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Abstract Background: Prolonged immobility during
air travel contributes to musculoskeletal discomfort,
circulatory strain, and deep vein thrombosis (DVT).
Despite awareness efforts, current inflight interventions
often lack practicality within constrained cabin
environments. Objective: To evaluate passenger
awareness of health risks associated with physical
inactivity during long-haul flights and assess perceptions
of a patented portable exercise device designed for in-cabin
use. Method: A cross-sectional survey was conducted
with 111 adult participants from Saudi Arabia, Egypt,
Bahrain, and Qatar. An expert-validated questionnaire
assessed three dimensions: awareness of physical
inactivity risks, perceived effectiveness of the proposed
device, and the practical need for onboard movement
solutions. Responses were rated using a five-point Likert
scale, and reliability was confirmed using Cronbach’s
alpha. Results: Participants reported strong awareness of
fatigue and discomfort-related risks (overall M = 3.97),
while awareness of DVT was lower (M = 3.60). The
exercise device was positively perceived for promoting
inflight movement and comfort (M = 4.11). The need for
compact and ergonomic exercise solutions was strongly
supported (M = 4.03). Cronbach’s alpha values exceeded
0.92 for all dimensions. Conclusion: The findings validate
the proposed device as a practical preventive tool for
mitigating immobility-related health risks during long-haul
flights. Results emphasize the importance of public

education and cabin-compatible wellness innovations.
Application: This study informs airline efforts to adopt
inflight health strategies by integrating compact exercise
tools and increasing passenger awareness  of
inactivity-related risks.

Keywords  Long-Haul Flights, Physical Inactivity,
Deep Vein Thrombosis, In-Flight Exercise, Passenger
Health, Saudi Airlines, Portable Fitness Device

1. Introduction

In recent decades, there has been a substantial increase
in global reliance on long-haul air travel for business,
leisure, and commercial exchange, with hundreds of
millions of passengers traveling by air annually [1, 2].
Although air travel is widely recognized as one of the
safest and most efficient modes of transportation [3], it
poses several concealed health challenges most notably [4],
prolonged physical inactivity, fluctuations in cabin
pressure, and low humidity levels [4, 5]. These
physiological stressors can adversely affect passenger
health, particularly on flights exceeding six hours in
duration [6].

Within the national context, the air transport sector in the
Kingdom of Saudi Arabia has witnessed remarkable
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growth. In 2024 alone, the total number of passengers
traveling through Saudi airports surpassed 128 million,
including 69 million international travelers, reflecting a
15% increase compared to 2023 and an approximate 25%
rise from pre-pandemic levels, according to the General
Authority of Civil Aviation. The total number of flights
reached approximately 905,000, of which 431,000 were
international. These figures indicate a significant
expansion in long-haul air travel within the Kingdom,
consequently exposing a growing segment of travelers
including citizens, residents, and international visitors to
prolonged periods of sedentary behavior in confined cabin
environments. This trend underscores the urgent need for
practical and safe in-flight interventions, such as portable
exercise devices, to help maintain passenger health and
enhance travel comfort [7].

Medical literature has consistently identified physical
inactivity during long-haul flights as a major risk factor for
deep vein thrombosis (DVT) and pulmonary embolism
(PE), collectively referred to as "economy class syndrome™
[8, 9]. Systematic reviews indicate that the risk of
travel-related thrombosis increases by up to 26% for every
additional two hours of uninterrupted sitting during flight
[10].

Recent studies on cardiovascular responses during air
travel have also demonstrated that heart rate and heart rate
variability are significantly affected by flight conditions [6,
11, 12]. Individuals with higher physical fitness levels
appear to adapt more effectively to in-flight physiological
stressors, including pressure changes and prolonged
immobility [13-15].

Additional research has highlighted elevated rates of
psychological ~ stress,  sleep  disturbances, and
musculoskeletal discomfort among aviation professionals,
such as pilots, owing to the physically restrictive nature of
the flight environment [16-18]. These findings collectively
underscore the necessity of evidence-based preventive
strategies in which physical activity plays a critical
moderating role [19-21].

Despite growing awareness of these health risks, what
exists in flight interventions remains limited to generic
guidelines or basic movement routines delivered via
onboard screens [21, 22]. These approaches fail to offer
innovative, practical, and context-sensitive solutions that
address the unique spatial and safety constraints of
commercial aircraft cabins [23, 24].

To address the pressing need for effective
countermeasures against the physiological hazards of
prolonged immobility during long-haul flights, this study
investigates the utility of a novel, patented portable
exercise device specifically engineered for in cabin use.
Designed to accommodate the spatial and safety
constraints of commercial aircraft, the device enables
passengers to perform safe, low intensity movements while
seated or standing, without interfering with other
passengers or breaching aviation regulations [25].

This study is guided by a structured questionnaire that
investigates three key dimensions: (1) passengers’
awareness of the health risks associated with physical
inactivity during long flights, (2) the perceived
effectiveness of the proposed exercise device in improving
circulation, reducing discomfort, and promoting
well-being, and (3) the practical need for in flight exercise
solutions tailored to passenger expectations and aircraft
limitations. These dimensions have been carefully
developed to reflect the physiological, behavioral, and
technological facets relevant to using exercise equipment
onboard commercial flights.

Accordingly, the study aims to explore the preventive
role of the proposed device in mitigating the adverse health
effects of prolonged immobility during extended air travel,
and to highlight its potential contribution to enhancing
passenger health, comfort, and overall travel experience.

2. Methodology

2.1. Participants

The technical study included a total of 111 participants
of both genders. In terms of gender distribution, females
constituted the majority of the sample (60.4%), while
males accounted for 39.6%. The age distribution revealed
that the largest proportion of participants were between 41
and 50 years old (42.3%), followed by those aged 31-40
years (19.8%), and those over 51 years (17.1%). Lower
representation was observed among participants under 20
years (12.6%) and those aged 20-30 years (8.1%).

Regarding the longest flight duration experienced by
participants, 36.0% reported flights lasting less than 3
hours, 32.4% reported durations between 3 and 6 hours,
and 31.5% reported flights exceeding 6 hours. As for the
frequency of annual air travel, 39.6% of respondents
reported traveling once per year, 32.4% traveled twice per
year, 18.0% traveled three to five times, while 9.9%
reported traveling six or more times annually.

In relation to health status, the vast majority of
participants (92.8%) reported no chronic diseases or
mobility impairments, whereas 7.2% indicated the
presence of such conditions. The reported health issues
included diabetes, hypertension (independently or
combined with diabetes), thrombocytosis, cardiovascular
conditions, and musculoskeletal problems such as knee
osteoarthritis and spinal disc disorders.

Participants were recruited using a non-probability
convenience sampling method. The online survey was
administered electronically via a structured Google Form,
which was distributed through WhatsApp groups targeting
adults residing in multiple Arab countries, including Saudi
Arabia, Egypt, Bahrain, and Qatar. All participants
voluntarily agreed to take part in the study after being
informed about its purpose, data confidentiality, and their
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right to withdraw at any time. The survey link was active
from April 8 to April 17, 2025, and timestamp logs
confirmed continuous engagement throughout this period,
reflecting both regional diversity and real-time response
dynamics.

2.2. Data Collection Instrument

To assess participants’ perceptions and awareness
regarding the health risks of prolonged physical inactivity
during long-haul flights and the potential utility of a
proposed in-flight exercise device, a researcher-designed
structured questionnaire was developed and used as the
primary data collection tool. The instrument was
constructed based on a comprehensive review of the
literature on travel-related immobility, inflight health risks,
and the use of portable exercise equipment in confined
environments.

The questionnaire consisted of two main sections:

The first section collected general demographic and
travel-related information, including age group, gender,
number of annual flights, duration of the longest flight
experienced, and presence of any chronic diseases or
mobility impairments.

The second section
dimensions:

*  Awareness of the health risks associated with physical
inactivity during air travel,

*  Perceived effectiveness of the proposed exercise
device in enhancing circulation, comfort, and overall
well-being.

*  Practical need for in-flight exercise solutions that
accommodate passenger expectations and aircraft
cabin constraints.

comprised three thematic

Each dimension included several statements rated on a
five-point Likert scale ranging from “Strongly Disagree”
(1) to “Strongly Agree” (5). All items were formulated to
capture the physiological, ergonomic, and behavioral
factors relevant to long-haul air travel. The initial version
of the questionnaire was reviewed by a panel of academic
and professional experts to ensure content validity, clarity,
and contextual appropriateness prior to implementation.

2.3. Validity and Reliability

To ensure the content validity of the questionnaire, the
initial version was reviewed by a panel of academic experts
in exercise physiology, public health, and air travel
ergonomics. Their feedback was used to refine item
wording, improve clarity, and ensure the relevance and

comprehensiveness of the questionnaire in addressing the

study objectives.

Following expert validation, a pilot test was conducted
on a sample of participants sharing similar characteristics
to the target population. The internal consistency reliability
of the instrument was assessed using Cronbach’s alpha
coefficient, and the overall reliability across the 21 items
covering all three thematic dimensions wasa = 0.927,
which yielded acceptable values across the three thematic
dimensions:

*  Awareness of the health risks associated with physical
inactivity during air travel (6 items): a = 0.926.

*  Practical need for in-flight exercise solutions that
accommodate passenger expectations and aircraft
cabin constraints (7 items):a = 0.920.

*  Perceived effectiveness of the proposed exercise
device in enhancing circulation, comfort, and overall
well-being (8 items): a = 0.924.

All of these values exceed the widely accepted minimum
threshold of 0.70, as recommended by Nunnally [26],
indicating that the questionnaire demonstrates a high level
of internal consistency and can be considered a reliable tool
for field application in this study.

2.4. Ethical Considerations

Prior to initiating data collection, the study obtained
ethical approval from the Scientific Research Ethics
Committee at the Deanship of Scientific Research, King
Faisal University (Committee reference number:
KFU-2025-ETHICS3390).

2.5. Device Design and Specifications

As illustrated in Figure 1, the patented in-flight exercise
device (US12,194,339 B1) is specifically designed for safe
and practical use within the confined space of aircraft
cabins [25]. It consists of two non-slip foot platforms
connected to elastic resistance bands, anchored to a
compact rectangular base. A central pulley mechanism
modulates the resistance and enables controlled foot
movements while the user is seated or in a semi-standing
position. The device supports low-impact resistance and
stretching exercises targeting the lower limbs, helping to
reduce discomfort and promote circulation during
long-haul flights. With its lightweight construction and
compact dimensions (approximately 0.40 m > 0.32 m x
0.26 m), the device is ergonomically suited for use in
narrow aircraft seating areas without obstructing passenger
movement or seat functionality.
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3. Results

3.1. First Dimension: Awareness of the Health Risks
Associated with Physical Inactivity during Air
Travel

Table 1 presents the descriptive statistics for
participants' responses to six items assessing their
awareness of the health risks associated with prolonged
physical inactivity during long-haul flights. The statements
were rated on a five-point Likert scale ranging from 1
(Strongly Disagree) to 5 (Strongly Agree).

The overall weighted mean across all six items was 3.97
(SD = 0.55), indicating a high level of awareness among
participants. The relatively low standard deviation suggests
consistency in responses and minimal variability in
perception.

The highest-rated item was: "Physical inactivity during
air travel may lead to muscle and joint pain" (M =4.19, SD
0.694), followed by: "Simple techniques such as
stretching and light resistance exercises can mitigate the
adverse effects of physical inactivity during flight" (M =
4.14, SD 0.71). These findings reflect a strong
recognition among participants of the musculoskeletal
discomfort commonly associated with prolonged sitting

and the preventive potential of basic physical
Figure 1. Schematic representation of the proposed in-flight exercise  INterventions.
device including key structural dimensions and mechanical
components[25]
Table 1. Descriptive Statistics for Awareness of the health risks associated with physical inactivity during air travel
Questions Strongly | Disagree | Neutral | Agree | Strongly | Mean | Std. Rank
Disagree Agree Deviation
Prolonged sitting during long-haul flights N |4 9 32 48 18 360 [0.97 6
increases the risk of deep vein thrombosis (DVT)
% |3.6 8.1 28.8 432 |16.2
Physical inactivity during air travel may leadto |N |1 2 6 68 34 419 |0.69 1
muscle and joint pain
% |09 18 5.4 61.3 30.6
Many passengers experience leg swelling dueto ([N |0 5 18 60 28 400 |0.78 4
reduced movement during extended flights
% |0 45 16.2 54.1 25.2
Lack of physical activity during air travel N |1 5 25 65 15 3.79 |0.76 5
negatively affects blood circulation and .
cardiovascular health % 109 4.5 225 58.6 13.5
Extended sitting without light exercise N [0 3 12 64 32 413 |0.70 3
contributes to fatigue and a quicker onset of .
exhaustion % |0 2.7 10.8 57.7 28.8
Simple techniques such as stretching and light N |0 3 12 63 33 414 |0.71 2
resistance exercises can mitigate the adverse .
effects of physical inactivity during flight % |0 2.7 10.8 S68 129.7
Weighted mean 3.97
Std. Deviation 0.55




International Journal of Human Movement and Sports Sciences 13(4): 909-919, 2025 913

The lowest-rated item was: "Prolonged sitting during
long-haul flights increases the risk of deep vein thrombosis
(DVT)" (M = 3.60, SD = 0.97). While still above the
midpoint, this comparatively lower score suggests a
relative gap in awareness regarding serious vascular
complications associated with immobility. This finding
highlights the need for targeted health education to
emphasize the importance of in-flight mobility in
preventing thromboembolic events.

Overall, the response patterns demonstrate that
participants are generally well-informed about the physical
effects of inactivity during air travel, especially in relation
to fatigue, discomfort, and muscular strain. However, there
is a need to improve public awareness concerning the less
visible but potentially severe cardiovascular risks, such as
DVT. These insights provide critical justification for the
development and implementation of in-flight exercise
interventions aimed at mitigating both perceived and
clinically documented health risks.

These patterns are visually summarized in Figure 2,
which graphically presents the distribution of responses
and highlights the relative levels of agreement and
variability across the six awareness items.

3.2. Second Dimension: Perceived Effectiveness of the
Proposed Device

Table 2 and Figure 3 present the descriptive statistics for
participants’ perceptions of the proposed exercise device’s
effectiveness in enhancing circulation, comfort, and

overall well-being during long-haul air travel. The overall
weighted mean across the eight items was 3.99 (SD = 0.69),
reflecting a generally high level of agreement regarding the
device's perceived value.

The highest-rated item was: “The device increases
passenger awareness of the importance of physical activity
during long-haul flights” (M = 4.11, SD = 0.77), indicating
that participants recognize the device’s potential role not
only as a physical tool, but also as an educational
intervention that promotes health-conscious behaviors
during air travel. Similarly, the statement “Through
stretching exercises, the device helps mitigate the adverse
effects of physical inactivity during flight” received a high
mean rating (M = 4.05, SD = 0.79), underscoring the
perceived physiological benefits of incorporating
flexibility-based movement in-flight.

Other items with notable agreement included the
device’s capacity to enhance physical activity (M = 4.03)
and improve blood circulation while reducing the risk of
blood clots (M = 4.03), both of which align with existing
literature on movement-based interventions for DVT
prevention.

Conversely, the lowest-rated item was “The design of
the proposed device facilitates its use in the confined
spaces of aircraft cabins” (M = 3.87, SD = 0.86). Although
still rated positively, this relatively lower score may reflect
participant concerns about feasibility or unfamiliarity with
the spatial limitations involved. These findings highlight
the need for further usability testing in actual cabin settings
to optimize design integration.

m Std. Deviation ™ Mean

Std. Deviation

Weighted mean

Simple techniques such as stretching and light resistance
exercises can mitigate the adverse effects of physical...

Extended sitting without light exercise contributes to fatigue
and a quicker onset of exhaustion

Lack of physical activity during air travel negatively affects
blood circulation and cardiovascular health

Many passengers experience leg swelling due to reduced
movement during extended flights

Physical inactivity during air travel may lead to muscle and
joint pain

Prolonged sitting during long-haul flights increases the risk of
deep vein thrombosis (DVT)

(=]

Figure 2. Descriptive Statistics for Awareness of the health risks associated with physical inactivity during air travel
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Table 2. Descriptive Statistics for Perceived effectiveness of the proposed exercise device in enhancing circulation, comfort, and overall well-being

Questions Strongly | Disagree | Neutral | Agree |Strongly | Mean | Std. Rank
Disagree Agree Deviation

The proposed device contributes to N 2 2 17 60 30 4.03 |0.81 4
enhancing physical activity during travel

% |18 18 15.3 541 |27
The proposed device can help improve N 2 0 16 68 25 403 |0.73 3
blood flow and reduce the risk of blood clots

% 18 0 14.4 61.3 22.5
The design of the proposed device facilitates | N 2 5 22 59 23 3.87 |0.86 8
its use in the confined spaces of aircraft
cabins % |18 45 19.8 532 207
The proposed device provides a comfortable | N 2 4 20 58 27 394 |0.86 6
and easy-to-use exercise experience for .
passengers % [1.8 3.6 18 523 243
The device may help alleviate back pain and | N 1 3 27 52 28 393 ]0.83 7
muscle cramps during flight

% |09 27 243 46.8 |52.2
Through resistance exercises, the device N 1 2 18 67 23 398 |0.73 5
contributes to enhancing muscle strength .
and maintaining activity during travel % 109 18 16.2 604 207
Through stretching exercises, the device N 3 1 11 69 27 405 |0.79 23
helps mitigate the adverse effects of .
physical inactivity during flight %27 0.9 9.9 622 243
The device increases passenger awareness | N 1 3 12 62 33 411 |0.77 1
of the importance of physical activity during .
long-haul flights % 0.9 27 10.8 559 |29.7
Weighted mean 3.99
Std. Deviation 0.69

HIE  Std. Deviation

Weighted mean

The device increases passenger awareness of the importance of
physical activity during long-haul flights

Through stretching exercises, the device helps mitigate the
adverse effects of physical inactivity during flight

Through resistance exercises, the device contributes to
enhancing muscle strength and maintaining activity during travel

The device may help alleviate back pain and muscle cramps
during flight

The proposed device provides a comfortable and easy-to-use
exercise experience for passengers

The design of the proposed device facilitates its use in the
confined spaces of aircraft cabins

The proposed device can help improve blood flow and reduce
the risk of blood clots

The proposed device contributes to enhancing physical activity
during travel

it

4.5

E-N
w
w
w
N
w
(3]
—
w
—
[=]
w
(=)

m Std. Deviation ® Mean

Figure 3. Perceived effectiveness of the proposed exercise device in enhancing circulation, comfort, and overall well-being
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Collectively, these results support the hypothesis that a
compact, resistance- and stretching-based exercise device
is not only acceptable to passengers but also perceived as
beneficial for mitigating health risks during long-haul
flights. The consistency of responses, as evidenced by the
low standard deviation across most items, further
reinforces the reliability of these perceptions.

3.3. Third Dimension: Descriptive Statistics for
Practical Need for In-Flight Exercise Solutions
That Accommodate Passenger Expectations and
Aircraft Cabin Constraints

Table 3 and Figure 4 present descriptive statistics for
participants’ perceptions regarding the practical need for
in-flight exercise solutions that align with passenger
expectations and aircraft cabin constraints. The overall
weighted mean was 4.03 (SD = 0.56), indicating strong
agreement among participants on the necessity of
integrating movement-friendly solutions into the flight
experience.

The highest-rated item was: “Many passengers feel
discomfort due to the lack of sufficient space for movement
inside aircraft cabins” (M =4.32, SD = (.75), which clearly
reflects the physical constraints perceived by travelers in
the current flight environment. This reinforces the rationale

915

for proposing compact exercise solutions that are
compatible with limited cabin space.

The statement “Passengers prefer simple and practical
methods for movement during air travel” received the
second-highest rating (M = 4.24, SD = 0.61), highlighting
the importance of usability and convenience in any
in-flight intervention. Similarly, “There is an increasing
need to provide solutions that help passengers engage in
physical activity during long-haul flights” (M =4.19, SD =
0.68) supports the broader motivation behind the
development of the proposed exercise device.

While items related to exercise devices also scored
positively, such as “Using an exercise device specifically
designed for airplanes improves the travel experience and
reduces physical fatigue” (M = 4.15, SD = 0.73), and “The
availability of suitable exercise devices for long-haul
flights influences my choice of airline” (M = 4.04, SD =
0.87), it is notable that perceived commercial relevance is
not as strong as the recognition of physical need suggesting
that awareness and availability of such solutions remain
limited in current airline offerings.

The lowest-rated item was: “Some airlines provide
exercise tips during flights, but these are insufficient” (M =
3.41, SD = 1.01), which nonetheless affirms that current
interventions are seen as inadequate, further justifying the
introduction of a structured, device-based solution.

Table 3. Descriptive Statistics for Practical Need for In-Flight Exercise Solutions That Accommodate Passenger Expectations and Aircraft Cabin

Constraints
Questions Strongly | Disagree | Neutral | Agree | Strongly | Mean | Std. Rank
Disagree Agree Deviation

There is an increasing need to provide N 1 1 8 67 34 419 |0.68 3
solutions that help passengers engage in .
physical activity during long-haul flights % 09 0.9 1.2 604 1306
Passengers prefer simple and practical N 0 1 7 67 36 424 |0.61 2
methods for movement during air travel

% |0 0.9 6.3 604 |324
Some airlines provide exercise tips during | N 6 11 40 40 14 341 |1.01 7
flights, but these are insufficient

% |54 9.9 36 36 12.6
Providing dedicated exercise devices for use | N 5 3 14 67 22 388 |0.91 6
on airplanes contributes to improving .
passenger comfort, health, and well-being % |45 2.7 126 60.4 198
Many passengers feel discomfort due to the | N 2 0 7 54 48 432 |0.75 1
lack of sufficient space for movement inside .
aircraft cabins % |18 0 6.3 486 1432
Using an exercise device specifically N 1 1 13 61 35 415 |0.73 4
designed for airplanes improves the travel .
experience and reduces physical fatigue % 0.9 09 11.7 %5 3L5
The availability of suitable exercise devices | N 3 2 16 57 33 404 |0.87 5
for long-haul flights influences my choice of .
airline when traveling % 27 18 144 514 29.7
Weighted mean 4.03
Std. Deviation 0.56
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1.5 1 0.5

S

m Std. Deviation ®Mean

Std. Deviation

Weighted mean

The availability of suitable exercise devices for long-haul flights
influences my choice of airline when traveling

Using an exercise device specifically designed for airplanes
improves the travel experience and reduces physical fatigue

Many passengers feel discomfort due to the lack of sufficient
space for movement inside aircraft cabins

Providing dedicated exercise devices for use on airplanes
contributes to improving passenger comfort, health, and well-
being

Some airlines provide exercise tips during flights, but these are
insufficient

Passengers prefer simple and practical methods for movement
during air travel

There is an increasing need to provide solutions that help
passengers engage in physical activity during long-haul flights

Figure 4. Descriptive Statistics for Practical Need for In-Flight Exercise Solutions That Accommodate Passenger Expectations and Aircraft Cabin

Constraints

Taken together, the findings presented in Table 3 and
visualized in Figure 4 indicate a clear and growing
passenger demand for ergonomic and feasible exercise
solutions on board. These results strongly support the
relevance and necessity of implementing portable,
low-impact exercise devices to enhance comfort, reduce
physical strain, and promote health awareness during
extended flights.

As shown in Table (4), the chi-square test results
indicate statistically significant differences among age
groups across all three questionnaire dimensions. The
p-values (p < 0.001) confirm that age is a key factor
influencing participants’ perceptions regarding the risks of
physical inactivity during flights, the effectiveness of the
proposed in-flight exercise equipment, and the overall need
for movement-based solutions during long-haul travel.

The Eta coefficients further support the strength of these
relationships. When age was treated as the dependent
variable, Eta values ranged from 0.318 to 0.347, suggesting
a moderate to substantial effect. When the questionnaire
dimensions were dependent, Eta values ranged from 0.182
to 0.250, reflecting a modest yet meaningful association.

Detailed analysis revealed that older participants
(particularly those aged 41-50 and above 51) were more
likely to select higher agreement scores (=4.00) for
statements highlighting health risks such as deep vein
thrombosis, muscular discomfort, and circulatory issues

during flights. These results suggest that older individuals
are more health-conscious and more receptive to
preventive in-flight solutions.

Conversely, younger age groups (under 30 years) tended
to provide mid-range agreement responses, possibly
indicating a lower perceived personal risk or preference for
alternative, non-traditional strategies.

These findings underscore the importance of tailoring
airline wellness interventions and educational materials to
address age-related differences. In particular, older age
groups appear more willing to engage with innovative,
space-conscious exercise tools designed to mitigate the
negative effects of prolonged inactivity during air travel.

Table (5) presents the statistical associations between
age groups and two travel-related behavioral variables:
annual travel frequency and duration of the longest flight
taken.

For annual air travel frequency, the chi-square test
revealed statistically significant differences across age
groups (x=2= 43.140, p < 0.001). The Eta coefficients
indicate a moderate strength of association (0.455 and
0.403), and the Gamma value (0.489, p < 0.001) further
supports a positive directional relationship. These findings
suggest that older participants, particularly those aged 41
and above, tend to travel by air more frequently compared
to younger groups.
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Table 4. Chi-Square Test Results According to Age Groups

Questionnaire Dimension Chi-Square  Degreesof  p-value Eta (Age Eta (Dimension  Statistical

Value (y?) Freedom (df) Dependent) Dependent) Significance
Risks of Physical Inactivity (Dimension 1) 107.637 <0.001 0.347 0.182 Significant
Effectiveness of Proposed Exercise 199.084 <0.001 0.336 0.250 Significant
Equipment (Dimension 2)
Need for In-Flight Exercise Solutions 119.444 <0.001 0.318 0.222 Significant
(Dimension 3)

Table 5. Chi-Square Test Results for the Relationship Between Age and Travel Behavior Variables
Travel Variable Chi-Square df p-value Eta(Age Eta(Variable Gamma Significance
(V') Dependent)  Dependent)

Annual Air Travel Frequency 43.140 16 <0.001 0.455 0.403 0.489 Significant
Duration of Longest Flight Taken 10.943 8 0.205 0.251 0.281 0.252  Directional only (p = .025)

In contrast, the relationship between age and the
duration of the longest flight was not statistically
significant in the overall chi-square test (p = 0.205).
However, the linear-by-linear association was statistically
significant (p = 0.014), and both Eta and Gamma values
(0.251-0.281 and 0.252, respectively) suggest a
meaningful directional trend. This implies that although
the categorical distribution was not sharply different, there
exists a gradual increase in the likelihood of taking longer
flights as age increases.

Together, these results underscore the influence of age
on both the frequency and nature of air travel, with
implications for designing age-sensitive strategies for
health promotion during flights.

4. Discussion

The findings of this study provide compelling evidence
supporting the significance of portable exercise
interventions as a preventive solution to mitigate the health
risks associated with prolonged physical inactivity during
long-haul flights. The high mean scores across all three
dimensions of the questionnaire highlight the relevance
and potential of the proposed in-flight exercise device in
both raising awareness and enhancing passenger
well-being.

Firstly, participants exhibited a strong awareness of the
musculoskeletal and circulatory risks of extended
immobility, with fatigue, joint pain, and poor blood
circulation being widely acknowledged. However, a
relatively lower awareness regarding the risk of deep vein
thrombosis (DVT) indicates a critical knowledge gap
concerning the more severe consequences of sedentary
behavior in flight. This aligns with previous research [4,
10], which emphasizes the need for improved public health
communication on thromboembolic risks during air travel.

Secondly, the perceived effectiveness of the proposed
device in enhancing circulation and comfort received

strong endorsement, particularly in its role in increasing
passenger awareness and supporting stretching-based
movements. These perceptions resonate with existing
literature that supports the preventive impact of light
resistance and mobility exercises in confined environments
[14, 20]. Nonetheless, the comparatively lower rating of
the device's compatibility with confined cabin space points
to the importance of further usability testing under real
flight conditions to ensure practical integration without
disrupting the passenger experience.

Finally, the results from the practical need dimension
confirm that passengers not only recognize the value of
movement-friendly solutions during long flights, but also
express a clear preference for simple, ergonomic, and
convenient  interventions. Interestingly,  although
passengers acknowledged that in-flight exercise options
could influence airline choice, this factor was rated slightly
lower than direct comfort and health benefits. This
suggests that consumer motivation may be more
health-driven than commercially oriented at present,
although this could evolve with increased device visibility
and airline adoption.

Together, these findings validate the conceptual and
technical foundations of the proposed device, while also
revealing avenues for further development, particularly in
refining device usability and expanding public awareness
about the cardiovascular risks of immobility during flights.

5. Conclusions

This study highlights the growing need for effective and
practical health interventions to counter the adverse effects
of prolonged physical inactivity during long-haul air travel.
The high levels of awareness among passengers regarding
the physical consequences of immobility, coupled with
their positive perceptions of the proposed exercise device,
underline the potential of such tools to enhance in-flight
health and comfort. Although participants recognized the



918

Airplane Exercise Equipment and Its Role in Enhancing Passenger Health:

A Preventive Study on the Risks of Physical Inactivity during Long-Haul Flights

benefits of stretching and resistance exercises in mitigating
fatigue and promoting circulation, some concerns remain
regarding the feasibility of device use within confined
cabin spaces. These insights call for further refinement of
the device’s ergonomic design, as well as real-world
testing in actual flight settings. Moreover, the results
emphasize the importance of expanding public health
education about serious risks such as deep vein thrombosis,
which remains under recognized despite its relevance. In
conclusion, the integration of compact, user-friendly
exercise equipment into commercial aviation represents a
promising direction for promoting passenger well-being
and redefining the standards of travel comfort on long-haul
flights.

5.1. Study Limitations and Future Research

One key limitation of this study is the use of
non-probability convenience sampling, as participants
were recruited via social media platforms, particularly
WhatsApp groups. Although the survey was distributed
across multiple Arab countries (including Saudi Arabia,
Egypt, Bahrain, and Qatar), the resulting sample may
reflect an uneven geographical distribution, potentially
concentrated in specific regions. This limitation restricts
the generalizability of the findings to broader populations.
Future studies are encouraged to employ probabilistic
sampling methods such as stratified or random sampling to
ensure more balanced representation across demographic
and regional categories and to enhance the external validity
of the results.

Furthermore, this study constitutes an initial perceptual
phase that primarily examines passenger awareness and
acceptance of the proposed in-flight exercise device. No
direct observational or physiological evaluation of device
usage was conducted during real or simulated flights.
Future studies are encouraged to incorporate usability trials
and physiological outcome measures to objectively assess
the device’s effectiveness and ergonomic feasibility under
actual flight conditions.

5.2. Recommendation

In light of the study findings, it is recommended that
commercial airlines particularly those operating long-haul
international routes consider the practical implementation
of the proposed in-flight exercise device as part of broader
preventive health strategies aimed at enhancing passenger
well-being. Special emphasis should be placed on
conducting real-world usability testing within aircraft
cabins to evaluate the device’s comfort, accessibility, and
safety under actual flight conditions. Additionally, airlines
are encouraged to launch targeted awareness campaigns to
improve passengers’ understanding of the health risks
associated with prolonged immobility, especially the
often-overlooked threat of deep vein thrombosis. Further
refinement of the device’s design is also advisable to

ensure compatibility with various seating configurations,
especially ~ within  economy-class  cabins.  These
recommendations are particularly relevant to major
carriers in regions with high air traffic growth, such as the
Kingdom of Saudi Arabia. In this context, Saudi Arabian
Airlines (Saudia) may serve as a strategic leader in piloting
innovative wellness-focused inflight services, setting a
benchmark for integrating compact exercise solutions that
align with national aviation growth and passenger health
priorities. Future research should continue exploring the
device’s physiological impact through measurable
indicators to support data-driven adoption and scalability.

5.3. Key Points

*  Awareness of in-flight physical inactivity risks is high
among passengers, though deep vein thrombosis
(DVT) remains under-recognized.

*  The proposed patented exercise device was perceived
as effective, usable, and compatible with aircraft
cabin constraints.

*  Older adults, who travel more frequently, showed
greater support for onboard movement tools,
emphasizing the need for age-specific airline wellness
strategies.

e The study supports airline integration of compact
exercise equipment and targeted health education to
mitigate sedentary risks during long-haul flights.

Acknowledgments

The study was supported by the Deanship of Scientific
Research at King Faisal University, Saudi Arabia, as part
of the annual research project (Grant No. KFU251843).

Funding

The study was supported by the Deanship of Scientific
Research at King Faisal University, Saudi Arabia, as part
of the annual research project (Grant No. KFU251843).

REFERENCES

[1] J. Wensveen, Air transportation: A global management
perspective, 9th ed. London: Routledge, 2023.

[21 K. latrou and E. Tsitsiragou, "Leisure travel, network
carriers and alliances," in Aviation and Tourism, A. P. Anne
Graham, Peter Forsyth Ed., 1st ed. London: Routledge,
2016, pp. 137-146.

[3] R.L.Dehart, "Health Issues of Air Travel," Annual Review
of Public Health, vol. 24, no. 1, pp. 133-151, 2003, doi:
10.1146/annurev.publhealth.24.100901.140853.

[4] D. Silverman and M. Gendreau, "Medical issues associated



(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

International Journal of Human Movement and Sports Sciences 13(4): 909-919, 2025

with commercial flights," The Lancet, vol. 373, no. 9680,
pp. 2067-2077, 2009, doi:10.1016/s0140-6736(09)60209-9

X. Cao et al., "Heart Rate Variability and Performance of
Commercial Airline Pilots during Flight Simulations,"
International Journal of Environmental Research and
Public Health, vol. 16, no. 2, p. 237, 2019, doi:
10.3390/ijerph16020237.

M. J. Meyer et al., "Changes in Heart Rate and Rhythm
During a Crossover Study of Simulated Commercial Flight
in Older and Vulnerable Participants,” Frontiers in
Physiology, vol. 10, 2019, doi: 10.3389/fphys.2019.01339.

G. A. 0. C. Aviation. "For the second consecutive year: Air
transport in Saudi Arabia achieves record growth in 2024."
General  Authority of Civil Aviation (GACA).
https://gaca.gov.sa/News/For-the-second-consecutive-year
(accessed May 7, 2025, 2025).

L. Shepherd and S. L Edwards, "The effects of flying:
processes, consequences and prevention,” British Journal
of Nursing, vol. 13, no. 1, pp. 19-29, 2004.

J. Tourn et al., "ADP-dependent platelet activation is
required for thrombus formation during a long-distance
flight," bioRxiv, 2024, doi: 10.1101/2024.03.01.582882.

S. Kuipers, A. J. M. Schreijer, S. C. Cannegieter, H. R.
Bdler, F. R. Rosendaal, and S. Middeldorp, "Travel and
venous thrombosis: a systematic review," Journal of
Internal Medicine, vol. 262, no. 6, pp. 615-634, 2007, doi:
10.1111/j.1365-2796.2007.01867 ..

P. Jorna, "Heart rate and workload variations in actual and
simulated flight,” Ergonomics, vol. 36, no. 9, pp.
1043-1054, 1993.

Y.-J. Yao, Y.-M. Chang, X.-P. Xie, X.-S. Cao, X.-Q. Sun,
and Y.-H. Wu, "Heart rate and respiration responses to real
traffic pattern flight,” Applied Psychophysiology and
Biofeedback, vol. 33, pp. 203-209, 2008.

T. E. Grissom, "Critical-Care Air Transport: Patient Flight
Physiology and Organizational Considerations,” in
Aeromedical Evacuation. New York, NY: Springer-Verlag,
2003, pp. 111-135.

E. S. Baker, M. R. Barratt, C. F. Sams, and M. L. Wear,
"Human Response to Space Flight," in Principles of
Clinical Medicine for Space Flight: Springer New York,
2019, pp. 367-411.

D. M. Shaw and J. W. Harrell, "Integrating physiological
monitoring systems in military aviation: a brief narrative
review of its importance, opportunities, and risks,"
Ergonomics, vol. 66, no. 12, pp. 2242-2254, 2023, doi:
10.1080/00140139.2023.2194592.

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

919

M. Venus, D. Greder, and M. grosse Holtforth, "How
professional pilots perceive interactions of working
conditions, rosters, stress, sleep problems, fatigue and
mental health. A qualitative content analysis," European
Review of Applied Psychology, vol. 72, no. 3, p. 100762,
2022, doi: 10.1016/j.erap.2022.100762.

K. Bell, "A Qualitative Analysis of Flight Attendant
Occupational Health and Safety,” Available at SSRN
4768598, p. 34, 2024, doi: 10.2139/ssrn.4768598

F. Omran, "The prevalence of occupational health problems
in-flight crews (pilots and flight attendants: A systematic
review and meta-analysis,” PHD, Faculty of Health
Sciences, Department of Public Health and Family
Medicine, university of cape town, 2023.

E. Mcneely, I. Mordukhovich, S. Tideman, S. Gale, and B.
Coull, "Estimating the health consequences of flight
attendant work: comparing flight attendant health to the
general population in a cross-sectional study," BMC Public
Health, vol. 18, no. 1, 2018, doi:10.1186/s12889-018-5221
-3.

K. C. Palakanis, "Clinical Practice Guidelines for Primary
Care Providers Evaluation of Patient Fitness to Fly,"
Dissertation, University of Nevada, Las Vegas, 2012.

J. Cahill, P. Cullen, S. Anwer, K. Gaynor, and S. Wilson,
"The Requirements for New Tools for Use by Pilots and the
Aviation Industry to Manage Risks Pertaining to
Work-Related Stress (WRS) and Wellbeing, and the
Ensuing Impact on Performance and Safety," Technologies,
vol. 8, no. 3, p. 40, 2020, doi:10.3390/technologies803004
0.

C. Martin-Gill, T. J. Doyle, and D. M. Yealy, "In-flight
medical emergencies: a review," Jama, vol. 320, no. 24, pp.
2580-2590, 2018.

S. Boulnois, W. Tan, and G. A. Boy, "The onboard
context-sensitive information system for commercial
aircraft,” in Proceedings 19 th Triennial Congress of the
IEA, 2015.

W. Tan, "Contribution to t he Onboard Context Sensitive
Information System (of Commercial Aircraft)," PHD,
Florida Institute of Technology, Computer Engineering and
Sciences, 2015.

A. Alnuaim and A. Alnuaim, "AIRPLANE EXCERSICE
EQUIPMENT," United States, 2025. [Online]. Available:
https://patents.google.com/patent/US12194339B1/en?0q=
US12%2c194%2c339+B1

J. Nunnally and I. Bernstein, "The Assessment of
Reliability. Psychometric Theory, 3, 248-292. Nyhan, RC,
and HA Marlowe.(1997). Development And Psychometric
Properties Of The Organizational Trust Inventory," Eval
Rev, vol. 21, pp. 614-35, 1994.



