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With the widespread adoption of sedentary lifestyles and the extensive use of dig-

ital devices, posture-related musculoskeletal disorders have become a global health 

issue. This article presents a systematical review of research progress of intelligent 

posture correction devices, focusing on their physiological basis, technical implemen-

tation, design principles, material selection, and clinical efficacy. The existing de-

vices are classified into two mechanisms of action: active reminder and passive cor-

rection. The role of proprioceptive feedback in posture regulation is deeply explored. 

At the technical level, the selection and layout of wearable sensors (including, pres-

sure, bending, and optical sensors), the Kalman filtering algorithm in data prepro-

cessing, and posture recognition methods based on traditional machine learning and 

deep learning (such as LSTM time series classification models) are analyzed in de-

tail. Additionally, this article explores the integration trend of traditional Chinese 

medicine theory (such as massage and meridian theory) with modern intelligent tex-

tiles, as well as the application of the IoT hierarchical architecture in posture mon-

itoring systems. Clinical studies have shown that intelligent corrective devices have 

demonstrated positive effects in the intervention of adolescent idiopathic scoliosis 

and forward head posture, achieving an activity recognition accuracy rate of over 

99.8% and an immediate Cobb angle correction rate of 16.1 %. Finally, this article 

discusses future development directions, including personalized dynamic adjust-

ment based on artificial intelligence, deep integration of traditional Chinese medi-

cine theory and smart wearable devices, and the improvement of ergonomics and 

comfort through material innovation. This review aims to provide systematic theo-

retical references and technical roadmaps for researchers and product developers 

in the field of posture correction. 

 

С распространением малоподвижного образа жизни и широким исполь-

зованием цифровых устройств нарушения опорно-двигательного аппарата, 

связанные с осанкой, стали глобальной проблемой здравоохранения. В дан-

ной статье представлен систематический обзор исследовательского про-

гресса в области интеллектуальных устройств коррекции осанки, с фоку-

сом на их физиологическое обоснование, техническую реализацию, прин-

ципы проектирования, выбор материалов и клиническую эффективность. 
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Существующие устройства классифицированы по двум механизмам дей-

ствия: активное напоминание и пассивная коррекция. Глубоко исследуется 

роль проприоцептивной обратной связи в регуляции осанки. На техниче-

ском уровне детально анализируются выбор и размещение носимых датчи-

ков (включая инерциальные измерительные модули, датчики давления, из-

гиба и оптические датчики), алгоритм калмановской фильтрации в предва-

рительной обработке данных, а также методы распознавания осанки на ос-

нове традиционного машинного обучения и глубокого обучения (например, 

модели классификации временных рядов на основе LSTM). Кроме того, в ста-

тье рассматривается тенденция интеграции теории традиционной ки-

тайской медицины (например, массажа и теории меридианов) с современ-

ным интеллектуальным текстилем, а также применение иерархической 

архитектуры интернета вещей в системах мониторинга осанки. Клиниче-

ские исследования показали, что интеллектуальные корректирующие 

устройства демонстрируют положительные результаты в интервенции 

при идиопатическом сколиозе подростков и передней позиции головы, до-

стигая точности распознавания активности более 99,8% и немедленной 

коррекции угла Кобба на 16,1%. В заключение статья рассматривает буду-

щие направления развития, включая персонализированную динамическую 

настройку на основе искусственного интеллекта, глубокую интеграцию 

теории традиционной китайской медицины и интеллектуальных носимых 

устройств, а также повышение эргономичности и комфорта за счет инно-

ваций в материалах. Данный обзор призван предоставить систематиче-

скую теоретическую базу и технические ориентиры для исследователей и 

разработчиков продуктов в области коррекции осанки. 
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Ключевые слова: коррекция осанки, носимые устройства, интеллекту-

альные сенсоры, биологическая обратная связь, машинное обучение, про-

приоцепция, здоровье позвоночника. 

 

Introduction 

Posture-correcting products (PCP) and 

devices play a significant role in preventing 

spinal conditions and improving quality of life. 

Habit formation through regular use promotes 

muscle memory, which fosters the develop-

ment of sustained proper posture. With modern 

advancements, they are becoming increasingly 

effective and user-friendly. 

Figure1 shows the awareness of maintain-

ing good body posture among people in differ-

ent countries influences the growing number of 

related products and the global market has a 

huge growth potentiality (https://pmarket-

research.com/posture-correctors-market-anal-

ysis). 

 

 
Рис. 1 
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The modern sedentary lifestyle, mani-

fested as prolonged sitting and extensive utili-

zation of mobile devices, has resulted in a high 

prevalence of upper body postural dysfunction, 

a problem that remains intractable to date [1]. 

For approximately two-thirds of the working 

hours, people remain in a sitting position, and 

each sitting session typically lasts for at least 30 

minutes. Majority of workers exhibit forward 

head posture and abnormal spinal curvatures [2, 

3]. Individuals in sedentary occupations have 

reported pain, with the most common sites be-

ing the lower back (60%), the neck (56%), and 

the shoulders (48%) [4]. These findings empha-

size the significance of ergonomic adaptation 

and alterations in work habits. 

The medical terms and physiological con-

cepts presented in this article justify the need 

for developing intelligent posture correction 

devices. It is precisely the consideration of 

these biomedical factors that determines the re-

quirements for materials, sensors, and product 

design. Table 1 systematizes the main layers 

and materials used in such products, indicating 

their functional role — from elastic fixation to 

embedded sensors that provide biofeedback. 
 

Т а б л и ц а 1 

No. Term Explanation 

1. Anatomical structures and physiological systems 

1 Intervertebral discs Cartilaginous pads between vertebrae that absorb loads. 

2 Cervical spine The upper part of the spine (7 vertebrae), supports the head. 

3 Thoracic spine The middle section (12 vertebrae), articulates with the ribs. 

4 Lumbar spine The lower section (5 vertebrae), bears the main axial load. 

5 
Joints, bones, tendons, 

ligaments 

Elements of the musculoskeletal system: connections between bones, rigid 

structures, muscle-to-bone attachments, bone-to-bone connections. 

6 Vestibular system The balance organ in the inner ear, involved in maintaining posture. 

7 Deep back muscles Muscles that stabilize the spine and enable straightening of the back. 

8 Muscle tone Constant low-level muscle tension necessary for maintaining posture. 

9 Proprioception 
The sense of body position in space without visual control; provided by recep-

tors in muscles, tendons, and joints. 

10 Mechanosensors 
Receptors in tissues (bones, tendons) that convert mechanical stimuli into mo-

lecular signals regulating growth and homeostasis. 

2. Pathologies and disorders 

11 
Posture-related musculo-

skeletal disorders 
Dysfunctions of the spine and joints caused by prolonged incorrect posture. 

12 
Adolescent idiopathic 

scoliosis (AIS) 

Lateral curvature of the spine of unknown cause, occurring in children aged 10–

18. 

13 
Forward head posture 

(FHP) 

A pathological position where the head is shifted forward relative to the chest 

(often due to computer/phone use). 

14 Cobb angle 
Radiographic measure of spinal curvature severity in scoliosis; the angle be-

tween the most tilted vertebrae. 

15 Upper crossed syndrome 

Muscle imbalance of the neck and shoulder girdle: weakness of deep neck flex-

ors and lower scapular stabilizers with hypertonia of the upper trapezius and 

sternocleidomastoid. 

16 Cervical spondylosis 
Degenerative changes in the cervical spine (osteochondrosis, spondyloarthro-

sis). 

17 
Congenital muscular 

torticollis (CMT) 

A developmental abnormality of the sternocleidomastoid muscle, causing head 

tilt and rotation. 

18 Peripheral neuropathy 
Damage to peripheral nerves, manifesting as pain, weakness, and sensory dis-

turbances. 

19 Myofascial trigger points Local painful nodules in muscles, often referring pain to other areas. 

20 Lumbar pain syndrome Low back pain of various origins (muscular, discogenic, facet, etc.). 

21 Nerve root compression 
Mechanical pressure on spinal nerves (by herniated disc, osteophytes) causing 

pain and neurological deficits. 

3. Biomechanical and physiological mechanisms 

22 Muscle memory 
The ability of muscles and the nervous system to “remember” movements and 

postures, automating their maintenance. 

23 Proprioceptive feedback 
Signals from proprioceptors to the CNS informing about body position; artifi-

cially enhancing it helps posture correction. 
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Окончание табл. 1 

24 Biofeedback 
A method where a person receives a signal (sound, vibration) about physiologi-

cal parameters (e.g., head tilt) and learns to control them. 

25 Afferent signals 
Nerve impulses traveling from receptors (skin, muscles, joints) to the central 

nervous system. 

26 Motor control 
Coordination of muscle activity to perform purposeful movements and maintain 

posture, involving vision, the vestibular system, and proprioception. 

27 
Three-point pressure 

system 

A biomechanical correction principle: three force vectors on different spinal 

segments create a stable triangular equilibrium configuration. 

28 Compressive load Squeezing force acting on intervertebral discs and vertebrae under axial loading. 

29 Shear forces 
Forces acting parallel to the surface of a vertebra, potentially causing displace-

ment. 

30 Torsional stresses Twisting loads on the spine during rotational movements. 

31 Sensorimotor reintegration 
Restoration of the connection between sensory perception and motor response 

(basis of active posture correction). 

4. Treatment, correction methods, and clinical assessments 

32 Conservative treatment 
Non-surgical methods: physical therapy, physiotherapy, brace wearing, mas-

sage, biofeedback. 

33 Active posture correction 
Device vibrates/signals when incorrect posture is detected, prompting the user 

to consciously correct it. 

34 Passive posture correction 
Mechanical support (shoulder braces, straps, corsets) without user’s conscious 

effort. 

35 
Traditional Chinese 

medicine (TCM) 

A medical system including massage (tuina), acupuncture, moxibustion, herbal 

therapy, and meridian theory. 

36 Meridian theory (TCM) 
The concept of channels (meridians) through which vital energy (qi) flows; 

stimulating meridian points is used in reflexology. 

37 Acupuncture 
Stimulation of biologically active points with thin needles to normalize energy 

balance and relieve pain. 

38 Moxibustion 
Heating of biologically active points (or areas) with a smoldering mugwort cigar 

(moxa). 

39 Orthotic treatment (braces) 
Use of external fixators (corsets, orthoses) for passive correction of spinal de-

formities. 

40 
Exoskeleton (active, 

dynamic) 

An external robotic device that applies force to correct posture or unload mus-

cles (e.g., Japet W+, RoSE). 

41 
Cognitive functional 

therapy 

An approach that teaches patients conscious control of posture and movement 

through restructuring cognitive and behavioral strategies. 

42 Deep oscillation therapy 
A physiotherapy method using low-frequency tissue vibrations for pain relief 

and edema reduction. 

5. Clinical parameters and effects 

43 
Immediate Cobb angle 

correction (%) 

Reduction of deformity angle immediately after donning the corrective device 

(in the article: median 16.1%). 

44 
Activity recognition 

accuracy (>99.8%) 

Proportion of correctly classified movements/postures by the machine learning 

system. 

45 Latency (less than 0.5 s) Time between occurrence of incorrect posture and the warning signal. 

46 
Interface pressure 

distribution 

Measurement of forces between the device and the body to assess comfort and 

prevent pressure ulcers. 

47 Chest expansion 
Thoracic excursion during inhalation/exhalation; may be limited by rigid spinal 

fixation. 

48 Pulmonary function 
Set of volume and flow parameters of breathing (VC, FVC, FEV1) that can be 

reduced by rigid corsets. 

 

The improvement of these improper pos-

tures mainly depends on conservative treat-

ment, entailing the formation of the habit of 

maintaining good postures and the reinforce-

ment of muscle exercises [5, 6]. PCP are de-

signed to eliminate slouching, support proper 

spinal alignment, and help develop the habit of 

maintaining a straight back. There are two ap-

proaches to help individuals improve posture. 

One is the active mechanism, where the device 

vibrates to alert the user when incorrect pos-

ture is detected. The other is a passive mecha-

nism, wherein some products utilize physical 

supports, such as back support pads or shoul -
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der straps, to assist users in maintaining proper 

posture.  

The active orthotic mechanism detects the 

inclination degrees of the head and back by 

means of sensors placed on the body and com-

pares them with the preset thresholds. This ap-

proach does not require complex wearing, is 

convenient to use and human-oriented [7]. Fig-

ure 2 presents Intelligent posture correction 

products collect posture data through wearable 

sensors and remind users to adjust posture by 

means of vibration and sound.  

 

 
 

Рис. 2 

 

The active orthotic mechanism, which 

doesn’t require complex wearing, detects the 

inclination degrees of the head and back by 

means of sensors placed on the body and com-

pares them with the preset thresholds. Figure 3 

shows that the passive orthotic mechanism op-

erates via a three-point pressure system. This 

biomechanical principle establishes the inter-

action of forces among three distinct spinal 

segment points (A, B, and C), forming a stable 

triangular force configuration and thereby in-

ducing a mechanical equilibrium state [8]. 

 

 
 

Рис. 3 

 

Although normal treatment methods have 

been widely used, their effectiveness is lim-

ited. Therefore, dissatisfied patients began to 

seek complementary and alternative medical 

therapies and related services to treat their 

back pain problems. The traditional Chinese 

massage therapy seems to be more effective 

than the cervical collar correction therapy in 

treating cervical spondylosis as an auxiliary in-

tervention method for peripheral neuropathy 

(CMT). Whether it is the traditional Chinese 

massage or stretching, from the perspective of 

efficiency, both have brought overall improve-

ments [9]. 

Emerging research investigates the possi-

bility of integrating the principles of traditional 

Chinese medicine (TCM) into wearable tech-

nology. For example, this study developed a 

fabric-reinforced soft actuator to replicate the 

effects of manual massage for mechanotherapy. 

The actuator achieves complex three-dimen-

sional motion trajectories through fabric pat-

terning, delivering forces ranging from 0.25 to 

0.38 N and contact pressures of 2.8–4.2 kPa, 

with a stroke displacement of 77 mm and the ca-

pability to apply both unidirectional and bidi-

rectional forces. Its performance is consistent, 

repeatable, and operates within safe pressure 

limits, demonstrating the potential of soft robot-

ics as a customizable and scalable tool for 

mechanotherapy [10]. Such innovations high-

light the potential for the integration of TCM 

meridian theory with Internet of Things enabled 

health monitoring systems [11]. 

1. Physiological basis 

Proprioception is a feedback system that 

transmits the body's position in space to the 

brain without the need for visual control. Ab-

normal postures lead to the loss of propriocep-

tive signals, resulting in the degradation of 

muscle memory and movement control disor-

ders.By modulating muscle tonus and activity, 

the proprioceptive system can control the load 

exerted on bones, joints, tendons and liga-

ments. These loads can then be translated into 

molecular signals by mechanosensors installed 

within these tissues, thereby regulating both 

growth and steady state. The existence of such 

an axis implies that abnormal proprioceptive 

function could lead to musculoskeletal pathol-

ogy. The proprioceptive pathway can be re-

stored by artificially enhancing the sensory 

signals. The passive type takes effect quickly 

but has a short duration. The active type takes 

effect slowly but has a lasting effect.  

Posture control is achieved through mus-

cle coordination based on multiple sensory in-

puts such as vision, vestibular system, and pro-

prioception. Positive biofeedback not only can 
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correct postures, but also can re-train the be-

havioral system through an active biofeedback 

mechanism. A more proximally located trigger 

is apparently used to trigger postural activity in 

trunk muscles [12].Yet, accumulated evidence 

shows that this system is also involved in non-

autonomous regulation of skeletal develop-

ment and function. In this review, they de-

scribe recent findings pertaining to the roles of 

proprioception in the maintenance of proper 

spinal alignment, as well as in morphological 

restoration of fractured bones. Their findings 

indicate that the proprioceptive system may 

not only provide dynamic control of spine 

alignment but also prevent progressive spinal 

deformation [13]. 

2. The technical implementation of pos-

ture-correcting devices 

2.1. The framework of intelligent biologi-

cal communication systems 

Intelligent systems combined with me-

chanical support and active biofeedback canar-

tificially enhance sensory signals. Figure 4 

presents a typical four - layer system architec-

ture commonly found in Internet of Things 

(IoT) or wearable health monitoring systems. 

This architecture is composed of the physical 

layer, communication layer, application layer, 

and interface layer from bottom to top. The 

physical layer includes hardware such as Rasp-

berry Pi, wearable devices, and inertial meas-

urement units, and is responsible for collecting 

raw data (e.g., motion postures). The commu-

nication layer ensures reliable data transmis-

sion between physical devices and upper - 

layer applications through the HTTP protocol 

and IEEE 802.11 wireless network technology. 

The application layer performs core tasks such 

as data collection, pre - processing, and classi-

fication, including filtering incoming data, ex-

tracting features, and conducting machine 

learning model inference. The interface layer 

provides a user portal and an administrator 

portal for ordinary users and administrators re-

spectively through mobile applications, ena-

bling the visualization of processing results 

and system management functions. This hier-

archical structure comprehensively covers the 

entire process from data collection to user in-

teraction and is applicable to fields such as 

health mon-itoring, behavior recognition, and 

intelligent environments [14]. 

 

 
 

Рис. 4 

 

Unlike generic monitoring systems, per-

sonalized posture tracking proactively identi-

fies early-stage deviations. Utilizing this ap-

proach, consumers are more at ease during the 

correction process and actively modify their 

postures [15]. A low-cost, wearable posture as-

sessment system prototype has been proposed, 

which is suitable for non-laboratory environ-

ments. The results of these preliminary exper-

iments demonstrate that the integration of 

EMG, force platform, and acceleration data 

yields significantly better performance com-

pared to their individual use. This enhance-

ment facilitates a more comprehensive under-

standing and enables deeper investigation into 

human motion dynamics [16]. 

2.2 Sensors 

The selection and arrangement of sensors 

mainly include IMU sensors, pressure sensors, 

deformation sensors, and optical sensors. The 

inertial measurement unit is a device used to 

measure the acceleration, angular velocity and 

direction of an object in space. It usually con-

sists of an accelerometer, a gyroscope and a 

magnetometer. The pressure sensors, through 

a matrix composed of dozens of pressure sen-

sors, can more intuitively reflect the actual po-

sition of the body during sitting. The defor-

mation sensors directly monitor the curvature 

of the spine through the resistance changes 

caused by material deformation. The optical 

sensors use cameras and computer vision, and 

employ posture estimation technology to out-

put the 2D or 3D coordinates of the key points 

of the skeleton [17]. 
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Figure 5 shows that the hardware archi-

tecture of this system centers around an em-

bedded microcontroller and integrates multi-

modal sensing units, signal conditioning cir-

cuits, wireless communication modules, and 

tactile feedback actuators, aiming to achieve 

real-time monitoring and intervention of the 

human spinal posture.  
 

 
 

Рис. 5 

 

Specifically, an accelerometer is installed 

at the cervical vertebra to capture the kine-

matic characteristics of the head, and flexible 

bending sensors are respectively deployed in 

the thoracic and lumbar regions to sense 

changes in spinal curvature through the defor-

mation of sensitive elements. The weak signals 

output by the sensors are differentially ampli-

fied and conditioned by a Wheatstone bridge 

amplifier and then input to the Arduino Nano 

microcontroller for data fusion and posture cal-

culation. The system supports wireless data 

transmission with external devices via a Blue-

tooth module, facilitating remote monitoring 

and data analysis [18]. 

2.3. Data processing and filtering 

In the spinal monitoring system, filtering is 

typically employed as a pre-processing step in 

data handling. The raw signals are first passed 

through hardware and software filters to elim-

inate noise. Subsequently, the data processing 

stage performs calculations and fusions on 

these clean signals. Finally, it determines 

whether the wearer has an abnormal posture 

and decides whether to trigger the feedback of 

the vibration motor. 

The Kalman filter is a linear filter used for 

estimating the state of a dynamic system. It op-

timizes the estimation of the system state by 

minimizing the square of the error. It employs 

a model for estimation problems, which differ-

entiates among phenomena (observable ele-

ments), noumena (actual occurrences), and the 

state of knowledge about the noumena that can 

be inferred from the phenomena. This state of 

knowledge is represented by probability distri-

butions. As long as these probability distribu-

tions represent knowledge of the real world 

and the cumulative process of knowledge pro-

cessing (i.e., learning), then this constitutes a 

learning process. This is a relatively simple 

method, yet it proves highly effective in nu-

merous applications [19, 20]. 

Figure 6 illustrates the schematic diagram of 

the integration principle of sensors and estima-

tion methods in the motion tracking system [20].  

 

 
 

Рис. 6 

 

This system is based on an Extended Kal-

man Filter algorithm, which processes data 

from three independent sensors: gyroscope, ac-

celerometer, and magnetometer. These sensors 

input the data into the filter, and the filter pro-

cesses this information through several correc-

tion procedures to optimize the accuracy of 

motion tracking. This process begins with an 

initial estimation of gravity, and then is further 

refined through correction 1. At the same time, 

the magnetic field is estimated and optimized 

through correction 2. The optimized estimate 

after correction 2 is combined to form the ini-

tial angle estimate. This initial estimate is fur-

ther improved through correction 3 to obtain 

the final output of the system: angle position 

estimation. The result is presented in the form 

of the three-axis angles of the tracked object in 

three-dimensional space, precisely indicating 
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the direction of the object in three-dimensional 

space. 

2.4. Machine learning for posture recog-

nition 

Machine learning for posture recognition 

involves training computers to understand and 

analyze human postures through images, vid-

eos or sensor data. To achieve this goal, there 

are mainly two technical approaches: tradi-

tional machine learning methods and deep 

learning methods. 

Traditional machine learning methods 

typically start by extracting statistical features 

from wearable sensors and then use algorithms 

such as support vector machines, random for-

ests, or K-nearest neighbors for classification. 

Its advantage is that it requires a small amount 

of computation and is suitable for running on 

devices with limited resources. However, it has 

poor adaptability to complex actions and 

changes in the background. 

Deep learning is currently the main-

stream. It can automatically learn features 

from data and usually achieves better results. 

The currently most mature solution is that deep 

learning is used for perception, while tradi-

tional algorithms are used for logic. The ad-

vantages are strong interpretability, low com-

putational cost, high real-time performance. 

However, the drawback is that the standard 

posture needs to be preset by experts and lacks 

personalized adaptability. The second method 

is based on the similarity learning of twin net-

works, aiming to directly learn the similarity 

between the current posture and the standard 

posture. The principle is to train two neural 

networks with shared weights. One takes the 

standard posture as input, and the other takes 

the user's posture as input. The network di-

rectly outputs the similarity score and feature 

vector difference of the two postures. By ana-

lyzing the differences in the eigenvectors, it is 

possible to infer which key points have the 

greatest advantage in the feature space, thereby 

locating the specific body parts. 

Figure 7 presents the structure of a time se-

ries classification model based on LSTM.  

The model takes a sliding window of 2.5 

seconds as the input unit, with n consecutive 

time steps within the window. Each time step 

has an input feature dimension of 12, usually 

composed of the raw data from three axes of 

multi-modal sensors (such as accelerometers, 

gyroscopes, and magnetometers). All time 

steps are sequentially input into the LSTM unit 

with a hidden state dimension of 32. 

 

 
 

Рис. 7 

 

Through the gating mechanism, the long-

term dependencies of the time series are effec-

tively captured. The final output of the LSTM 

is passed to a fully connected classification 

layer, generating an output vector of dimen-

sion 9, corresponding to 9 types of motion pat-

terns or posture categories to be classified. 

This architecture achieves an end-to-end map-

ping from the original sensor sequence to high-

level semantic categories, and is widely appli-

cable in time series modeling tasks such as hu-

man activity recognition [21]. 

3. Clinical research and therapeutic effi-

cacy 

This part of review addresses the challenge 

of monitoring compliance with wearing dura-

tion and tightness in orthotic treatment for ad-

olescent idiopathic scoliosis by developing a 

wearable multi-modal sensor system embed-

ded into the brace. The system uses force sen-

sors and inertial motion sensors to collect pres-

sure and trunk movement data in real time. 

Through signal processing and power spectral 

density analysis, it enables unsupervised as-

sessment of brace tightness, wearing duration, 

and daily activity recognition. Experiments 

show that the system achieves over 99.8% ac-

curacy in activity detection. Long-term moni-

toring revealed a 30% average reduction in 

brace tightness as compliance improved, 

demonstrating the system's ability to automat-

ically trigger readjustment mechanisms and 

provide precise, objective data for optimizing 

orthotic treatment [22].  
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In response to the common health problem 

of forward head posture (FHP) caused by pro-

longed use of computers and mobile phones, 

this study developed a low-cost real-time pos-

ture monitoring system. This system utilizes a 

single inertial measurement unit sensor and 

Raspberry Pi to accurately identify and warn of 

FHP status by monitoring the changes in the us-

er's cervical spine angle. In a real office envi-

ronment experiment involving 10 male partici-

pants, the system was able to detect FHP status 

that lasted for more than 10 seconds with a de-

lay of less than 0.5 seconds, and by providing 

personalized visual feedback, successfully 

made all participants realize the need to increase 

the cervical angle to improve posture, demon-

strating broad application potential [23]. 

This study innovatively developed a mod-

ular soft brace that integrates a textile-based 

pressure sensor and a quantitative adjustment 

system. The wearing test results for 9 adoles-

cent patients with idiopathic scoliosis (AIS) 

(with Cobb angles ranging from 20° to 45°) 

showed that the median immediate correction 

rate of Cobb angles for 8 of the patients 

reached 16.1%, exceeding the 3° measurement 

error threshold. At the same time, the sensor 

system achieved stable pressure monitoring 

and spatial distribution feedback. Although the 

immediate correction effect was slightly lower 

than that of traditional rigid braces, this design 

significantly improved the patients' mobility 

and psychological comfort [24]. 

Mobility and actuation using electronic 

devices to activate deep back muscles, im-

prove muscle tone and overall posture stability 

[25]. Mobility can be achieved by either pas-

sive or active actuation. Actuation technolo-

gies are quiet matured with regard to achieving 

the goal of assisting the spine.  

As shown in Figure 8, in contrast to wear-

ing reminder apparatuses, the active dynamic 

exoskeleton exerts corrective force through the 

measurement of built-in pressure sensors and 

position sensors [26]. 

 

  
Рис. 8 

Figure 8(a) presents an assistive dynamic 

lumbar extension and abdominal contraction 

manipulation technique provides protection 

against detrimental bodily changes and deep 

trunk muscle fatigue [27]. Figure 8(b) depicts 

the Japet W+ device allows users to directly 

shift to the correct posture when working [28]. 

Habit formation through regular use prom

otes muscle memory, which fosters the develo

pment of sustained proper posture. Intelligent 

corrective products equipped   with high-preci

sion gravity, acceleration, and orientation sens

ors for posture monitoring alert wearers to cor

rect their posture through vibration, addressin

g the critical challenge of users neglecting pos

ture adjustments [29].These sensors communi

cate with mobile devices via Bluetooth and pr

ompt users to rectify abnormal postures throug

h human-machine interfaces. Unlike generic m

onitoring systems, personalized posture tracki

ng proactively identifies early-stage deviation

s. Utilizing this approach, consumers are more 

at ease during the correction process and activ

ely modify their postures [30]. 

4. Principles of PCP design 

When designing a PCP, designers must 

consider several key principles to ensure its ef-

fectiveness, user comfort, long-term usability, 

and aesthetics [31]. The design of the products 

needs to ensure that can effectively improve 

posture and consider the usage requirements in 

different activity scenarios, ensuring that the 

corrective effect can be maintained working at 

a desk or engaging in light exercise. Posture-

correcting products need to be designed to ad-

just the size according to the user’s body shape 

and be comfortable enough to avoid excessive 

friction or pressure points on the skin. It’s es-

sential to take their aesthetic appeal and small 

volume into account to enhance the wearer’s 

confidence and comfort. 

Anthropometric parameters aimed at 

studying human-product interactions must ac-

count for individual body structures, including 

shoulder width, back length, and chest circum-

ference: during the development of posture 

correction belts across various brands, no uni-

fied specification standards have been estab-

lished [32]. Manual measurements are prone to 

errors influenced by the operator's experience 

[33]. While 3D scanning can assist in estab-
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lishing precise body dimensional data, it often 

lacks practical flexibility. A more adaptable 

approach involves placing sensors on key body 

landmarks to collect measurements, with di-

mensions subsequently determined through 

computer algorithms [34]. The spatial coordi-

nates of length and position can then be visu-

ally mapped in digital space, accurately repre-

senting body posture characteristics [35]. 

Understanding the biomechanical interac-

tions between corrective devices and the hu-

man body—specifically their effects on the 

spine, muscles, and joints—is critical for pre-

venting excessive pressure or circulatory com-

plications [36]. Posture correctors are designed 

for distinct anatomical regions, with the most 

prevalent models targeting the shoulders, cer-

vicothoracic junction (the transitional zone be-

tween the neck and upper back), and lumbar 

spine [37]. Spinal biomechanics exhibit signif-

icant variations in structural alignment, pos-

tural load distribution, and weight transfer 

across anterior, mid-, and posterior sitting po-

sitions. Biomechanically informed designs pri-

marily adhere to the compressive force thresh-

olds of lumbar intervertebral discs and maxi-

mum permissible joint torque. Beyond axial 

compression, the lumbar spine is simultane-

ously subjected to shear forces and torsional 

stresses during movement [38]. 

Product adjustability must accommodate 

users across anthropometric variations in 

height and body proportions. Given the biome-

chanical complexity of anchoring structures 

required to apply targeted pressure on anatom-

ical protrusions, contemporary orthotic sys-

tems achieve adaptability through two primary 

approaches which are the contoured structural 

modifications aligned with body geometry and 

contralateral attachment mechanisms employ-

ing pressure-distributing adjustable straps 

[39]. Adjustability implementations include: 

(1) Longitudinal belt length modulation; 

(2) Orthosis sliding interfaces; 

(3) Precision strap tensioning system; 

Physiological considerations Thoracic sta-

bilization components may inadvertently re-

strict pulmonary expansion, potentially alter-

ing respiratory patterns in healthy individuals 

[40, 41]. To mitigate this problem, advanced 

ergonomic systems incorporate haptic feed-

back architectures that provide real-time pos-

tural cues, thereby enhancing proprioceptive 

awareness and promoting spontaneous pos-

tural realignment. 

5. Materials  

Ergonomic integration necessitates designs 

that prioritize long-term wearability while 

eliminating skin irritation risks. Material selec-

tion for posture-correction devices is critical to 

achieving an optimal balance between me-

chanical functionality, ergonomic comfort, and 

long-term durability [42]. Optimized back pos-

ture correctors feature lightweight, moisture-

wicking materials with low-profile contours 

for discreet daily wear. Elastic polymers like 

spandex, nylon, and polyester are preferen-

tially utilized due to their anisotropic flexibil-

ity, enabling dynamic musculoskeletal support 

during ambulation while preserving range of 

motion. Advanced textile engineering incorpo-

rates thermoregulatory mesh composites that 

optimize convective heat dissipation, thus min-

imizing thermal discomfort during prolonged 

wear in active scenarios [43]. 

 
 

 

Т а б л и ц а  2 

No 
Layer of Posture- 

Correcting Products 
Material content Function 

1 Elastic Materials Lycra, nylon, and polyester for flexible and soft fixation 

2 Breathable Fabrics Mesh materials 
to prevent overheating and sweat-

ing 

3 Rigid Inserts Plastic, carbon fiber and metal for enhanced support 

4 Soft Padding Foam or silicone for added comfort 

5 Sensors 
Inertial sensors and  

textile sensors 
for real-time posture monitoring 
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For structural applications, patient-spe-

cific orthotic frameworks—fabricated via ad-

ditive manufacturing from thermoplastic poly-

urethanes or aerospace-grade aluminum al-

loys—provide customized spinal alignment 

through 3D anthropometric mapping [44]. In-

terface pressure management is achieved 

through viscoelastic cushioning systems em-

ploying medical-grade silicone or reticulated 

memory foam, which demonstrate superior 

pressure redistribution coefficients for epider-

mal protection. Emerging smart material inte-

grations feature textile-embedded     piezore-

sistive sensor arrays woven into conductive 

fabrics, enabling continuous posture quantifi-

cation through wireless kinematic feedback 

[45]. Table 2 presents the materials for pos-

ture-correcting products. 

6. Future development opportunities 

The evolution of posture-correcting gar-

ments and devices is poised to change preven-

tive healthcare through interdisciplinary inno-

vation and technological integration. Future 

products may leverage artificial intelligence to 

analyze real-time posture data and dynami-

cally adjust corrective forces. Machine learn-

ing algorithms could predict postural devia-

tions and deliver personalized interventions, 

such as modulating pressure distribution or ac-

tivating targeted muscle stimulation. Integrat-

ing AI with cloud-based platforms could ena-

ble longitudinal health tracking and adaptive 

rehabilitation protocols tailored to individual 

progress. 

Expanding the integration of TCM princi-

ples—such as acupuncture point stimulation, 

moxibustion-inspired thermal therapy, and 

herbal-infused textiles—into smart wearables 

could enhance therapeutic outcomes. For in-

stance, IoT-enabled garments might combine 

biofeedback with acupressure to alleviate mus-

cle tension while correcting spinal alignment. 

Research into TCM meridian theory and its 

biomechanical correlations could further refine 

the placement of sensors and therapeutic mod-

ules [46, 47]. Particularly promising is an inte-

gration of such technologies in the design and 

manufacture of school clothes, due to chil-

dren's prolonged static postures, especially 

when using gadgets and working at computers 

[48, 49]. 

Figure 9 presents the results of complex 

application of smart devices for improving hu-

man body morphology.  

 

 
 

Рис. 9 

 

Conclusion 

The intelligent posture correction devices 

represent an important technological advance-

ment in the field of prevention and manage-

ment of posture-related musculoskeletal disor-

ders. By integrating real-time monitoring, bio-

feedback mechanisms, and data analysis, these 

devices can provide support to users in both ac-

tive reminder and passive correction dimen-

sions, thereby promoting the formation of cor-

rect posture habits. Their effectiveness is based 

on the physiological foundation of propriocep-

tive enhancement, which helps restore muscle 

memory and movement control in abnormal 

postures by enhancing the input of sensory sig-

nals.  

From a technical implementation perspec-

tive, the current intelligent correction system 

has developed a relatively mature architecture. 

At the hardware level, the reasonable layout of 

inertial measurement units, pressure sensors, 

and flexible bending sensors can effectively 

capture the posture changes of key parts such 

as the head, neck, chest, and waist. At the data 

processing level, algorithms such as Kalman 

filtering are widely used for signal denoising 

and state estimation, while machine learning 

techniques (especially deep learning models 

like LSTM) have achieved end-to-end recog-

nition from the original sensor sequence to 

posture categories, providing decision support 

for real-time feedback.  

Clinical evidence shows intelligent or-

thotic devices benefit specific populations. For 
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adolescent idiopathic scoliosis, a wearable sen-

sor system achieves >99.8% activity recogni-

tion accuracy and monitors brace wear time 

and pressure. A forward head posture system 

detects abnormalities within 0.5 seconds and 

provides visual feedback. Moreover, a modu-

lar soft brace offers 16.1% immediate correc-

tion, improves comfort and psychological ac-

ceptance, and demonstrates potential superior-

ity over traditional rigid braces. 

In terms of design principles, the intelli-

gent posture correction device needs to take 

into account the effectiveness of biomechan-

ics, the ergonomic adaptability, the material 

comfort, and the product aesthetics. The pre-

cise acquisition of human measurement pa-

rameters and the design of adjustable mecha-

nisms are the key to ensuring individualized 

adaptation; while the selection of materials re-

quires finding a balance among elastic support, 

breathability and moisture-wicking, and intel-

ligent sensing. The current trend indicates that 

intelligent textile materials with monitoring 

functions are becoming a research hotspot.  

Looking ahead, the development of this 

field will exhibit the following key trends: 

Firstly, the deep integration of artificial intelli-

gence will enable devices to possess dynamic 

adaptive capabilities, capable of predicting 

posture deviations based on real-time data and 

adjusting intervention strategies accordingly; 

Secondly, the integration of traditional Chi-

nese medicine theories with modern wearable 

technologies (such as acupoint stimulation, 

heat therapy, herbal textiles, etc.) is expected 

to expand the treatment dimensions of correc-

tive devices; Thirdly, through the implementa-

tion of an IoT platform for long-term health 

tracking and remote rehabilitation guidance, 

the transition of posture correction from a sin-

gle device to a digital health management sys-

tem will be promoted.  

In conclusion, the intelligent posture cor-

rection device, as a cross-disciplinary research 

field, has made significant progress in theoret-

ical foundation, technical implementation and 

clinical application. However, it still faces 

challenges such as inconsistent device stand-

ards, the need for optimization of individual-

ized adaptation algorithms, and insufficient ev-

idence of long-term efficacy. In the future, 

through interdisciplinary collaboration, it is 

necessary to promote the deep integration of 

materials science, artificial intelligence, clini-

cal medicine and traditional medicine to 

achieve true intelligence, individualization and 

humanization in posture health management. 
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