
Introduction1)

 
The key factors influencing athletic performance 

include skills, physical fitness, psychological factors, 
and tactics (Yun et al., 2006). Additionally, the athlete, 
coach, and environment can have a significant impact 
on performance (Jung & Kim, 2004). Conditioning 
refers to a series of processes that integrate various 
performance components into an optimal state, 
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maximizing an athlete's potential during competitions. 
It also involves maintaining the physiological and 
psychological conditions necessary to cope with the 
environment and perform exercises effectively (Song 
et al., 2012). Furthermore, conditioning encompasses not 
only systematic training to maintain peak performance 
but also recovery methods, such as adequate nutrition 
intake, sufficient sleep, and rest (Park et al., 2018). 

The academic concept of sports conditioning is 
described as a structured training process aimed at 
enhancing physical fitness elements and neuromuscular 
control capabilities to improve athletic performance. 
Furthermore, wheelchair athletes display unique traits 
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Abstract
 

This study aims to systematically organize previous research on conditioning management to assist wheelchair 
athletes perform at their best in international competitions. The systematic literature review examined the factors 
affecting the performance of wheelchair athletes both nationally and internationally, highlighting key 
considerations for creating conditioning strategies for these athletes. It investigated training methods in preparation 
for international competitions, as well as nutritional and hydration intake before, during, and after these events. 
The study briefly presented methods for nutritional intake tailored to the characteristics of various sports for 
athletes with disabilities. The results of the systematic review were grouped into factors influencing the 
performance of wheelchair athletes. This summary emphasizes the essential points to consider when developing 
conditioning strategies for wheelchair athletes, along with the characteristics and precautions that must be taken 
into account during training and competition participation. The main factors affecting the performance and 
conditioning of wheelchair athletes are identified as follows: performance-related factors, prevention and 
management of pressure ulcers, fall prevention, nutrition and hydration, sleep and rest, management of jet lag, 
and accessibility. The results of this study are expected to improve the performance of wheelchair athletes 
and reduce injuries by enhancing their conditioning in preparation for international competitions.
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compared to non-disabled athletes in areas like immune 
response, nutrition management, and mental health, 
requiring focused scientific research and program 
development (İslamoğlu & Kenger, 2019). This shows 
that sports conditioning goes beyond just improving 
physical fitness, taking a whole-person approach that 
includes both physical and mental qualities. Exercise 
intensity, frequency, and recovery strategies lead to 
different physiological responses depending on 
whether athletes have impairments affecting condition 
management. However, there is a lack of comprehensive 
and systematic research on condition management for 
athletes with disabilities compared to athletes without 
disabilities (Puce et al., 2023; Sellami et al., 2023). 
Research on conditioning strategies for athletes with 
disabilities preparing for international competitions is 
limited. The types of disabilities among participating 
athletes vary and include physical disabilities (such as 
spinal cord injuries and amputations), visual impairments, 
brain injuries, and intellectual disabilities.  Research 
on conditioning strategies for athletes with disabilities 
preparing for international competitions is limited. The 
types of disabilities among participating athletes vary 
and include physical disabilities (such as spinal cord 
injuries and amputations), visual impairments, brain 
injuries, and intellectual disabilities (Kim et al., 2020). 
The travel time required for participation in international 
competitions can be burdensome for most athletes, but 
it presents an even greater challenge for athletes with 
disabilities (Campbell & Jones, 2002). According to 
Bawden (2006), the biggest source of stress for athletes 
with disabilities was the long flight times for 
international competitions. Factors like boarding and 
disembarking from airplanes, transferring from 
wheelchairs to airplane seats, restroom accessibility, 
and personal care items during the flight all created 
challenges for these athletes. Traveling by vehicle 
within the country can also be challenging for athletes 
with disabilities. Moreover, venues that do not consider 
accessibility can impose restrictions on athletes with 
disabilities (Katz, 2007). In the Paralympics, due to 
the nature of disabled sports or the lack of accessibility 
at venues, events may take place in locations other 
than the host city. For instance, at the 2008 Beijing 

Paralympics, sailing events were held in Qingdao, and 
equestrian events took place in Hong Kong. In contrast, 
skiing events at the 2014 Sochi Paralympics were 
conducted 60 km away from the Paralympic Village 
in Sochi (Martin, 2015). 

The climate of the host city is also a crucial factor. 
The heat produced during metabolism in athletes with 
disabilities can differ based on the type of disability, 
its severity, and location of the injury. Unlike athletes 
with spinal cord injuries, those with cerebral palsy and 
amputations may be considered at higher risk due to 
these conditions (Griggs et al., 2019). The 2020 Tokyo 
Paralympics took place from August to September, and 
concerns about athletes' performance dropping due to 
high temperatures and humidity arose even before the 
event. In response, Griggs et al. (2019) suggested 
strategies to improve performance at the 2020 Tokyo 
Paralympics, such as cooling techniques, equipment 
innovations, heat acclimation and acclimatization, and 
hydration and nutritional practices. 

While there are differences depending on the type 
of disability, considerations for mobility and accessibility 
are crucial for wheelchair athletes. For athletes with 
spinal cord injuries and neurological impairments, 
strategies to manage climate conditions, such as 
temperature and humidity, must also be included. The 
performance of athletes with disabilities involves a 
complex process that requires a multifaceted and 
layered research approach to improve effectiveness 
(Bae et al., 2020). Therefore, conditioning strategies 
for athletes with disabilities in international competitions 
should not only include general conditioning methods 
suitable for able-bodied athletes but also account for 
the unique attributes of wheelchair athletes. This study 
aims to propose conditioning strategies that will allow 
wheelchair athletes competing in international 
competitions to compete under optimal conditions.

 
Methods

 
Systematic Review

 
A systematic review is a thorough research method 

used to find, assess, and combine all relevant studies 
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related to a specific research question, following a 
transparent and reproducible process. This approach 
begins with formulating a clear and focused question. 
Then, a thorough and systematic search is carried out 
across multiple databases, using predefined keywords 
and inclusion/exclusion criteria to ensure repeatability 
and reduce bias (Bero, 2017). The next stage involves 
independently screening and selecting studies based on 
these criteria, followed by a thorough assessment of 
each study’s methodological quality and risk of bias. 
Afterward, data are extracted using standardized forms, 
and the findings are synthesized using either qualitative 
or quantitative techniques, such as meta-analysis when 
applicable. The final results are interpreted considering 
their strengths and limitations, following reporting 
standards such as the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses) 
guidelines to ensure transparency and completeness 
(Shamseer et al., 2015). 

 
Data Collection Procedure

 
A systematic review was conducted to identify the 

characteristics of various sports for wheelchair athletes, 
and the types of disabilities involved, including 
amputations, neurological disorders, and brain injuries. 
The review aimed to determine key considerations for 
developing effective conditioning strategies. Relevant 
materials were gathered from academic papers, 
specialized books, domestic and international research 
reports, and related websites, with a focus on previous 
studies. For academic papers related to conditioning 
for athletes with disabilities, electronic databases were 
reviewed, and key search terms were identified. 
Inclusion and exclusion criteria were established to 
guide the selection of studies. Additionally, discussions 
were held with advisory committee members and 
researchers to address specific decisions in the 
verification process.

Furthermore, information about the climate, unique 
culture, security, and infectious diseases in regions that 
have recently hosted international competitions for 
athletes with disabilities, such as the Paralympics. This 

enabled for the calculation of travel time to the host 
city and the time difference relative to the scheduled 
arrival time in the host city. Consequently, comprehensive 
conditioning strategies were proposed before 
participation in international competitions. These 
strategies included adapting to different time zones, 
maintaining physical fitness, managing nutrition intake, 
regulating sleep, and addressing psychological factors. 
A systematic literature review using the PRISMA 
approach provides a comprehensive analysis of 
wheelchair athletes, highlighting the connection between 
specific impairments (e.g., spinal cord injury, 
amputation, neurological damage, and brain injury) and 
athletic participation.. Key studies confirm that 
wheelchair athletes face a wide range of physiological 
and functional demands, influenced by both the type 
of sport and the athlete's underlying disability. These 
systematic efforts promote an evidence-based 
understanding of how disability-related factors shape 
sports participation and athlete development in 
wheelchair athletics.

A review of wheelchair athletes, based on the 
PRISMA is systematically organized in a stepwise 
manner: (1) identification, (2) screening, (3) eligibility 
assessment, and (4) inclusion. In the first step, 
researchers define the scope of the research topic and 
comprehensively collect all relevant materials, 
including research papers, clinical studies, and field 
application studies. Next, two or more researchers 
independently screen and review the papers, retaining 
only those that are not duplicates and are relevant, while 
ensuring reliability through quality assessment tools. 
Once the dataset is finalized, the main indicators of 
the included papers, experimental designs, and 
characteristics of the target groups are summarized in 
tables, followed by a meta-analysis or thematic 
synthesis. Finally, a PRISMA flowchart is included in 
the paper to visualize the transparency of the data 
screening process, and the interpretation of results for 
various wheelchair sports and athlete groups, along with 
their limitations, is discussed in detail. The 
classification of previous studies related to wheelchair 
athletes is presented in Table 1 and Firgure 1.
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Classification Subclassification
1

Brain injury disability
Severe Classification by parasports

2 Mild Able to stand with crutches or against a wall
3

Spinal cord injury
Unable to support upper body

4 Able to support upper body
5 Physical function disability Polio, amputation, etc.

Table 1. Types of disabilies for wheelchair athletes

Figue 1. Systematic review of wheelchair athletes.

 

Results

Factors Affecting the Performance of 
Wheelchair Athletes

Perret (2017) suggested that training, recovery, and 
sleep, as well as psychological and physical factors, 
age and gender, talent, personal environment, coaching, 
mental factors, motivation, training possibilities, 
equipment, environment, form on the day, and 
experience all play a role.

Paulson & Goosey-Tolfrey (2017) reported that 
athlete profiles, physical capacity, equipment, and 
competition environments are factors affecting 
performance in wheelchair court sports such as 
Wheelchair basketball, Wheelchair rugby, and others. 
They also suggested training prescriptions and 

monitoring, equipment innovations, cardiovascular 
hemodynamics, cooling strategies, and nutritional 
practices as intervention methods to improve 
performance.

Sports equipment significantly affects performance 
in various sports. In para sports, it is also a major factor 
influencing performance and is sometimes considered 
an extension of the body (Kim, 2019). Previous studies 
have also indicated that equipment is a crucial factor 
influencing performance (Perret, 2017; Paulson & 
Goosey-Tolfrey, 2017). These sports equipment allow 
athletes with disabilities to participate in the same sports 
as athletes without disabilities, but they are used 
differently depending on the sport and the individual 
athlete's characteristics. In the case of wheelchairs, 
which are primarily used in sports by athletes with 
physical disabilities, they vary in design even within 
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the same track and field sport. They are custom-made 
to match the individual athlete's characteristics by 
integrating engineering elements. Since the development 
of equipment has a positive impact on the performance 
of athletes with disabilities, ongoing research should 
be conducted in this area. 

According to a study examining a total of 21 studies 
on factors affecting the performance of athletes with 
disabilities, training programs for them primarily focus 
on immediate intervention and training, with long-term 
training programs lacking (Dehghansai et al., 2017). 
Additionally, an analysis of 26 studies focused on 
enhancing the performance of athletes with disabilities 
confirmed that intervention programs were categorized 
into factors such as physical strength, technical training, 
coaching, environment, equipment, psychology, and 
recovery. Specifically, the focus was on physical 
strength, technical training, and psychological factors 
(Bae et al., 2020). 

 
Prevention and Management of Pressure 
Ulcers

 
Pressure ulcers (PUs) are conditions in which skin 

tissue dies due to impaired blood circulation in specific 
areas of the body. It can occur for various reasons, 
including damage to nerve tissue, degeneration of 
sensory organs from aging, individuals with disabilities 

who spend prolonged periods sitting or lying down, 
the elderly, those who are immobile before and after 
surgery, and people with chronic conditions such as 
diabetes (Shaw, 1998). In the case of wheelchair users, 
most of the body weight is concentrated on the buttocks 
(hips), leading to excessive pressure concentration, 
asymmetry between the left and right buttocks, and 
excessive pressure gradients that contribute to the 
development of PUs (Kang et al., 2010). In particular, 
individuals with spinal cord injuries, especially cervical 
cord injuries, may face various complications, including 
PUs, as well as functional limitations such as trunk 
control (Bond & McKerracher, 2014; Grossman et al., 
2012).

The causes of PUs are primarily categorized into 
external factors (pressure, responsiveness, friction, etc.) 
and internal factors (nutritional deficiency, old age, 
decreased tissue perfusion, etc.). It is advisable to 
identify these causes in advance to prevent their 
occurrence. In particular, focus on factors such as 
pressure, responsiveness, friction, chemical irritants, 
and moisture, while also improving overall health and 
maintaining an appropriate nutritional state that 
includes adequate protein, vitamins, and water intake. 
It is recommended to change positions at least every 
two hours to minimize skin damage and to maintain 
cleanliness and sanitation. Previous studies indicate that 
various long-term factors can affect the occurrence of 

Figue 2. Factors affecting the performance of wheelchair athletes.
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PUs, including aging factors such as a decreased 
inflammatory response, reduced production of 
cytokines and growth factors, and an increase in 
senescent cells (Pittman, 2007); disability and health 
status factors such as obesity, diabetes, hypertension, 
peripheral vascular disease, fecal incontinence, and a 
history of pressure ulcers (Wound, Ostony, and 
Continence Nurses Society, 2003; Gray et al., 2007); 
and lifestyle factors like smoking, activity level, 
mobility, and stress (Park et al., 2005; Burns et al., 
2003; Vileikyte, 2007). Among these, health status 
factors such as obesity, diabetes, and hypertension, 
along with lifestyle factors like smoking, activity level, 
and stress, can be managed by individuals, so it is 
essential to understand and prevent them clearly.

Preventing PUs is the top priority; however, if they 
do occur, appropriate treatment should be administered 
based on the priorities of PUs management. 
Specifically, wheelchair athletes with spinal cord 
injuries or chronic conditions like obesity, diabetes, and 
high blood pressure require extra attention.

 
Prevention of Falls

 
Falls refer to unintentional events that can cause 

injuries or sequelae such as fractures, soft tissue 
damage, and limitations in independent living. In 
addition to contact falls that occur during competition 
and training, wheelchair-using athletes with disabilities 
can also experience mainly non-contact falls while 
moving around in their wheelchairs. In particular, falls 
while using a wheelchair can lead to significant and 
minor injuries to the upper extremities (joints related 
to the wrist, arm, and shoulder), face, and head, and 
can result in skin damage due to abrasions (Curtis & 
Dillon, 1985). These injuries can affect the performance 
of disabled athletes and have serious negative effects 
on game outcomes (Curtis & Dillon, 1985; De Luigi, 
2017). Additionally, repeated wheelchair falls can lead 
to psychological damage (trauma), which can 
negatively impact participation in and results of the 
game (Taylor & Williams, 1995). Therefore, it is 
essential to be aware of precautions to prevent falls 
when using a wheelchair during and before the 

competition.
Although there is limited scientific evidence and 

statistics on the causes of falls and injuries related to 
falls among wheelchair-using disabled athletes, it is 
understood that approximately 30-65% of individuals 
with spinal cord injuries who use wheelchairs in their 
daily lives have experienced at least one fall (Forslund 
et al., 2017). Additionally, it is known that the most 
frequent causes of falls among wheelchair-using 
disabled athletes occur during mobility, and falls often 
happen when the surface on which the wheelchair 
travels is poor or when attention or concentration is 
lacking during movement (Sung et al., 2019). Therefore, 
both assistants helping with wheelchair mobility and 
wheelchair athletes using wheelchairs should focus on 
looking ahead while moving and remain cautious about 
engaging in other activities (e.g., using a mobile phone 
or listening to music) to prevent falls during movement. 
Additionally, they should navigate through areas with 
better road conditions and less congestion, avoiding 
uneven or crowded spaces. If the wheelchair must be 
momentarily stopped, always ensure that the assistant 
or wheelchair athletes do not let go of the wheelchair 
if possible.

 
Nutrition and Hydration

 
Sedentary sports include activities for individuals 

with cerebral palsy and lower body disabilities who 
have limitations in standing. Low- to medium-intensity 
sedentary sports, which feature low exercise intensity, 
such as Boccia and Lawn bowls, encompass a broader 
range of disability types, including amputation and 
lower body disabilities as well as cerebral palsy. In 
this context, there is a greater reduction in muscle mass 
and sympathetic nervous system activity, along with 
lower energy demand, compared to both disabled and 
non-disabled athletes who can stand. This variation is 
attributed to the type of disability and the sport's 
specificity (Price, 2010). Additionally, prolonged sitting 
can lead to gastrointestinal disorders, resulting in 
physical issues such as nausea and vomiting (Graham- 
Paulson et al., 2015). Meanwhile, medium-intensity 
sedentary sports, such as archery and shooting, require 
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agility and coordination that focus on the upper body, 
primarily utilizing energy through the ATP-PC system 
(Sung, 2017).

According to a study by Wang et al. (2005), leptin 
levels in spinal cord injury patients were reported to 
be 32% higher than in non-disabled individuals. High 
leptin levels interfere with appetite control, leading to 
poor dietary intake patterns, particularly in the 
consumption of vitamins and minerals such as fruits 
and vegetables, which were found to be low (Eskici, 
2016). Furthermore, since sedentary wheelchair 
athletes’ exhibit lower physical activity levels compared 
to athletes in other sports, their calorie intake and 
requirements may decrease, potentially resulting in 
nutrient deficiencies, such as iron deficiency 
(Scaramella et al., 2018). Additionally, muscle mass 
may decline due to the influence of a limited metabolic 
rate, reduced energy expenditure, and decreased 
glycogen absorption. Prolonged sitting can lead to 
gastrointestinal and bowel disorders, necessitating a 
tailored nutritional intake appropriate for the sport and 
the athlete's specific condition. Consequently, the 
recommended daily carbohydrate intake for sedentary 
athletes includes complex carbohydrates, such as whole 
grains (e.g., multigrain rice), vegetables, and fruits. For 
low-intensity sports, an average of 3 to 5 g/kg per day 
is recommended, while for high-intensity sports, 8 to 
12 g/kg is advised. Furthermore, to prevent muscle loss, 
a protein intake of 1.2 to 1.7 g/kg per day is necessary. 
Additionally, carbohydrate intake prior to training (1 
to 4 hours before) can be suggested in the form of 
oatmeal, rye bread, and similar foods (Flueck, 2021).

In particular, wheelchair athletes with spinal cord 
injuries are more likely to experience heatstroke 
because their autonomic dysfunction decreases skin 
blood flow and impairs sweating control, both of which 
are essential for regulating body temperature. Therefore, 
managing heatstroke requires consistent water intake 
during and after the game, especially during training, 
with a recommended water intake of 500–1,000 mL 
to prevent a loss of more than 2% of body weight 
due to dehydration (Goosey-Tolfrey et al., 2016). After 
training, carbohydrate intake of 1–1.2 g/kg is necessary 
to replenish glycogen, while a water intake of 1.5 L 

per 1 kg of weight loss is suggested. Moreover, 20–25 
g (or 0.3–0.5 g/kg) is recommended to support muscle 
synthesis (Flueck, 2021).

 
Sleep and Rest

 
Getting enough sleep is important because a lack 

of sleep or deprivation can negatively affect physical 
performance, mood, and psychological well-being, 
leading to issues such as depression, tension, fatigue, 
and anger, while also reducing vitality (Watson, 2017; 
Reilly & Edwards, 2007). Additionally, sleep is 
essential for recovery and adaptation to training and 
competition. Generally, it is recommended that healthy 
adults sleep for more than 7 hours each night and ideally 
maintain a sleep efficiency of greater than 85%. 

In general, athletes experience sleep loss both before 
and after competition, which is known to significantly 
impact their performance and recovery (O’Donnell et 
al., 2018). In particular, para-athletes have been 
reported to have poorer sleep quality and increased 
daytime sleepiness compared to general athletes (Szabo 
& Kennedy, 2022).  

As introduced in the study of sleep optimization 
guidelines for athletes by Vitale et al. (2019), several 
specific behavioral guidelines for achieving sufficient 
and appropriate sleep are recommended: 1) Do not go 
to bed until you feel sleepy; if you’re not sleepy, get 
out of bed and do something else until you are. 2) 
Maintain a regular sleep and rest pattern; reading or 
taking a warm bath before bed can help. 3) Avoid 
napping as much as possible; if you must nap, limit 
it to less than one hour and refrain from doing so after 
3 PM. 4) Use the bed only for sleep and intimacy; 
do not use it for other electronic devices such as TVs 
or smartphones. 5) Avoid caffeine if possible; if 
necessary, refrain from it after lunch. 6) Do not drink 
alcohol or smoke before sleep. 7) Avoid engaging in 
high-intensity physical activity right before bedtime. 
8) The bedroom should be as quiet as possible, kept 
dark, slightly cool rather than warm, and maintained 
at an appropriate humidity level. 9) Avoid blue light 
from electronic devices at least two hours before going 
to bed; blue light is known to suppress melatonin 
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production, which is vital for sleep induction. 10) When 
you wake up, try to expose yourself to bright, natural 
light. 11) Avoid watching TV before bed; sleep studies 
indicate that doing so can lead to frequent awakenings 
at night and disrupt quality sleep. 12) Limit water intake 
just before bed to prevent early morning bathroom trips.

When resting, it is helpful to maintain a good 
condition by resting in a comfortable area (e.g., a bed 
or a cozy chair or sofa in private accommodation) away 
from the wheelchair (unless you must sit in it). 
Prolonged time in a wheelchair is known to cause 
pressure injuries (localized damage to tissue) due to 
shear force among wheelchair athletes and can adversely 
affect the body's recovery (Edsberg et al., 2016; Dutton, 
2019). Additionally, since wheelchair athletes must 
move and train extensively using their upper extremities, 
they should minimize upper extremity movement as 
much as possible during rest and perform light static 
stretching of the upper extremities during this time to 
reduce body fatigue and prevent additional injuries 
(Dutton, 2019). Furthermore, because wheelchair-bound 
athletes have more difficulty regulating their body 
temperature than general athletes, it is recommended 
to prevent hyperthermia by exposing them to cool air 
during rest periods immediately after exercise training 
or competition, icing, and (if possible) full-body cold 
water baths (which are known to be more effective than 
icing or cold towel compresses (Forsyth et al., 2016), 
along with adequate hydration (Dutton, 2019).

 
Managing Jet Lag 

 
The process of physical functions change over a 

24-hour cycle is called circadian rhythm. Traveling 
abroad, especially to regions with a time difference 
of more than three hours, can disrupt circadian rhythms, 
which are closely linked to sleep, activity cycles, body 
temperature, meals, and hormone secretion (Klerman, 
2005). Reduced sleep duration, poor sleep quality, and 
sudden alterations in circadian rhythms significantly 
affect athletic performance (e.g., reaction time, 
muscular endurance, anaerobic power, cognitive 
function, and running speed), regardless of the athlete's 
characteristics or sport, and can increase the risk of 

injury (Watson, 2017). According to a recent study on 
the effects of jet lag and sleep deprivation resulting 
from international competitions on the sleep and 
subjective fatigue of wheelchair basketball athletes, 
overall conditions were better during long-term travel 
(up to 30.2 hours) than during short-term international 
travel (up to 6.5 hours) (Thornton et al., 2018). This 
occurs because the greater the change in time zone 
at the travel destination and the longer the travel 
duration, the worse the circadian rhythm mismatch and 
the more significant the resulting sleep disturbance. 
Additionally, sleep deprivation and shifts in circadian 
rhythm can negatively affect psychological factors such 
as anxiety, stress, and compulsion, while also leading 
to a decline in physical performance (Watson, 2017). 

The sleep and rest characteristics and strategies of 
wheelchair athletes participating in international 
competitions are not considered significantly different 
from those of non-disabled athletes competing in 
international events. However, considering the various 
obstacles and restrictions associated with wheelchair 
use (e.g., physical exhaustion due to inconveniences 
such as using flights and public transportation, moving 
to locations beyond transportation, and using 
restrooms), it is crucial to make efforts to minimize 
physical exhaustion compared to everyday life (Jaarsma 
et al., 2013; McLoughlin et al., 2016). Therefore, sports 
medicine professionals and coaching staff should 
thoroughly manage and assist athletes with appropriate 
schedules, travel protocols, time management, stress 
management, and sleep hygiene to enhance overall 
health and performance. However, considering the 
various obstacles and restrictions related to wheelchair 
use (e.g., physical exhaustion due to inconveniences 
such as navigating flights and public transportation, 
reaching locations beyond transportation access, and 
using restrooms), it is essential to strive to reduce 
physical fatigue compared to daily life (Jaarsma et al., 
2013; McLoughlin et al., 2016). Therefore, sports 
medicine professionals and coaching staff should 
carefully manage and support athletes with suitable 
schedules, travel protocols, time management, stress 
management, and sleep hygiene to improve overall 
health and performance. 
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Accessibility
 
The entire process of moving to the stadium, training 

site, and accommodation during the competition period 
significantly impacts the performance of wheelchair 
athletes. Therefore, considering the time required for 
movement, transportation, the presence of obstacles, 
and facilities for the disabled, finding the optimal route 
should be regarded as a crucial element for the effective 
conditioning management of disabled athletes. Among 
the factors limiting wheelchair athletes’ participation 
in sports, inadequate facilities and issues related to 
mobility and accessibility are often mentioned. This 
is because wheelchair athletes encounter various 
adverse conditions in the external environment, such 
as insufficient space, poor road conditions, stairs, and 
speed bumps. For disabled athletes, traveling to 
stadiums or other venues for sports participation often 
requires more time and money than necessary. They 
report experiencing physical and mental fatigue based 
on the availability of facilities for people with 
disabilities, such as elevators or ramps (Kim & Seo, 
2015; Lee et al., 2016). Access to the stadium for 
wheelchair athletes directly influences their performance 
and forms the basis for conditioning these athletes. This 
includes identifying the best routes to the stadium or 
training ground while considering traffic congestion and 
time zones to prevent and address such issues (Jang 
et al., 2016). As a result, major events like the Olympics 
and Paralympics are driving the movement to create 
an inclusive environment for people with disabilities 
to participate in society. This involves installing 
convenient facilities to improve stadium accessibility 
and fostering an environment where anyone can easily 
take part in sports, regardless of disability (Sneep, 2020; 
Tomomi, 2009).

To enhance the performance of wheelchair athletes 
in international competitions, it is essential to 
proactively identify barrier-free environments, such as 
stadium accessibility, and utilize them effectively. 
Barrier-free is a movement aimed at addressing the 
challenges faced due to physical and mental limitations, 
such as improving the physical environment and 
addressing psychological disabilities, with a focus on 

socially disadvantaged individuals, including the 
disabled and the elderly. Barrier-free refers to the 
concept of ‘no obstacles or barriers,’ which is reflected 
in the design and planning of buildings and facilities. 
This approach ensures that individuals with disabilities 
can fully engage in society and achieve equality, 
allowing them to participate in daily life and social 
activities without inconvenience (Lee & Kim, 2023). 
Barrier-free and universal designs are expected to 
positively impact awareness of individuals with 
disabilities and promote a sense of community. These 
designs are closely linked to the participation of people 
with disabilities in sports. Accordingly, active measures 
are being taken to reduce the physical and psychological 
access gap between individuals with disabilities and 
those without, regarding facility use and viewing. These 
measures include installing ramps and wheelchair- 
accessible elevators next to stairs, creating parking 
spaces for vehicles used by individuals with disabilities, 
and providing restrooms with accessible facilities (Yun 
& Kang, 2019). Policies and systems that are barrier- 
free and inclusive of people with disabilities must be 
actively implemented and embraced by the systems of 
countries hosting international competitions.

 
Discussion

 
The objective is to develop a strategy aimed at 

reducing injuries by promoting parasports and 
enhancing performance as a conditioning approach for 
wheelchair athletes. The results of this study are 
discussed by categorizing them into the following 
results. Factors affecting the performance of wheelchair 
athletes’ performance drivers among wheelchair athletes 
are multifactorial, including physical conditioning, 
aerobic and anaerobic capacities, wheelchair 
configuration, and skill proficiency. Prevention and 
management of PUs long-term seated activity exposes 
wheelchair athletes to an higher risk of pressure ulcers, 
particularly at the ischial tuberosities and sacral region. 
Falls frequently occur during transfers, rapid movement 
on court, or due to fatigue induced balance loss. 
Conditioning regimens should focus on core and upper 
limb strength to improve athlete stability, while 
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dedicated skills training can enhance transfer 
confidence and dynamic balance. Environmental 
adaptations, such as non-slip surfaces and accessible 
facility designs are essential. 

Wheelchair athletes should prioritize hydration 
management, especially those with spinal cord injuries 
and impaired thermoregulation, as dehydration can 
decrease performance and increase the risk of pressure 
ulcers and urinary issues. Also, wheelchair athletes with 
physical impairments often experience greater sleep 
disruption due to pain, spasticity, or autonomic 
dysregulation. Tailored recovery protocols that 
schedule adequate rest between high-load sessions, 
optimize bedding, facilitate nocturnal comfort, and 
possibly incorporate cognitive behavioral approaches 
can significantly enhance sleep quantity and quality. 
Managing jet lag international competition schedules 
create circadian misalignment that impairs both 
physiological and cognitive performance. Successful 
management includes gradual shift of sleep wake cycles 
pre-travel, strategic exposure to natural light, hydration 
protocols, and, where appropriate, controlled use of 
melatonin or pharmacological aids. For athletes with 
compromised autonomic function, additional planning 
is necessary to minimize adverse post travel effects. 
Every aspect of conditioning and injury prevention is 
depending on access to facilities, equipment, medical 
care, and coaching expertise Equal access to these 
resources regardless of location or socioeconomic 
background is essential for safe participation and 
reducing injuries. Wheelchair athletes exhibit diverse 
physiological characteristics and responses depending 
on the type and severity of their impairments. Therefore, 
detailed monitoring and personalized conditioning 
programs are essential to optimize their performance. 
In addition to physiological factors, mental health and 
psychosocial elements also play a significant role in 
the performance and recovery of wheelchair athletes.

In summary, reducing injuries and improving 
performance in wheelchair athletes depends on a 
comprehensive approach that includes personalized 
physical and technical training, proactive skin and fall 
prevention, proper nutrition and hydration, sleep and 
recovery strategies, jet lag management, and ensuring 

universal accessibility. The integration of athlete- 
centered support, efficient equipment adjustments, and 
continuous evaluation build a strong foundation for 
advancing para-sport in both injury prevention and 
athletic achievement. The conditioning strategy outlined 
in this study for wheelchair athletes aims to enhance 
performance and reduce the risk of injuries during 
international competitions. Furthermore, this strategy 
is expected to gather vital data to support future sports 
science initiatives for wheelchair athletes. The 
conditioning strategy introduced in this study for 
wheelchair athletes aims to maximize performance and 
reduce injuries in international competitions. 
Additionally, it is expected to provide essential data 
for future sports science support for wheelchair 
athletes.
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İslamoğlu, A., & Kenger, E. B. (2019). Nutrition 
considerations for athletes with physical 
disabilities. Current Sports Medicine Reports, 
18(7), 270-274. 

Jaarsma, E. A., Geertzen, J. H. B., de Jong, R., Dijkstra, 
P. U., & Dekker, R. (2013). Barriers and facilitators 
of sports in Dutch Paralympic athletes: An 
explorative study. Scandinavian Journal of 
Medicine & Science in Sports, 24(5), 830-836. 

Jang, J., Kim, H., & Cho, C. (2016). Jet lag overcoming 
guidance development for athletic performance 
enhancement of Korea national team participating 
in 2016 Rio Paralympic Game. Journal of Sport 
and Leisure Studies, 65, 511-524.

Jung, D. S. (1993). A scientific program for overcoming 
jet lag. Sports Science, 45, 92-103.

Jung, K., & Kim, H. (2004). The performance forming 
factors of the National Taekwondo Team Athletes. 
The Korean Journal of Physical Education, 43(5), 
475-484.

Kang, Y., Yang, S., Cho, M., & Sin, Y. (2010). The 
study on the evaluation of contact pressure of 
wheelchair seat cushion. Proceedings of the 
Korean Society Conference, 1-7.

Katz, J. (2007). Reflections on the Paralympic HQ 
psychology service: Athens 2004. Sport & Exercise 
Psychology Review, 2(2), 25-28. 

Kim, C. (2019). The hidden weapon of paralympic 
sports: The world of equipment. Sports Science, 
149, 56-62.

Kim, J., & Seo, E. (2015). Content analysis on support 
system problems of elite sports for athletes with 
disabilities. Korean Journal of Adapted Physical 
Activity, 23(3), 65-81.

Kim, J., Song, K., & Kim, D. (2020). Development 
of an individualized exercise program for persons 
with physical disabilities. The Korean Society of 
Living Environmental System, 27(5), 586-597.

Klerman, E. B. (2005). Clinical aspects of human circadian 
rhythms. Journal of Biological Rhythms, 20(4), 
375-386. 

Lee, J., Kim, J., & Hong, S. (2016). Development of 
the questionnaire for impeding leisure sports 
activity of women with disability. Korean Journal 
of Adapted Physical Activity, 24(3), 97-111.

Lee, T., & Kim, K. (2023). A study on the architectural 
planning of bandabi sports center: Focusing on 
domestic cases. Architectural Institute of Korea 
Conference, 43(1), 71-71.

Martin, J. J. (2015). Determinants of elite disability 
sport performance. Kinesiology Review, 4(1), 
91-98.

McLoughlin, G., Fecske, C. W., Castaneda, Y., Gwin, 
C., Graber, K. (2016). Sport participation for elite 
athletes with physical disabilities: Motivations, 
barriers, and facilitators. Adapted Physical Activity 
Quarterly, 34(4), 421-441.

O’Donnell, S., Beaven, C. M., & Driller, M. W. (2018). 
From pillow to podium: A review on understanding 
sleep for elite athletes. Nature and Sciece of Sleep, 
10, 243-253.

Park, C., Jin, K., & Kang, H. (2018). A comparative 
study of the mode of nutrition intake, recovery, 
and fitness training for conditioning by the level 
of soccer players. The Korean Journal of Sport, 



186 Ji Young Kim & Minuk Kang 

16(1), 571-581.
Park, K., Park, S., & Jeon, H. (2005). Woundostomy. 

Hyunmunsa.
Paulson, T., & Goosey-Tolfrey, V. (2017). Current 

perspectives on profiling and enhancing wheelchair 
court sport performance. International Journal of 
Sports Physiology and Performance, 12(3), 275-286.

Perret, C. (2017). Elite-adapted wheelchair sports 
performance: A systematic review. Disability and 
Rehabilitation, 39(2), 164-172.

Pittman, J. (2007). Effect of aging on wound healing: 
current concepts. Journal of Wound Ostom., & 
Continence Nursing, 34(4), 412-417.

Price, M. (2010). Energy expenditure and metabolism 
during exercise in persons with a spinal cord injury. 
Sports Medicine, 40, 681-696.

Puce, L., Okwen, P., Yuh, M. N., Okwen, G. A. N., 
Miong, R. H. P., Kong, J., & Bragazzi, N. (2023). 
Well-being and quality of life in people with 
disabilities practicing sports, athletes with 
disabilities, and para-athletes: Insights from a 
critical review of the literature. Frontiers in 
Psychology, 14.

Reilly, T., & Edwards, B. (2007). Altered sleep-wake 
cycles and physical performance in athletes. 
Physiolog., & Behavior, 90(28), 274-284. 

Reilly, T. (2009). How can travelling athletes deal with 
jet-lag? Kinesiology, 41(2), 128-135.

Scaramella, J., Kirihennedige, N., & Broad, E. (2018). 
Key nutritional strategies to optimize performance 
in para athletes. Physical Medicine and 
Rehabilitation Clinics, 29(2), 283-298.

Sellami, M., Puce, L., & Bragazzi, N. L. (2023). 
Immunological response to exercise in athletes 
with disabilities: A narrative review of the 
literature. Healthcare, 11(12), 1692.

Shamseer, L., Moher, D., Clarke, M., Ghersi, D., 
Liberati, A., Petticrew, M., Shekelle, P., & Stewart, 

L. A. (2015). Preferred reporting items for systematic 
review and meta-analysis protocols (PRISMA-P) 
2015: Elaboration and explanation. BMJ: British 
Medical Journal, 349, g7647.

Shaw, C. G. (1998). Retention of supportive properties 
by eggcrate and foam wheelchair cushions. Journal 
of Rehabilitation Research and Development, 
35(4), 396-404.

Sneep, D. A. (2020). Discover tomorrow: Tokyo’s 
‘barrier-free’Olympic legacy and the urban ageing 
population. In A. Ogawa & P. Seaton (Eds.), New 
Frontiers in Japanese Studies (pp. 91-103). 
Routledge.

Song, H., Lee, J., & Kim, Y. (2012). Preparations of 
conditioning strategies for 2012 London Olympic 
Team. The Korean Journal of Sport, 10(4), 249- 
261.

Sung, B. J. (2017). Development of a sports-specific 
physical training program. Regional Sports 
Science Center Research Report.

Sung, J., Trace, Y., Peterson, E. W., Sosnoff, J. J., 
& Rice, L. A. (2019). Falls among full-time 
wheelchair users with spinal cord injury and 
multiple sclerosis: A comparison of characteristics 
of fallers and circumstances of falls. Disability 
Rehabilitation, 41(4), 389-395.

Szabo, S. W., & Kennedy, M. D. (2022). Practitioner 
perspectives of athlete recovery in paralympic 
sport. International Journal of Sports Science & 
Coaching, 17(2), 274-284.

Taylor, D., & Williams, T. (1995). Sports injuries in 
athletes with disabilities: Wheelchair racing. 
Paraplegia, 33(5), 296-299.

Thornton, H. R., Miller, J., Taylor, L., Sargent, C., 
Lastella, M., & Fowler, P. M. (2018). Impact of 
short- compared to long-haul international travel 
on the sleep and wellbeing of national wheelchair 
basketball athletes. Journal of Sports Sciences, 



 
Conditioning Strategies to Enhance Performance for Wheelchair Athletes: A Systematic Review 187

36(13), 1476-1484. 
Tomomi, M. (2009). Barrier-free effect by the Beijing 

Olympic-Comparison of research results in 
between 2004 and 2008. The Asian Society of 
Disable Sociology, 9, 1-8.

Vileikyte, L. (2007). Stress and wound healing. Clinics 
in Dermatology, 25(1), 49-55.

Vitale, K. C., Owens, R., Hopkins, S. R., & Malhotra, 
A. (2019). Sleep hygiene for optimizing recovery 
in athletes: Review and recommendations. 
International Journal of Sports Medicine, 40(8), 
535-543.

Watson, A. (2017). Sleep and Athletic Performance. 
Current Sports Medicine Reports, 16(6), 413-418, 

Wang, Y. H., Huang, T. S., Liang, H. W., Su, T. C., 
Chen, S. Y., & Wang, T. D. (2005). Fasting serum 

levels of adiponectin, ghrelin, and leptin in men 
with spinal cord injury. Archives of physical 
medicine and rehabilitation, 86(10), 1964-1968.

Wound, Ostony, and Continence Nurses Society. 
(2017). WOCN 2016 guideline for prevention and 
management of pressure injuries (ulcers). Journal 
of Wound, Ostomy and Continence Nursing, 44(3), 
241-246.

Yun, D., & Kang, C. (2019). A study on planing of 
training center for the disabled player. Architectural 
Institute of Korea Conference, 39(1), 45-48.

Yun, Y., Kim, W., & Lim, T. (2006). Analytic hierarchy 
process to examine factors influencing sports 
performance. Korean Journal of Sport Psychology, 
17(1), 1-11.

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


