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ABSTRACT

The global demographic shift toward an aging population has intensified the
demand for innovative solutions to support elderly individuals in maintaining
mobility and independence. Among emerging technologies, exoskeletons—wearable
robotic devices that augment human movement—show great promise in this area.
This literature review synthesizes recent research on the use of exoskeletons to
assist elderly individuals with mobility impairment. Studies indicate exoskeletons
significantly enhance mobility, balance, and gait performance in older adults,
particularly those affected by conditions such as stroke, Parkinson’s disease, and
osteoarthritis. Technological advancements, including the integration of lightweight
materials, improved actuator systems, and adaptive control algorithms, have
contributed to the usability and effectiveness of these devices. Moreover, the
incorporation of biomechanical modeling and Internet of Things (IoT) connectivity
has enabled personalized and real-time feedback mechanisms, further enhancing
user experience. Despite these advancements, challenges remain in terms of device
affordability, accessibility, and long-term adherence. Usability studies emphasize the
importance of intuitive interfaces, aesthetic design, and minimal physical strain to
encourage adoption among elderly users. Clinical trials and case studies demonstrate
positive outcomes, yet limitations such as small sample sizes, short intervention
durations, and lack of standardized evaluation metrics hinder the generalizability of
findings. This review also highlights the growing trend of open-source exoskeleton
platforms, which foster collaborative development and customization. In conclusion,
while exoskeletons hold substantial potential to improve the quality of life for elderly
individuals, further research is needed to address existing limitations and ensure
equitable access. Future directions include the development of cost-effective models,
longitudinal studies to assess sustained benefits, and policy frameworks to support
integration into healthcare systems.
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INTRODUCTION

As life expectancy increases, the elderly population has grown significantly
as shown in Figure 1, specifically from approximately 0.89 billion in
2015 to 1.36 billion in 2025, marking a nearly 53% increase over the
decade. As of 2025, it is estimated that approximately 35% to 40% of adults
aged 60 and older experience difficulties with mobility and maintaining
independence, which includes challenges with walking, climbing stairs, or
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performing activities of daily living (ADLs) such as bathing, dressing, and
transferring from bed to chair. These limitations are often linked to chronic
conditions, which are highly prevalent in this age group. Over 85% of seniors
live with at least one chronic disease and 56% manage two or more chronic
conditions, such as arthritis, cardiovascular disease, or diabetes (NACH,
2024).

Figure 1: Global population aged 60+ from 2015 to 2025 (adapted from united nations
population division).

The following is the list of chronic conditions that impair physical
functions and affect emotional well-being, increase dependency on caregivers,
and elevate healthcare costs (Zhang et al., 2023).

• Osteoarthritis (OA) leads to difficulty walking, climbing stairs, and
performing basic movements.

• Osteoporosis weakens bones, increasing the risk of fractures, especially
in hips and spine.

• Rheumatoid Arthritis (RA) results in chronic pain and difficulty with fine
motor tasks and walking.

• Cardiovascular diseases like heart failure and peripheral artery disease
reduce stamina and physical capacity, limiting mobility.

• Diabetes increases the risk of falling and impairs walking ability.
• Chronic Obstructive Pulmonary Disease (COPD) often leads to reduced

participation in daily activities.
• Depression and cognitive decline reduce motivation and ability to engage

in physical activity, further worsening mobility.

As an effort to overcome these challenges in maintaining mobility and
independence among elderly individuals, there is an increasing demand for
assistive technologies that can enhance mobility, independence, and quality
of life for older adults. The data indicates a steady increase, highlighting
the growing need for supportive technologies (Maresova et al., 2023) and
Figure 2 shows an increasing trend of exoskeletons for elderly adults with
mobility issues (Laic et al., 2024).
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Figure 2: Adoption trend of exoskeletons among elderly adults with mobility
impairments (2015 to 2025).

EXOSKELETONS–ASSISTIVE TECHNOLOGY

Exoskeletons, wearable robotic devices designed to augment human
movement, have emerged as a promising solution to address age-related
mobility impairments. Figures 3 and 4 show examples of exoskeletons that
are used as a promising solution.

Figure 3: Example of leg exoskeletons (Image, 2025).

Figure 4: Example of elbow exoskeletons (Nassour et al., 2021).
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Using exoskeletons offers a range of benefits for seniors, particularly those
experiencing age-related mobility impairments. Some of the key advantages
are: (Lakmazaheri et al., 2024, Nassour et al., 2021, Pinelli et al., 2024,
Supriyono et al., 2025, Yao et al., 2024).

• Improved Mobility

◦ Enhanced walking ability: Exoskeletons assist with gait and balance,
helping seniors walk more steadily and confidently.

◦ Support for weakened muscles: They provide mechanical support to
compensate for muscle weakness or joint instability.

◦ Reenable use of the elbow: These systems enable the mechanical
transfer of power to produce two primary types of joint motions:
flexion–extension and supination–pronation.

• Rehabilitation and Recovery

◦ Post-stroke therapy: Exoskeletons are used in rehabilitation to retrain
walking patterns and promote neuroplasticity.

◦ Fall prevention: By improving posture and balance, they reduce the
risk of falls—a major concern for older adults.

• Increased Independence

◦ Daily activity support: Seniors can perform tasks like standing up,
walking, or climbing stairs with less assistance.

◦ Reduced caregiver burden: With improved mobility, seniors may
require less help from family or professional caregivers.

• Smart Monitoring

◦ Real-time feedback: Many exoskeletons are equippedwith sensors and
IoT features that monitor movement and provide feedback.

◦ Data tracking: Useful for clinicians to assess progress and adjust
therapy plans.

• Psychological and Social Benefits

◦ Boosted confidence: Regaining mobility can improve self-esteem and
reduce feelings of dependence.

◦ Social engagement: Increased mobility allows for more participation
in social and community activities.

Table 1 provides a comparison of notable exoskeletons designed to assist
elderly individuals with mobility impairments based on body segments they
assist. It highlights their key features, purpose, and examples (Laic et al.,
2024).
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Table 1: Sample human systems integration test parameters (Folds et al., 2008).

Exoskeleton Type Description Examples

Lower Limb Exoskeletons Designed to assist with
walking, standing, and
balance by supporting the
hips, knees, and ankles.

• EksoNR (Ekso
Bionics): Used in
stroke and spinal cord
injury rehab.

• HAL Lower Limb
(Cyberdyne): Uses
bioelectric signals to
assist movement.

• MyoSuit (MyoSwiss):
Lightweight,
soft-powered suit for
daily mobility.

• WanderCraft
Atalante:
Self-balancing
exoskeleton for
paraplegics and
elderly rehab.

Full-Body Exoskeletons Support both upper and
lower limbs, often used in
advanced rehab or for
individuals with severe
impairments.

• ReWalk Personal 6.0
(Lifeward): Enables
walking and stair
climbing.

• Indego Therapy
(Parker Hannifin):
Modular system for
full-body support.

• LifeBloom One:
Combines wheelchair
and exoskeleton for
hybrid mobility.

Soft Exosuits Made from flexible
fabrics and actuators,
ideal for elderly users
with mild to moderate
mobility issues.

• Superflex (SRI
International):
Textile-based suit for
muscle support.

• Wyss Institute Soft
Exosuit: Developed at
Harvard, licensed by
ReWalk Robotics for
stroke and MS
patients.

• HeroWear Apex:
Designed to reduce
back strain and assist
posture.

Continued
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Table 1: Continued

Exoskeleton Type Description Examples

Hip and Pelvis Support
Exoskeletons

Target the pelvis and hips
to improve balance,
posture, and gait stability.

• Active Pelvis Orthosis
(APO): Assists hip
movement and
reduces fall risk.

• Honda Walking Assist
Device: Lightweight
hip exoskeleton for
elderly gait training.

• WIM by WiRobotics:
Compact wearable
with hip support and
multiple mobility
modes.

TECHNOLOGICAL ADVANCES

Recent developments in exoskeleton technology have focused on enhancing
usability, comfort, and adaptability for elderly users. According to a 2024
systematic review published in MDPI Sensors (MDPI, 2024), a wide range
of lower limb exoskeletons (LLEs) such as Ekso, HAL, Stride Management
Assist, and soft robotic suits have been employed to improve physical
function in older adults. These devices incorporate advanced sensors and
control algorithms to provide personalized assistance during walking and
other activities. Recent innovations in exoskeleton design include lightweight
materials, improved actuators, and adaptive control systems. Biomechanical
modeling has enhanced the customization of devices to individual users,
improving comfort and efficiency (Smith & Lee, 2024).

A key literature source is the chapter titled ’Exoskeletons in Elderly
Healthcare’ by (Sposito et al., 2022). This chapter explores the transition
of exoskeletons from clinical rehabilitation tools to wearable systems
for daily use. It emphasizes the importance of human-centered design,
usability, and integration with IoT (Internet of Things) for enhancing
Activities of Daily Living (ADLs). The authors discuss the challenges of
adoption, including social stigma, device complexity, and adaptability to
unstructured environments. The chapter provides a comprehensive overview
of the technological and social considerations necessary for successful
implementation of exoskeletons in elderly care.

• Technological Evolution: It traces the transition of exoskeletons from
clinical rehabilitation tools to wearable systems for daily use.

• Types of Exoskeletons:

– Stationary systems: Common in clinical settings for rehabilitation.
– Wearable systems: Emerging for home and daily use, though still

limited by cost, complexity, and performance.
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• Design Considerations:

– Emphasis on Human-Centered Design (HCD) to ensure usability,
comfort, and aesthetic appeal.

– Integration with IoT and wearable sensors to enable context-aware
assistance in Activities of Daily Living (ADLs).

• Challenges:

– Adoption is influenced by factors like ease of use, social stigma, and
compatibility with daily routines.

– Technical barriers include weight, battery life, and adaptability to
unstructured environments.

Some articles emphasized that the growing use of sensing modalities such
as EMG or electromyography can be a driving factor toward interpreting
the user’s intent and transferring to a responsive motion control unit
on the exoskeleton. The EMG device itself has been in operation since
1942 to detect electrical impulses through nerves and help doctors treat
abnormalities. This detection method can also be applied to exoskeleton
research. New algorithms are improving to aid in customizing and fine-
tuning modular solutions toward individual users (Supriyono et al., 2025,
Yao et al., 2024). The 3 main areas of exoskeleton designs include the
mechanical structure (either rigid, soft, or hybrid), the actuator method, and
the sensing technology. Each has their own advantages and disadvantages.
Currently, rigid type exoskeletons can offer superior control accuracy and
motor torque, but may compromise comfort, and long-termwearability. Soft-
material and cable-driven designs enhance ergonomics and user experience
but can fall short in delivering the desired human expected responsiveness
or force required. The critical focus in future innovations must consider
balancing functional performance with human-centered design (Supriyono
et al., 2025).

CLINICAL APPLICATIONS

Clinical studies have demonstrated the efficacy of exoskeletons in improving
mobility and functional performance in elderly individuals with conditions
such as stroke, Parkinson’s disease, and osteoarthritis. The MDPI
review highlighted improvements in key performance metrics including the
10 Meter Walk Test and Timed Up and Go test. Additionally, the 2022
SpringerLink (MDPI, 2024) chapter emphasized the role of stationary and
wearable exoskeletons in rehabilitation settings, promoting recovery and
independence.

Clinical studies have demonstrated the efficacy of exoskeletons in
improving gait, balance, and muscle strength in elderly patients. Applications
span rehabilitation for stroke survivors, mobility support for Parkinson’s
patients, and assistance for individuals with osteoarthritis (Kumar &
Zhao, 2022). This review (Firouzi et al., 2025) categorizes biomechanical
models into conceptual and detailed types. Conceptual models, such as the
spring-loaded inverted pendulum (SLIP), offer simplified representations of
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gait mechanics and are useful for understanding fundamental locomotion
principles. Detailed models, including musculoskeletal and neuromuscular
simulations, provide in-depth insights into muscle dynamics, joint forces, and
neural control mechanisms.

These models are used in:

• Design: Predicting the effects of exoskeletons on gait and energy
expenditure before physical prototyping.

• Control: Developing adaptive and personalized control strategies using
model-based and EMG-driven approaches.

• Assessment: Evaluating the physiological impact of exoskeletons, such as
joint loading and muscle activation.

• Estimation: Inferring hard-to-measure variables like metabolic cost and
internal joint forces.

USABILITY AND ACCEPTANCE

Usability and user acceptance are critical factors in the adoption of
exoskeletons by elderly users. The SpringerLink chapter (MDPI, 2024)
discussed the importance of human-centered design (HCD) principles, which
prioritize user comfort, aesthetics, and integration into daily life. Efforts to
reduce device weight and improve ease of use have contributed to greater
acceptance among older adults. Furthermore, the use of wearable sensors and
Internet of Things (IoT) technologies has enabled context-aware assistance in
unstructured environments.

One of the main goals of exoskeleton research is to help older adults
and those who experienced spinal cord injury achieve quality-of-life. It is
important to understand how these devices are being used and accepted by
the patients. Any emerging technology such as robotic assistive devices must
achieve a high level of optimization as viewed by the lens of the patient. These
patients or older adults can have feelings of frustration, embarrassment,
and could possibly abandon their devices. Today, many of these emerging
devices are considered cumbersome, require heavy short-lived battery packs,
actuators and such presenting itself as complex and designed to operate under
certain conditions. These adults want to be able to “wear” these assistive
devices and be accepted in society as the wheelchair, eyeglasses, hearing aids,
smart watches, fitness trackers, medical alert systems, etc. were adopted.
“Robotic assistive devices have the potential to inspire and encourage a
quality of life without barriers or stigma experienced” (Zhang et al., 2024,
Mamipour at al., 2024, Shore et al., 2022, Halicka, 2024, Chen & Wang,
2025).

CHALLENGES AND FUTURE DIRECTIONS

Despite promising results, several challenges remain in the widespread
adoption of exoskeletons for elderly care. These include high costs, limited
accessibility, and the need for individualized calibration. A recent study (Chen
& Wang, 2025) on biomechanical modeling emphasized the importance
of refining simulation models to enhance the accuracy and effectiveness of
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assistive devices. Simulations and modeling techniques give researchers more
insight into exoskeleton mechanics before actually spending the money to
produce prototypes. Simulation packages are used, such as OpenSim, that
help designers quickly achieve a solution with current attributes. It is an
effective design guidance method (Yu et al., 2019). Other studies claim that
through simulation and modeling, aspects of anti-interference ability of the
sensing system, perfect the experimental platform regardingwearable devices,
lend itself more toward real world conditions, employing advanced analytical
algorithms to help enhance stability and refine the controls (Yanhe et al.,
2015). Other needs in future modeling methods are to create actuators and
advancedmaterials with properties closer to true biological tissues (Tchomeni
Kouejou, & Alugongo, 2025).

Further enhancements that are anticipated include the integration of
machine vision and advanced human-machine interaction. This might be
perpetuated by adding more sensors and actuators leading to design changes
that can contribute to the individual’s quality of life (Yao et al., 2024).
Cost reduction is of crucial concern. To become more comfortable with
exoskeletons and for to have widespread use and “ensure they are accessible
to people from all socioeconomic backgrounds” (Penelli et al., 2024), the
device costs need to be reduced (Yao et al., 2024). Current barriers toward
unfulfilled expectations were identified such as a fear of falling, maintaining
an active lifestyle, and the motivation to continue. These types of barrier
factors, along with age, must be overcome by considering future efforts to
improve design, functionality, and its accessibility. There is a bright future
addressing these barriers to potentially improve the individual’s quality of
life (Penelli et al., 2024, Shore et al., 2022). Future research should focus on
developing affordable, lightweight, and adaptable exoskeletons tailored to
the needs of elderly users.

CONCLUSION

Exoskeletons represent a transformative technology with the potential to
significantly improve the quality of life for elderly individuals. Recent
literature underscores their effectiveness in enhancing mobility, supporting
rehabilitation, and promoting independence. Continued advancements in
design, usability, and clinical validation will be essential to realize their full
potential in elderly healthcare.
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