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This mini-review examines the role of Virtual Reality (VR) in enhancing athletes’
performance and reaction abilities in combat sports, aiming to highlight the
advantages and potential benefits of VR technology for improving outcomes in
various combat disciplines. We identified 13 relevant studies from the Web of Science
and Scopus databases, encompassing disciplines such as fencing, taekwondo,
karate, judo, and wrestling. The findings indicate that VR training can enhance
athletes’ sports skills and physical fitness, correct improper movements, provide
training feedback, and, in some cases, surpass the effectiveness of traditional
training methods. It also significantly enhances athletes’ reaction capabilities.
Even with these benefits, VR usage in combat training is still quite limited. Future
research should focus on how to better leverage the advantages of VR technology
in practical combat training for athletes, addressing the lack of tactile feedback,
aiding athletes adapt to competition pressure caused by spectators, and examining
whether there are gender differences in the use of this technology for training.
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Introduction

Virtual Reality (VR) refers to a computer-generated immersive environment based on
head-mounted displays (HMDs) that allows users to experience a sense of “being there”
(Bowman and McMahan, 2007), which has emerged as a promising tool for developing
athletes’ decision-making abilities by enhancing their perceptual and cognitive skills, which
in turn facilitates improved sports decision-making (Yunchao et al., 2023). Existing evidence
suggests that, compared to traditional video training, VR training leads to more significant
improvements in athletes’ decision-making performance and visual search behavior (Fortes
etal, 2021; Pagé et al,, 2019). Additionally, VR-based imagery training has proven to be more
effective than conventional methods currently in use (Bedir and Erhan, 2021; Ross-Stewart
et al, 2018). VR enables safe, repeatable training tasks with full control over the training
environment, including stimuli and difficulty levels (Hoffmann et al., 2014). Another
significant advantage of VR is its ability to offer personalized training experiences, allowing
athletes to compete or train with others from around the world, regardless of their competitive
level, gender, or age (Neumann et al,, 2018). Currently, VR is mainly used in sports like ball
games (Faure et al., 2020), target sports (e.g., dart throwing) (Mousavi et al., 2019), snow sports
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(Ko et al., 2020), and water sports (Farley et al., 2019), but it has
received less attention in complex sports such as combat sports.

Combat sports are classified as open-skill sports (including
boxing, karate, tackwondo, wrestling, martial arts, judo, Muay Thai,
kickboxing, sanda, jiu-jitsu, fencing, Sambo, Aikido, and mixed
martial arts), characterized by sudden environmental changes that
require athletes to react in dynamic and unpredictable contexts (Russo
and Ottoboni, 2019; Wang et al., 2013). In combat sports, reaction and
decision-making abilities are critical to the outcome of matches
(Gierczuk et al., 2017, Mori et al., 2002), and VR just can contribute
to such training (Kittel et al., 2019; Petri et al., 2019a). Another key
characteristic of combat sports is physical conflict (Vasconcelos et al.,
2020), such as repeated head impacts (Di Virgilio et al., 2019; Lota
etal, 2022), which can result in injuries (Lystad et al., 2021). Therefore,
finding more scientific ways to ensure athletes’ safety and prolong
their careers is crucial. In response to this need, VR is useful as it
allows for safe and repeatable training tasks with high controllability
(Miles et al., 2012).

Despite these explorations, the application of VR in combat sports
remains an emerging field. Therefore, this mini-review is presented to
underline the valuable findings in this regard and offer several
recommendations based on our years of experience in teaching and
training within this field.

Methods

We used keyword searches in WOS and Scopus (covering titles,
abstracts, and keywords). Our search query was: Topic = “virtual
reality” or “VR” AND Topic = “Boxing” OR “boxer” OR “combat
sport*” OR “karate” OR “tackwondo” OR “wrestling” OR “fencing”
OR “martial art*” OR “judo” OR “jiu jitsu” OR “wushu” OR “kung fu”
OR “Muay Thai” OR “Krav Maga” OR “Sambo” OR “Aikido” OR
“kickbox*”This search query was derived from a previous review on
VR (Rojas-Sanchez et al., 2023) and previous reviews on combat
sports (Chaabene et al., 2018; Vasconcelos et al., 2020; Worsey et al.,
2019). We set the search period from the inception of the databases to
April 21, 2024, with a language limit of English.

Results

Virtual reality implementation in different
combat sports specialties

VR has been applied in various sports training programs (Richlan
etal, 2023), including combat sports. Back et al. (2003) were among
the first to utilize VR technology in combat training, proposing a
VR-based training framework comprising three components: motion-
guided interfaces, posture-oriented motion redirection, and
assessment and recommendation schemes for corrective feedback.
Finally, a demonstration was conducted in fencing training, correcting
the errors of holding the sword apart during fencing using
redirection methods.

In the field of Taekwondo, Jelani et al. (2018) developed a
system to guide trainees in self-practice. The authors detailed
four stages of this system, starting with motion capture of
Taekwondo movements, followed by 3D modeling of characters
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and environments, animation of 3D characters, and finally,
creating VR training environments. Compared to traditional
Taekwondo training supplementary materials (books, videos,
texts, images), VR training environments have significant
advantages (see Figure 1). Another study indicated that VR
technology improved the specific abilities of Taekwondo students
in a short time frame, with significant improvements in high
kicks and flying kicks. While VR technology assisted students in
mastering challenging movements, it did not improve their
physical fitness in a short time frame (standing long jump,
sit-and-reach, 50-meter sprint, and 800-meter run) (Liu and
Tian, 2024).

In Karate, researchers identified action sequences from 45
international Karate competitions, captured movements of three
Karate athletes, and created the first practical Karate virtual
training character (Zhang et al., 2018). This character can move
in five specific directions and execute attacks close to reality
based on the user’s actions. It passed functional and performance
tests, and Karate experts believed it could improve athletes’
combat capabilities. Pastel et al. (2023) compared the effectiveness
of visualizing different levels of body (full-body/forearm)
visualization in Karate learners in VR environments versus video
learning. The results showed significant improvements in all
three groups after training, confirming VR as a suitable tool for
learners to acquire sports techniques, but there were no
significant differences among the three groups. Specifically, the
VR group did not outperform the video group, and full-body
visualization was not necessary as it did not show superiority
over forearm visualization.

In Judo, researchers divided 24 Judo athletes into two groups and
asked them to imitate three techniques of two world champions (masters)
(Sieluzycki et al, 2019). The experimental group underwent 5 VR (Kinect)
training sessions, while the control group used Kinect for the first and
fifth sessions, with the coach guiding the intermediate three sessions, each
lasting 20 min. Kinect positioned 25 joints of the human body, scaled
athletes relative to the masters’ height on the x, y, and z axes, and aligned
them vertically to match the masters’ virtual joints on the screen. Athletes
were prompted to simulate masters’ movements according to traffic lights
and receive feedback to correct errors. The results showed significant
improvement in the experimental group after five training sessions,
outperforming the control group. Kinect significantly helped athletes’
movement accuracy, especially for elite athletes for whom slight
differences could determine the outcome of a match. Most athletes had
high expectations for the Kinect systems entry into Judo clubs (Sieluzycki
etal., 2019).

In wrestling, Mohamed and El-Bedewy (2023) conducted an eight-
week training program for novice wrestlers, three times a week, 90 min
each, aiming to investigate the effectiveness of virtual reality training
(VRT) in improving athletes’ physical abilities. The improvement in
athletes’ back, leg, arm muscle strength, speed, flexibility, and agility after
training was significantly better than that of the control group (traditional
training group), with the greatest change in arm muscle strength and the
least change in leg muscle strength. Researchers attributed the use of VR
glasses in the training program as the main reason for this advantage and
suggested incorporating VRT into wrestlers’ physical training to enhance
training effectiveness.

In general, VR technology has been successfully integrated into
various combat sports training programs, enhancing athletes’ skills
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FIGURE 1

The comparison between virtual reality training and different traditional training methods.

through motion-guided interfaces, posture correction, and
performance feedback, with evidence showing improvements in
movement accuracy, technique mastery, and physical abilities,
although its impact on overall fitness remains limited.

The impact of virtual reality on reaction
abilities in combat athletes

Regarding athletes’ reaction abilities, two studies conducted 10
sessions of virtual reality-specific reaction training for 15 Karate athletes,
prompting them to respond to attacks from virtual opponents and testing
reaction time, reaction quality, and reaction type (Petri et al., 2019a; Petri
etal, 2019b). The conclusion was that VR training significantly improved
Karate athletes’ reaction behaviors, such as shortening reaction time and
transitioning from reacting to the execution phase of opponent attacks
before training to reacting to early movement stages (shortening distance
and preparation period) after training. The studies indicated that apart
from lower reaction quality in virtual reality compared to the real world,
there were no significant differences in reaction time and reaction type
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between the virtual and real worlds (Ritter et al, 2022). Adding 10 min of
VR training to regular Karate training was beneficial for improving
athletes’ reaction abilities, but it was not proven whether this benefit could
transfer to the real world (Witte et al., 2022). Polechonski and Langer
(2022) evaluated the reliability of using virtual reality technology to test
mixed martial arts athletes’ reaction times, considering it equally
applicable as computer-based standard tools, and effective in reducing
testing errors caused by human factors (Langer et al., 2023). In general,
VR training has been shown to significantly improve reaction times and
reaction quality in Karate athletes, helping them react faster and more
effectively to opponent movements, though the improvements may not
directly transfer to real-world performance, and reaction quality in VR
lags behind that in real-life scenarios.

Discussion and future directions
VR technology has shown significant advantages in training.

It can precisely record athletes’ movements and create virtual
training avatars, allowing athletes to repeatedly practice and
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their within an immersive virtual

environment, thereby enhancing the accuracy and fluidity of

correct techniques
their movements. At the same time, VR technology provides
athletes with personalized training programs and feedback,
enabling targeted training based on individual characteristics and
needs, which strengthens the specificity and effectiveness of the
training. Additionally, VR training has led to substantial
improvements in athletes’ skills and physical fitness in a short
period, such as enhancing high kick and flying kick abilities in
taekwondo students, as well as increasing muscle strength and
speed in wrestlers. In terms of reaction time, VR training has
significantly improved athletes’ response behaviors, reducing
reaction time and improving response quality. However, there is
currently a lack of definitive evidence regarding the effective
transfer of these advantages to real-world applications. A
systematic review by Michalski et al. (2019) offers preliminary
support for the effectiveness of VR training in enhancing real-
world performance, which aligns with the findings reported by
Harris et al. (2020). Despite these promising evidences, further
validation of its impact on real-world performance is required.
A recent mini-review consolidates evidence that VR training
facilitates patient rehabilitation, boosts energy expenditure and
physical activity in individuals with disabilities (Li et al., 2025).
Additionally, VR training has been demonstrated to effectively
alleviate adolescent stress and enhance executive function (Cioffi et al.,
2023). These results underscore VR’s extensive applicability.
Although VR has been shown to have significant advantages,
there are also some unresolved limitations and different
perspectives. Scientific information pertaining to the utilization
of combat sports within Virtual Reality (VR) as an intervention
for mentally impaired practitioners remains scarce. Potentially,
this could represent a viable research trajectory for future
endeavors. VR may assist individuals with mental disorders by
enhancing their reaction times, attention, and decision-making.
On the flip side, besides elite combat athletes, leisure and amateur
practitioners deserve attention, comprising a large group. Many
of them undertake training for fitness or leisure pursuits, rather
than competitive endeavors. Studies have shown that the
performance of the VR training group in throwing accuracy is
significantly lower than that of the real-world training group,
impairing real-world athletic performance (Drew et al., 2020).
The efficacy of using VR technology to improve athletic skills is
not high (Le Noury et al.,, 2022), indicating that not all sports are
suitable for improving teaching or training effects through VR
technology. For example, the lack of tactile feedback during use
(Petri et al., 2019b) prevents athletes from launching second or
even third attacks after blocking and defending like they do in
the real world. The absence of tactile information may have a
negative impact on the experience of combat sports users who
require full-body contact (Berger et al., 2018), so adding tactile
sensations in VR training is necessary for combat sports (Zhang
et al,, 2018). Only by giving athletes a more realistic sense of
touch can they help transfer the training effects from virtual
reality to the real world and competitions. Additionally, existing
articles indicate that compared to traditional training, VR
technology does not significantly improve physical fitness (IKong
and Zhang, 2024; Pu and Yang, 2022; Wang et al., 2023).

Interestingly, one study showed significant improvements in the
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physical abilities of wrestlers after 24 sessions of VR training
(Mohamed and El-Bedewy, 2023). This may be related to the
specific implementation details of VR intervention and
differences in the devices used.

All training for combat athletes (such as physical fitness, reaction
ability, and movement accuracy) ultimately serves to achieve superb
combat capabilities. With the popularization of combat sports, the
demands on athletes and coaches are increasing, and the demand for
using emerging technologies to improve athletic skills is also growing.
VR technology can provide significant advantages in real-world
combat training because practicing in a virtual environment ensures
athlete safety, eliminates their fear of injury, and allows them to
challenge difficult techniques with greater confidence, which is crucial
for athletes (especially high-level athletes) to improve their
competitive abilities. Additionally, training against virtual opponents
based on VR can reduce the psychological pressure of facing real
opponents. Numerous athletes have ended their careers in training
halls, and many athletes have suspended training after being injured
in a single real-world combat. Some boxers tend to prove their
superiority by using heavy hits, and opponents hit back with even
greater force. In such real combat scenarios, they focus only on
“surviving” rather than on better technique. At this point, they are in
a state of mind known as “fight or flight,” which can create feelings of
pressure, anxiety, and even panic. This psychological state greatly
affects memory and learning, significantly impacting training
effectiveness. That’s why some of the world’s great warriors, such as
Tom Breese (Sherdog.com, 2024c¢), Donald Cerrone (Sherdog.com,
2024a), and Max Holloway (Sherdog.com, 2024b), no longer engage
in real combat training. They found that using “games” (light sparring)
as a substitute for real combat is more effective and safer. VR provides
another safe and reliable training method for athletes. The increasing
recognition of VR training as a performance enhancer in sports clubs
is evident, exemplified by Chinese UFC athlete Wang Cong’s VR-based
blurred vision simulation and Jake Paul's use of VR during his
preparation for a fight against Mike Tyson. These examples highlight
the expanding use of VR in athletic training routines. It is crucial to
highlight that VR cannot fully replace real-world social connections,
teamwork, and adaptability. Ideally, VR should serve as a
complementary tool rather than a complete substitute for in-person
sports training.

Because of these advantages, we believe that VR-based virtual
sparring may completely change the training process and improve
athletes’ training experiences. Surprisingly, to our knowledge, only
one paper (Zhang et al., 2018) directly discussed ways to use VR to
improve the combat capabilities of karate athletes. Therefore,
we suggest developing a virtual combat training system that creates
opponents almost identical to real opponents, targeting different types
of combat sports. For example, we can input videos of athletes’
matches or training sessions into the system, capturing opponents’
physique, technical styles, and tactical characteristics to build a
database for creating virtual opponents. This will provide athletes with
controlled opponents, a platform for repeatable practice, and safety
assurance. They can autonomously switch between different virtual
sparring partners, including world champion-level athletes they may
not encounter in real life.

Secondly, by studying and analyzing videos of the world’s top
athletes, we can construct a technical system to guide athletes in
dealing with various opponents. Athletes can then engage in virtual
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combat training to truly master techniques and tactics, thereby
breaking the limitations of traditional training thinking and resources.
This also partially compensates for the shortage of coaches, as coaches
in large sports teams often cannot provide one-on-one guidance to
every trainee. What's more, by simulating the cheers or boos of the
audience, inexperienced athletes can better adapt to the pressure
situations they may face during competitions. For instance, the
presence or absence of spectators in a football stadium significantly
impacts the psychological state, behavior, and performance of football
players and teams (Richlan et al., 2023). Similar scenarios might also
occur in combat sports arenas.

Finally, we found that most experimental subjects were male,
with only a few studies including female participants. This aligns
with the general under-representation of female participants in
sports science (Anderson et al., 2023). Research by Kong and Zhang
(2024) suggests that VR-assisted training is more effective for
females than males, but it does not specifically explain the
mechanisms and reasons behind this. To our knowledge, no other
studies have focused on the gender differences in using this
technology. Li et al. (2024) have pointed out that there is a severe
gender imbalance in martial arts clubs, making it harder for female
athletes to find suitable training partners. They often face challenges
such as “excessive concessions” and concerns about “inappropriate
physical contact” during training with male partners. Using VR
training can effectively avoid these issues, which might be one of the
reasons why training outcomes for females are better than for males.
This also highlights the need for more attention to the application of
these technologies to female groups in the future.

Conclusion

We reviewed 13 studies on the use of VR in combat sports,
summarizing its role in enhancing athletic performance. However,
we believe that the broader advantages of this technology in combat
sports training have yet to be fully realized. Accordingly, we concluded
with several recommendations to encourage more researchers to
explore the greater potential of VR in this field.

References

Anderson, N., Robinson, D. G., Verhagen, E., Fagher, K., Edouard, P,
Rojas-Valverde, D., et al. (2023). Under-representation of women is alive and well in
sport and exercise medicine: what it looks like and what we can do about it. BMJ Open
Sport Exerc. Med. 9:¢001606. doi: 10.1136/bmjsem-2023-001606

Baek, S., Lee, S., and Kim, G. J. (2003). Motion retargeting and evaluation for
VR-based training of free motions. Vis. Comput. 19, 222-242. doi:
10.1007/500371-003-0194-2

Bedir, D., and Erhan, S. E. (2021). The effect of virtual reality technology on the
imagery skills and performance of target-based sports athletes. Front. Psychol. 11:2073.
doi: 10.3389/fpsyg.2020.02073

Berger, C. C., Gonzalez-Franco, M., Ofek, E., and Hinckley, K. (2018). The uncanny
valley of haptics. Science. Robotics 3:eaar7010. doi: 10.1126/scirobotics.aar7010

Bowman, D. A., and McMahan, R. P. (2007). Virtual reality: how much immersion is
enough? Computer, 40(7), 36-43. Computer 40, 36-43. doi: 10.1109/MC.2007.257

Chaabene, H., Negra, Y., Bouguezzi, R., Capranica, L., Franchini, E., Prieske, O., et al.
(2018). Tests for the assessment of sport-specific performance in Olympic combat
sports: a systematic review with practical recommendations. Front. Physiol. 9:386. doi:
10.3389/fphys.2018.00386

Cioffi, R., and Lubetzky, A. V. (2023). BOXVR versus guided YouTube boxing for
stress, anxiety, and cognitive performance in adolescents: a pilot randomized controlled
trial. Games Health J. 12, 259-268. doi: 10.1089/g4h.2022.0202

Frontiers in Psychology

10.3389/fpsyg.2025.1563212

Author contributions

YL: Conceptualization, Investigation, Writing — original draft,
Writing - review & editing. HL: Methodology, Supervision, Validation,
Writing - original draft, Writing — review & editing. CJ: Supervision,
Writing - review & editing. YS: Validation, Writing - review & editing. SJ:
Validation, Writing - review & editing. GZ: Methodology, Supervision,
Validation, Writing — original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study was
funded. Specific information: The 2024 Chonggqing Sports Science
Research Project (project number:A202476).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or those
of the publisher, the editors and the reviewers. Any product that may
be evaluated in this article, or claim that may be made by its manufacturer,
is not guaranteed or endorsed by the publisher.

Di Virgilio, T. G., Ietswaart, M., Wilson, L., Donaldson, D. I., and Hunter, A. M.
(2019). Understanding the consequences of repetitive subconcussive head impacts in
sport: brain changes and dampened motor control are seen after boxing practice. Front.
Hum. Neurosci. 13:294. doi: 10.3389/fnhum.2019.00294

Drew, S. A., Awad, M. F, Armendariz, J. A., Gabay, B., Lachica, I. J., and
Hinkel-Lipsker, J. W. (2020). The trade-off of virtual reality training for dart throwing:
a facilitation of perceptual-motor learning with a detriment to performance. Front.
Sports Active Living 2:59. doi: 10.3389/fspor.2020.00059

Farley, O. R. L., Spencer, K., and Baudinet, L. (2019). Virtual reality in sports coaching,
skill acquisition and application to surfing: A review, no. 15. Available online at: https://
hdlhandle.net/10292/13059.

Faure, C., Limballe, A., Bideau, B., and Kulpa, R. (2020). Virtual reality to assess and
train team ball sports performance: a scoping review. J. Sports Sci. 38, 192-205. doi:
10.1080/02640414.2019.1689807

Fortes, L. S., Almeida, S. S., Praga, G. M., Nascimento-Junior, J. R. A., Lima-Junior, D.,
Barbosa, B. T,, et al. (2021). Virtual reality promotes greater improvements than video-
stimulation screen on perceptual-cognitive skills in young soccer athletes. Hum. Mov.
Sci. 79:102856. doi: 10.1016/j.humov.2021.102856

Gierczuk, D., Lyakh, V., Sadowski, J., and Bujak, Z. (2017). Speed of reaction and
fighting effectiveness in elite Greco-Roman wrestlers. Percept. Mot. Skills 124, 200-213.
doi: 10.1177/0031512516672126

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1563212
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1136/bmjsem-2023-001606
https://doi.org/10.1007/s00371-003-0194-2
https://doi.org/10.3389/fpsyg.2020.02073
https://doi.org/10.1126/scirobotics.aar7010
https://doi.org/10.1109/MC.2007.257
https://doi.org/10.3389/fphys.2018.00386
https://doi.org/10.1089/g4h.2022.0202
https://doi.org/10.3389/fnhum.2019.00294
https://doi.org/10.3389/fspor.2020.00059
https://hdl.handle.net/10292/13059
https://hdl.handle.net/10292/13059
https://doi.org/10.1080/02640414.2019.1689807
https://doi.org/10.1016/j.humov.2021.102856
https://doi.org/10.1177/0031512516672126

Lietal.

Harris, D. ], Buckingham, G., Wilson, M. R,, Brookes, J., Mushtag, F, Mon-Williams, M.,
et al. (2020). The effect of a virtual reality environment on gaze behaviour and motor skill
learning. Psychol. Sport Exerc. 50:101721. doi: 10.1016/j.psychsport.2020.101721

Hoffmann, C. P, Filippeschi, A., Ruffaldi, E., and Bardy, B. G. (2014). Energy
management using virtual reality improves 2000-m rowing performance. J. Sports Sci.
32, 501-509. doi: 10.1080/02640414.2013.835435

Jelani, N. A. M., Zulkifli, A. N., Ismail, S., and Yusoff, M. F. (2018). Development of
the virtual taekwondo training environment prototype for self-directed taekwondo
training. J. Telecomm. Electron. Comput. Eng. 10, 81-86.

Kittel, A., Larkin, P, Elsworthy, N., and Spittle, M. (2019). Using 360° virtual reality
as a decision-making assessment tool in sport. J. Sci. Med. Sport 22, 1049-1053. doi:
10.1016/j.jsams.2019.03.012

Ko, ], Jang, S.-W,, Lee, H. T., Yun, H.-K,, and Kim, Y. S. (2020). Effects of virtual reality
and non-virtual reality exercises on the exercise capacity and concentration of users in
a ski Exergame: comparative study. JMIR Serious Games 8:¢16693. doi: 10.2196/16693

Kong, D., and Zhang, A. (2024). Research on physical education teaching mode in
colleges and universities based on VR technology. Appl. Math. Nonlinear Sci. 9:1692. doi:
10.2478/amns.2023.2.01692

Langer, A., Polechonski, J., Polechonski, P., and Cholewa, J. (2023). Ruler drop method
in virtual reality as an accurate and reliable tool for evaluation of reaction time of mixed
martial artists. Sustain. For. 15:648. doi: 10.3390/su15010648

Le Noury, P, Polman, R., Maloney, M., and Gorman, A. (2022). A narrative review of
the current state of extended reality technology and how it can be utilised in sport. Sports
Med. 52, 1473-1489. doi: 10.1007/s40279-022-01669-0

Li, Y, Jiang, C., Li, H,, Su, Y,, Li, M., Cao, Y,, et al. (2025). Combat sports in virtual
reality for rehabilitation and disability adaptation: a Mini-review. Front. Public Health
13:338. doi: 10.3389/fpubh.2025.1557338

Li, Y, Li, H,, Li, D,, Zhang, X., Wang, Z., Green, T,, et al. (2024). What is hindering
Chinese women from participating in combat sports? Front. Sports Active Living 6:895.
doi: 10.3389/fspor.2024.1381895

Liu, B., and Tian, D. (2024). Application of VR technology in sports training in
colleges and universities. Appl. Math. Nonlinear Sci. 9:330. doi: 10.2478/amns-2024-0330

Lota, K. S., Malliaropoulos, N., Blach, W., Kamitani, T., Ikumi, A., Korakakis, V., et al.
(2022). Rotational head acceleration and traumatic brain injury in combat sports: a
systematic review. Br. Med. Bull. 141, 33-46. doi: 10.1093/bmb/ldac002

Lystad, R. P, Alevras, A., Rudy, I, Soligard, T., and Engebretsen, L. (2021). Injury
incidence, severity and profile in Olympic combat sports: a comparative analysis of 7712
athlete exposures from three consecutive Olympic games. Br. J. Sports Med. 55,
1077-1083. doi: 10.1136/bjsports-2020-102958

Michalski, S. C., Szpak, A., and Loetscher, T. (2019). Using virtual environments to
improve real-world motor skills in sports: a systematic review. Front. Psychol. 10:159.
doi: 10.3389/fpsyg.2019.02159

Michalski, S. C., Szpak, A., Saredakis, D., Ross, T. J., Billinghurst, M., and Loetscher, T.
(2019). Getting your game on: using virtual reality to improve real table tennis skills.
PLoS One 14:€0222351. doi: 10.1371/journal.pone.0222351

Miles, H. C., Pop, S. R., Watt, S. J., Lawrence, G. P., and John, N. W. (2012). A review
of virtual environments for training in ball sports. Comput. Graph. 36, 714-726. doi:
10.1016/j.cag.2012.04.007

Mohamed, E. S., and El-Bedewy, E. F. (2023). Enhancing physical abilities in junior
wrestlers through virtual reality training: an experimental study. Int J. Adv. Appl. Sci. 10,
211-219. doi: 10.21833/ijaas.2023.12.023

Mori, S., Ohtani, Y., and Imanaka, K. (2002). Reaction times and anticipatory skills of
karate athletes. Hum. Mov. Sci. 21, 213-230. doi: 10.1016/S0167-9457(02)00103-3

Mousavi, S. A., Shahbazi, M., Arabameri, E., and Shirzad, E. (2019). The effect of
virtual reality training on learning and kinematics characteristics of dart throwing. Int.
J. Sch. Health 1, 1-7. doi: 10.5812/intjsh.84300

Neumann, D. L., Moffitt, R. L., Thomas, P. R., Loveday, K., Watling, D. P,
Lombard, C. L, et al. (2018). A systematic review of the application of interactive virtual
reality to sport. Virtual Reality 22, 183-198. doi: 10.1007/s10055-017-0320-5

Pagé, C., Bernier, P-M., and Trempe, M. (2019). Using video simulations and virtual
reality to improve decision-making skills in basketball. J. Sports Sci. 37, 2403-2410. doi:
10.1080/02640414.2019.1638193

Pastel, S., Petri, K., Chen, C. H., Wiegand Céceres, A. M., Stirnatis, M., Niibel, C,, et al.
(2023). Training in virtual reality enables learning of a complex sports movement.
Virtual Reality 27, 523-540. doi: 10.1007/s10055-022-00679-7

Frontiers in Psychology

06

10.3389/fpsyg.2025.1563212

Petri, K., Emmermacher, P., Danneberg, M., Masik, S., Eckardt, F, Weichelt, S., et al.
(2019a). Training using virtual reality improves response behavior in karate kumite.
Sports Eng. 22:2. doi: 10.1007/s12283-019-0299-0

Petri, K., Masik, S., Danneberg, M., Emmermacher, P., and Witte, K. (2019b).
Possibilities to use a virtual opponent for enhancements of reactions and perception
of young karate athletes. Int. J. Comput. Sci. Sport 18, 20-33. doi:
10.2478/ijcss-2019-0011

Polechonski, J., and Langer, A. (2022). Assessment of the relevance and reliability of
reaction time tests performed in immersive virtual reality by mixed martial arts fighters.
Sensors 22:Article 13. doi: 10.3390/s22134762

Pu, Y, and Yang, Y. (2022). Application of virtual reality Technology in Martial Arts
Situational Teaching. Mob. Inf. Syst. 2022, 1-13. doi: 10.1155/2022/6497310

Richlan, E, Weif}, M., Kastner, P,, and Braid, J. (2023). Virtual training, real effects: a
narrative review on sports performance enhancement through interventions in virtual
reality. Front. Psychol. 14:790. doi: 10.3389/fpsyg.2023.1240790

Ritter, Y., Droste, M., Biirger, D., Pastel, S., and Witte, K. (2022). Comparison of
response behavior in karate kumite between real world and virtual reality. Sports Eng.
25:14. doi: 10.1007/s12283-022-00378-1

Rojas-Sanchez, M. A, Palos-Sanchez, P. R., and Folgado-Fernandez, J. A. (2023).
Systematic literature review and bibliometric analysis on virtual reality and
education. Educ. Inf. Technol. 28, 155-192. doi: 10.1007/s10639-022-11167-5

Ross-Stewart, L., Price, J., Jackson, D., and Hawkins, C. (2018). A preliminary
investigation into the use of an imagery assisted virtual reality intervention in sport. J.
Sports Sci. 6:3. doi: 10.17265/2332-7839/2018.01.003

Russo, G., and Ottoboni, G. (2019). The perceptual - cognitive skills of combat sports
athletes: a systematic review. Psychol. Sport Exerc. 44, 60-78. doi:
10.1016/j.psychsport.2019.05.004

Sherdog.com. (2024a). Donald “Cowboy” Cerrone MMA Stats, Pictures, News, Videos,
Biography—Sherdog.com. Sherdog. Available online at: https://www.sherdog.com/
fighter/Donald-Cerrone-15105 (Accessed May 30, 2024).

Sherdog.com. (2024b). Max “Blessed” Holloway MMA Stats, Pictures, News, Videos,
Biography—Sherdog.com. Sherdog. Available online at: https://www.sherdog.com/
fighter/Max-Holloway-38671 (Accessed May 30, 2024).

Sherdog.com. (2024c). Torn Breese MMA Stats, Pictures, News, Videos, Biography—
Sherdog.com. Sherdog. Available online at: https://www.sherdog.com/fighter/Tom-
Breese-45986 (Accessed May 30, 2024).

Sieluzycki, C., Maslinski, J., Kaczmarczyk, P., Kubacki, R., Cie$linski, W. B., and
Witkowski, K. (2019). Can Kinect aid motor learning in sportsmen? A study for
three standing techniques in judo. PLoS One 14:€0210260. doi:
10.1371/journal.pone.0210260

Vasconcelos, B. B., Protzen, G. V., Galliano, L. M., Kirk, C., and Del Vecchio, E B.
(2020). Effects of high-intensity interval training in combat sports: a systematic review
with  Meta-analysis. ] Strength  Cond.  Res. 34, 888-900. doi:
10.1519/JSC.0000000000003255

Wang, C., Chang, C,, Liang, Y., Shih, C., Chiu, W, Tseng, P, et al. (2013). Open vs.
closed skill sports and the modulation of inhibitory control. PLoS One 8:e55773. doi:
10.1371/journal.pone.0055773

Wang, Y., Chen, Q,, Liu, L., He, Q., Cheung, J. C.-W., Wong, D. W.-C,, et al. (2023).
Training effects of set- and repetition-interval rest time on recumbent-boxing
exercise: could virtual reality improve further? iScience 26:107399. doi:
10.1016/j.i5¢i.2023.107399

Witte, K., Droste, M., Ritter, Y., Emmermacher, P., Masik, S., Biirger, D., et al.
(2022). Sports training in virtual reality to improve response behavior in karate
kumite with transfer to real world. Front. Virtual Reality 3:21. doi:
10.3389/frvir.2022.903021

Worsey, M. T., Espinosa, H. G., Shepherd, J. B., and Thiel, D. V. (2019). Inertial sensors
for performance analysis in combat sports: a systematic review. Sports 7:28. doi:
10.3390/sports7010028

Yunchao, M., Mengyao, R., and Xingman, L. (2023). Application of virtual simulation
technology in sports decision training: a systematic review. Front. Psychol. 14:117. doi:
10.3389/fpsyg.2023.1164117

Zhang, L., Brunnett, G., Petri, K., Danneberg, M., Masik, S., Bandow, N., et al.
(2018). KaraKter: an autonomously interacting karate kumite character for VR-
based training and research. Comput. Graph. 72, 59-69. doi:
10.1016/j.cag.2018.01.008

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1563212
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.psychsport.2020.101721
https://doi.org/10.1080/02640414.2013.835435
https://doi.org/10.1016/j.jsams.2019.03.012
https://doi.org/10.2196/16693
https://doi.org/10.2478/amns.2023.2.01692
https://doi.org/10.3390/su15010648
https://doi.org/10.1007/s40279-022-01669-0
https://doi.org/10.3389/fpubh.2025.1557338
https://doi.org/10.3389/fspor.2024.1381895
https://doi.org/10.2478/amns-2024-0330
https://doi.org/10.1093/bmb/ldac002
https://doi.org/10.1136/bjsports-2020-102958
https://doi.org/10.3389/fpsyg.2019.02159
https://doi.org/10.1371/journal.pone.0222351
https://doi.org/10.1016/j.cag.2012.04.007
https://doi.org/10.21833/ijaas.2023.12.023
https://doi.org/10.1016/S0167-9457(02)00103-3
https://doi.org/10.5812/intjsh.84300
https://doi.org/10.1007/s10055-017-0320-5
https://doi.org/10.1080/02640414.2019.1638193
https://doi.org/10.1007/s10055-022-00679-7
https://doi.org/10.1007/s12283-019-0299-0
https://doi.org/10.2478/ijcss-2019-0011
https://doi.org/10.3390/s22134762
https://doi.org/10.1155/2022/6497310
https://doi.org/10.3389/fpsyg.2023.1240790
https://doi.org/10.1007/s12283-022-00378-1
https://doi.org/10.1007/s10639-022-11167-5
https://doi.org/10.17265/2332-7839/2018.01.003
https://doi.org/10.1016/j.psychsport.2019.05.004
https://www.sherdog.com/fighter/Donald-Cerrone-15105
https://www.sherdog.com/fighter/Donald-Cerrone-15105
https://www.sherdog.com/fighter/Max-Holloway-38671
https://www.sherdog.com/fighter/Max-Holloway-38671
https://www.sherdog.com/fighter/Tom-Breese-45986
https://www.sherdog.com/fighter/Tom-Breese-45986
https://doi.org/10.1371/journal.pone.0210260
https://doi.org/10.1519/JSC.0000000000003255
https://doi.org/10.1371/journal.pone.0055773
https://doi.org/10.1016/j.isci.2023.107399
https://doi.org/10.3389/frvir.2022.903021
https://doi.org/10.3390/sports7010028
https://doi.org/10.3389/fpsyg.2023.1164117
https://doi.org/10.1016/j.cag.2018.01.008

	Advancements in virtual reality for performance enhancement in combat sports: a mini-review and perspective
	Introduction
	Methods
	Results
	Virtual reality implementation in different combat sports specialties
	The impact of virtual reality on reaction abilities in combat athletes

	Discussion and future directions
	Conclusion

	 References

