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Abstract
Background Smart-bar device (SBD) is a newly developed device to measure the body range of motion (ROM) by a kinetic 
sensor and to provide an exercise program with augmented reality (AR) guidance of body-frame image and audio feedback 
by mobile application.
Objective This study aims to compare the performance of SBD with AR function with a goniometer and to verify the clinical 
utility of SBD with AR guide function`
Methods Ten healthy individuals were enrolled and measured the ROM of body lateral flexion, extension, and rotation 
using a goniometer and SBD simultaneously. To evaluate the accuracy of an AR-guided exercise, we enrolled three patients 
with adolescent idiopathic scoliosis and measured the ROM of trunk lateral flexion and rotation during stretching exercises 
using SBD with or without AR guidance.
Results Concurrent validity between the goniometer and SBD was statistically significant, with a very high correlation 
coefficient from r = 0.836–0.988 (p < 0.05). All patients with scoliosis showed higher accuracy when we used SBD with AR 
guidance than when we used SBD without AR guidance (p < 0.05).
Conclusions The SBD could be a valid device to measure the joint angle of neck, shoulder, and trunk. AR guidance increased 
the accuracy of the stretching exercise, and mobile application of AR-guided stretching exercises with SBD should be useful 
for scoliosis patients to correct their posture.

Keywords Augmented reality · Mobile applications · Scoliosis · Muscle stretching exercises

Abbreviations
AR  Augmented reality
SBD  Smart bar device

1 Introduction

Spinal deformities have been cited in numerous studies, and 
range from 0.4 in 1000 for idiopathic scoliosis [1] to 2.5 in 
1000 for adolescent idiopathic scoliosis [2]. Recent studies 
indicate that posture during use of tablets and smartphones 
increase the load on the neck and trunk in adolescents [3]. A 
multiple logistic regression model revealed that those with 
smartphone overuse were approximately six times more 
likely to have neck pain (95% CI 4.44–8.09, p < 0.001) [4]. 
Smartphone overuse significantly increases the chance of 
musculoskeletal pain by six times [4]. The prolonged time 
in keeping the body in a poor posture will induce paraver-
tebral muscle pain, unbalanced force application to the 
vertebral bone, and even worse, permanent spinal malfor-
mation, including scoliosis [5]. To prevent developmental 
spine problems in adolescence, many educators promoted 
the physical activity in schools and developed guidelines 
for restricting hours of smart phone usage [6, 7]. To treat 
and prevent these posture problems, the lengthened muscles 
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should be shortened, and the shortened muscles should be 
lengthened again, to restore the spine’s vertical axis [8]. 
Self-stretching exercises decreased muscle spasms on the 
concave side and hyperactivity, and corrected the curvature 
of the lumbar region by lengthening the shortened muscles 
[9]. Stretching exercises can improve the yield of sports 
practices in the young [10–12], besides reducing work-
related musculoskeletal pain in adults [13]. Self-stretching 
interventions can reduce the burden of upper extremity mus-
culoskeletal disorders depending on their training, knowl-
edge, and experiences. Self-stretching at home, the patient 
does not have the inconvenience and cost of logistics from 
home to the clinic and can carry out rehabilitation activities 
in the comfort of his/her home, being likely to show a moti-
vation to progress and follow the treatment [14].

Nowadays, augmented reality (AR) technology, in par-
ticular, is widely used in the rehabilitation, because three 
factors (repetition, rapid feedback, and motivation) conveyed 
through AR have been found to be very effective [15].

Another method for stretching is one-to-one personal 
training. In a 24-week study that consisted of weekly exer-
cise sessions, a control group with minimal supervision vs. 
those assigned a personal trainer had better adherence (84% 
vs. 69%) [16]. In the clinical environments, the instructions 
to help patients do these specific movements correctly are 
given by the therapist. Without any guidance, the patients 
may do the stretching exercise with compensation, and the 
alignment may go in the wrong direction if they shake their 
limbs. It is most important to maintain the correct position 
and movement during the stretching exercise.

AR is a technology that combines the real world and 
3D virtual-object digital content with additional informa-
tion into a single image in real time [17]. AR solutions have 

been used for motor rehabilitation and allow the patients 
to receive information in real time while performing their 
activities or exercises [18, 19]. However, there is still insuf-
ficient data about whether AR information actually contrib-
utes to maintaining an accurate posture during stretching 
exercises. Although the literature on the effects of stretch-
ing exercises presents many differences in its prescriptions, 
absence of a control group, and randomized trials [20–25], 
but few studies have investigated this topic to guide rehabili-
tation exercises where movement correctness can affect the 
therapeutic effectiveness [14].

Recently, the smart-bar device (SBD) is a newly devel-
oped hand-held device that could measure body movement 
by a kinetic sensor and provide the mobile exercise program 
with AR guidance of the body-image frame and audio feed-
back (Fig. 1). We developed the stretching-exercise program 
for adolescent idiopathic scoliosis using the SBD and mobile 
application. Thus, we tested the concurrent validity of joint-
angle measurement by SBD by comparing it with a goni-
ometer and evaluated the accuracy of AR-guided stretching 
exercises by using SBD and mobile application for clinical 
usefulness.

2  Methods

Patients hold the SBD in both hands and do exercises with 
the guidance of a mobile application, which should be the 
same exercise as with the guidance of a physician. The SBD 
equipment measures movement posture using a nine-axis 
sensor (MPU-9250, InvenSense Inc.) and communicates 
the movement situation to the user via an LED indicator 
and vibration element. The equipment weighs 60 g and has 

Fig. 1  a Smart-bar device 
(SBD) and the tablet with 
mobile application (Smart 
Medical Device Co., Ltd., South 
Korea), b Stretching exercise 
of trunk lateral flexion using a 
SBD with augmented reality 
guidance (SBD-AR)
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dimensions of 25 mm × 150 mm × 25 mm (width, height, 
and length). After noise is removed, the data collected by the 
SBD is analyzed to measure the three-dimensional angle of 
physical performance using Roll, Pitch, and Yaw (Fig. 2). 
During exercise, the device's kinetic sensor tracks the body's 
range of motion (ROM), while the mobile application meas-
ures the body angle using a formula.

At the same time, the mobile application provides the AR 
guidance of body-image frames for correct exercises, and the 
audio feedback makes the body maintain the correct posi-
tion.The study of concurrent validity was approved by Dong-
guk University Ilsan Hospital’s Institutional Review Board 
(IRB No. DUIH 2019-09-009), who also approved the study 
of clinical usefulness (IRB No. DUIH 2020-09-001-002), 
which was registered at Clinical Research Information Ser-
vice (CRIS; Registration No.: KCT0004440). Informed con-
sent was obtained from all individual participants included 
in the study.

2.1  Validity Test

2.1.1  Subjects

For the concurrent validity test, we enrolled ten healthy 
adults who had no Musculoskeletal problems and measured 
the body range of motion (ROM) in neck lateral flexion and 
extension, trunk lateral flexion and rotation, and shoulder 
horizontal flexion. The angle of horizontal flexion was meas-
ured after 90°. Their demographic characteristics are the 
mean age of 32.00 ± 7.00, the mean height of 166.30 ± 10.80, 
and the mean weight of 61.70 ± 13.22 (Table 1).

2.1.2  Measurements

We selected these body ROM because they are used move-
ments for developed stretching exercise in this study. The 
angles during these ROM were measured by a physiothera-
pist who used a conventional method for a goniometer [26] 
and collected the data of SBD simultaneously 5 times.

2.2  Clinical Usefulness Test

2.2.1  Subjects

To evaluate the clinical usefulness of SBD with AR guid-
ance (SBD-AR), three adolescent idiopathic scoliosis 
patients participated in this study. They had been diagnosed 
radiologically and did not have fixed spinal deformity or pre-
vious surgical correction of the spine. They could do stretch-
ing exercise for 30 min without any pain. Their characteris-
tics are the mean age of 14.33 ± 0.577, the mean height of 
169.60 ± 7.50, the mean weight of 56.13 ± 8.62 (Table 4). 

Fig. 2  Flow chart for signal measurement and analysis in SBD equipment

Table 1  Characteristics of 10 
healthy subjects in the validity 
test

Subject (n = 10)

Sex
 Male 4 (40.0%)
 Female 6 (60.0%)

Age 32.00 ± 7.00
Height (cm) 166.30 ± 10.80
Weight (kg) 61.70 ± 13.22
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All patients have the right thoracic curve and the mean of 
cobb angle is 14 ± 10 (Table 4).

2.2.2  Intervention

Subjects performed two types of stretching exercise: trunk 
lateral flexion and trunk rotation. They are developed by the 
human anatomical structure and generally accepted stretch-
ing exercise in the clinic. Trunk lateral flexion is the posi-
tion of grasp each end of the SBD with elbow extension 
and raise the arm to overhead and trunk flexion laterally. 
Trunk rotation is the position of grasp each end of the SBD 
with elbow extension and rotate the arm on transverse plane 
with horizontal adduction of one shoulder and horizontal 
adduction of the other shoulder. Each exercise consisted of 
a 2-s movement phase from the starting position to the end-
ing position, and a 13-s stop phase at the ending position. 
Before the intervention, Subjects are provided the education 
of two types of stretching exercises and how to use the SBD 
for 10 min. After that, Subjects pick a paper with SBD or 
SBD-AR written on it and determine the order randomly.

The intervention used SBD alone and SBD-AR. The 
intervention of SBD alone was done while the subject 
watched the mobile application showing real time image of 
himself or herself without any AR guide He or she could 
check the exercise time of the 2-s movement and the 13-s 
stop phase by the mobile application. The intervention of 
SBD-AR was also done while the patient watched the mobile 
application showing himself or herself in the AR image in 
the mobile application (Smart Medical Device Co., Ltd., 
South Korea), which was the exercise guidance that provided 
the pre-programmed precise exercise around their real body 
image (Fig. 1).

2.2.3  Measurements

The SBD measured and stored the angle of trunk lateral flex-
ion and rotation every 0.1 s. Each value of every 0.1 s minus 
the average value of whole stop phase indicate the value of 
shaking every 0.1 s. The average value of this shaking value 
of each 0.1 s during the stop phase is defined as "deviation 
angle" in this study. The greater the deviation angle was, the 
less accurate was the exercise. To evaluate the accuracy of 
the exercise, we measured the deviation angle of the actual 
exercise from the AR guidance and compared the mean val-
ues between SBD and SBD-AR.

The maximum tilting angle is the average accumulated 
values for every 0.3 s by SBD during the exercise and the 
stop phase. The tilting angles were in two opposite direc-
tions: the front and rear directions during trunk lateral flex-
ion, the up and down directions during trunk rotation. The 
greater the tilting angle was, the wider the tremor was.

2.3  Statistics

The mean angles of ROM measured by both a goniometer 
and an SBD were compared using the t-test. All values are 
presented as mean ± standard deviation (mean ± SD). We 
analyzed the relationships between the ROM of the goniom-
eter and SBD by using Pearson’s correlations. We assessed 
the significance of accuracy between SBD and SBD-AR by 
paired t-tests, and did all statistical analyses using SPSS 
Ver.22 (IBM Corporation, US), setting the statistical sig-
nificance level at p < 0.05.

3  Results

3.1  The Validity Test

Ten healthy persons participated. The angles of neck lat-
eral flexion and rotation, shoulder horizontal flexion, and 
trunk later flexion and rotation were not significantly dif-
ferent between the values from the goniometer and SBD 
(Table 2). The relationships between the values by goniom-
eter and SBD for all angles showed statistical significance, 
with very high correlation coefficients from r = 0.836–0.988 
(Table 3).

3.2  The Clinical Usefulness Test

Three scoliosis patients participated (Table 4). In the com-
parison of mean deviation angles between SBD and SBD-
AR, the deviation angle of trunk lateral flexion and rotation 
was reduced significantly in SBD-AR (Table 5). All patients 
showed higher accuracy during the trunk lateral flexion and 
rotation exercise in SBD-AR than in SBD (Fig. 3). The tilt-
ing angle of both directions also reduced significantly in 

Table 2  Comparison of body angle values measured by goniometer 
and smart bar device (SBD)

Goniometer SBD Difference p-value
Mean ± SD Mean ± SD Mean ± SD

Neck
Lateral flexion 

(°)
40.20 ± 6.44 39.80 ± 6.30 3.84 ± 1.21 0.389

Extension (°) 44.00 ± 10.11 43.30 ± 10.44 1.88 ± 0.59 0.059
Trunk
Lateral flexion 

(°)
12.50 ± 5.10 12.10 ± 5.19 2.30 ± 0.72 0.522

Rotation (°) 48.80 ± 10.19 48.50 ± 9.95 1.68 ± 0.53 0.453
Shoulder
Horizontal 

flexion (°)
22.60 ± 4.14 21.20 ± 4.26 2.07 ± 0.65 0.056
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SBD-AR. All patients showed less tremor during the stop 
phase in SBD-AR than in SBD (Table 6).

4  Discussion

Spinal deformities related to poor postures have affected 
postural imbalance and unequal loads in the trunk muscles 
[27]. Postural asymmetry and muscle imbalance could be 
improved by physical exercises based on stretching exer-
cises [28]. However, the lack of posture feedback of the exer-
cise can lead adverse effect and many recent works have 

addressed this problem [29–31]. Actually. there are many 
technologies and system were developed in various field of 
pose estimation [32] and motion prediction [33, 34] and they 
can provide real time feedback of physical exercises. Actu-
ally, a few recent studies represent the advantage and effec-
tiveness of home-based exercise program with an AR system 
in various filed of patients with stroke [35] and elderly [36]. 
In the result of one RCT trial indicated that AR-based teler-
ehabilitation is more effective than a brochure-based home 
exercise program [37].

The SBD is a newly developed that could measure body 
movement and provide the mobile exercise program with AR 
guidance of the body-image frame and audio feedback. We 
conduct the clinical test to evaluate whether the AR-based 
guidance can increase the accuracy of the posture during the 
stretching exercise. This concurrent validity test provides 
evidence that the SBD can be a valid tool for measuring 
neck, shoulder, and trunk ROM in healthy individuals. In 
the validity test, we confirmed the concurrent validity and 
clinical usefulness of SBD to measure the range of motion. 
Thus, we conducted the clinical usefulness test of SBD to 
evaluate the AR-based guidance, which could increase the 
accuracy of the posture during the stretching exercise.

The validity test showed that the SBD could be a valid 
device for a physiotherapist to measure the joint angle by 
using a goniometer in a conventional method of ROM meas-
urement. To evaluate the clinical usefulness of SBD-AR, 
three adolescent idiopathic scoliosis patients underwent 
the intervention with SBD and SBD-AR. To analyze the 
effectiveness of the AR-based guidance on accuracy and 
maintain the posture during stretching exercise, we provide 
a new concept of predictor as "deviation angle" and it can 
indicate the accuracy of the stretching exercise. The SBD 
measured red and stored the angle of trunk lateral flexion 
and rotation every 0.1 s. Each value of every 0.1 s minus 
the average value of whole stop phase indicate the value of 
shaking every 0.1 s. The average value of this shaking value 
of each 0.1 s during the stop phase is defined as "deviation 
angle" in this study. The greater the deviation angle was, 
the less accurate was the exercise. To evaluate the accu-
racy of the exercise, we measured the deviation angle of the 
actual stretching exercise and compared between SBD and 
SBD-AR. There was higher accuracy during the stretching 
exercise in SBD-AR than in SBD. The AR image in the 
mobile application was the exercise guidance that provided 
the pre-programmed precise exercise around their real body 
image. It also provided the audio feedback to correct the 
posture when the real-time body image deviated signifi-
cantly from the AR image. During the stretching exercise, 
the patients tried to correct their movement by means of the 
AR guidance and audio feedback warning about the devi-
ant movement out of image. In order to analyze the move-
ments performed by the patient and to provide feedback for 

Table 3  Correlation of body angle values between goniometer and 
smart bar device (SBD)

Variable Correlation value p

Neck
Lateral flexion (°) 0.836 0.003
Extension (°) 0.988 0.000
Trunk
Lateral flexion. (°) 0.901 0.000
Rotation (°) 0.988 0.000
Shoulder
Horizontal flexion (°) 0.865 0.001

Table 4  Characteristics of 3 adolescent idiopathic scoliosis patients 
in the clinical usefulness test

Subject Sex Age (year-
old)

Height (cm) Weight 
(Kg)

Cobb angle 
(°)

A M 14 173 66 11
B M 14 174.8 52.4 16
C F 15 161 50 15

Table 5  The comparison of deviation angle of trunk lateral flexion 
and rotation between smart bar device (SBD) alone and SBD with 
AR guidance (SBDAR) during stretching exercise

SBD Smart bar device
SBDAR SBD with AR guidance

Subject Exercise SBD SBDAR p-value

A Trunk lateral 
flexion

0.973 ± 0.684 0.785 ± 0.620 0.015

Trunk rotation 0.721 ± 0.433 0.391 ± 0.254  < 0.000
B Trunk lateral 

flexion
1.352 ± 0.802 0.763 ± 0.647  < 0.000

Trunk rotation 0.935 ± 0.515 0.604 ± 0.509  < 0.000
C Trunk lateral 

flexion
4.208 ± 1.323 0.645 ± 0.954  < 0.000

Trunk rotation 2.383 ± 1.285 0.772 ± 0.615  < 0.000
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guidance and correction, the AR solution needs to track the 
body segment executing the movement, can provide the vis-
ibility needed for user interaction [38], and contributes to 
early learning, helping the beginner understand the move-
ment [39]. Using multimodal feedback information in reha-
bilitation solutions helps users to do the correct movement 

[39, 40]. Newly developed SBD-AR guidance increased the 
accuracy of the exercise and should be useful for scoliosis 
patients to correct their posture. The clinical usefulness test 
had a small sample size from one hospital. We could not 
control the potential bias in the order of intervention of SBD 
and SBDAR. Although we randomly determined the order 

Fig. 3  The deviation angle of trunk lateral flexion and rotation between the SBD alone (black dot) and with augmented reality guidance (white 
dot) at every 0.1 s during the movement phase and stop phase of the stretching exercise

Table 6  The maximum tilting 
angle of trunk lateral flexion 
and rotation between smart bar 
device alone (SBD) and SBD 
with AR guidance (SBD-AR) 
during stretching exercise of 
stop phase

SBD Smart bar device
SBDAR SBD with AR guidance

Subject Stretching type Tilting direction Tilting angle (°) p value

SBD SBDAR

A Trunk lateral flexion Front 17.446 4.825 0.004
Rear 7.183 1.599 0.009

Trunk rotation Up 5.791 0  < 0.001
Down 15.807 2.087  < 0.001

B Trunk lateral flexion Front 17.593 3.512  < 0.001
Rear 8.828 1.107 0.009

Trunk rotation Up 6.222 0  < 0.001
Down 13.344 2.721  < 0.001

C Trunk lateral flexion Front 14.595 3.453  < 0.001
Rear 7.109 1.180 0.002

Trunk rotation Up 15.637 4.997  < 0.001
Down 0 0 –
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of intervention, one subject performed the SBDAR first, and 
two of them performed SBD first. Because two interventions 
of SBD and SBDAR were performed within a day despite 
the resting time, variables such as exercise adaptation and 
abdominal muscle preparation can be affected in the sec-
ond stretching exercise. These biases need to be considered 
in the next studies with a sufficient number of subjects. In 
addition, we need to follow the effect of SBD and SBD AR 
over a long-term period. Because adolescent scoliosis would 
improve by exercise effectively, we could confirm the effect 
of SBDAR with the improvement of Cobb's angle.
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