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Abstract: The present study investigated the feasibility and effectiveness of pseudo-weight re-
sistance training using mixed-reality (MR) technology for shoulder muscle activation in healthy
individuals. Thirty-two healthy students aged 20~35 years participated in this preliminary study
and were divided into two groups. Participants in the MR group received 30 min of training
three times a week for 4 weeks using a customized MR-based pseudo-weight resistance train-
ing system. Those in the control group performed the same exercises using a conventional train-
ing program. Muscle activation of the deltoids, upper trapezius, infraspinatus, and supraspina-
tus were measured before and after the intervention. There was a statistically significant differ-
ence in middle deltoid, upper trapezius, and supraspinatus muscle activation in the MR group
(p < 0.05), while the control group showed a significant difference in the anterior and middle del-
toid, upper trapezius, and supraspinatus (p < 0.05). Regarding the between-group comparison, no
statistically significant difference was observed for all six muscles (p > 0.05). Without any superi-
ority of physical weight resistance training in the pseudo-weight training program, an MR-based
pseudo-weight resistance training system can potentially be used for muscle-strengthening training,
especially for early rehabilitation programs. However, further study using a large sample size with a
long experimental duration is needed for more evidence of the presented technology and its use in
home training.

Keywords: mixed reality; MR Glass HoloLens; pseudo-weight; muscle activation

1. Introduction

The rapid growth of science and technology has made possible the development of
many computer-altered technologies that can intensify or replace our perception of the
world. These technologies comprise virtual reality (VR), augmented reality (AR), and
mixed reality (MR) [1]. Having many potential benefits, these technologies are making
important changes in various areas and components of our daily life [2].

VR, which is technology that immerses users within a computer-generated virtual
environment [3,4], and AR, which encrusts digital content on top of the physical world [4,5],
are used for entertainment, training, education [6], and healthcare, such as in rehabilita-
tion [7]. VR and AR are often used in rehabilitation as gamified exercises (exergames) and
have been reported to be effective in improving physical performance, including muscle
strength, in healthy individuals as well as in patients with disorders and impairments [8,9].
These findings probably result from the fact that exergames provide enjoyable and challeng-
ing experiences. These types of immersive experiences can make users train more safely
and can motivate patients during home exercise programs in a new and exciting way [10].
However, it remains difficult for healthcare providers and patients themselves to quantify
the intensity of the exercise performed during exergames. Although the implementation
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of additional devices such as treadmills and stationary bicycles may help to quantify and
manage the intensity of the exergames played by patients during training sessions [11],
buying and installing those devices requires more expense and an adequate environment.

Another method used to quantify the weights of objects manipulated during ex-
ergames is pseudo-haptic technology, which provides real-time haptic feedback. A pseudo-
weight can be described as a virtual weight that can be perceived without any contact with
a physical weight [12]. This technology has been applied to users by providing a sense
of touch when they catch or manipulate virtual objects using haptic devices [13]. There
have been numerous wearable pseudo-haptic devices in the form of haptic gloves that
provide touch and weight sensations. However, they have been found to reduce the user’s
natural range of motion during exercise and remain expensive [14]. With the emergence of
MR, which is a technology that combines AR and VR features, as it merges the real and
virtual environments’ [2] visual cues (interactive imagination), MR can be used to create
a more efficient pseudo-weight based on visualization and perception. Moreover, since
MR stimulates users’ imaginations and interactions and is capable of maintaining both real
and virtual worlds, this new approach of pseudo-weight training using visual cues can be
translated into haptic feedback [15,16].

In a previous study, Park [17] developed an algorithm that uses machine learning and
created a virtual pseudo-weight technique that only relies on the user’s perception and
visualization and is sensible to movement directions and velocity. Despite the develop-
ment of this new approach, which does not require pseudo-haptic devices, such as haptic
gloves, no study has been conducted to assess its feasibility and effectiveness on muscle
activation. It is well known that resistance exercise is an effective method to assess the
activity of muscles, as it produces strong muscle contractions when an external force has
been applied. Previous studies have shown that several impacts of resistance training help
to increase muscle activation and the cross-sectional area of muscle fibers, increase muscle
strength [18], and delay the aging-related process of sarcopenia [19]. Therefore, performing
resistance exercises may result in increasing muscle power for a healthy life, which is one
of the principal reasons for improving muscle performance in various cases [20]. Another
important factor influencing muscle contractions is that the central nervous system plays a
crucial role as a regulator and stimulates the fast or slow twitch of fibers [21]. It would be
of much interest to assess the effects of using pseudo-weights for resistance training with
MR technology on muscle activation.

To date, there has been less interest in research regarding pseudo-weight technology
in rehabilitation, especially in home training programs. To our knowledge, no research
has assessed the effects of pseudo-weight resistance training using MR technology on
muscle activation or, more particularly, on its short-term effects. Therefore, the goal of
the present study was to assess the effects of pseudo-weight training using HoloLens MR
Glasses on shoulder muscle activation in an attempt to determine its feasibility in healthy
young adults.

2. Materials and Methods
2.1. Research Design

The present study was a randomized, controlled trial preliminary study with two
groups (the MR group and the control group) with a pre-test and post-test measurement
design, conducted in the Department of Physical Therapy, Sun Moon University, Republic
of Korea. The study procedure followed the Declaration of Helsinki and was approved
by the Institutional Review Board of Sun Moon University (SM-202206-028-2). Before
participating in this study, all participants were informed of the aims of the study and the
procedure and were allowed to ask questions. All signed an informed consent form.

2.2. Sample Size Calculation

The sample in this study was calculated by the software G∗power version 3.1.9.7
(Heinrich Heine, Düsseldorf, Germany). The calculations were made with a 0.25 effect size,
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0.05 alpha level, two groups, and four measurements. According to these parameters, a
sample size of 30 participants was required to achieve a power of 90%. One more participant
was added to each group in case of dropouts, for a total of 32 participants.

2.3. Participants

A total of thirty-two (32) volunteers (14 women and 18 men) were recruited for this
study. All participants were healthy college students without surgery or upper or lower
extremity injuries within the preceding three months. Only participants who had at least
some experience of using VR or AR devices and did not have any problem with maintaining
standing stability were included in the experiment. Participants who had any significant
shoulder injury or surgical history were excluded. During the experiment, all participants
were instructed to refrain from intensive exercise and received monetary compensation at
the end of the experiment for the time and effort they provided.

2.4. Randomization

In the present study, we used the simple randomization method and conducted it
using a computerized random number generator from 1 to 32. Participants with odd
numbers were allocated to the MR group and those with even numbers to the control
group. The number randomization procedure was conducted by an investigator who was
not involved in outcome measurement, intervention, or data analysis.

2.5. MR Group

Participants allocated to the MR group used a commercially available head-mounted
Microsoft HoloLens 2 device (Microsoft Corporation, Redmond, Washington, DC, USA).
The HoloLens was configured using the pseudo-weight algorithm developed by the Data
Reality Corporation (Seoul, Republic of Korea) and a rehabilitation exercise program
designed in the Department of Physical Therapy of Sun Moon University. The pseudo-
weight training consisted of participants training using a virtual weight (dumbbell), lifting
it as if it was physically real. The force needed to lift the dumbbell was the same as the
force required for the real dumbbell, including the velocity and direction of the movement.
Details of the pseudo-weight algorithm and its integration are published elsewhere [17].
The MR environment created through the HoloLens made it possible to present digital
objects such as dumbbells and trainer avatars as if they were in the real world, mixing them
with the surrounding environment. Moreover, the upper body of each participant was
replaced by an avatar, allowing them to be present at the virtual training center event (they
were physically in a laboratory room). The upper-body avatar was colored green when the
exercise was correctly performed and turned red when incorrect movement was executed
(e.g., flexion instead of abduction). The exercises were performed in this designed MR
environment. Before performing the exercises, participants had 15 min to practice using
the MR Glass while four (4) inertial measurement unit (IMU) sensors were attached to their
upper limb joints (2 IMU sensors at 5 cm above the elbow and 2 others at the wrist). The
IMU sensors were used to provide participants with feedback on the ongoing exercises
(acceleration and deceleration of the movement) to ensure the correct performance of the
movements (Figure 1).

For this study, participants were asked to perform three different exercises (10 repeti-
tions × 3 sets for each exercise), always in the same order: (1) shoulder scaption (standing
position), (2) shoulder press (sitting position), and (3) shoulder external rotation (standing
position) with 10 kg (1 RM) for males and 8 kg (1 RM) for females. The weight of 10 kg for
males was chosen based on previous studies that used 10 kg as a weight to fully stimulate
the muscle [22]. The 8 kg weight for females was adapted to our participants since they
were unable to lift the 10 kg dumbbell for 10 repetitions. The selected exercises were
designed to target the deltoids, the upper trapezius, the infraspinatus, and the supraspina-
tus muscles, as they involved a combination of shoulder flexion, abduction, and external
rotation. Additionally, the chosen exercises are among the exercises recommended by Mose-
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ley et al. [23] for shoulder rehabilitation programs. Participants were instructed to perform
the exercises by following the instructions given by a trainer avatar with a pre-recorded
audio voice. Participants were asked to wear the HoloLens during exercise performance as
well as during the electromyography (EMG) measurement. However, they were instructed
to remove it during the resting periods. After completing the MR Glass exercise program,
participants were asked to fill out a customized survey to evaluate their subjective feelings
about using the MR Glass device. The survey consisted of ten questions with a simple
“yes or no” answer. Figure 2 shows the screen of the MR-based pseudo-weight system and
Figure 3 the exercise performed by the HoloLens device.
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2.6. Control Group

Participants in the control group were asked to perform the same tasks as those in the
MR group by using real physical dumbbells, without using the MR Glass. They performed
the same number of repetitions and sets as those in the MR group (10 repetitions × 3 sets
for each exercise): (i) shoulder scaption (standing position), (ii) shoulder press (sitting
position), (iii) shoulder external rotation (standing position) with 10 kg (1 RM) for males
and 8 kg (1 RM) for females.
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2.7. Outcome Measurement

EMG signals were recorded simultaneously from six shoulder muscles using a surface
EMG. The surface EMG used for the recording was a portable 4-channel BTS-FREEEMG
Muscle Tester (BTS Bioengineering Corp, Seoul, Republic of Korea) with wireless electrodes.
Electrodes were positioned on the belly of the deltoids (anterior, middle, posterior), upper
trapezius, infraspinatus, and supraspinatus of the dominant side. Arm dominance was
determined by the arm used for writing. The electrodes were positioned according to
previous studies [24,25], and the detailed position of each muscle is presented in Table 1.
The distance between the electrodes was a minimum of 2 cm. The same investigator was
responsible for placing all electrodes in order to ensure the consistency of the measurement.
Signals were cleared using a bandwidth frequency ranging from 10 to 1500 Hz. A computer
equipped with BTS-FREEEMG (BTS Bioengineering Corp, Seoul, Republic of Korea) was
used to calculate the root mean square, record it, and save the data automatically. Before
the recording, skin preparation to reduce impedance was conducted by a licensed physio-
therapist by initially cleaning the recording skin surface with 70% alcohol wipes to ensure
that the skin was clean.

Table 1. Positions of the electromyography electrodes.

Anterior deltoid 4 cm under the lateral clavicle, above the muscle belly a

Middle deltoid At the midway point of the acromion extremity and the
deltoid tubercle a

Posterior deltoid 2.5 cm diagonally below the dorsal margin of the acromion a

Upper trapezius At the midway point of the 7th cervical vertebrae and the acromion
process, above the muscle belly a

Infraspinatus 4 cm below the scapula spine, over the intracapsular fossa, laterally
but below the posterior deltoid b

Supraspinatus 2.5 cm above the middle of the scapular spine and to the base of the
supraspinous fossa b

a Ijiri et al. [24], b Criswell [25].

A manual resistance test by the same investigator was conducted to measure the
baseline EMG data for the maximal voluntary isometric contraction (MVIC) for each
muscle before the exercise. EMG was measured for 10 s twice with a 10 s rest between
repetitions and a 2 min rest between each muscle assessment. The highest recorded muscle
activity was used for normalization. The procedure of measuring the MVIC for each muscle
was adapted from a previous study [26] and is described in Table 2. EMG activity was
recorded at 2 weeks and 4 weeks after the exercises were performed, in the same positions
for both groups, except that manual resistance was not performed. For participants in the
MR group, EMG was recorded while they used the resistance of the pseudo-weight, and
those in the control group used the resistance of the dumbbell.
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Table 2. Maximal voluntary isometric contraction measurement settings.

Anterior deltoid Elbow flexed at 90◦ with shoulder in neutral position. Resistance was
applied at the proximal elbow in a backward direction

Middle deltoid Elbow flexed at 90◦ with shoulder in 80◦ abduction. Resistance was
applied at the proximal elbow in a medial–downward direction

Posterior deltoid Elbow flexed at 90◦ with shoulder in neutral position. Resistance was
applied at the proximal elbow in a forward direction

Upper trapezius Elbow fully extended with shoulder abducted at 90◦. Resistance was
applied at the proximal elbow in a downward direction

Infraspinatus Elbow flexed at 90◦ with shoulder in neutral position. Resistance was
applied proximal to the wrist in a medial direction

Supraspinatus Elbow flexed at 90◦ with shoulder in 70◦ abduction. Resistance was
applied proximal to the wrist in a medial direction

Adapted from Cools et al. [26].

2.8. Statistical Analysis

The Statistical Package for Social Sciences (SPSS) software ver. 29.0 for Windows (SPSS
Inc, Chicago, IL, USA) was used for the analysis of the results. Descriptive statistics were
recorded to analyze the demographic characteristics of participants and the baseline MVIC
values of all muscles from both groups. Data are presented as mean ± standard devia-
tion. The baseline MVIC value was used to ensure that both groups had a non-significant
difference in muscle activation before the exercises. Since muscle activations in the two
conditions (pseudo-weight and real dumbbell) were the main outcome targets, we con-
ducted a paired-sample t-test to make a direct comparison of the muscle activation changes
over time (between the pre-and post-intervention measurements) and an independent-
sample t-test to compare the difference between the groups. The significance level was set
at p < 0.05.

3. Results
3.1. Demographic Characteristics

The thirty-two participants in this study all completed the training program and
attended all intervention sessions. By the end of the study, none of the participants had
dropped out. The general characteristics of both groups of participants are displayed in
Table 3. There were no significant differences between the two groups in terms of general
characteristics.

Table 3. General characteristics of the participants and baseline muscle activation.

Value MR Group (n = 16) Control Group (n = 16) p

Age (year) 25.50 ± 1.54 25.25 ± 1.61 0.658
Height (cm) 169.50 ± 5.12 168.81 ± 5.20 0.709
Weight (kg) 66.63 ± 4.14 66.44 ± 5.52 0.914

BMI (kg/m2) 21.20 ± 1.38 20.80 ± 1.31 0.699
Results are presented as mean ± standard deviation, p < 0.05.

3.2. Muscle Activation

The within-group comparisons for muscle activation showed statistically significant
differences in some muscles in both groups. First, in the MR group, the paired-sample t-test
showed a statistically significant difference between the pre-test and post-test in the middle
deltoid (p = 0.024), upper trapezius (p = 0.013), and supraspinatus (p = 0.011). Despite an
increase in mean value from the pre-test to the post-test in the anterior deltoid, posterior
deltoid, and infraspinatus, no statistically significant difference was observed (p > 0.05).
In the control group, there were statistically significant differences in the anterior deltoid
(p = 0.014), middle deltoid (p = 0.014), upper trapezius (p = 0.023), and supraspinatus
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(p = 0.021). However, the posterior deltoid and infraspinatus did not show a significant
difference (p > 0.05), although an increase in mean value was observed between the pre-test
and post-test.

Second, the independent-sample t-test used to compare the differences between the
two groups showed no statistical difference in muscle activation for any of the six muscles
(p > 0.05). The mean and standard deviation differences for the within-group compari-
son (pre-test and post-test comparison) are presented in Table 4, and the between-group
comparison values are presented in Table 5. The baseline MVIC values are displayed as
a reference for participants’ muscle contraction but were not used in the analysis of the
muscle activity changes in either group since the measurement method was different.

Table 4. Comparison of muscle activation within groups.

Muscle Group Baseline Pre-Test Post-Test t p

Anterior deltoid
MR group 65.25 ± 1.12 53.50 ± 1.59 54.13 ± 2.57 −1.718 0.106

Control group 65.50 ± 1.31 63.50 ± 1.54 64.38 ± 2.02 −2.782 0.014 *

Posterior deltoid
MR group 73.88 ± 1.45 62.94 ± 1.52 63.06 ± 1.18 −0.368 0.718

Control group 73.94 ± 1.34 71.44 ± 2.52 73.13 ± 2.12 −1.997 0.064

Middle deltoid
MR group 56.25 ± 1.39 48.06 ± 1.61 49.13 ± 1.20 −2.512 0.024 *

Control group 56.81 ± 1.42 54.88 ± 1.54 55.69 ± 1.49 −2.784 0.014 *

Upper trapezius MR group 76.56 ± 1.36 72.94 ± 1.18 73.69 ± 1.19 −2.818 0.013 *
Control group 76.81 ± 1.42 74.38 ± 1.50 74.94 ± 1.43 −2.522 0.023 *

Infraspinatus MR group 53.06 ± 1.06 49.69 ± 1.13 49.88 ± 1.36 −0.716 0.485
Control group 53.25 ± 1.06 51.25 ± 1.57 51.63 ± 1.82 −1.464 0.164

Supraspinatus MR group 75.75 ± 1.43 67.88 ± 0.95 68.81 ± 1.22 −2.908 0.011 *
Control group 75.69 ± 1.53 73.31 ± 1.74 74.19 ± 1.47 −2.573 0.021 *

* p < 0.05, mean ± standard deviation, electromyographic activation of shoulder muscles reported as a percentage
of maximum voluntary isometric contraction (MVIC).

Table 5. Comparison of muscle activation between groups.

Muscle MR Group Control Group t p

Anterior deltoid −0.62 ± 1.45 −0.87 ± 1.25 0.520 0.607
Posterior deltoid −0.12 ± 1.36 −1.69 ± 3.38 1.715 0.097
Middle deltoid −1.06 ± 1.69 −0.81 ± 1.16 −0.487 0.630

Upper trapezius −0.75 ± 1.06 −0.56 ± 0.89 −0.540 0.593
Infraspinatus −0.19 ± 1.04 −0.40 ± 1.05 0.563 0.578
Supraspinatus −0.94 ± 1.28 −0.87 ± 1.36 −0.133 0.895

Mean ± standard deviation, electromyographic (EMG) activation of shoulder muscles reported as a percentage of
maximum voluntary isometric contraction (MVIC).

Finally, regarding the survey, only participants in the MR group were asked to com-
plete it and the results are presented in Table 6. Although all participants reported no pain
during or after the use of the MR Glasses, some reported having visual fatigue during
and after wearing the device. Ten of the sixteen participants affirmed that the device
was comfortable, and fourteen of them were favorable to using it for long-term training
programs. In addition, the majority of participants reported no loss of balance, and no loss
of the notion of time was observed in any participants. Some of them reported not to have
felt the real environment surrounding them while wearing the MR Glasses. However, no
accident, injury, or adverse effect was noticed.
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Table 6. Survey on the use of MR Glasses.

Questions
Answers

Yes No

Did you feel any pain while using MR Glass? 0 16
Did you feel any pain after using MR Glass? 0 16

Did you feel any visual fatigue while using MR Glass? 3 13
Did you feel any visual fatigue after using MR Glass? 4 12

Do you think the MR Glass is comfortable? 10 6
Did you feel safe and autonomous? 12 4

Do you think MR Glass can be used for training programs? 14 2
Did you lose balance while using MR Glass? 3 13

Did you feel the real environment while using MR Glass? 9 7
Did you feel lost in the notion of time with MR Glass? 0 16

Values are reported as the number of answers.

4. Discussion

The purpose of the present study was to investigate the feasibility and effectiveness
of a pseudo-weight resistance training program using an MR Glass (HoloLens) device on
shoulder muscle activation in healthy adults. Our results show that training with a pseudo-
weight while wearing the MR Glasses effectively affected the activity of some muscles
tested. Although an increase in muscle activation was observed in the anterior deltoid,
middle deltoid, and supraspinatus, mean muscle activation was comparatively lower than
in the control group. Additionally, while no statistically significant difference was observed
between the MR group and the control group, training using a pseudo-weight with the MR
Glasses produced less muscle activation both before and after the training compared with
their baseline MVIC.

In our experiment, participants repeated various shoulder movements, including flex-
ion, extension, adduction, and abduction in a rhythmic and steady sequence. Thus, we can
postulate that participants’ motivation and degree of immersion during the performance of
the exercises were greater in the MR group compared with the exercise performed using
physical weights in the control group. However, our findings showed that all muscle activi-
ties in the MR group were lower than those in the control group. This can be explained by
the fact that using the pseudo-weight with the avatar in some way reduced the haptic sense
of weight, and the amount of muscle activity became lower due to the lack of physical
contact with the real world.

Additionally, low muscle activation in the MR group in the present study may be due
to limited realistic weight recognition, as this completely relied on visual perception of
the weighted dumbbells. This explanation is supported by a previous study conducted
by Hummel et al. [27] who affirmed that weight recognition during exergames in VR or
AR environments is an essential factor that contributes to a more realistic interaction with
virtual objects, which may directly influence muscle activation. Contrary to previous studies
that used the vibration of electric muscle stimulators or controllers [28,29], our approach
used visual information and a hand-tracking algorithm to manipulate weighted dumbbells.

In terms of resistance exercise, it has been reported that physiological responses
to resistance appear generally in the nervous system, which plays a crucial role in the
initial contraction and adaptation of muscles [30,31]. It is possible to increase muscle
activation using physical weights without visible changes in the muscle, placing emphasis
on the haptic effect of weight resistance. Although using MR Glasses with pseudo-weights
provides a realistic effect of weight exercise, its impact on weight perception and neuronal
activity may be limited without real haptic perception.

In a previous study, Conwit et al. [32] affirmed that when resistance was maintained
steadily and then increased during the training period, it resulted in muscle adaptation
and high potential action in the motor unit. In our study, we used a steady resistance load
for both the MR group and the control group. However, the force of the hand grip at the
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wrist and the implication of the elbow joint may be another major reason for the difference
in muscle activation level between the two groups.

Interestingly, no significant difference was observed between the real dumbbell resis-
tance exercise and the pseudo-weight exercise. This may be related to the fact that visual
stimuli, or visual feedback, affect the neuromuscular system. Several studies have demon-
strated that visual stimuli enhance the activation of muscles and that different stimuli may
have different effects on muscles [33–35]. It is important to mention that multiple types
of sensory information are transmitted to the brain, which integrates them and stimulates
voluntary muscle contraction. Consistent with this mechanism, the visual perception of
weight created by the pseudo-weight system on the MR Glass certainly provides sensory
information to brain neurons, resulting in muscle activation that was not significantly
different from real resistance training.

The present study has some limitations that need to be acknowledged. First, the
present study was a preliminary study conducted on participants without any muscular
impairments or disorders, and only one outcome was measured (muscle activation). The
results of this study should be interpreted carefully and should be replicated using various
exercises and outcome measurements, with more participants to increase statistical power.
Second, the exercises were performed with an MR Glass (HoloLens MR device), implying
that the result may only be related to this specific head-mounted device. Third, we used
specific exercises during the experiment, and they were selected to allow replication.
However, some tasks, such as climbing, could include a high risk of fall and injury and
could have yielded different muscular activity demands that could have consequently
altered some muscles. Fourth, using a Likert scale for the questionnaire would have been
better to collect the data. However, we choose to use a yes-or-no format to minimize
response bias and create a less complex questionnaire, since it has been found that both
questionnaire formats are equally reliable [36].

5. Conclusions

The present study aimed to assess the feasibility and effectiveness of pseudo-weight
training using an MR device on muscle activation in healthy young adults. The main
findings were that MR-based pseudo-weight training and physical weight training both
resulted in an improvement in some muscles’ activation, while there was no significant
difference between the two groups. Moreover, a brief survey showed general satisfaction
with the training system, though some participants reported mild discomfort due to the
headset fixation. We can conclude that pseudo-weight training using HoloLens MR Glasses
appeared to be feasible and potentially effective in increasing muscle activity. However,
more research is needed to assess its use in home training early rehabilitation programs.
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