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Augmented reality, also known as AR, supplements reality by allowing the user to experience computer-generated graphics as though they appear in the real world. This literature review’s goal is to present a collection of data on AR-based exercise and rehabilitation applications. This literature review also aims to identify gaps within the existing research. The method of PRISMA was applied to systematic reviews for relevant articles published between 2017 and 2025. The databases include Academic Search Ultimate, British Library Serials, MEDLINE, and ProQuest Central. The results from the literature found that AR for rehabilitation could help patients physically and mentally and improve their motivation and engagement. Different types of AR tools were used to help with the rehabilitation of patients with health issues such as knee injuries or stroke. Questionnaires and medical tests were the common methods to gather data from the patients. AR rehabilitation technology may be able to bring a new form of human-computer interaction for patients.
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1 INTRODUCTION
Augmented Reality (AR) is one of the interactive immersive technologies that have been studied and used in diverse fields, such as science (like chemistry), tourism and hospitality, gaming, digital media, healthcare, and education (Fombona-Pascual et al., 2022; Koulouris et al., 2022; Lin and Yang, 2024; Mirza et al., 2025; Nekar et al., 2022; Wei, 2019; Wu et al., 2025). AR has differences in the level of immersion and the way of interaction from other immersive technologies, such as Virtual Reality (VR) and Mixed Reality (MR). Virtual Reality refers to completely immersive technology that requires a device such as a headset to produce a virtual environment (Nekar et al., 2022). In contrast, Mixed Reality refers to immersing a person in a world that combines real and virtual world components (De Cecco et al., 2023). However, Augmented Reality refers to an interactive platform that has virtual objects superimposed into the real environment (Nekar et al., 2022). Specifically, AR supplements reality by allowing the user to experience computer-generated graphics as though they appear in the real world (Žilak et al., 2022).
Certain characteristics and features further define augmented reality. For instance, AR technology overlays the real world with simulated digital graphics using cameras or displays (Borresen et al., 2019; FDA, 2025). AR devices project the graphics onto specific locations and depths. These graphics can be three-dimensional (3D) objects (Fakolade et al., 2024; Fombona-Pascual et al., 2022). The types of displays and cameras used for AR can include a heads-up display (HUD), a smartphone, AR glasses, and a head-mounted display (Borresen et al., 2019; FDA, 2025; Fombona-Pascual et al., 2022; Koroleva et al., 2021). The digital graphics can typically be interacted with and manipulated by the person using the AR device Fakolade et al., 2024; FDA, 2025). For some individuals, using an AR device can lead to neck pain and discomfort when using a headset (Balloufaud et al., 2025; FDA, 2025).
Augmented reality has several applications when it comes to exercise and rehabilitation, including occupational or physical therapy. Occupational therapy (OT) refers to helping patients of all ages perform tasks that are significant to them (Perkins et al., 2024; Sievert, 2024). These tasks are usually referred to as “activities of daily living” (ADL) (Coninck et al., 2024). ADL can include tasks such as performing leisure activities, social participation, bathing, eating, work tasks, and dressing (Perkins et al., 2024; Sievert, 2024). During traditional OT, Patients may participate in cognitive rehabilitation, skill-based exercises, and sensory integration therapy (Sievert, 2024). Patients may also learn to use environmental modifications and adaptive equipment. Physical therapy (PT) refers to helping patients improve their strength, mobility, and physical function (Cavalcanti et al., 2019; Sievert, 2024). During traditional PT, patients may perform activities such as balance training, aquatic therapy, sensory integration, and therapeutic exercises to help restore and promote mobility and independence (Cavalcanti et al., 2019; Sievert, 2024). PT also helps with relieving pain and addressing a person’s impairment (Sievert, 2024; Xu et al., 2024). Physical therapy can assist patients in increasing their ability to perform “activities of daily living’ (ADLs); however, it does not primarily address specific ADLs, which is a focus area of OT (Sievert, 2024).
Regarding the studies of AR use in occupational and physical therapy, AR has been studied to see if it can significantly improve physical performance, upper limb performance balance, and muscle strength (Koulouris et al., 2022; Lee et al., 2018; Lee et al., 2017; Li et al., 2021; Yu et al., 2023). For example, by using AR-based Otago exercise, self-exercise, and yoga on 30 participants for 12 weeks during 60-min sessions, Lee et al. (2017) indicated that AR can be used to significantly help prevent falls in elderly people by assisting them with physical factors involving falls, muscle strength, and balance. The use of AR in physical therapy and therapeutics has been an important topic of discussion and research in the healthcare area (Borresen et al., 2019; Lee et al., 2018; Yu et al., 2023). In addition, augmented reality can be used along with conventional occupational therapy, which could lead to better improvements for post-stroke patients in their cognitive function and upper limb motor function than just using conventional occupational therapy alone (Li et al., 2021). These demonstrated an interest in AR technology among researchers concerning exercise, rehabilitation, and physical/occupational therapy.
There are also additional advantages to using AR-based rehabilitation/therapy rather than traditional methods. Traditional forms of rehabilitation/therapy can be repetitive and boring, which leads to patients’ abandonment of rehabilitation tasks (Li et al., 2021). Therapy has a better effect on those who participate more frequently, so if patients are losing interest and are not performing the task as instructed, then the healing process may be delayed (Li et al., 2021). Traditional forms of rehabilitation/therapy may also be inconvenient for some people (Li et al., 2021). Thus, AR has been proposed as a potential tool to address these challenges. For example, AR’s feedback, visual, and movement-tracking features can help patients (like stroke patients) be able to perform self-guided tasks at home and could increase enthusiasm through AR game play (Li et al., 2021; Vaida et al., 2024). AR’s user interface features can provide different game modes and can target more complex motions to provide an AR-based rehabilitation/therapy that is a fun and motivating experience by allowing users to participate in interactive AR games (Vaida et al., 2024). AR games that require patients, like those who face challenges with joint or leg movement, to move a certain body part to hit a superimposed visual/graphical target can help them stay motivated to continue therapy (Vaida et al., 2024). AR applications might include “Football,” where players’ movements are tracked, allowing them to simulate hitting a virtual ball, or “Color,” requiring patients to hit colored visually tracked targets with their foot (Vaida et al., 2024). Overall, these games can help keep patients engaged and motivated to continue therapy.
Furthermore, AR’s user interface features can provide customization and adaptability options to select treatment that matches the individual medical problems, and AR’s real-time feedback feature and visual position tracking can provide visual position guidance for the user (Cunha et al., 2023; De Cecco et al., 2023; Vaida et al., 2024). For example, these features of AR could help with “activities of daily living,” such as setting up a table, while providing feedback for the user (De Cecco et al., 2023). A therapist could have a patient set up a table by having them match the visually superimposed objects with the real objects on the table. The AR devices would help measure the angle and placement/position of objects to help identify a patient’s capabilities and progress (De Cecco et al., 2023). AR’s motion/movement tracking feature with a real-time feedback feature can also help track a person’s motions, which can help provide feedback so the patient can correct their movement (Vaida et al., 2024). Therefore, there are certain benefits to using AR technology versus traditional rehabilitation methods.
Moreover, augmented reality may be able to improve the recovery experience of those who have physical disabilities/mobility issues by offering additional, appealing ways to perform exercises. A majority of those with disabilities are optimistic and open to innovative technologies (Žilak et al., 2022). As a result, there is potential for augmented reality to bring new forms of human-computer interactions (Žilak et al., 2022). Researchers have explored using augmented reality to aid those with mobility issues due to old age, injury, and other health conditions (Lee et al., 2018; Lee et al., 2017). AR uses a platform where users/patients can interact with virtual objects that are superimposed in the real world, which allows users to perform a task to improve their health (Nekar et al., 2022). As mentioned before, different AR devices are implemented depending on someone’s circumstances. For example, somebody may need different equipment or recovery time depending on if they are suffering from knee issues, muscle strength issues, stroke, or balance issues (Kang et al., 2022; Lee et al., 2017; Lee et al., 2018; Yu et al., 2023). Several devices can be utilized to help people with rehabilitation and recovery exercises, such as Active 3D-glasses, AR mobile games, and AR headsets (Borresen et al., 2019; Li et al., 2021; Vaida et al., 2024). However, researchers do not focus on studying the same demographics or potential physical benefits of AR technology for physical exercise, physical/occupational therapy, and rehabilitation.
Finally, physical improvements are not the only aspect of AR technology that researchers are studying. Researchers also discuss the topic and study the effects that using AR technology has on a person’s experience (Cavalcanti et al., 2019; Koulouris et al., 2022; Lee et al., 2017; Yu et al., 2023). For instance, AR can help improve motivation for those using AR technology for rehabilitation and physical/occupational therapy (Cavalcanti et al., 2019; Koulouris et al., 2022). According to Koulouris et al. (2022), AR can also help promote physical activity. Moreover, according to Vaida et al. (2024) and Yu et al. (2023), AR can help people with engagement. Therefore, there is also a collective interest among researchers in how AR technology affects the motivation and engagement of people using AR during physical activity, such as exercising, physical therapy, and rehabilitation. This literature review aims to provide an overview of the current research data on AR technology applications in recovery exercise, physical therapy, and rehabilitation, and the impact of the use of AR on patients’ experience. The research questions in this study include:
	• Research Question 1: What types of participants have been included in the AR studies related to rehabilitation and recovery?
	• Research Question 2: What research methods have been applied in the AR studies related to rehabilitation?
	• Research Question 3: What are the effects of using AR on the outcomes and experiences in rehabilitation and recovery exercise?

2 METHODS
2.1 Initial search settings
In constructing this literature review, several databases were used to find written work to analyze, including Academic Search Ultimate, British Library Serials, MEDLINE, and ProQuest Central. Each database provided written works that aided in the development of this literature review. Certain key elements were used to help narrow down the search results. For instance, search inputs such as Boolean/phrases were utilized. In addition, limiters such as (1) the written work needing a full-text version, (2) being peer-reviewed/credible, and (3) having a publication date within the last 9 years were used to narrow down the search even further. Based on the results of the search, several articles were chosen to review and determine if they would be appropriate for this paper. The reasons for choosing these factors are discussed next.
The first factor was Boolean/phrases. Written works were first filtered by Boolean/phrases that were searched in the databases. The keywords that were searched were a combination of words such as “augmented,” “reality,” “AR,” “exercise,” “therapy,” and “rehabilitation.” These words were chosen to help ensure that the literature review stayed on topic. Some of these words appeared within the keyword section of a written work, while some of these words appeared throughout the text. The second factor used in narrowing down the search required that potential written works have a full-text version. This was to ensure that the written work could be reviewed in its entirety so that all the information could be obtained. Without a full-text version of the written work, information may be unclear and therefore, could not provide the context needed for this literature review. This can be seen in the table below (see Table 1).
TABLE 1 | Initial search settings.	Category	Initial Search Settings
	Database	Academic Search Ultimate, British Library Serials, MEDLINE, ProQuest Central
	Keywords	Augmented Reality, AR, Exercises, Exercise, Therapy, Rehabilitation
	Full text	Full-text version available
	Credibility	Peer-reviewed or from a credible source
	Publication year	Last 9 years as of 2025 (i.e., 2017–2025)
	Language	English


The time of publication was the third factor in selecting a written work for review. To make sure that the literature review was up-to-date, only written work within the last 9 years as of writing this paper (year 2025) was used. Relevance is important, especially when it comes to technological information. Outdated information could harm the impact of this literature review. This time frame will help keep the information relevant. The final factor used to select the writings for this literature review was whether the written work itself was peer-reviewed or from a credible source. Either the source of the written work had to be peer-reviewed, or it had to be from a credible source to be considered for the literature review. This criterion was chosen to make sure that the works selected were of high quality. The quality of the work is important to ensure that the literature review contains accurate information. This can be seen in the table below (see Table 1).
2.2 Inclusion criteria
The databases provided many written works that could be used for this literature review based on the initial search settings. Each article was briefly inspected, and the ones initially selected for potential use in this paper were based on eight categories and their criteria. The first category was the topic. For an article to be chosen for use in the literature review, the criteria were that the articles had to be about augmented reality and its connection to rehabilitation. The second category was “full text.” The criteria required that articles have a full-text version. The third category concerns the article’s credibility. Thus, the written work criteria required that sources be peer-reviewed or credible, ensuring the use of high-quality work for this paper. The fourth category was publication year. As noted previously, to ensure that the written works chosen for this literature review were up to date, the criterion was that written works were selected within the last 9 years to keep information relevant. The fifth category was the paper’s written language. The criteria were that articles needed to be in English since the primary researcher’s native language was English. This would make comprehending the paper easier. Additional criteria were also used to help focus the literature review. This can be seen in the table below (see Table 2).
TABLE 2 | Inclusion criteria.	Category	Inclusion Criteria
	Topic	Augmented reality and its connection to rehabilitation
	Full text	Full-text version available
	Credibility	Peer-reviewed or from a credible source
	Publication year	Last 9 years as of 2025 (i.e., 2017–2025)
	Language	English
	Form of rehabilitation	Occupational/physical/motion-based rehabilitation
	Use of AR tools	AR tools were used or mentioned as part of the intervention
	Type of subject	Human subjects


The sixth category was the rehabilitation method used. The criteria were that the articles selected mentioned some form of physical, occupational, or motion-based rehabilitation. The seventh category was the use of AR tools. The criteria were that articles had to use an AR tool or be mentioned as part of the intervention in the experiments. The eighth category was the type of subject. The criteria were that articles had to utilize human subjects. These criteria help give the literature review a better focus. As a result of using these eight categories and criteria, written works were chosen to be potentially used in this literature review that matched a certain topic and provided some of the most relevant information. This can be seen in the table below (see Table 2).
2.3 Exclusion criteria
When determining which articles to potentially use in this literature review, articles were excluded if they did not meet the inclusion criteria. The following were the exclusion criteria. First, augmented reality and its connection to rehabilitation were not mentioned in the article. Second, the full-text version of the article was not available. Third, the article was not peer-reviewed or from a credible source. Fourth, the article was not published from 2017 to 2025. Fifth, the article was not in English. Sixth, physical occupational, or motion-based forms of rehabilitation were not implemented. Seventh, AR tools were not utilized or mentioned as part of the intervention. Eighth, human subjects were not used during the intervention. The exclusion criteria can be seen in the table below (see Table 3).
TABLE 3 | Exclusion criteria.	Category	Exclusion Criteria
	Topic	Not about augmented reality and its connection to rehabilitation
	Full text	Full-text version not available
	Credibility	Not peer-reviewed or from a credible source
	Publication year	Not within the last 9 years as of 2025
	Language	Not English
	Form of rehabilitation	Not occupational/physical/motion-based rehabilitation
	Use of AR tools	No AR tools were used or mentioned as part of the intervention
	Type of subject	No human subjects


2.4 Systematic search
A systematic search was important to conduct when writing this literature review on AR for rehabilitation. It helped to narrow down the results within the database and find articles to use in this literature review. It also helped in finding some higher-quality written works. In this case, a method of PRISMA (Page et al., 2021) was used for this literature review to help provide a clear data-searching systematic process. The PRISMA is displayed in the figure below (see Figure 1).
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While reviewing the written works chosen for this literature review, a structure was set up for organizing the information gathered from the studies. This structure also aided in the comparison of the written works. Each study was broken down into the aspects of demographics, methodology, and findings.
3.1 Gender, health conditions, and age
Knowing the demographic of the study is important for identifying who the focus was on. This information can be used to understand Research Question 1 (i.e., What types of participants have been included in the AR studies related to rehabilitation and recovery?). The topics for the demographics chosen for this literature review were age, health conditions, and gender of participants. One study reported the age range for the participants to be 20–60 years old (Koulouris et al., 2022). One reported the age range for the study to be 68.39 ± 4.24 to 69.54 ± 3.12 years old (Yu et al., 2023). There were three males and 21 females utilized (Yu et al., 2023). Lee et al. (2017) reported the age range for their study to be 72.60 ± 2.67 years, with only females being used. It was also reported that the age range for a different study was 18–43 (average age of 21.95; SD = 4.72), and only 29 males and 16 females were used (Cavalcanti et al., 2019). Health-wise, a combination of healthy adults and adults who experienced a health condition was utilized (Borresen et al., 2019; Cavalcanti et al., 2019; Lee et al., 2018; Lee et al., 2017; Yu et al., 2023).
Furthermore, the demographic for one study included a total of 46 male participants and 10 female participants, with an average age of 30–35 years old (Ji et al., 2024). The demographic for another study was Elderly patients who may have had a stroke, Parkinson’s disease, or amyotrophic lateral sclerosis (ALS) (Vaida et al., 2024). Xu et al. (2024) reported that their demographic was 60 participants with knee osteoarthritis (OA) aged 40–85 years old. One demographic was 10 healthy participants who ranged between the ages of 23–55 years old (Rizzi et al., 2023). 60 people who were in the cardiac surgery intensive care unit at a hospital in Mashhad were used in another study (Moghaddam et al., 2023). One study used patients who had Total Knee Arthroplasty and were 50 years or older (Shim et al., 2023). Another study used participants who would be having an isolated meniscus repair (Wang et al., 2023).
Moreover, the demographic for one study was 15 patients, including 10 male patients who were between 20 and 70 years old with knee osteoarthritis of Kellgren-Lawrence grades I to III (Baptiste et al., 2023). 19 patients with balance disorders were reported during one experiment (Tsakanikas et al., 2022). 27 people who had developmental disability were reported during a different experiment (Kang et al., 2022). The demographic for one study was a total of 24 patients with autism spectrum disorder between the ages of 6–18 (Nekar et al., 2022). Guinet et al. (2022) reported their demographic to be 14 children between the ages of 10–18 with cerebral palsy, with a seven-week minimum between the surgery and the intervention utilized (Guinet et al., 2022). Timmermans et al. (2021) reported utilizing 40 people who had a stroke less than or equal to 3 months prior (Timmermans et al., 2021).
In addition, a demographic of 42 older adults with total joint replacement (TJR) was used for a different study (Fakolade et al., 2024). Pieczyńska et al. (2023) reported using 27 people who had high-grade glioma (HGG) and who were to undergo radiotherapy after tumor resection (Pieczyńska et al., 2023). Yang et al. (2022) used 39 Chronic stroke participants in their study (Yang et al., 2022). Li (2022) utilized 40 patients who had undergone knee joint injury surgery (Li, 2022). Healthy users, patients, and clinical experts (occupational therapists) were the demographic for one of the experiments, too (De Cecco et al., 2023). Stroke patients were the demographic in another study as well (Koroleva et al., 2021). 30 post-stroke participants were also used (Li et al., 2021).
Therefore, it was noted that few studies focused primarily on young adults or children, but more focused primarily on older adults or the elderly. In addition, when gender was mentioned, the groups were not usually close to being even. Sometimes, healthcare professionals were also included in the study, and not just the patient. This was likely to get the healthcare professionals’ view on AR technology as well. Both healthy individuals and those needing rehabilitation due to a health condition were also included. Moreover, many of the studies focused on people who had knee injuries, stroke, or a motor disorder. This shows there are differences in the demographics chosen for the studies. Examples of the demographics are summarized in the table below (see Table 4).
TABLE 4 | Types of participants.	Categories	Demographics
	Gender	• Both Male and Female
• Female Only
	Health Conditions	• Stroke
• Knee Joint Injury
• Knee Osteoarthritis
• High-Grade Glioma
• Cardiac Surgery
• Parkinson’s disease, or amyotrophic lateral sclerosis (ALS)
• Total Joint Replacement
• Motor Disorder
• Healthy
	Age	• 50+ (Commonly Researched)
• 30–50 (Commonly Researched)
• 18–25 (Less Commonly Researched)
• 0–17 (Very Uncommonly Researched)


3.2 Adopted devices, instruments, and application ways
Several aspects of the research methodology can affect the study. This includes the devices and materials used, the purpose of the study/the testing focus, the way the study is conducted, and the method by which data is gathered. This information can be used to explain Research Question 2 (i.e., What research methods have been applied in the AR studies related to rehabilitation?). For example, to determine the benefits of AR technology and/or whether it helped in the improvement of physical health, different types of devices were used to test a person physically. A study conducted by Koulouris et al. (2022) used a prototype that consisted of an AR-ready mobile framework that included an application for IoT wearables (tracks user biosignals and activity). It also included a cloud platform with a web application endpoint (which allows healthcare professionals to be able to analyze results and configure games remotely) (Koulouris et al., 2022).
Another study referred to using an AR system called Uincare (Lee et al., 2018). Unicare is composed of a task-specific game-based system (Lee et al., 2018). One experiment involved the use of an AR rehabilitation tool called ARkanoidAR (Cavalcanti et al., 2019). It uses a Kinect sensor to track human body movement (Cavalcanti et al., 2019). There was another study that involved the use of an AR telerehabilitation System with Haptics (ARTESH), Active 3D-glasses, Xbox Kinect RGB-D cameras, one haptic controller, and a 3D-capable TV (Borresen et al., 2019). A different study used AR rehabilitation that utilized specially designed software for motor rehabilitation, along with biofeedback training and motion sensors (Koroleva et al., 2021). Another study consisted of using two groups, which included one that received conventional rehabilitation and the other group that received digital healthcare rehabilitation (Shim et al., 2023). The intervention lasted for 12 weeks (Shim et al., 2023). The digital healthcare rehabilitation consisted of an AR-based digital healthcare system (UINCARE Home +). This included a computer, a 3D-depth camera (Xbox One Kinect), and a display such as a monitor or TV (Shim et al., 2023). Despite studies using different devices, they were still able to achieve a similar objective of determining whether the device affected a person physically.
To understand the performance of training and exercises, the function of different parts of the body, such as legs, hands, and knees, was evaluated. This occurred by implementing AR to aid in physical exercise, physical/occupational therapy, and rehabilitation. One of the studies focused on heart rate, a participant’s aim, the severity of trembling hands, and the number of steps (Koulouris et al., 2022). A different study focused on knee flexion, knee extension, range of motion, and muscle strength (pre- and post-surgery) (Yu et al., 2023). Strengthening, balance training, knee flexion, and ankle dorsiflexion strength were the focus of one experiment (Lee et al., 2017). Testing the balance of stroke patients was also conducted (Lee et al., 2018). In addition, testing motor rehabilitation and the ability to perform certain physical tasks correctly was conducted during another experiment (Cavalcanti et al., 2019). A physical examination of patients with upper extremity complaints was conducted, too (Borresen et al., 2019). It was noticed that balance and strengthening training, as well as knee flexion, were tested among multiple studies.
Furthermore, during a study, 30 people were randomly assigned to an AR group, a yoga group, and a self-exercise group. AR balance training, strengthening, and yoga were practiced three times a week for 12 weeks during 60-min sessions (Lee et al., 2017). Other studies use different methods of gathering data. For example, Ji et al. (2024) mentioned using one group of patients to use the AR-based telecommunication system to help them with their rehabilitation, while another group used a brochure-based rehabilitation program with the self-log to help with their rehabilitation (Ji et al., 2024). The tests used to evaluate improvement were the International Knee Documentation Committee (IKDC) test for the primary outcome and the secondary outcomes test using a numeric rating scale for pain, the EuroQol 5-Dimension 5-Level measurement system, isometric knee strength test, range of motion test, and the single-leg hop test (Ji et al., 2024). In another study, a combination of serious gaming and augmented reality (AR) with the LegUp parallel robot was used (Vaida et al., 2024). This was to help bedridden patients go through rehabilitation of the hip, knee, and ankle while using the parallel robot called LegUp, with the HoloLens 2 AR headset (Vaida et al., 2024).
In another study, a single-blind randomized controlled trial was used in which 30 people were assigned to the treatment group and the other thirty were assigned to the control group (Xu et al., 2024). For the treatment group, they used a combination of augmented reality and computer vision technology to help patients with sports rehabilitation training (Xu et al., 2024). The exercises were conducted using a phone that had a camera, which increases its widespread use (Xu et al., 2024). The test used to evaluate the patient was the Western Ontario and McMaster University Osteoarthritis Index (WOMAC) (Xu et al., 2024). In one study, AR devices were designed to help patients with passive mobilization (in theory) during hospitalization (Rizzi et al., 2023). This is important because some patients do not receive this treatment due to the limited availability of hospital workers, so this technology could allow them to perform the exercises on their own (Rizzi et al., 2023). 10 healthy participants, who use the AR device, ranked their experience based on expertise, workload, design, satisfaction, usability, and instruction (Rizzi et al., 2023). In addition, another study used augmented reality to evaluate 60 people in a treatment group who were in the cardiac surgery intensive care unit (Moghaddam et al., 2023). These participants were to perform physical exercises to help with physical cardiac rehabilitation (Moghaddam et al., 2023). In a different study, one group of participants was assigned to use the digital rehabilitation program, which involved using augmented reality and computer vision technology (Wang et al., 2023). The control group received in-clinic physical therapy sessions weekly (Wang et al., 2023).
Moreover, one study used dual test exercise-based augmented reality to help those with flexibility, endurance, muscle strength, and balance ability (Kang et al., 2022). This intervention lasted 8 weeks (Kang et al., 2022). During a different experiment, one of the groups used AR-based cognitive motor games while the other group received conventional cognitive training (Nekar et al., 2022). The group that received the AR-based game was the treatment group, while the one that did not was the control group (Nekar et al., 2022). Each group participated in a four-week program with training sessions lasting 30 min twice a week (Nekar et al., 2022). Guinet et al. (2022) reported about one group of participants who received an augmented reality rehabilitation of cerebral palsy AVG program, while the control group received rehabilitation training on a treadmill (Guinet et al., 2022). This was a randomized controlled clinical trial (Guinet et al., 2022). A walking test, a muscle power sprint test, and satisfactory tests were conducted (Guinet et al., 2022).
Furthermore, during one experiment, six focus groups and 11 semi-structured interviews were conducted to get a better understanding of users’ feelings on how to design a 3D augmented reality-based rehabilitation system (Fakolade et al., 2024). In an article by Pieczyńska et al. (2023), participants were split into the experimental group and the control group. The experimental group received an augmented reality-based rehabilitation exercise to help with physical fitness, while the control group received the usual care (Pieczyńska et al., 2023). Tests such as the 6-min walk test and grip tests were conducted to evaluate performance (Pieczyńska et al., 2023). Augmented reality rehabilitation systems were also integrated into patient care during COVID-19 (Yang et al., 2022). Li (2022) mentioned that during their experiment, one group was assigned to use AR-based rehabilitation methods while the other group used traditional rehabilitation methods (Li, 2022). Each group was tested on functional recovery, swelling, structural recovery, pain value, the ability to return to work, x-rays, and weight-bearing (Li, 2022).
In a study by De Cecco et al. (2023), patients and the clinical expert were both given AR devices to use so that the clinical expert could interact with the patient during the AR rehabilitation process, regarding OT. The goal was to see the effects on both the patient and the clinical expert when using the AR rehabilitation system together (De Cecco et al., 2023). One study used a randomized controlled trial to get a better understanding of how an augmented reality cell phone game called CARS helps stroke survivors with rehabilitation training, including OT (Li et al., 2021). The treatment group received 30 min of rehabilitation using augmented reality and 30 min using conventional occupational therapy (Li et al., 2021). The control group that participated received 1 h of occupational therapy (Li et al., 2021). Different methods of evaluating the patient’s performance and feelings were used, such as a Fugl-Meyer Assessment of Upper Extremity (FMA-UE) subscale, a User Satisfaction Evaluation Questionnaire, and an Action Research Arm Test (ARAT) (Li et al., 2021).
Moreover, an augmented reality device was used to display targeted footprints on the floor to help compare the difference between normal and reduced stride length in patients (Baptiste et al., 2023). Holobalance, which is a rehabilitation program that includes augmented reality, was assigned to patients to help with balance disorders, so that researchers could test the accuracy of the device (Tsakanikas et al., 2022). In another study, one of the groups received an augmented reality-based program for walking, while the other group participated in the FALLS program using physical content (Timmermans et al., 2021). This was to help patients with their walking after a stroke, as well as evaluate how the different approaches affect patients’ rehabilitation process (Timmermans et al., 2021).
Overall, this indicates that there are different methods of understanding the effects of AR regarding rehabilitation. Some studies focused strictly on testing and evaluating the effects of the AR software itself, while other studies compared the use of AR technology to traditional means of rehabilitation. Many studies offer questionnaires as well as different medical evaluation tests to get a better understanding of the user and their performance. There were also different parts of the body and functions that the researchers focused on. Some researchers focused more on the legs, knees, and/or hands, while others focused on walking abilities or balance. This shows there are both similarities and differences between how researchers went about studying AR technology regarding rehabilitation. Examples of the methods are summarized in the table below (see Table 5).
TABLE 5 | Adopted research methods for AR application regarding rehabilitation.	Categories	Methods
	Devices/Platforms	• AR-ready mobile framework
• AR system called Uincare
• Active 3D-glasses
• Xbox Kinect RGB-D cameras
• One haptic controller
• 3D-capable TV
• HoloLens 2 AR headset
• Holobalance
• CARS
	Test and Surveys	• International Knee Documentation Committee (IKDC) test
• Numeric rating scale for pain
• The EuroQol 5-Dimension 5-Level
• Isometric knee strength
• Range of motion test
• The single-leg hop test
• Assessment of Upper Extremity (FMA-UE) subscale
• User Satisfaction Evaluation Questionnaire
• Action Research Arm Test (ARAT)
	Application	• Researchers tested AR devices with patients only
• Researchers tested AR devices with patients and healthcare professionals/clinical experts
• Researchers compared the use of AR doing rehabilitation to the traditional forms of rehabilitation


3.3 The effects of using AR on the patients’ experience during rehabilitation
There are similarities and differences between the results in each of the studies. This information can be used to answer Research Question 3 (i.e., What are the effects of using AR on the outcomes and experiences in rehabilitation and recovery exercise?). As a part of the discussion, some of the studies mentioned that there was an improvement in people’s emotional state while using AR technology (Cavalcanti et al., 2019; Koulouris et al., 2022; Lee et al., 2017; Yu et al., 2023). Koulouris et al. (2022) specifically mentioned how AR can promote physical activity. Regarding motivation, most of them indicated an improvement in motivation while using AR technology for rehabilitation and physical/occupational therapy (Cavalcanti et al., 2019; Koulouris et al., 2022; Lee et al., 2018; Lee et al., 2017; Yu et al., 2023). It was also mentioned that AR may help patients with engagement during their rehabilitation (Vaida et al., 2024; Yu et al., 2023). This showed that this is a common topic of discussion.
Regarding physical improvement, most of them indicated an improvement in physical capabilities using AR technology, with some studies indicating that AR technology showed better improvement than traditional exercise, rehabilitation, and physical/occupational therapy (Cavalcanti et al., 2019; Koulouris et al., 2022; Lee et al., 2018; Lee et al., 2017; Li, 2022; Yu et al., 2023). However, in some studies, there was no significant difference in the rehabilitation improvement between the group that used AR and the group that did not (Ji et al., 2024; Timmermans et al., 2021). For example, there was no significant difference between the scores of the participants who used the AR-based program and those who used a FALLS program (non-AR application/traditional means of rehabilitation) (Timmermans et al., 2021). Reaction time and executive function were also significantly improved for those who used the AR-based game than for those in the control group (Nekar et al., 2022). Augmented reality-based rehabilitation was also able to help patients with functional outcomes (Shim et al., 2023). It was noted that it may even be an alternative to conventional forms of rehabilitation (Shim et al., 2023).
In addition, the results of one study indicated that those who received the AR intervention showed better cardiovascular management self-efficacy during patient time in the intensive care unit, from the time of discharge (Moghaddam et al., 2023). Moreover, it was reported that using shorter stride lengths with AR technology did help patients with knee problems (Baptiste et al., 2023). The results of another study indicated that Holobalance, along with machine learning, was able to increase accuracy in scoring patients’ rehabilitation exercises (Tsakanikas et al., 2022). There was a statistically significant improvement in flexibility, muscle endurance, balance ability, and muscle strength for those who participated in using AR devices to help with passive mobilization (Kang et al., 2022). Lee et al. (2018) also mention how AR can improve balance for users with a stroke. In addition, there was overall satisfaction while using AR for passive mobilization exercises (Rizzi et al., 2023). Some results indicate that AR applications could also help with motor recovery (Koroleva et al., 2021).
Furthermore, there are several benefits to using AR for occupational therapy. Results indicated that using augmented reality along with conventional occupational therapy, delivered by an occupational therapist, led to better improvements for post-stroke patients in their upper limb motor function than just using conventional occupational therapy alone (Li et al., 2021). AR also provides a low-cost and user-friendly system that can be used at home for an occupational therapist’s patient (Li et al., 2021). Moreover, AR can help occupational therapists evaluate patients’ performances regarding ADL (Activities of Daily Living), like setting up a table (De Cecco et al., 2023). This is accomplished by having the occupational therapist and patient use a “shared AR” environment in which the occupational therapist can contextualize and have natural interaction with real-time data based on the patient’s performance (De Cecco et al., 2023).
AR can also help with pain during rehabilitation through digital healthcare (Shim et al., 2023). The results of another study indicated that those with HGG could use augmented reality-based exercises to help prevent muscle strength and attention loss during radiation therapy (Pieczyńska et al., 2023). A different experiment indicated that AR was effective, helped fulfill training goals for patients, and reduced the need for human professionals (Yang et al., 2022). However, it was also found that when a clinical expert uses AR alongside the patient, this helps the clinical expert be more involved with the patient’s recovery (De Cecco et al., 2023). In addition, the remote clinician was neutral when asked if remote or in-person evaluation would lead to similar results (Borresen et al., 2019).
Regarding the usability and design of AR devices, an article by Borresen et al. (2019) mentioned that AR systems were easy to learn and utilize. Furthermore, the results of a different study indicated that patients are looking for options such as a cost-effective device that includes virtual avatars and voice activation as features of the augmented reality system (Fakolade et al., 2024). Other people did not prefer avatars or vocal control (Fakolade et al., 2024). Some preferred remote control (Fakolade et al., 2024). However, some articles were not able to provide information on users’ preferences or the effects of using AR on the Patients’ Experience during Rehabilitation at the time of the experiment (Guinet et al., 2022; Wang et al., 2023; Xu et al., 2024).
Overall, this indicates that different studies were able to find different results regarding the relationship between AR and rehabilitation. Some studies focused on how AR affected a person physically, while others focused on how it affected the patient both physically and mentally. These results elaborated on how to improve AR technology and how participants felt about it in general. Some of the results were based on healthy participants, while others were based on participants who had a health condition. Other studies even obtained results from healthcare professionals to get their opinions on AR technology for rehabilitation. These studies had different ways of approaching the topic of AR and rehabilitation. Therefore, there were a variety of results that discussed different aspects of the topic. This information is summarized in the table below (see Table 6).
TABLE 6 | Findings about the effects of using AR on the outcomes and experiences during rehabilitation.	Categories	Findings
	Physical Health	• AR promotes physical activity
• Sometimes AR technology outperformed traditional rehabilitation programs
• AR rehabilitation helps patients with knee problems
• AR rehabilitation helps people with motor health issues
• AR helped improve muscle strength during rehabilitation
• AR can help with balance during rehabilitation
• AR can help with flexibility during rehabilitation
• AR technology can help with reaction time for patients during rehabilitation
• AR can help with pain during rehabilitation
• AR can help with digital healthcare
	Emotional Health	• AR can help with motivation
• AR can help with engagement
	User/Patient Wants	• Users would like AR technology to have avatars
• Users would like AR technology to have voice activation
• Users would like AR technology to have remote control
• Users want AR devices to be cost-efficient
	Healthcare Professionals	• If a healthcare professional uses AR alongside the patient, this can help therapists evaluate patients’ performances
• If a healthcare professional uses AR alongside the patient, this can help the healthcare worker interact with the patient more


4 DISCUSSION AND CONCLUSION
Augmented Reality is known for supplementing reality using computer-generated graphics and allowing the user to experience them as though they appear in the real world (Žilak et al., 2022). There are a lot of benefits to using AR technology for physical health procedures. Written works chosen for this literature review were based on their relevance to the topic of AR technology for physical health, time of publication, and whether the database or source was peer-reviewed and/or credible. The studies showed different AR technologies, demographics, methodologies, testing focuses, and ways of collecting research. The research indicated that several people have done studies on the topic of how AR technology can affect a person’s physical health situation and rehabilitation progress. Some researchers have also conducted experiments on how AR technology can increase people’s motivation and affect their opinion on AR when participating in rehabilitation and physical health procedures. Therefore, AR technology has the potential to bring new forms of human-computer interactions (Žilak et al., 2022).
Moreover, the study also found that AR applications can help people with their motor recovery (Koroleva et al., 2021). These findings align with an article that indicated that AR telerehabilitation can help patients with motor rehabilitation (Kolsanov et al., 2020; Naqvi et al., 2024). In addition, augmented reality can improve mobility for post-stroke patients (Li et al., 2021). These findings align with an article by Gorman et al. (2022), which indicated that stroke patients were cautious yet open to the idea of using augmented reality for stroke rehabilitation during a focus group. Moreover, during the focus group, the themes that were discussed were that everything was computerized lately, and that possibilities were endless (Gorman et al., 2022). Lee et al. (2018) also expressed that AR can improve balance for users with a stroke. These findings align with an article that indicated that AR technology can help improve people’s balance levels during rehabilitation (Guo et al., 2024). Also, if AR set-ups are used alongside the patient, this can help medical professionals get more involved with the patient’s recovery (De Cecco et al., 2023). These findings align with an article by Cunha et al. (2023) that indicated that when a clinical expert uses AR alongside the patient, this helps the clinical expert be more involved with the patient’s recovery. AR can also help with a patient’s pain during rehabilitation through the use of digital healthcare (Shim et al., 2023). These findings align with an article by Guo et al. (2024) that indicated AR can help with pain during rehabilitation through digital healthcare.
Still, there are several gaps in the research that could be addressed in the future, such as studies that clearly specify that the experiments are about occupational therapy/occupational therapists. Although several papers mention OT in the report, they do not specify that the study is mainly about OT. As of now, there is a greater focus on PT, or the studies will address OT elements without specifically naming OT as one of the main focuses. There is also a lack of focus on those 25 years old and younger, and what people are looking for in an AR recovery application. Specifically, several of the written works found for this literature review focused on people 30 years and older. As a result, there is not a lot of data focused on people between 0 and 25 years old. It was also noted that a lot of the research focused on healthy people or those who experience injury, but the studies do not specify whether the participant was born with a certain health condition. In addition, it was also discovered that most of the research discussed motivation and emotions, but it is not the focus. Also, there is little information on what people are looking for in an AR recovery app, and whether their ideas/suggestions for the app will affect their motivation. Thus, it would be suggested that future AR research could consider including younger individuals, such as those aged 25 and under or who were born with or developed neuromuscular disabilities, and investigate the impact of using AR in rehabilitation or recovery exercise on their experiences (e.g., improvement, motivation, enjoyment, and engagement). Additionally, exploring and understanding what features or functions the patients are looking for when engaging with AR-based tools could help design more effective and personalized rehabilitation tools.
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