

Universal Design principles offer inclusive guidelines, while Environmental Press Theory balances
environmental demands with individual competence [40]. The Successful Aging paradigm focuses on
functional independence and social engagement, while the Self-Efficacy Theory shows how assistive
devices boost confidence in public health [41].

The study on assistive self-assistive cutlery for individuals with upper limb impairments builds on
previous research in public health and ergonomic design. It identified significant gaps in current
cutleries’ functionality, echoing survey results that highlighted challenges elderly individuals face
during mealtime. Effective ergonomic designs have been shown to enhance the usability of dining and
reduce physical strain. Additionally, the finding that seniors struggle with upper limb impairments
reinforces previous work, emphasizing the need for tailored solutions to promote independence among
elderly users [14][9].

This study emphasizes the practical implications of ergonomic design in assistive technology. Findings
indicate that aesthetic issues often impede the adoption of assistive devices, highlighting the need for
designs that merge functionality with user-friendly aesthetics. The acceptance of assistive devices
increased from 12% in 2018 to 28% in 2022, supporting trends observed by researchers regarding
rising comfort and adaptability among seniors. This underscores the need for ongoing research and
development in this field.

In examining ergonomic cutlery for the elderly with upper limb impairments, we found that an optimal
grip diameter of 35-45 mm, as recommended by Cook and Polgar (2015) [38], enhances control for
users with reduced hand strength. However, we challenge Law et al.'s (1996) assumptions about
standardized grip textures due to varying preferences linked to individual grip strength.

Additionally, our study supports Schmidt and Lee's (2014) motor learning theory, showing that elderly
users establish stable handling patterns within 2-3 weeks, faster than previously reported [39][42]. Our
load analysis builds on Bouma et al.'s (2015) findings by identifying angles and grip positions that
reduce joint stress while ensuring efficiency [43][44]. Our design aspects show a strong connection to
Bandura's (1997) self-efficacy principles, suggesting that improved cutlery enhances users' confidence
in eating independently. This finding contrasts with Rowe and Kahn's (1997) idea that assistive devices
may diminish perceived independence [41].

Additionally, long-term usage patterns in our study align with Schkade and Schultz's (1992)
occupational adaptation framework, indicating users maintain and improve handling efficiency over
time, countering earlier assumptions about plateau effects in elderly motor learning [45]. Importantly,
our findings expand Connell et al.'s (1997) universal design principles by identifying design
parameters that cater to various impairments while ensuring aesthetic appeal. These insights deepen
our understanding of how ergonomic modifications can enhance mealtime independence, addressing
the relationship between physical capabilities, psychological well-being, and social participation in
elderly users with upper limb impairments [46][47].

The survey explored the challenges faced by individuals, particularly those in elderly or assisted living
settings when using assistive cutlery. It focused on issues such as grip stability, reduced hand control,
and discomfort, as well as the potential need for improved cutlery designs. The findings revealed that
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many participants struggle with holding and using assistive cutlery, indicating a demand for ergonomic
alternatives that could enhance their ability to consume food daily.

Key insights from the survey include valuable feedback from participants for future work, along with
a single set of comprehensive design guidelines emphasizing the importance of weight distribution in
spoon design for improved control. Additionally, the recommendations suggest a bowl depth of 10-15
mm and a 15-degree tilt to enhance usability for individuals with dexterity issues [11][8]. The study
also emphasized handle angles to reduce wrist strain and the need for adaptable features in assistive
cutlery design to cater to varying user needs. Overall, these findings guide the development of user-
friendly assistive cutlery with prioritizing functionality with aesthetics that can significantly enhance
independence, better health, and quality of life for individuals with upper limb impairments.

7. Conclusion and Future Scope

This study makes significant contributions to the fields of public health and ergonomics within
Assistive Technology, emphasizing the importance of enabling the elderly to regain their self-reliance,
improve their health, and enhance their confidence. Many individuals rely on assistive devices but
often experience uncertainty about their use in different environments during mealtimes. Research
findings indicate that the mealtime experience plays an essential role in ensuring adequate nutritional
intake among the elderly.

In conclusion, the insights gathered from the survey have provided valuable feedback that led to the
proposal of enhanced ergonomic design guidelines for the development and customization of assistive
cutlery for the elderly. These guidelines aim to address the specific requirements and needs of seniors
using assistive devices during mealtimes, ultimately promoting health and independence in their food
intake. As our population ages, it is critical to prioritize the development and implementation of
tailored solutions that support older adults' autonomy and dignity. By fostering independence and
reducing reliance on caregivers, we can significantly enhance the health outcomes of elderly
populations, making a compelling case for the integration of ergonomic designs in assistive technology
as a vital component of elderly care strategies.
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