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ABSTRACT 

Low back pain is a painful disorder that prevents normal mobilization, increases muscle 

tension and whose first-line treatment is usually non-steroidal anti-inflammatory drugs, 

together with non-invasive manual therapies, such as deep oscillation therapy. This 

systematic review aims to investigate and examine the scientific evidence of the 

effectiveness of deep oscillation therapy in reducing pain and clinical symptomatology in 

patients with low back pain, through the use of motion capture technology. To carry out 

this systematic review, the guidelines of the PRISMA guide were followed. A literature 

search was performed from 2013 to March 2022 in the PubMed, Elsevier, Science 

Director, Cochrane Library, and Springer Link databases to collect information on low 

back pain, deep oscillation, and motion capture. The risk of bias of the articles was 

assessed using the Cochrane risk of bias tool. Finally, they were included 16 articles and 

5 clinical trials which met the eligibility criteria. These articles discussed the effectiveness 

of deep oscillation therapy in reducing pain, eliminating inflammation, and increasing 

lumbar range of motion, as well as analyzing the use of motion capture systems in the 

analysis, diagnosis, and evaluation of a patient with low back pain before, during and 

after medical treatment. There is no strong scientific evidence that demonstrates the high 

effectiveness of deep oscillation therapy in patients with low back pain, using motion 

capture systems. This review outlines the background for future research directed at the 

use of deep oscillation therapy as a treatment for other types of musculoskeletal injuries. 

Keywords: Low back pain, deep oscillation therapy, motion capture, inertial sensor, 

range of motion. 
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1. INTRODUCTION 

Low back pain (LBP) is considered one of the most common causes of physical activity 

limitation and work disability worldwide (Hoy et al., 2014; Traeger et al., 2017), caused 

as a result of exposure to excessive efforts, unbalanced weight lifting, forced postures, 

demanding physical activities, etc. (Sánchez-Pinilla, 2020; Vlaeyen et al., 2018). Studies 

found that approximately 84% of the world’s adult population will suffer from low back 

pain at least once in their lives (Abdollahi et al., 2020). LBP is a muscle pain located from 

the twelfth rib area to the folds of the lower buttocks (Celletti et al., 2020; Kahere et al., 

2022). This painful disorder is usually treated considering certain aspects such as the 

duration of symptoms, sources of pain (Urits et al., 2019), the potential cause of the 

pathology, and root symptoms (Qaseem et al., 2017). The treatments used for the 

management of LBP include manual, physical, pharmacological, psychological therapies 

and surgical interventions (Parthan et al., 2006). Deep Oscillation (DO) is a patented 

manual therapy that produces mechanical vibrations in the skin and deep tissues (Vladeva 

et al., 2021). This device uses repeated electrostatic oscillations to relieve the pain and 

swelling (Zehtindjieva et al., 2013) of a specific area by moving the swelling through the 

lymphatic system  (Hausmann et al., 2019; Kraft et al., 2013).  DO therapy builds up a 

pulsating electrostatic field of low intensity (Kraft et al., 2013)(100-400 V; 150 µA) and 

low frequency (5-250 Hz) between the hand applicator and the affected tissue (Aliyev, 

2009; Stengel et al., 2018). Its low-frequency electrostatic field produces a throbbing 

effect in the underlying tissues that improve the wound healing and anti-inflammatory 

effects (Brien et al., 2016; Vladeva et al., 2021), stimulates lymphatic flow (Jahr et al., 

2008), stimulates collagen production, cell regeneration (Gao et al., 2015), and ensures 

more blood reaches the affected area (Hausmann et al., 2019). Both, the patient and the 

physical therapist are connected to the deep oscillation device, which serve as a source of 
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tension with high internal resistance (Jahr et al., 2008). The impulse of the voltage 

produces an electrostatic attraction on the tissue and rhythmic frictions are generated 

when massaging the edema (Jahr et al., 2008; Kraft et al., 2013). These rhythmic frictions 

result in oscillations of the local tissue (skin, conductive tissue, subcutaneous adipose 

tissue, muscles,  blood, and lymphatic vessels) and increase the vascular circulation of 

the area concerned (Aliyev, 2014; Kraft et al., 2013). Each session of deep oscillation 

therapy follows a rigorous clinical protocol. In most medical trials, therapy begins with 

15 minutes of conventional manual lymphatic drainage (Jahr et al., 2008). Later the 

equipment of DO is used for 10 minutes at 200 -250 Hz (Brien et al., 2016) in the area to 

be treated, and to finish is administered oscillations of 85Hz for 10 minutes (Boisnic & 

Branchet, 2013; Brien et al., 2016). The physiological effects of deep oscillation therapy 

in the treatment of low back pain will depend on the frequency and intensity applied 

(Мratskova, 2020). Clinical studies have reported that DO therapy restores mobility 

between fibers, repairs affected tissue (Aliyev, 2014; Jahr et al., 2008), anti-inflammatory 

effect, reduces edema (Winkelmann et al., 2018), improves drainage channels, and 

accelerates wound healing (Aliyev, 2014; Kraft et al., 2013; Winkelmann et al., 2018). 

Deep oscillation therapy has gained strength in recent years as a treatment for 

musculoskeletal injuries. The available information and the number of clinical studies of 

this therapy as a treatment for low back pain is scarce. Despite this limitation, there are 

scientific articles and clinical studies that highlight the use of alternative therapies to deep 

oscillation therapy, which have a similar function. Pulsed electromagnetic field therapy 

is a non-invasive therapy. It increases the vasodilatation of blood vessels by accelerating 

circulation (Özdemir et al., 2021), also modulates cyclic adenosine, which is the 

monophosphate (cAMP) signaling pathway, which is related to pain (Ross et al., 2022) .  
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Such as pulsed electromagnetic field therapy is a non-invasive therapy, it increases the 

vasodilatation of blood vessels by accelerating circulation (Özdemir et al., 2021) and also 

modulates cyclic adenosine, which is the monophosphate (cAMP) signaling pathway. , a 

pathway that is related to pain (Ross et al., 2022). 

The lumbar spine has 6 degrees of freedom of movement: three rotational movements and 

three translational movements (Wilke & Volkheimer, 2018). The normal thoracolumbar 

range of motion (RoM) of a person without LBP is typically 90° of forward flexion, 30° 

of back extension, and ~ 15.3° of axial rotation and 25° of lateral flexion (Urits et al., 

2019). People with LBP have limited lumbar RoM, low lumbar movement speed, reduced 

proprioception, slow movements (Kuligowski & Sipko, 2021; Laird et al., 2016, 2019; 

Mjøsund et al., 2017), and decreased accuracy of trunk repositioning during flexion 

(Edwards et al., 2020; Šarabon et al., 2021) compared to people without LBP. Fingertip 

to Floor Test, Schober´s Test, and inclinometers are some of the non-invasive methods 

used to assess spinal mobility. One of the disadvantages of their use is that they only 

allow measuring the lumbar movement of the patient in a static position (Mjøsund et al., 

2017).   

Technological advances have created new opportunities in clinical and rehabilitation 

environments for the investigation of pathologies related to lumbar mobility, through the 

use of inertial measurement unit sensors (IMU) (Beange et al., 2019; Laird et al., 2016). 

Some of its advantages are: 1) portable devices,  2) inexpensive, and 3) do not require a 

controlled laboratory to use them.(Ha et al., 2013). Motion capture technology makes it 

possible to monitor, quantify and measure the 3D position and movement of the lumbar 

spine (Cai et al., 2021) during dynamic conditions. This technology also makes it possible 

to identify lumbar movement patterns in people with low back pain and compare them 

with those of healthy people. 
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Inertial motion sensors based on accelerometers, gyroscopes, magnetometers, and 

algorithms (Al-amri et al., 2018; Laird et al., 2019) provide information on the kinematic 

parameters of a person's movement, such as range and speed of movement and inclination 

angles (Laird et al., 2019). MoCap systems are not only used in the diagnosis and 

evaluation of certain physical injuries or musculoskeletal pathologies, but are also used 

to monitor the effectiveness of manual and physical rehabilitation treatments (Fitzgerald 

et al., 2008) recommended for patients with musculoskeletal pain. 

Despite the fact that low back pain is a musculoskeletal disorder that represents great 

economic losses for governments, efforts to research and develop new rehabilitation 

treatments are scarce. This systematic review aims to investigate and collect scientific 

information to determine the effectiveness of deep oscillation therapy or, alternatively, 

therapies that work under a modality similar to low-frequency pulsed magnetic fields for 

the treatment of low back pain. All of this, makes it possible to compile the potentialities 

and limitations of these treatments and their evaluation using MoCap technology, 

essential for future studies in the clinical and rehabilitation fields. 

2. METHODS 

2.1. Study design   

This systematic review followed the guidelines and criteria established in the 

PRISMA 2020 Checklist. The protocol was registered in the PROSPERO database 

(https://www.crd.york.ac.uk/prospero/) with registration number CRD42023407401.  

2.2. Eligibility criteria 

This systematic review includes research articles and clinical trials with certain 

characteristics 1) articles evaluating the use of deep oscillation therapy or therapies 

related to Low-intensity and extremely low-frequency electrostatic fields as a 
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treatment for low back pain; 2) articles highlighting the importance and use of motion 

capture systems (MoCap) as a tool for diagnosis and evaluation of medical therapies 

for people with low back pain; 3) articles in English and with full text availability; 4) 

studies conducted from January 2013 until February 2022. Systematic reviews or 

meta-analyses were excluded. 

2.3. Information sources  

A comprehensive search of the existing literature was conducted from January 2013 

to February 2022 in the following databases: Google Scholar, PubMed, Elsevier, 

Science Director, Cochrane Library, and Springer Link. The descriptors used for the 

search in the databases included a mixture of titles and keywords related to deep 

oscillation therapy (DO), low back pain (LBP), motion capture system (MoCap), 

inertial sensors, range of motion, low-intensity and extremely low-frequency 

electrostatic fields. The reference lists of the selected studies were searched to find 

articles that met the inclusion requirements and that could be selected for the 

development of the systematic review. 

2.4. Selection of studies 

Initially the studies were filtered and selected according to the importance and 

relevance of their abstracts. Then, the full text of the selected articles was evaluated, 

in order to identify if they met the inclusion criteria. 

2.5. Data collection process   

In the beginning, the literature search was focused on evaluating the effectiveness of 

deep oscillation therapy as a treatment for low back pain, using motion capture. 

However, the information collected in the metasearch was scarce, so the research was 

divided into two parts: 1) evaluation of low back pain through the use of inertial 
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sensors/motion capture and 2) low-intensity and low-frequency electrostatic field 

therapy for low back pain.  The information found about deep oscillation therapy as 

a treatment for low back pain was limited, so the literature search range was 

broadened to topics such as low intensity and low-frequency electrostatic fields, and 

pulsed electromagnetic field.  

2.6. Risk of bias  

For the evaluation of the risk of bias of the selected articles and clinical trials, an 

evaluation based on Cochrane domains was considered. Several criteria were 

analyzed: 1) experimental design; 2) randomized controlled trial; 3) sample 

characteristics, 4) inclusion/exclusion criteria of the participants; 5) control group 

included. These criteria were evaluated on a scale from 0 to 2, being equivalent to 0= 

low level of risk of bias (the article broadly describes and provides information on the 

analyzed domain), 1= medium level of risk of bias (the article does not describe the 

domain evaluated clearly), 2= high level of risk of bias (the article does not analyze 

or provide information on the corresponding domain). 

In this systematic review, two reviewers independently reviewed, evaluated, and 

scored selected research articles and clinical studies. It is important to mention that 

when there were different scores in some of the domains analyzed, a third evaluator 

intervened to establish the final total bias risk score.  

3. RESULTS 

3.1. Study selection  

From the literary search in the different databases, 150 titles were obtained. 

Afterwards, this number of studies was reduced by eliminating duplicate articles (n= 

50). After this first selection filter, n= 56 studies not found within the range of the 
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search deadline were excluded. In the third filter, a total of 23 studies were excluded 

as they did not meet the inclusion criteria that were set out at the beginning of this 

systematic review. Finally, the literature search identified 16 research articles related 

to motion capture systems and 5 clinical trials related to the use of electromagnetic 

field therapies for the treatment of lumbar pain (see Figure 1), who met the selection. 

requirements. 

3.2. Method quality  

Table 1 shows the methodological quality of the trials analyzed in this systematic 

review through a final score. The following results were reached: 17 of the 21 selected 

trials presented a final score between one and four points. Research articles with a 

final score between 1 and 3 can be considered to have a low risk of bias. The domain 

that presented the highest risk of bias was the randomized controlled trial, considering 

that most of the papers that obtained a score equal to 2 (high risk of bias) correspond 

to articles that analyzed the use of motion capture systems for the medical evaluation 

of patients with low back pain. 

PLACE HERE TABLE 1  

3.3. Evaluation questionnaires. 

Several questionnaires were used as complementary tools for the evaluation and 

analysis of disability related to LBP. Oswestry Disability Index (ODI)  was used to 

measure the impact of LBP on patients (Krammer et al., 2015).   

Gombatto et al., (2015b), and  Wildenbeest et al., (2021b) in their articles used the 

ODI to measure the functional limitation and disability of the patient about lumbar 

pain, representing 100% of the total score at maximum disability. Further, the Fear 

Avoidance Based Questionnaire (FABQ) is included to measure the degree to which 
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a person with some pathology performs limited physical activity due to fear of pain 

(Gombatto et al., 2015). On the other hand, Wildenbeest et al., (2021b) use the 

numerical rating scale (NRS) to evaluate the intensity of pain that the patient may feel 

during the physical evaluation. The scale was evaluated from 0 to 10, where 0 equals 

no pain and 10 equals maximum pain (Wildenbeest et al., 2021). Other studies used 

a 24 question Roland Morris Disability Questionnaire (RMDQ-24), where 100% 

equals to a maximum limitation of activity (Laird et al., 2019). 

3.4. Study characteristics   

The most significant characteristics of the selected trials are summarized in Tables 

1-2. 

Pulsed electromagnetic fields - low back pain  

A total of 347 patients were included in the five selected randomized controlled 

clinical trials (Table 2). N= 65 participants received pulsed electromagnetic field 

therapy, while the remaining N= 282 patients received low-frequency magnetic 

field therapy. Only one of these five clinical trials had a control group (N=25) 

within its experimental phase.  

The main objective of the selected papers is to evaluate the effectiveness of low-

frequency pulsed magnetic or electromagnetic fields therapies combined with 

manual and physical therapies in the treatment of LBP (Abdulla et al., 2019; 

Alzayed & Alsaadi, 2020). The studies were designed as double-blind randomized 

placebo-controlled trials, i.e., participants were randomly assigned to the control 

or experimental groups, using a blind research assistant (Abdelhalim & Samhan, 

2018; Elshiwi et al., 2018). Participants were excluded from the study if they had 

previous back surgery, cardiopulmonary diseases (Elshiwi et al., 2018), 

Jo
urn

al 
Pre-

pro
of



11 
 

pregnancy or lactating (Abdulla et al., 2019), spinal fracture, heart pacemaker 

(Alzayed & Alsaadi, 2020), and tumors (Krammer et al., 2015).  To validate the 

effectiveness of electromagnetic field therapy in the treatment of LBP, researchers 

such as Abdulla et al. (2019) evaluate the progress of the rehabilitation process of 

patients in three phases: first at the beginning of therapy, second at the end of the 

third week of rehabilitation and finally during the sixth week of the rehabilitation 

sessions. Before starting treatment, the range of mobility, degree of flexion, 

rotation, and lateralization of the trunk was evaluated with the help of an 

inclinometer bubble, while the degree of lumbar pain was measured using the 

visual analog scale (VAS)(Abdelhalim & Samhan, 2018).  

It is important to mention that in the papers analyzed, both the experimental group 

and the control group, in addition to receiving low-frequency and low-intensity 

magnetic/electromagnetic field therapy or placebo, they use of hot compresses 

(Abdulla et al., 2019) and conventional physiotherapy exercise (Alzayed & 

Alsaadi, 2020; Elshiwi et al., 2018) as additional tools to the recovery of patients 

with LBP, whether acute or chronic.  

Besides, the frequency with which the treatment is applied to patients with LBP 

is different in each experimental article and can range from 12 sessions for one 

month to 39 sessions for 3 months. It all depends on the severity of the 

musculoskeletal disorder, that is, if the low back pain is chronic or acute, and the 

value of the frequency and intensity with which the pulsed electromagnetic field 

therapy is being applied. All the characteristics of the clinical trials that were 

previously described are further detailed in Table 2. All of the clinical studies 

reviewed reported the effectiveness of low-frequency and low-intensity 
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magnetic/electromagnetic field therapy in patients with low back pain, reducing 

low back pain and swelling, as well as increasing their lumbar range of motion. 

PLACE TABLE 2  

MoCap and low back pain 

Lumbar RoM was evaluated in a total of 929 people using different motion capture 

systems. A total of n= 8 research articles evaluated the RoM of patients with LBP. 

While n= 3 articles evaluated the pathology of NSCLBP (Non-Specific Chronic 

Low Back Pain), and n= 4 articles evaluated CLBP (Chronic Low Back Pain). 

Only one of the selected research articles evaluated the lumbar lordosis of their 

patients. The studies included control groups of people without low back pain 

(Abdollahi et al., 2020; Ashouri et al., 2017; Bacon et al., 2020b; Gombatto et al., 

2015b; Hemming et al., 2018; Wildenbeest et al., 2021b) to compare lumbar RoM 

with the group of people with LBP. Exclusion criteria were also established, such 

as presenting acute trauma (Bauer et al., 2016), pregnancy (Celletti et al., 2020), 

people with medical condition affecting the spine (Gombatto et al., 2015), 

previous back surgery (Graham et al., 2020), spine fractures (Laird et al., 2016), 

tumors, vertebral infections, and musculoskeletal injury.  

Some articles took into account the demographic and anthropometric 

characteristics of the participants such as age, gender, weight, height, and body 

mass index (BMI) (Abdollahi et al., 2020; Ashouri et al., 2017; Davoudi et al., 

2020; Gombatto et al., 2015; Hemming et al., 2018; Mjøsund et al., 2017; Shin & 

Yoo, 2019; Wildenbeest et al., 2021; Zhang et al., 2020) in order to recommend 

an adequate therapy according to the physical characteristics of the patients. Also, 

anthropometric analysis is important to identify the lumbar area where the motion 
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capture systems (sensors) should be placed, to record the lumbar RoM before and 

after treatment.  

Sensor systems characteristics  

Different MoCap systems were used to measure lumbar RoM, for example Vison-

Based System (Vicon), Inertial Measurement Unit (ViMove), and Marker-Based 

System. Each of them is made up of essential components such as cameras, 

markers, triaxial accelerometers, triaxial gyroscopes and triaxial magnetometers 

(Table 3-4). 

PLACE TABLES 3 AND 4 HERE  

Table 3 describes sixteen movement capture systems, which allow detecting and 

measuring lumbar-pelvic movements like flexion, extension, lateral flexion, and 

rotation (Zhang et al., 2020). Each of these systems locates the sensors in different 

body segments. E-Skin system locates the sensors in the T3-T7 and L1-L3 

regions. In the case of Vicon systems, a series of markers are placed on the lumbar, 

cervical, and thoracic (T8) regions (Hemming et al., 2018; Wildenbeest et al., 

2021). While, MTw2 trackers (Xsens Technologies) were placed on C7, L2, and 

L4 vertebrae (Bacon et al., 2020), to record the angle of each lumbar movement.  

On the other hand, the Vicon system (512 and 612) depending on the model uses 

different amounts of cameras ranging from 4 to 9 cameras (Hemming et al., 2018). 

This system is mainly used to measure the kinematics of the lumbar spine and 

pelvis during movements and exercises such as walking (Gombatto et al., 2015).                                                                                                                                                              

Several sensors are composed of an accelerometer, gyroscope, and triaxial 

magnetometer (Abdollahi et al., 2020; Ashouri et al., 2017; Celletti et al., 2020) 
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which makes them inertial systems. In addition, these systems allow evaluating 

the balance and mobility of the participants (Celletti et al., 2020). 

Softwares like Matlab (Abdollahi et al., 2020) and Nixus Vicon (Hemming et al., 

2018) were used for data processing and analysis. Then, data were exported to the 

Visual 3D (C-Motion) software to evaluate the gait of the participant (Gombatto 

et al., 2015). For data storage, the E-Skin system collects information wirelessly 

using a smart system, this application also allows the control of data transmission 

and storage (Zhang et al., 2020).   

3.5. Synthesis of the study results 

Pulsed electromagnetic field treatment in patients with nonspecific low back pain had 

positive effects on the low back recovery of the patients. Elshiwi et al. (2019a) 

through their investigations found that both the control group and the study group 

increased their RoM in flexion and extension after applying conventional physical 

therapy exercises and simulated magnetic field therapy, respectively. The study group 

after receiving pulsed electromagnetic field therapy experienced RoM-flexion from 

3.20 ± .67 to 4.8 ±0.14 while ROM-extension increased in value from 1.53 ± .51 to 

1.9 ±0.12 (Elshiwi et al., 2018). Abdelhalim & Samhan (2018) used a Low-Frequency 

Magnetic Field therapy in people with low back pain. Both, experimental group "A" 

and control group "B" increased their lumbar RoM after treatment. Thus, before 

treatment, group A had a forward trunk flexion value equivalent to 20.55 ±6.25, and 

after treatment, this value increased to 54.95±20.17. The same happened for the case 

of right and left lateral flexions of the trunk (Abdelhalim & Samhan, 2018). 

To assess the degree of recovery of patients with LBP and evaluate the efficacy of 

pulsed electromagnetic field or Low-Frequency Magnetic Field rehabilitation 
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therapies, evaluations and questionnaires were applied to the participants. In the case 

of Elshiwi (2019), he used a visual rating scale for the patient to locate the 

presence/absence of pain on a scale (0= no pain, 10= presence of pain), and also used 

the Owestry disability index and evaluated lumbar range of motion. In contrast, 

researchers such as Abdulla et al. (2019)  used analysis of covariance to assess the 

effect of low-frequency pulsed magnetic field therapy in patients with CLBP. 

In addition, motion capture systems described in the Tables 3-4, allowed to identify 

the differences in the movement patterns during flexion, extension, and rotation of the 

individuals with LBP compared to the healthy group. The Vicon 512 system reported 

that the group of people with NSCLBP showed more kyphotic thoracic-lumbar 

postures than the healthy group, which may explain the reason LBP occurs (Hemming 

et al., 2018). After performing the motion capture, it was possible to identify 1) people 

with LBP exhibited 5.48° less lumbar flexion than people without LBP 2) people with 

LBP exhibited 4.18° less anterior pelvic tilt than people without LBP (p <0.05) 3) 

people with LBP perform a greater degree of rotation (1.7°) to the left in the lower 

lumbar region than people with low back pain (0.1; p <0.05) 4) people with LBP show 

less rotation (3.3 ± 0.3°) than people without low back pain (4.3 ± 0.3) 5) people with 

LBP show 1.58° less superior lumbar rotation than people without LBP (Gombatto et 

al., 2015).   

The use of motion capture systems allows classifying low back pain patients into 

clinical subgroups, to offer personalized exercise rehabilitation programs (Bacon et 

al., 2020). Regarding the analysis of the effectiveness of pulsed electromagnetic field 

therapy in patients with LBP, it was possible to identify that after applying this 

treatment, a significant difference was evidenced in the percentage of pain, functional 

disability, and flexion range between the control and experimental groups- (Elshiwi 
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et al., 2018). The patients who underwent the low-frequency magnetic field treatment 

showed 1) a significant decrease in pain after finishing the treatment (p <0.05 

compared with pre-treatment) 2) a significant increase in the degree of flexion and 

extension of the trunk when end treatment (p <0.05 compared with pre-treatment) 

(Abdelhalim & Samhan, 2018).  

4. DISCUSSION 

The main objective of this systematic review was to examine the scientific articles and 

clinical trials that demonstrate the effectiveness of deep oscillation therapy in the 

treatment of low back pain and the use of motion capture systems as an evaluation tool. 

However, the 5 clinical trials discussed in this systematic review use treatments that work 

in a similar way to deep oscillation therapy. Therefore, it is important to clarify the 

similarities and differences between these therapies. Pulsed low-frequency magnetic field 

therapy has an anti-inflammatory effect (Abdulla et al., 2019) just like DO therapy. 

Each clinical trial selected for this review followed a specific protocol for the 

administration of low-intensity and extremely low-frequency electrostatic fields therapy. 

The included clinical trials, whose characteristics are summarized in Table 2, found some 

similarities. For example, in the majority of studies, pulsed magnetic/electromagnetic 

field treatments were carried out in adult populations with a history of low back pain that 

has been clinically evaluated. However, the number of sessions of pulsed electromagnetic 

field therapy and their duration varies between clinical trials. On average, most clinical 

trials conducted 3 sessions per week for two to three weeks. However, Alzayed & Alsaadi 

(2020) in their study reports the performance of 39 sessions of 20 minutes for 3 months. 

The number of sessions of low frequency pulsed magnetic field therapy is higher than the 

rest of the clinical trials. 
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In assessing the disability of patients with low back pain, each clinical trial applies a 

different assessment method such as the Oswestry Disability Index and the Visual 

Analogue Scale (VAS). With the similarity that each scale and index allow verifying the 

improvements of patients with low back pain after receiving pulsed electromagnetic field 

therapy. 

Patients with CLBP received pulsed magnetic field therapy at a frequency of 30 Hz for 

30 ms, as in Abdulla et al. (2019). Different to Abdelhalim & Samhan (2018) who 

administered a magnetic field therapy in a frequency range of 1 to 100 Hz (low frequency) 

to patients with chronic or acute LBP. The frequency of the electrostatic field therapy is 

estimated for each participant (Mjøsund et al., 2017), and its physiological effects depend 

on the frequency value with which the treatment is applied (Мratskova, 2020). For 

example, frequencies of 80 to 250 Hz work like anti-inflammatory and analgesic, 25 to 

80 Hz repair the tissues and improve the venous flow, and finally, 5-25 Hz improves 

muscle functionality (Мratskova, 2020).  

Abdelhalim & Samhan (2018) and Elshiwi et al. (2018) reported positive results from 

magnetic field therapy reflecting a decrease in low back pain, and an increase in the trunk 

and spinal RoM in people with LBP.  

Not all the clinical trials showed positive results of the long-term effectiveness of pulsed 

electromagnetic field therapy in the treatment of low back pain (Andrade et al., 2016; 

Paolucci et al., 2020).  Authors such as Alzayed & Alsaadi (2020) and Krammer et al. 

(2015) agree that both pulsed Low-Frequency Magnetic Field Therapy and Pulsed 

Electromagnetic therapy have no beneficial effect in the treatment of low back pain. 

Alzayed & Alsaadi (2020) and Krammer et al. (2015) mention that the aforementioned 

therapies are not superior to the results obtained when applying conventional exercise 

therapies to the control group. This means that exercise sessions are optimal candidates 
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and with better results in the treatment of people with LBP. Krammer et al. (2015) 

demonstrated that the experimental group that received pulsed electromagnetic therapy 

showed no improvement in ODI scores.  

Regarding the limitations of the studies,  Elshiwi et al. (2018) mention that one limitation 

in their research was not evaluating the long-term efficacy of pulsed electromagnetic field 

therapy. Unlike Abdulla et al. (2019), who at the beginning of their research plan to 

evaluate both the efficacy such as the safety of long-term low-frequency pulsed magnetic 

field therapy.  

In general, the results presented by the five clinical trials that have been analyzed in this 

systematic review do not demonstrate 100% effectiveness of low frequency magnetic 

field therapy compared to other therapies that already exist on the market and to exercises 

traditional of physiotherapy. 

Different MoCap systems are used to evaluate and quantify RoM dysfunction associated 

with low back pain (Bauer et al., 2016; Ha et al., 2013). Each research article locates the 

motion capture systems (vision-based systems and IMU-based systems) (Zhang et al., 

2020) in different anatomical parts of the spine, for which reference points are used 

throughout long and in the lower part of the back spine. The orientation of these sensors 

is essential to avoid errors in the RoM measurement. Table 4 shows in more detail the 

components of the motion capture systems that were used in each research article, as well 

as briefly summarizes the results reached by the authors. 

Zhang et al. (2020) through their research demonstrated that the E-Skin sensor is a 

sensitive, flexible sensor that allows detecting and recording the angles of the spine, when 

the patient executes repetitive movements of flexion, extension, pelvic tilt, lateral flexion, 

and rotation. On the contrary, in the investigation by Hemming et al. (2018),  the patients 
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did not perform the mechanical movements of flexion, extension and rotation of the 

lumbar region. In contrast, the patients performed exercises that simulate the activities 

that people carry out in our daily lives. Such as going up, down, lifting a box, etc. In the 

case of Celletti et al. (2020), the patients performed the exercises sitting in a standard 

chair, got up, walked 3m away, went around an object and returned to the chair. 

Celletti et al. (2020) informed that the IMU system automatically provides data on spinal 

angle of flexion, range of motion, and rate of gyration. These parameters allow 

determining the improvement in patients with low back pain, after receiving back school 

therapy. On the contrary, Bacon et al. (2020), with their research, demonstrated that the 

IMU MTw2 motion capture system is a useful tool for the health area, to classify patients 

with low back pain into clinical subgroups, in order to establish exercise routines. and 

physiotherapy specialized in the needs of each patient (Bacon et al., 2020). This system 

is based on data analysis of the angles of sway, obtained when the patient performed 

exercises of flexion, lateralization, squats, sitting and standing. In summary, Bacon et al. 

(2020) demonstrates the effectiveness of IMU systems in the diagnosis of lumbar 

pathologies. Similarly, Abdollahi et al. (2020) demonstrated the effectiveness of IMU 

movement sensors (9DOF Razor IMU) in the categorization of patients with non-specific 

low back pain. Davoudi et al. (2020) in their research also examined inertial sensors as a 

useful tool for the classification of non-specific low back pain disorders in clinical 

settings. 

The IMU sensors of Abdollahi et al. (2020) recorded the data of linear acceleration and 

angular velocity, in 2 directions X,Y,Z while the participants performed trunk flexion and 

extension movements (Abdollahi et al., 2020). In the case of the IMU system by Ashouri 

et al. (2017), the sensors record the information of 6 signals that represent the angular 

velocities and accelerations in 3D, data that allows the detection of lumbar disorders. 
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Zhang et al. (2020) demonstrated that the E-Skin motion capture system has a much faster 

response to movement changes compared to IMU systems. On the other hand, Mjøsund 

et al. (2017) conducted a comparison between the inertial motion sensor system (ViMove) 

and the Vicon system, in terms of their potential in assessing range of motion during 

tilting of the lower back. This latest investigation showed that different values of the angle 

of inclination are obtained when using one of these two systems. The ViMove system 

being the most suitable candidate.  

Celletti et al. (2020) assessed patients before and after receiving physiotherapy treatment 

with the Oswestry Disability Index (ODI), Performance Oriented Mobility Assessment 

Scale (POMA), and Numerical Rating Scale (NRS) (Celleti et al.., 2020) 

In this way, this systematic review highlights the importance of LBP treatment, and the 

relevance of motion capture as an evaluation tool in real time to assess the condition of 

LBP patients before, during and after receiving therapies and rehabilitation treatments. In 

this way, the potentialities and limitations outlined here can be a starting point for future 

research on the use of deep oscillation therapy as an effective treatment for 

musculoskeletal disorders in general. Through this literature review, researchers can 

develop studies that directly evaluate the use of deep oscillation therapy as LBP therapy. 

As well as evaluating the effectiveness of this therapy using motion capture systems 

before and after applying the treatment. 

5. CONCLUSION 

Pulsed electromagnetic field rehabilitation therapy appears to be highly effective in 

relieving and decreasing low back pain, eliminating swelling and inflammation, and 

increasing lumbar RoM. The rapid anti-inflammatory and analgesic effect of this therapy 
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contributes to obtaining better results in reducing motor limitation in patients with LBP. 

However, definitive conclusions about the effectiveness of deep oscillation therapy in the 

treatment of low back pain cannot be established due to the scarce bibliographic 

information, despite this, the effectiveness of alternative therapies that have a concept of 

operation similar to that of the deep oscillation therapy. Motion capture systems and 

sensor systems enable a kinematic analysis of the lumbar spine and identify abnormalities 

in movement patterns. Portable motion capture systems noninvasively assess the 

effectiveness of a medical therapy by measuring the patient's RoM in real time in three 

stages: 1) before, 2) during and 3) after treatment. 

Clinical Relevance  

The results presented in this systematic review article serve as a tool for health 

professionals in the rehabilitation of patients with acute or chronic / specific and non-

specific low back pain. Deep oscillation therapy seems to be a useful tool for the treatment 

of patients with low back pain and mobility, since after applying this therapy, patients 

experience positive changes both physiologically and biomechanically, for example, 

reduced inflammation, increased range of motion and locomotion, etc. On the other hand, 

emphasis should be placed on the importance of using motion capture systems as a tool 

for diagnosing lumbar pathologies and evaluating the effectiveness of different lumbar 

rehabilitation treatments, such as deep oscillation therapy. 
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Figure 1. Flow diagram of search results and clinical trials included. 
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Reports excluded: 

- Wrong patient population, n= 5 

- Study protocol, n= 8 

- No experimental design n=6 

- The experimental group is not 

described, n= 2 

- Other language, n=2 

 

n= 23 

Research articles included in the 

systematic review 

(n = 16) 

Clinical trials included in the 

systematic review  

(n = 5) 
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Table 1. Risk of bias score. Low risk level = 0, medium risk level = 1, high risk level = 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reference  

 

 

Experimental 

design 

 

Randomized 

controlled trial 

 

Sample 

characteristics 

 

Inclusion/exclusion 

criteria 

 

Control group 

included 

 

Final score 

(Elshiwi et al., 2018) 0 0 0 1 0 1 

(Abdulla et al., 2019) 0 0 0 0 1 1 

(Krammer et al., 2015) 1 0 0 0 2 3 

(Abdelhalim & Samhan, 2018) 0 0 0 1 1 2 

(Alzayed & Alsaadi, 2020) 0 1 1 0 0 2 

(Zhang et al., 2020) 0 2 0 2 2 6 

(Hemming et al., 2018) 0 2 0 0 1 3 

(Celletti et al., 2020) 0 2 0 0 2 4 

(Gombatto et al., 2015) 0 2 0 0 0 2 

(Wildenbeest et al., 2021) 0 2 0 0 1 3 

(Bacon et al., 2020) 0 1 0 1 1 3 

(Ashouri et al., 2017) 0 2 0 0 0 2 

(Abdollahi et al., 2020) 0 1 0 0 2 3 

(Davoudi et al., 2020) 0 1 0 0 2 3 

(Shin & Yoo, 2019) 0 2 0 2 2 6 

(Graham et al., 2020) 1 2 0 0 2 5 

(Bauer et al., 2016) 1 1 0 0 2 4 

(Mjøsund et al., 2017) 0 2 0 2 0 4 

(Laird et al., 2019) 0 2 0 1 0 3 

(Ha et al., 2013) 0 2 0 2 2 6 

(Laird et al., 2016) 0 2 0 0 0 2 
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Table 2. Main characteristics from included studies using specific therapies to treat different types of low back pain (LBP). 

 

Trial 

 

Therapy 

 

Participants 

 

Frequenc

y Value 

 

Intensity 

Value 

 

Time sessions 

 

Outcome measures 

 

Authors Results 

(Elshi

wi et 

al., 

2018) 

Pulsed 

electromagnetic field 

N: 25 (experimental 

group)  

N: 25 (control group) 

Pathology: Chronic 

non-specific low back 

pain  

Age: 20-40 years  

50 Hz 20 Gauss 12 sessions 

over 4 weeks 

(1) pain intensity. 

(2) Oswestry Disability Index 

(ODI) 

(3) Spinal ROM  

The experimental group 

showed a significant 

reduction in pain and 

disability, as well as an 

increase in the degree of 

lumbar flexion and 

extension after 

treatment. 

 

(Abdul

la et 

al., 

2019) 

 

Pulsed low-

frequency magnetic 

field 

 

N: 200 

Pathology: Chronic 

low back pain  

Age: 18-60 years 

 

30 Hz 

 

14 uT 

 

3 sessions for 

6 weeks 

 

Percentage of pain after and 

during treatment.   

 

Reduction of low back 

pain after treatment 

 

 

(Kram

mer et 

al., 

2015) 

 

 

Pulsed 

electromagnetic field  

 

 

N: 40  

Pathology: Non-

specific low back pain  

Age: 18  

 

 

27.12MH

z 

 

 

0.03 mT 

 

 

Twice sessions 

per week for 

up to four 

weeks. 

 

 

(1) Oswestry Disability Index 

(2) Numerical Pain Rating 

Scale  

 

 

Pulsed electromagnetic 

energy provided no 

significant additional 

benefit over routine 

physiotherapy treatment 

for NSLBP. 

 

 

(Abdel

halim 

& 

Samha

 

 

Low frequency 

magnetic field 

 

 

N:40  

F: 18 

M:22 

Pathology: Low back 

pain  

 

 

1-100 Hz 

 

 

100 Gauss 

 

 

30 minutes 

three times per 

week 

 

 

(1) Visual analogue scale 

(VAS)  

(2) Baseline bubble 

inclinometer.  

 

 

Analysis of measures 

pre-treatment and post 

treatment showed a 

significant difference in 

visual analogue scale 
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n, 

2018) 

Age:  40-50 years  (pain) and trunk 

mobility, (p<0.05). 

 

 

(Alzay

ed & 

Alsaad

i, 

2020) 

 

 

Pulsed low- 

frequency magnetic 

field 

 

 

N: 42  

F: 20 

M: 22 

Age: 18-60 years  

 

 

 

------ 

 

 

------- 

 

 

39 sessions of 

20 minutes (3 

to 5 times a 

week) for 3 

months 

 

 

(1) Numerical Pain Rating 

Scale  

(2) Roland-Morris Disability 

Questionnaire  

 

 

The results show a 

reduction in pain 

intensity and disability 

scores in the 

experimental group at 

week 3 (p <0.05), while 

the placebo group 

experienced an 

improvement at week 6 

N: total number of participants; F: female; M: male; ROM: range of motion  
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Table 3. Main characteristics of included studies using motion (MoCap) capture systems to evaluate low back pain (LBP). 

 

Authors Patient’s data Patient´s 

pathology 

Motion Capture 

system 

N° of 

sensors 

Sensors/ markers 

localization 

Clinical Application 

 

(Zhang et al., 

2020) 

 

N: 6 

F: 4 

M: 2 

Age: 22-30 years 

Height: 159-183 cm 

Weight: 47-120 kg 

 

 

LBP 

 

Electronic-skin 

wearables (Created 

by: Monash 

University 

NanoBionics Group) 

 

U 

 

Lumbar Region: L1 – L5 

Thoracic Region: T3 – T7 

 

Measure the angle of anatomical 

joints and human body movements 

(lumbar-pelvic) that are not detected 

by MEMS-based sensors. 

 

(Hemming et 

al., 2018) 

 

N: 78 (28 healthy 

50 with NSCLBP) 

F: ----- 

M: ---- 

Age: 18-65 years  

 

 

 

NSC LBP 

 

Vicon 512 Motion 

systems 

 

----- 

 

Spinous processes of the 

C7, T2, T4, T6, T8, T10, 

T12, L2 and L4 vertebrae. 

 

Manubrium stern (superior 

border). 

Anterior superior iliac 

spine.  

Posterior superior iliac 

spine.  

Iliac crest.    

Acromioclavicular joint.  

Ulna styloid process.  

12th thoracic spinous 

process.  

Lateral knee joint line. 

Lateral malleoli.  

 

 

Investigate if there are kinematic 

differences between a person with 

NSC LPB and healthy individuals. 
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(Celletti et 

al., 2020) 

N: 44 

F: 34 

M:10 

Age: 70 ± 14.02 years 

Low back pain G-sensor (BTS SpA, 

Milan, Italy) 

IMU 

U At L5 vertebrae using an 

elastic belt.  

Evaluate the participant's balance 

and mobility through the timed up 

and go test (TUG) 

 

 

(Gombatto et 

al., 2015) 

 

 

N:16 

F: ----- 

M: ------ 

Age: 18-65 years 

 

 

 

LBP 

 

 

Vicon 

 

 

---- 

 

 

4cm lateral to L1 and L4  

Centered on L3- L5 

Bilateral PSIS, ASIS  

Iliac crests  

 

 

 

Measure kinematics of the upper 

and lower lumbar spine during 

walking.  

Measure kinematics of the pelvis 

during walking.  

 

 

(Wildenbeest 

et al., 2021) 

 

 

N: 36 (21 healthy and 

15 with LBP)  

F: ---- 

M: --- 

Age: 35.8 years 

(mean) 

Height: 1.78 m (mean) 

Weight: 76.01 kg 

 

 

 

CLBP 

 

 

Vicon- 612, Oxford 

Metrics, UK 

 

 

---- 

 

 

Two clusters of three 

markers were used.  

Clusters were fixed to the 

spinous processes of T8 

and S1.  

 

 

Assess lumbar motion 

 

(Bacon et al., 

2020) 

N: 106 (85 NSLBP/21 

healthy)  

NSLPB MTw2 trackers 

(Xsens 

Technologies) 

---- On the spinus process of C2 

vertebrae 

C7 vertebrae 

Spinous process of L2, L4.  

Sacral promontory  

Classify non-specific LBP (NSLBP) 

into subgroups according to the 

symptoms that have been identified 

in the patient, which allows for 

personalized treatment and 

rehabilitation plans. 

 

 

(Ashouri et 

al., 2017) 

 

 

M: 24 healthy men  

M: 28 with LBP  

Age: 20-50 years 

 

 

CLBP 

 

 

Two inertial sensors: 

9DOF Razor IMU, 

 

 

2 

 

 

Vertically on the xiphoid 

process. 

 

 

Determine the optimal tasks for low 

back pain detection. 
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Sparkfun®, Niwot, 

Colorado 

On the left side of the iliac 

crest  

 

 

(Abdollahi et 

al., 2020) 

 

 

Age: 19-40 years 

Height: 172, 6cm 

(mean) 

Weight: 79.5 kg 

(mean)  

 

 

 

NSLBP 

 

 

9DOF Razor IMU, 

Sparkfun®, Niwot, 

CO, USA. 

Wii Balance Board 

(Nintendo®, Kyoto, 

Japan) 

 

 

2 

 

 

Sternum  

 

 

 

Track the linear acceleration and 

angular velocity.  

Calculate balance-related measures 

while the participants performing 

trunk flexion/ extension 

movements. 

 

 

(Davoudi et 

al., 2020) 

M: 100  

Age: 20-50 years  

LBP 9DOF SHARIF-

HMIS 

U Vertically on the Xiphoid 

process  

Classify patients based 

on kinematic data of the LBP  

 

 

(Shin & Yoo, 

2019) 

 

 

N: 80  

F: 55 

M: 25 

Age: 20  

 

 

Lumbar lordosis 

 

 

Wireless IMU 

systems 

 

 

3 

 

 

T10  

L3 

S2 spinous processes  

 

 

 

Measure the global and regional 

lumbar lordosis  

 

(Graham et 

al., 2020) 

 

N: 30 

F: 19 

M: 11 

Age: 44 years (mean) 

 

LBP 

 

HIKOB Fox inertial 

measurement unit 

(IMU) sensors 

 

-- 

 

T8 

S2spinus processes  

 

Assess the between-day reliability 

of an IMU sensor (HIKOB FOX) in 

assessing functional movement 

quality in a population with chronic 

LBP. 

 

 

(Bauer et al., 

2016) 

 

 

N: 23  

Age: 18-65 years  

 

 

CLBP 

 

 

Valedo® (IMUs) 

 

 

4 

 

 

Right thigh  

Sacrum (S2)  

L1, T1  

 

 

 

Measure the flexibility of the 

participant's spine to the end of 

active range through test of ROM.  

Evaluate the participant's ability to 

differentiate movement between 
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N: total number of participants; F: female; M: male; LBP: Low back pain; NSC LBP: Non-specific chronic low back pain; CLBP: Chronic low back pain, 

NSLBP: Non-specific low back pain.  

 

 

two body segments, to stabilize their 

spine and to move smoothly. 

 

 

(Mjøsund et 

al., 2017) 

N: 34 

Age: 19- 67 years 

LBP ViMove 

 

 

Vicon 

2 Lumbar spine, S2, T12 

(Upper sensor) 

 

Suprasternal notch 

Posterior superior iliac 

spines bilaterally.  C7 and 

T5 spinous processes.   

Measure and analyze the 

movements performed in the sagittal 

plane (flexion, extension) and 

coronal plane (lateral flexion). 

 

 

(Laird et al., 

2019) 

 

 

N:  266 

 

 

 

LBP 

 

 

ViMove 5 system 

 

 

2 

 

 

T12, S2, L3  

 

 

Measure and compare atypical 

kinematics parameters in people 

with and without LBP.  

 

 

(Ha et al., 

2013) 

 

 

N: 26 

F: 14 

M: 12 

Aged: 20-44 years  

 

 

Back Pain 

 

 

Xsens MTx 

 

3Space FASTRAK 

 

 

4 

 

 

Spinus process of L1 and 

S1  

 

 

Validate an inertial system used in 

the measurement of lumbar spinal 

ROM and coupled motion.  

 

(Laird et al., 

2016) 

 

N: 60 

Age: 18-60 years  

 

CLBP 

 

ViMove 

 

2 

 

T12 and S2 spinous 

processes.  

 

Compare the lumbo-pelvic posture 

and range- pattern of motion in 

people with and without chronic 

LBP. 
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Table 4. Main information from included studies for the evaluate of lumbar range of motion (ROM) using different types of motion capture. 

 

Authors 

 

Motion capture system Components Results 

(Zhang et al., 

2020) 

E-Skin ------ The E-Skin sensor detects lumbar-pelvic movement in less time (approximately 1s) 

compared to the ViMove system 

 

 

(Hemming et 

al., 2018) 

 

 

Vicon 512 Motion Systems 

Ltd, Oxford, UK 

 

 

Eight cameras. 

Spherical retro-reflective 

markers (10 mm). 

 

 

 

Differences in the flexion pattern between the individuals with NSCLBP and the 

healthy group in the lower thoracic region when performing the activities of sitting, 

standing, crouching (Hemming et al., 2018).  

 

(Celletti et al., 

2020) 

 

G- sensor (BTS SpA Milan, 

Italy) 

IMU 

 

Triaxial accelerometer 

Triaxial magnetometer 

Triaxial gyroscope 

 

The sensors evaluated the effectiveness of the Back school therapy for low back pain. 

Back school produces an improvement in the patient's motor functional limitations. 

 

 

(Gombatto et 

al., 2015) 

 

 

Vicon 

Visual 3D (C-Motion) 

 

 

9- camera 

 

 

1) People with LBP exhibited 5.48 ° less lumbar flexion than people without LBP. 

2) People with LBP exhibited 4.18 ° less anterior pelvic tilt than people without LBP 

(p <0.05) (18). 

3) People with LBP perform a greater degree of rotation (1.7 °) to the left in the lower 

lumbar region than people with low back pain (0.1; p <0.05). 

4) People with LPB show less rotation (3.3 ± 0.3 °) than people without low back 

pain (4.3 ± 0.3). 

5) People with LBP show 1.58 ° less superior lumbar rotation than people without 

LBP. 

 

 

(Wildenbeest 

et al., 2021) 

 

 

Vicon- 612, Oxford Metrics, 

UK 

 

 

 

Vicon Bonita3 cameras. 

 

 

MeanSD (spatial variability), CyclSD (temporal variability) and the LDE (dynamic 

stability) are reliable to assess lumbar movement patterns in single and multisession 

experiments. 
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Two clusters of three 

markers 

 

 

(Bacon et al., 

2020) 

 

 

MTw2 trackers (Xsens 

Technologies) 

 

 

Trackers 

 

 

Different subgroups of NSLBP patients have different movement patterns. MTw2 

IMU trackers were the most useful tool to classify NSLPB patients into subgroups.  

 

 

(Ashouri et al., 

2017) 

 

 

9DOF Razor IMU, Sparkfun®, 

Niwot, Colorado 

 

 

3-axis accelerometer 

3-axis gyroscope 

 

 

Using a single inertial sensor on the thorax with a simple test protocol, can identify 

LBP  with an accuracy of 96%, a sensitivity of %100, and specificity of 92% (Ashouri 

et al., 2017). 

 

(Abdollahi et 

al., 2020) 

 

9DOF Razor IMU, Sparkfun®, 

Niwot, CO, USA 

 

Wii Balance Board 

(Nintendo®, Kyoto, Japan) 

 

Accelerometer 

Gyroscope 

 

Kinematic data obtained throughout the use of motion capture system could 

successfully be used to categorize patients into two main groups: high vs. low-

medium risk low back pain. 

 

(Davoudi et 

al., 2020) 

 

9DOF SHARIF-HMIS [21]), 

 

3-axis accelerometer 

3-axis gyroscope 

3-axis magnetometer 

 

The acceleration at the moment of the trunk flexion was greater than during the 

extension, unlike the speed that was greater during the extension. 

 

(Shin & Yoo, 

2019) 

 

 

Wireless IMU systems 

 

 

3 transmitters 

1 receiver 

3 gyroscopes 

3 accelerometers 

3 magnetometers 

 

The 80 asymptomatic participants were categorized into 3 Global Lumbar Lordosis 

angle groups: 1) T10-S2: <20°, 2) 20° ≤GLL < 30°, 3) 30°≤ GLL<40°  

Participants with GGG angle < 20° are representative of a flat lumbar posture.  

(Graham et al., 

2020) 

HIKOB Fox inertial 

measurement unit (IMU) 

sensors 

3D accelerometer 

Gyroscope 

Magnetometer 

 

LDS (local dynamic stability) had greater between-day 

reliability than movement variability (MeanSD) when assessing spine movement 

using IMUs in patients with LBP 

Jo
urn

al 
Pre-

pro
of



42 
 

 

(Bauer et al., 

2016) 

 

Valedo® (IMUs) 

Tri-axial gyroscope, 

magnetometer and 

accelerometer 

Wireless antenna and 

signal processing unit 

 

ROM test were more reliable, compared to MCI (movement control impairments) 

and RE (reposition error) tests. 

 

(Mjøsund et 

al., 2017) 

 

ViMove 

 

 

Vicon 

 

Accelerometer, 

magnetometer, gyroscope 

8 MX-T20 

8 MX-T40 

2 Bonita digital cameras 

 

Vicon and ViMove are two acceptable methods of measuring lumbar tilt movement 

in a person with or without low back pain. 

 

(Laird et al., 

2019) 

 

ViMove 5 system 

 

Triaxial accelerometer 

Triaxial gyroscope 

Triaxial magnetometer 

2 wireless surface EMG 

sensors 

 

 

Differences between flexion movement pattern in people with and without LBP. 

People with LBP show small ROM, slower movement, increased activity of the 

lumbar extensor muscles. 

 

(Ha et al., 

2013) 

 

Xsens MTx 

 

 

3Space FASTRAK 

 

Triaxial gyroscopes, 

accelerometers and 

magnetometers. 

 

The two-motion system are valid tools for 3D spinal range of movement 

measurements.  

The measurements obtained from the inertial measurement system and the 

electromagnetic tracking system are correlated. 

 

 

(Laird et al., 

2016) 

 

ViMove 

 

Triaxial accelerometer, 

gyroscope and 

magnetometer 

 

Pelvic ROM in flexion: LBP 60.8°; NoLBP 54.8°, p =0.04  

Lumbar ROM in right lateral flexion: LBP 22.2°; NoLBP 24.6°, p=0.04  

ROM in right lateral flexion: LBP 28.4°; NoLBP 31.7°, p=0.02 
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DOF: degrees of freedom; IMU: Inertial measurement unit 
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