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Abstract: Forward Head Posture (FHP) is when the head leans forward due to factors such as
heavy backpacks or poor computer ergonomics. FHP can lead to neck strain and discomfort as
well as potential long-term issues such as arthritis. Treatment options include specialized exercises,
orthopedic devices, manual therapy, physical exercises, and visual feedback techniques, along with
guidance from specialists in physical medicine and rehabilitation. In this study, a visual feedback-
based approach was used to address FHP in female students. The study spanned ten days and
included a visual feedback group and a control group. The results showed significant improvements
in maximum head angle deviation in the visual feedback group compared to the control group;
however, there was no significant change in the DFA number, indicating stability in policy control by
the central nervous system. The study demonstrated that visual feedback sessions led to immediate
benefits, with participants progressively acquiring skills involving the maintenance of proper head
positioning. The test results indicated that the neck angle decreased to less than 15 degrees, indicating
a return to a normal state. The versatility of the developed affordable and easy-to-use device and
the potential for using smartphone motion sensors for similar visual feedback systems are discussed
in this paper as well. The study suggests the promising potential of visual feedback in healthcare,
including remote monitoring and smartphone-based solutions.

Keywords: forward head posture; visual feedback; bio-feedback; Arduino UNO; 3D accelerometer;
healthcare

1. Introduction

One of the prevailing issues concerning bodily posture pertains to the phenomenon of
Forward Head Posture (FHP). FHP is a condition characterized by the forward positioning
of the head in relation to the shoulders and spine. In light of the predominant nature of
human interaction occurring anteriorly vis-à-vis the countenance, protracted engagements
with computer usage, television consumption, video game indulgence, unforeseen mishaps,
or the protracted carriage of backpacks have been identified as potential antecedents to the
proclivity of cranial inclination towards the anterior plane [1].

1.1. FHP Reasons and Causes

In the broad spectrum of causative elements contributing to this phenomenon, a suc-
cinct enumeration of pivotal determinants is presented in the following sections: Backpack
Overloading [2], Computer Utilization Ergonomics [3], Traumatic Incidents [4], Ocular
Impairment [5], and Ambulation Anomalies [6]. Notably, this constellation of secondary
effects encompasses an array of deleterious consequences, including but not limited to
those delineated in Figure 1.

Appl. Sci. 2024, 14, 781. https://doi.org/10.3390/app14020781 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app14020781
https://doi.org/10.3390/app14020781
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0001-8238-9969
https://orcid.org/0000-0002-9457-6267
https://doi.org/10.3390/app14020781
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app14020781?type=check_update&version=1


Appl. Sci. 2024, 14, 781 2 of 18

Figure 1. Comparing forward head (red) and correct head (green) positions: A, Tragus;
B, α (Head/Neck angle); C, C7 (seventh cervical vertebra).

In an optimal scenario, the cranial region should be impeccably aligned with the
cervical and scapular regions, akin to the harmonious equilibrium of a golf ball atop its
pedestal. In stark contrast, the human cranium presents a significantly heftier mass, more
akin to that of a bowling ball; consequently, the anterior inclination of the head imposes a
substantial biomechanical strain on the cervical and dorsal musculature. It is noteworthy
that the gravitational burden on the cervical spine escalates for every increment of the
anterior displacement of the cranium, as reported in Table 1 [7].

Table 1. Intensity of pressure on the neck in different neck angular positions.

Neck Angular Position Intensity of Pressure in the Neck (kg)

4–5 Head in normal position
12 Head forward α =15 degrees
18 Head forward α = 30 degrees
22 Head forward α = 45 degrees
27 Head forward α = 60 degrees

As delineated in Table 1, each increment of 15 degrees in the anterior displacement of
the head imposes an excessive load akin to the initial pressure upon the cervical region [7].

Consequently, this increased pressure engenders cervical weariness and concomitant
persistent or predominant cervical discomfort. The musculature spanning the cervical and
scapular regions is entrusted with the perpetual sustenance of this burdensome load, and
sustains an isometric contraction, culminating in hemodynamic impairment, tissue trauma,
and exhaustion ultimately manifesting as elongation, soreness, a burning sensation, and
fibromyalgia [8]. Furthermore, the anterior inclination of the head and neck precipitates
the erasure of the inherent cervical lordosis, thereby compromising the integrity of the
intervertebral discs and potentially fostering premature arthritic degeneration [9].

1.2. Treatment Modalities and Strategies

The initial phase of addressing ailments related to the head and neck necessitates
thorough evaluation by a specialist in physical medicine and rehabilitation complemented
by radiographic assessments to gauge the progression of the condition. Subsequent to this
comprehensive assessment, a tailored treatment regimen is prescribed encompassing spe-
cialized exercises and an array of therapeutic interventions. Several therapeutic modalities
warrant consideration, including stretching and strengthening regimens, offered by a physi-
cal medicine and rehabilitation specialist as a series of exercises [10], utilization of a bespoke
orthopedic apparatus such as an orthopedic device (e.g., braces or lumbar supports) de-
signed to facilitate optimal bodily posture [11], manual techniques such as the application
of massage therapy [12], structured physical exercises or corrective movements [13,14], and
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biofeedback techniques such as therapeutic–educational modalities wherein individuals
are instructed on the volitional regulation of innate autonomic physiological functions to
influence overall bodily wellbeing [15].

2. Related Works

Biofeedback, in its canonical manifestation, emerges as a therapeutic method under-
pinned by the sophisticated apparatus of modern electronics, serving as a conduit for the
comprehensive measurement and intricate analysis of the multifarious neural, muscular,
and autonomic processes inherent to the human corpus [16]. These invaluable insights
gleaned from the depths of biofeedback instrumentation are subsequently imparted to
the patient and their medical practitioner(s) through the medium of auditory or visual
feedback, culminating in a symbiotic dyad of informed collaboration [17–19]. For patients,
the biofeedback apparatus functions as a quasi-sensorial adjunct, affording them the rar-
efied capacity to perceive and cognize the inner workings of their corporeal vessel [20].
In a notable example, someone using a blood pressure monitor can actually lower their
own blood pressure by simply concentrating on the screen [21]. When acquiring skills
such as biking, driving, or sports, this unspoken skill of blood pressure control combines
mental and physical aspects. It is developed through trial and error, hands-on learning,
and dedicated practice [22]. Biofeedback equipment translates physiological signals into
audio–visual feedback, aiding in the treatment of various conditions including neurological
and muscular issues, tension-related problems, and gastrointestinal disorders [23]. These
devices are temporary tools for learning and experimentation, becoming unnecessary when
proficiency is attained. Biofeedback is particularly effective in cases where pharmaceutical
interventions fall short [24].

A recent paper [25] introduced a biofeedback system using an accelerometer. In a
five-hour study with six participants, the authors found that the system significantly re-
duced time spent in poor posture. The biofeedback system interfaced with a computer and
provided real-time feedback on the user’s neck angle through a visual display and auditory
cues. While initial sessions recorded neck movements without feedback, subsequent ses-
sions with active biofeedback showed improved posture. It is worth noting that continuous
use of the biofeedback system was required in order to maintain good posture, and there
was no information on lasting effects after the study.

In [26], researchers introduced an innovative biofeedback system with a camera on
a computer monitor, auditory cues, and a tactile feedback necklace. Participants read on
their computers with the option of using auditory or tactile feedback. Results showed
improved neck angles with both feedback methods, and there was a significant change in
neck angle even without feedback. While this study demonstrated the rapid effectiveness of
biofeedback within a single 90-min session, the long-term benefits remain uncertain. In [27],
the authors suggested that individuals can learn to improve their head and neck posture
through the use of a biofeedback system. The system continuously monitors head and neck
alignment, providing real-time feedback through a smartphone app. It uses signals such as
sounds, music, vibrations, and flashes to warn users about poor posture. Data collected are
securely stored and can be shared with healthcare professionals; however, the device does
not quantify the extent of posture improvement, highlighting the need for web services to
access comprehensive data.

In another study, [28] used neurofeedback to improve neck posture in individuals
with forward head syndrome. Participants were split into two groups, one receiving
neurofeedback training and the other acting as a control. Both groups underwent a four-
week, thrice-weekly program that included unique activities such as pottery and brainwave-
controlled archery to enhance concentration. After the training, the neurofeedback group
showed significant improvements in neck mobility, as documented through post-training
assessments.

In [29], a study was conducted in which participants performed a one-hour typing task
twice, once with biofeedback and once without. The researchers attached the biofeedback
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device to the participants and instructed them on maintaining an upright posture. Using
motion analysis and discomfort assessments, this study found that the biofeedback device
significantly improved the posture of individuals experiencing neck discomfort during
computer-related tasks. Forward head posture is a common issue with potential health
risks, and various treatments have been explored. Common biofeedback methods are
reviewed in Table 2, although biofeedback can refer to other devices as well [30,31].

Table 2. Biofeedback methods and principle.

Method Principle

Surface Electromyography (sEMG)
Measures muscle activity in the neck and upper
back, offering feedback on muscle activation dur-
ing poor posture [32].

Pressure Biofeedback
Utilizes a device under the neck or upper back
to measure pressure changes, aiding in teaching
individuals how to maintain proper posture [33].

Wearable Posture Sensors

Devices such as posture correctors or sensors
provide real-time alerts or reminders when
users deviate from correct posture, encouraging
better habits [34].

Visual Feedback Systems

Mirrors, video monitoring, or software appli-
cations offer visual cues about current pos-
ture, allowing users to adjust and correct
their alignment [35].

Auditory Feedback Devices
Devices produce sounds or alerts when posture
deviates, serving as a reminder to adjust and
maintain proper alignment [36].

Virtual Reality (VR) Augmented Reality (AR)
Postures is simulated to provide interactive feed-
back in order to help individuals learn to correct
their forward head posture [37].

In terms of performance, according to the Table 2, advanced sEMG and VR/AR
methods provide more complete feedback but are less accessible due to their complexity.
On the other hand, wearable sensors and visual and auditory feedback devices have
slightly different performance, are more accessible, and are more popular while requiring
less specific settings [38].

With respect to the aforementioned biofeedback types and reviewed papers, the
present research highlights the benefits of biofeedback treatment, which is cost-effective,
has a shorter treatment duration, and has minimal side effects compared to other methods.

In the context of the current research endeavor, the objectives are multifaceted and
pioneering. The core aim of this research centers on the development of a system which,
for the first time, harnesses accelerometer sensors to comprehensively characterize neck
behavior. In the field of healthcare, the development of cost-effective and user-friendly
medical devices constitutes a significant and imperative concern [39,40]. This system, seam-
lessly integrated with the MATLAB program’s graphical user interface, serves the purpose
of visually rendering neck behavior to the individual. This pioneering research thereby
represents a pivotal step forward in harnessing biofeedback methodologies to address
anatomical issues and empower individuals to actively participate in the amelioration of
their health and wellbeing. This study focuses on the efficacy of biofeedback treatment,
highlighting its distinct advantages over alternative methods. Biofeedback therapy stands
out due to its cost effectiveness, short and effective treatment, and absence of adverse
effects on patients. In this endeavor, we aim to address the following objectives:

1. Apply biofeedback (visual feedback) techniques in an innovative manner to address
anatomical issues related to the cervical vertebrae.
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2. Develop a pioneering system that utilizes accelerometer sensors to comprehensively
characterize neck angular behavior.

3. Seamlessly integrate the developed system with the MATLAB program’s
graphical interface.

4. Provide individuals with a visual representation of their neck behavior to
enhance awareness.

5. Enable individuals to observe and gain awareness of maladaptive neck positioning.
6. Foster a pathway for self-correction of neck angle anomalies.
7. Empower individuals to actively participate in improving their health and wellbeing

through visual feedback methodologies.

The paper is organized as follows: Section 3 introduces the designed device, offering
in-depth details about its specifications and features; Section 4 presents the results; finally,
the concluding section provides a summary of the key findings and conclusions drawn
from this research.

3. Materials and Method
3.1. Participants

A prior sample size calculation was performed using G-Power 3.1 [41] for the F-test,
utilizing the repeated measures method of interactions. Based on an effect size of 0.25 (con-
sidered an average size according to [42]), an α error probability of 0.05, a desired power
(β—1 error probability) of 0.95, ten measurements taken over a span of 10 days, a corre-
lation of 0.5 between repeated measurements, and a non-spherical correction parameter
ϵ of 1, the calculated sample size was 10 for each group. To mitigate potential data loss,
we decided to include 15 participants for each group. The study involved female students
from Farzangan Amin High School in Isfahan, Iran. The participants had an age range of
16.5 to 17.6 years, with an average age of 16.9 ± 0.5 years. All participants were diagnosed
with a forward head problem with no history of other medical conditions or musculoskele-
tal issues. The two VF and control groups were not different in terms of age, body height,
or body weight (p > 0.284). Prior to participation, written consent was obtained from all
students, as documented in the references.

3.2. Hardware

The two core components of the system, i.e., hardware and software, are illustrated
in Figure 2. The hardware segment encompasses an ADXL345 accelerometer and an
Arduino UNO micro-controller serving as the central processing unit. Conversely, within
the software realm, MATLAB is harnessed for the presentation and analysis of the acquired
data. The ADXL345 accelerometer sensor is utilized to gauge neck angles, while the
Arduino UNO micro-controller interface is responsible for capturing accelerometer data
and transmitting it to the computer. In the software domain, MATLAB assumes a dual
role: (a) providing real-time data visualization on the monitor, represented as a red circle,
and (b) registering signals to facilitate subsequent data processing. The Arduino UNO is a
popular micro-controller board featuring an AT-mega328P processor running at 16 MHz. It
offers 32 KB of flash memory for program storage and 2 KB of SRAM for data. The board
has 14 digital input/output pins, 6 analog inputs, and supports PWM [43].

The ADXL345 is a digital accelerometer sensor by Analog Devices, boasting good
versatility. It can measure acceleration in three axes (x, y, and z) with a resolution of up
to 13 bits [44]. To calculate the parameters using the accelerometer, the angle of deviation
from the central state is determined in degrees using Equation (1):

Angle = cos−1

 x · x0+y · y0+z · z0√
x2

0 + y2
0 + z2

0 ·
√

x2 + y2 + z2

 (1)

where x0, y0, and z0 are the coordinates of the initial orientation of the head, while x, y, and
z are the current orientation of the head during the experiment.
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3.3. Software

As mentioned, the software used in this study was MATLAB. The written code’s
functionalities are as follows. Initialization Step: the program commences by establishing
a serial port (COM6 in our computer) through the ‘serial’ command, operating at a bit
transfer rate of 115,200 bits per second. Subsequently, the Arduino data file is opened using
the ‘fopen’ command, enabling data retrieval.

Figure 2. Experimental setup: the experimental setup, including accelerometer (ADXL345) mounted
on the head of the subject, Arduino UNO, MATLAB, and PC, is illustrated in this figure.

• Data Acquisition: data from the Arduino are read from the file using the ‘fscanf’
command. The program defines parameters related to the accelerometer sensor,
including ‘MaxValue’, ‘Resolution’, ‘Fs’ (sampling frequency), and ‘MaxAcc_g’.

• Data Storage Loop: a loop is established to collect accelerometer sensor values, specifi-
cally, the acceleration values in the Earth’s gravity direction (x, y, and z axes); these
values are stored in the ‘xyz’ variable over a period of 120 s.

• Visualization Step: the program employs the ‘plot’ command to draw a blue circle at
the center of the monitor screen to serve as a reference point, and maintains it on the
screen using the ‘hold on’ command.

• Angle Calculation: the accelerometer sensor supplies data regarding the Earth’s grav-
itational acceleration in the x, y, and z directions. Using these values, the program
computes the head’s angle for both forward and backward bending as well as left and
right bending directions using Equations (2) and (3), respectively.

θ = tan−1

 Ax√
A2

y + A2
z

 (2)

ψ = tan−1

(
Ay√

A2
x + A2

z

)
(3)

The real-time position of the sensor is visually represented by a red circle on the same
page. The sampling rate was set at 100 Hz. Following resampling, the data are subjected to a
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10 Hz low-pass filter to reduce noise. Finally, the program generates visual representations
of the sensor’s movements. As depicted in Figure 2, the ADXL345 accelerometer sensor
is firmly affixed to a plastic holder to eliminate unintended movements. Subsequently, it
is connected to the Arduino UNO board using the appropriate protocol connectors. The
Arduino board is further connected to a computer or laptop through the USB port. When the
sensor is positioned on the individual’s head, the data related to head angle are transmitted
via the board to the MATLAB software running on the computer. The individual is then
guided to adjust their head position based on the displayed angle information.

3.4. Data Collection and Protocol

As depicted in Figure 3, the accelerometer sensor was meticulously affixed to a plastic
holder and securely adhered in place through the judicious application of adhesive. Perti-
nent to the experimental configuration, certain parameters merit attention. Participants
sat on a comfortable chair in front of a monitor. The participant’s cranium was established
at a distance of 80 cm. This interplay of measurements contributed to the precision and
integrity of the experimental environment, offering a robust foundation for data acquisition
and analysis. An expert set the correct position of the head and neck soon before starting
each experimental session [45]. In the ensuing interlude, denoted as the second phase,
the participant was granted a respite, affording them the freedom to move their head
while remaining seated in the chair and permitting relaxation without specific posture
constraints. The third phase (session 2) introduced visual feedback into the participants
in the VF group. They were required to adopt an upright seated position, concomitantly
positioning the sensor on their cranium while meticulously aligning their head in the
prescribed orientation. Notably, the monitor was activated during this phase, ushering
in real-time feedback. Data acquisition commenced under these monitored conditions, as
delineated in Figure 3. It should be mentioned that for the participants in the control group
there was no visual feedback, and the session was identical to session 1. The experimental
protocol unfolded in a structured sequence comprising distinct phases. These procedural
steps were meticulously designed to investigate the impact of visual feedback on posture
maintenance. Each phase endured for a duration of two minutes, fostering comprehensive
data acquisition and assessment. The inaugural phase, conducted without visual feedback,
beckoned the participant to assume a proper seated posture. Ensuring precision, the sensor
was affixed to the individual’s cranium while meticulously anchored to its holder, nullify-
ing any unintended displacement. The head assumed its ideal position, albeit slightly offset
from the habitual stance, due to the presence of forward head syndrome. Subsequently,
the participants were instructed to maintain this posture with the monitor deactivated,
enabling discreet data recording.

A subsequent intermission, designated as the fourth phase, allowed the participants
to again enjoy a brief respite wherein they retained the liberty to move their head while
maintaining a seated position. The fifth and final phase (Session 3), mirroring the initial
phase but was conducted without visual feedback, compelling the participants to sit
upright. The sensor iwass again situated on the cranium and with the head meticulously
aligned. However, in this instance the monitor remained inactive, and data recording was
resumed under these circumstances. It is worth noting that these test procedures were
iteratively administered across ten sessions for each participant to ensure the robustness
and reliability of the data collection process. For visual feedback, during the third phase of
the experiment (Session 2), the experimenter orchestrated the alignment of the subject’s
head into an optimal orientation, with subsequent instructions to sustain this posture.
Importantly, this phase entailed the activation of the monitor with visual display. The
display featured a centrally positioned stationary blue circle alongside a dynamically
mobile red circle representing the real-time tracking of the subject’s head position. The
subject was explicitly directed to superimpose the mobile red circle onto the stationary
blue circle, thereby perpetuating a state of alignment between their head position and the
designated reference point. This technologically mediated mechanism leverages visual
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feedback, facilitating the subject’s acquisition of the requisite skills to consistently maintain
their head in the correct position, as illustrated in Figure 4.

Figure 3. Experimental protocol. The experiment contained three experimental sessions with two interval
rests. The first and last sessions were identical for both groups. Moreover, the second session of the
control group was similar to the other sessions. However, in the second session of the VF group, visual
feedback was provided for the participants to help them keep their heads in the correct position.

Figure 4. A view of the monitor during the execution of the program in the third phase of the
experiment. The blue circle is the reference in the middle of the screen and shows the proper position
of the head, while the red circle shows the instantaneous position of the head: (a) when the head is
behind the proper position, (b) when the head is ahead of the proper position, and (c) when the head
is in the right position. The red circle can appear on the right or left side of the blue circle to indicate
the head’s inclination to the right or left side, respectively.
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We utilized the ADXL345, a 3D accelerometer sensor capable of determining the
angular position relative to the gravity vector. This position was employed to offer visual
feedback to participants, as detailed in Figure 4. As illustrated, the red circle moves above
or below the blue circle if the head tilts forward or backward, respectively. Similarly, if the
head tilts left or right this causes the red circle to shift to the corresponding side of the blue
circle. Thus, the red circle’s position on the PC monitor corresponds linearly to the angular
head position. Notably, the blue circle remains fixed at the center of the PC monitor as a
reference point.

3.5. Metrics

Within the purview of this investigation, an array of parameters underwent rigorous
scrutiny, encompassing the following: maximum head angle deviation, effective range of
head angle deviation (i.e., movement variability), and the Detrended Fluctuation Analysis
(DFA) number. To commence, the angular deviation from the central position was meticu-
lously quantified in degrees. The maximum magnitude among these calculated values was
ascribed as the pinnacle of head angle deviation, while the arithmetic mean thereof was
used to represent the average deviation of the head angle. Notably, the standard deviation
within each registration affords insight into the amplitude of fluctuation characterizing
the head angle deviation, thereby delineating its effective range. Furthermore, the DFA
coefficient, elaborated upon in a subsequent section, was computed for each registration,
adding an additional layer of complexity to the analytical framework.

DFA Number

Drawing inspiration from the intricate fractal patterns arising from the juxtaposition
of repetitive motifs, time series data can be scrutinized through a fractal lens. Within the
framework of the DFA method, these fluctuations are conceptualized as a metric gauging
randomness [46,47]. By assessing the degree of randomness inherent in these fluctuations,
the DFA method effectively quantifies the self-similarity embedded within the recorded
time series. The fundamental underpinning of this method bears a resemblance to the root
mean square error, distinguished by its superior resilience to the nonstationarity inherent
in the examined processes [48]. Equation (4) furnishes the means to calculate the extent
of fluctuations.

F(n) =

√√√√ 1
N

N

∑
k=1

[y(k)− yn(k)]
2 (4)

Here, the variable y(k) denotes the integral of the analyzed time series, spanning a
length of N, which is partitioned into sub-intervals of variable length n. The selection of ‘n’
is contingent upon the temporal span of the time series and the periodicity of embedded
patterns, yielding diverse potential values. Concurrently, yn(k) denotes the coefficients
associated with the gradient of the least-squares error line, customarily fitted to each re-
spective sub-interval. An exploration of the relationship between F(n) and ‘n’ illuminates
a notable exponential growth in the magnitude of fluctuations as the sub-interval length ex-
pands. Remarkably, this relationship exhibits near-linearity within the log–log framework.
Specifically, F(n), which quantifies the extent of fluctuations, is effectively approximated
by nα. The parameter ‘α’, commonly referred to as the DFA number, represents the slope
of the tangent line on the log–log graph correlating F(n) and ‘n’. This crucial parameter
substantiates the extent of correlation among fluctuations. The interplay between α and the
stochastic nature of temporal variations across the successive phases is succinctly encapsu-
lated within the confines of Equation (7).
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α < 0.5 Negative correlation (5)

α = 0.5 Zero correlation (6)

α > 0.5 Positive correlation–Completely random (7)

The outcomes derived from this methodology serve a dual role, finding utility in the
realm of biological elucidation of motor control dynamics [49]. Notably, a key advantage
inherent in the application of this method lies in its capacity to provide substantiation
for the underlying biological architecture of the central nervous system. For instance, the
findings gleaned through this approach have been correlated with the intricate network of
supra-spinal circuits implicated in motor control. Furthermore, the attained results furnish
valuable insights into the operational mechanics of the central pattern generator responsible
for orchestrating rhythmic motor movements.

3.6. Statistical Analysis and Results

Through the application of the bespoke system developed for this study, continuous
monitoring and computation of the head angle in relation to its initial positioning were
conducted in real-time. Within each 2-min recording session, four distinct metrics were
systematically derived to assess each individual’s performance across multiple sessions and
days, encompassing evaluations before, during, and after feedback. Among these metrics,
paramount attention was directed to the maximal computed value, representing the zenith
of head angle deviation from its initial alignment. Simultaneously, the arithmetic mean of
these values was computed to provide an overview of the average head angle deviation.
Furthermore, meticulous calculation of the standard deviation was performed for each record-
ing, serving as a pivotal statistical measure that conveyed the effective amplitude governing
fluctuations in head angle deviation. In concert with these parameters, the calculation of
the DFA number was undertaken during each recording, contributing to a comprehensive
evaluation of performance and responsiveness within the experimental paradigm.

4. Results
4.1. Maximum Head Angle Deviation

The maximum head angle deviation is illustrated across ten days, contrasting the
states preceding feedback, concurrent with feedback, and subsequent to feedback in the
VF group and three sessions without visual feedback in the control group as it shown in
Figure 5.

Additionally, to provide a better picture for comparison of the two groups, the results
are illustrated in Figure 6. The figure provides a comparative visualization of the maximum
head angle deviation between the two groups on different days. Similarly, the two groups
are illustrated on Figure 7 to compare sessions within groups.

An analysis of variance (ANOVA) conducted on the maximum head angle deviation
revealed a significant effect of the Day because of the higher values on day 1 compared to
the other days (F(9,252) = 11.33, p < 0.001, np2= 0.288, Session (F(2,56) = 46.47, p < 0.001,
np2 = 0.624) because of the higher values on session 1 compared to sessions 2 and 3 as well
as of the Group because of the lower values in the VF group compared to the control group
(F(1,28) = 88.42, p < 0.001, np2 = 0.759). Moreover, the Day × Session × Group interaction
was significant (F(18,504) = 3.06, p < 0.001, np2 = 0.098).
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Figure 5. Maximum angular deviation of the head. The data for the VF and control groups are
presented over a ten-day period. The data are represented in three sessions: Sess. 1, Sess. 2, and
Sess. 3. The values are expressed as mean values with corresponding standard errors.

As shown in Table 3, post hoc analysis revealed a significant difference between the
VF and control groups on each day during sessions 2 and 3 as well as on days after the
third during session 1 (p < 0.009, Cohen’s d > 0.73; Figure 6). Only on days 1 and 2 was
there no difference between groups during session 1 (p > 0.066). It can be confirmed that
the visual feedback has a strong effect on decreasing the values and that this effect was
consolidated across days. Moreover, the results confirm that in the VF group there was a
significant reduction in sessions 2 and 3 compared to session 1 on days 1 to 5 (p < 0.046,
Cohen’s d > 0.67). Instead, on days 6 and after, there was no difference between the three
sessions in the VF group (p > 0.141). In the control group, there was no difference between
sessions on each day (p > 0.848).

Table 3. Maximum angular deviation of the head. The data for the VF and control groups are
presented over a ten-day period. The data are represented in three sessions (Sess. 1, Sess. 2, and
Sess. 3). The values are expressed as mean values ± standard errors.

Day VF Group Control Group
Session 1 Session 2 Session 3 Session 1 Session 2 Session 3

1 28.11 ± 2.76 15.57 ± 3.02 16.56 ± 3.30 28.97 ± 3.36 27.39 ± 2.78 27.72 ± 3.56
2 23.57 ± 4.16 13.30 ± 2.51 13.79 ± 3.02 27.86 ± 3.04 28.54 ± 2.99 28.20 ± 3.52
3 21.77 ± 3.60 10.57 ± 2.07 12.85 ± 1.68 28.40 ± 3.12 28.01 ± 2.74 28.54 ± 3.04
4 17.99 ± 4.25 11.71 ± 3.14 9.89 ± 2.29 28.42 ± 2.99 28.56 ± 2.88 27.68 ± 2.80
5 14.41 ± 1.80 13.20 ± 3.28 11.38 ± 2.29 27.69 ± 3.34 27.90 ± 2.78 29.27 ± 2.83
6 15.60 ± 3.04 11.55 ± 3.19 11.26 ± 1.74 28.24 ± 3.21 27.60 ± 3.14 28.15 ± 2.82
7 14.91 ± 3.49 11.38 ± 3.30 13.34 ± 2.69 29.08 ± 2.91 27.26 ± 2.96 27.46 ± 3.70
8 13.73 ± 2.29 12.64 ± 2.26 11.12 ± 2.81 28.60 ± 2.74 28.66 ± 3.28 27.44 ± 2.91
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Figure 6. Maximum angular deviation of the head; the data for the VF and control groups are
presented over a ten-day period. The data are represented in three sessions: Sess. 1 (a), Sess. 2 (b),
and Sess. 3 (c). The values are expressed as mean values with corresponding standard errors. The
horizontal black lines represent the significant difference between groups. The level of significance is
set at p < 0.05.
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Figure 7. Maximum angular deviation of the head. The data are presented over a ten-day period
for the VF (a) and control (b) groups. The data are represented in three sessions: Sess. 1, Sess. 2, and
Sess. 3. The values are expressed as mean values with corresponding standard errors. The horizental
black lines represent the significant difference between sessions. The level of significance is set at
p < 0.05.

4.2. DFA Number

Figure 8 provides a graphical depiction of the DFA number across ten distinct days,
notably segregated into the three sessions of the two groups VF and control). ANOVA
analysis revealed that there were no statistically significant effects of the Day, Session,
Group, or their interactions (p > 0.272). This absence of statistical significance underscores
the constancy and consistency of DFA numbers over the course of the study.
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Figure 8. DFA number; the data for the VF and control groups are presented over a ten-day period.
The data are represented in three sessions: Sess. 1, Sess. 2, and Sess. 3. The values are expressed as
mean values with corresponding standard errors.

5. Conclusions and Suggestions

Within this empirical investigation, a visual feedback-based apparatus was meticu-
lously devised to address the persistent issue of forward-facing head orientation and the
ensuing afflictions encompassing head and neck discomfort. By enabling female students to
observe and cognitively engage with the dynamics of their neck behavior, the participants
acquired the ability to rectify this maladaptive conduct, culminating in amelioration of
the neck angle and proper repositioning of the head. The study results show how a visual
feedback tool can effectively correct head posture in female students. Future research
might consider incorporating audio cues in a headset linked to the sensor for easier use
in everyday life. These findings underscore the tool’s potential for posture correction and
ways to make it more practical in healthcare settings.

Notably, all three metrics, comprising the maximum head angle deviation, the average
head angle deviation, and the effective amplitude of head angle deviation, exhibited a marked
and statistically significant enhancement on the tenth day vis-à-vis the inaugural day.

Remarkably, the values of these indicators preceding the feedback sessions on the
tenth day registered a discernibly diminished magnitude when juxtaposed with their cor-
responding values prior to feedback initiation on the first day. Furthermore, the results
underscored that the aforementioned indicators post-feedback on the tenth day exhibited a
notably diminished magnitude when contrasted with their antecedent counterparts preced-
ing the feedback on the first day. After a 10-day test duration, the results indicated that the
neck angle decreased to less than 15 degrees, signifying a return to a normal state and an
improvement for the participant. The harmonious convergence of these tripartite metrics,
collectively manifesting as improved head and neck control on the tenth day relative to
the first day, underscores the robust and enduring efficacy of the visual feedback modality
deployed in this study. This empirical exploration unequivocally demonstrates that, fol-
lowing a sequence of ten visual feedback sessions, substantive alterations were observed in
the mitigation of maximum head angle deviation, the amelioration of average head angle
deviation, and the contraction of the effective range of head angle deviation. In the domain
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of policy control by the central nervous system, as quantified by the characteristic of the
DFA number, no discernible alteration was ascertained across diverse sessions.

The divergence between post- and pre-visual feedback on the first day was conspicu-
ously substantial, signifying the immediate benefits accrued during the visual feedback
sessions. This divergence progressively diminished over time, elucidating the incremental
acquisition of skills for maintaining proper head positioning. In the final phases of the
learning process, the visual feedback effect displayed a notably reduced positive value,
aligning with theoretical expectations, wherein the visual feedback effect asymptotically
approaches zero with extended learning. An intrinsic advantage of the developed device
lies in its inherent versatility, as it is capable of operation on any standard computer without
the need for supplementary equipment. The accelerometer sensor, an integral component
of the device, faithfully emulates head movements, offering an efficacious avenue for guid-
ing correct posture. Recent market entries featuring commercial headsets equipped with
accelerometers and motion detection capabilities closely approximate the sensor employed
in this research, meaning that it can be seamlessly incorporated into commercial products.

Drawing inspiration from this study, there is potential to create wearable sensors
equipped with 3D accelerometers to monitor and enhance balance control. These sensors
could offer visual feedback to aid elderly individuals or patients with neuromotor disease
in improving their balance control.

An inherent limitation of the method resides in the requirement for direct gaze upon
the monitor screen, precluding simultaneous engagement in other activities during testing,
which could be a potential source of fatigue and reduced concentration. In prospective
research endeavors, the incorporation of audio warnings could supplant visual monitoring,
affording individuals the freedom to engage in their preferred activities while using the
computer, with timely audio cues signaling any departure from optimal head positioning.

Another limitation of this study is the exclusive inclusion of female participants
within a restricted age range. Additionally, the absence of follow-up sessions to track the
treatment’s continued impact after the end of visual feedback represents another constraint.

An accurate comparison between the cost of the proposed design and existing products
proves challenging due to several factors. These include the presence of distinct elements
and components, as well as the differing levels of confidence perceived by users. The
proposed design primarily serves as a prototype aimed at materializing the concept into
a small and affordable solution specifically tailored for research purposes. As such, this
design is positioned as a cost-effective device concerning a number of elements, such
as sensor and controller, which are available with an affordable price, and the simple
program, which was already converted into Python language to reduce the cost of the
Matlab software.

Envisioning the future, these metrics could be transmitted to specialized centers via
internet connectivity, obviating the need for patients to bear travel expenses and reducing
the demand on specialists’ time. Consequently, this holds the potential to curtail the overall
cost of treatment, constituting a promising avenue for the advancement of healthcare deliv-
ery. An additional proposal within this domain pertains to the ubiquity of contemporary
smartphones, all of which are endowed with sophisticated motion sensors. These cutting-
edge motion sensors, integral components of today’s smartphones, proffer a compelling
opportunity for the creation of a visual feedback system designed to discern and analyze
precise user movements. This system can be ingeniously devised to provide instantaneous
real-time audio visual feedback to the user should such guidance be deemed requisite.
Such an initiative would leverage the existing technological infrastructure of smartphones
to foster a novel paradigm in user-directed visual feedback, thereby harnessing the vast
potential of mobile devices in the realm of healthcare and self-improvement.

For future endeavors, it is crucial to track the long term impact of visual feedback.
Additionally, exploring the option of delivering 3D auditory feedback through a headset
could be beneficial. Headsets equipped with sensors to monitor head position could offer a



Appl. Sci. 2024, 14, 781 16 of 18

potential solution akin to other wearable devices, helping to prevent head positions that
might lead to health issues.
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