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MTS360 LLC

MTS360 LLC is a company whose purpose is to connect healthcare providers with new, affordable and highly effective medical devices. Our expertise in FDA and ISO regulations, quality assurance system and our exceptional service make us a key partner within the long term relationship with Sensamove. Sensamove has shown its dedication towards providing the healthcare industry with highly versatile medical equipment and with the help of MTS360, Sensamove is sure to make its mark across the U.S. market. The manufacturing and distribution rights of Sensamove products in the U.S. have been granted to MTS360 fostering the start of a great relationship.
[bookmark: _Toc475092820][bookmark: _Toc475092961][bookmark: _Toc475093183]Sensamove

Sensamove is a young, dynamic and innovative company that develops and produces interactive exercise equipment. Sensamove wants to encourage exercising by making it more fun, exciting and its results readily measurable. Our mission is to make balance training more enjoyable and understandable. More fun for your client and transparent for you. 

Sensamove offers different measuring & exercising devices with basic and supplementary software packages for improving balance, core stability and coordination. By combining conventional core stability training equipment with sensor technology and biofeedback software, Sensamove provides therapists and users with insight-giving, comprehensible, effective and entertaining exercise tools. The products have an easy-to-understand software user interface and offer both measuring functionality and a challenging gaming environment for body exercises.

In this document you can find information about the application, the target group and the argumentation of the following Sensamove products:

· Sensamove 2D sensor
· Sensamove Miniboard
· Sensamove Cushion
· Sensamove 3D Cervical Trainer
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Figure 2 Sensamove Miniboard
Figure 1 Sensamove 2D sensor
Figure 3 Sensamove Cushion
Figure 4 Sensamove Cervical Trainer
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1 Sensamove 2D sensor
The Sensamove 2D sensor is a small attachable sensor module that can be used to encourage exercising by making it more fun and exciting. All Sensamove devices have this sensor build in, but the Sensamove 2D sensor can also be attached to any other balance/tilting device easily, like e.g. Pedalo, MFT or BackApp. 

[bookmark: _Toc473731726]The Sensamove sensor technology and biofeedback software provides therapists and users with insight-giving, comprehensible, effective and entertaining exercise tools. It has an easy-to-understand software user interface and offers both measuring functionality and a challenging gaming environment for body exercises. 
Figure 5 Sensamove 2D sensor







[bookmark: _Toc475093185]Application
[bookmark: _Toc475093186]Basics
In the basic measuring and recording software a red dot on the monitor screen of the connected laptop/PC corresponds exactly to the tilting angle of the balance exercise system in use. As soon as a user is exercising on Sensamove equipment the red dot on the screen will move correspondingly and provide in this way biofeedback on the movements made. This can be used both for diagnostic and therapeutic purposes. Movement of the red dot can be recorded and displayed as green trajectories on the monitor screen.


[image: ]













Figure 6 monitor screen with red dot and green trajectories of the recorded movement


[bookmark: _Toc475093187]Stability and mobility
The focus of core stability training should be on the integration of local and global stabilizer muscles, which is important to control the neutral joint position (Comerford and Mottram 2001). Isolation of specific muscles or joints should be avoided in core stabilization exercises and the emphasis should be on the training of muscle activation sequences in functional positions and motions (Kibler, Press, and Sciascia 2006).This way, normal biomechanical motions are restored through normal physiological activations. The eventual goal is to make the required muscle recruitment automatic and to achieve an adequate coordination of activation of the segments that are part of the kinetic chain (Kibler, Press, and Sciascia 2006).

As mentioned above stability and proprioceptive training seems to be important for back-related problems, while mobility seems to be more important for postural corrections and for the training of larger muscles. By increasing or decreasing sensor tilt or sensitivity in the software both training types can be easily applied. A large tilt means that larger motions should be made in order to move the cursor on the screen and vice versa for a small tilt value. Large tilt values, where large motions are needed correspond therefore with mobility training, while small tilt values, where fast and small corrections are needed, will result in stability training. 
	Sensor tilt settings

	Mobility
	Large tilt
	Large motions, 
	Mobile globalisers
	Postural ergonomic training; awareness of joint motion; Large muscle group training; dynamic training

	Stability
	Small tilt
	Small motions, fast corrections
	Local stabilisers
	Back pain related disorders; proprioception training; stability training; static training




[bookmark: _Toc475093188]Data quantification
Sitting and standing balance performance and muscle response times may be good indicators of core stability (Borghuis, Hof, and Lemmink 2008), the software therefore gives indications of aspects of balance like reaction time, proprioceptive, dynamic and static balance and neuromuscular coordination.

[bookmark: _Toc475093189]Games
The Sensamove sensor technology and biofeedback software provides not only insight-giving and effective exercise tools for users and therapists, but also encourages exercising by making it more fun and exciting through games. Sensamove has several games especially designed for the Sensamove devices, such as the balance game, the flying game, the ocean game and the farm game. These games can be played by everybody because there are different levels of difficulty. By adapting the sensor sensitivity difficulty can also be set and games can be used to train mobility and stability muscles by adapting sensitivity.  
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Figure 7 monitor screen with game options
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Figure 8 monitor screen during playing balance game


[bookmark: _Toc475093190]Target Group
The Sensamove 2D sensor is used in Sensamove devices or can be attached on any other balance/tilting device to train factors like neuromuscular coordination, reaction time, dynamic and static balance and proprioception for athletes and patients with impaired balance or muscle control.
[bookmark: _Toc475093191]Argumentation
[bookmark: _Toc475093192]Biofeedback
Home based exercise programs are effective but a low adherence to these programs is problematic. Using biofeedback to stimulate exercising contributes to an increasing adherence(Schönauer, Pintaric, Kaufmann, Jansen – Kosterink, & Vollenbroek-Hutten, 2011; Jansen-Kosterink, Huis In ’T Veld, Hermens & Vollenbroek-Hutten, 2013). The Sensamove software is more than a measurement tool. The software enables to do exercises and play games using biofeedback. Several studies found significantly greater improvements in balance, stability, posture and movement control in patients training with biofeedback compared to the control group (Kent, Laird & Haines, 2015;  Kim, Kim, Lee, & Cho, 2016; Yang, 2016). Taube et al. (2008) found decreases in body sway using a laser pointer as biofeedback. Sihvonen et al.(2004-2) found improved dynamic balance when giving visual feedback and Bisson et al.(2007)  found decreased reaction time. Visual feedback seems especially important in dynamic balance tasks (Sihvonen et al., 2004-1) and in static balance tasks while standing on one leg (Hazime et al. 2012). With feedback elderly and young adults move more rhythmic, on a controlled manner and more accurate with large motions during exercise conditions compared to normal therapeutic interventions, what is even more promoted during exergaming (Lamoth, Caljouw, and Postema 2011). Younger people may benefit from cursor trace and increased visual feedback (Lamoth, Caljouw, and Postema 2011; Rougier 2005). In the elderly, feedback results also in positive effects for fluency and accuracy but they may experience difficulties in incorporate extra feedback possibilities such as visual gain and cursor trace (Lamoth, Caljouw, and Postema 2011). Those additional feedback possibilities may therefore be used to improve or discriminate automation of stability capabilities. 

[bookmark: _Toc475093193]Exergaming
Interactivity and motivation are the major advantages of serious gaming. Participants are motivated to exercise (Jansen-Kosterink et al.,2013; Burdea, 2003), enjoy training (Schönauer et al., 2011) and improve condition (Jansen-Kosterink et al.,2013) and motor skills (Schönauer et al., 2011; Jansen-Kosterink et al.,2013). For all ages exercise game based therapy seems to motivate clients because of the challenge and the pleasant manner of learning (Lamoth, Caljouw, and Postema 2011).  A greater level of interest and enjoyment was shown in participants in the exergaming group compared to a conventional exercise group who trained posture on a wobble board (Fitzgerald, Trakarnratanakul, Smyth & Caulfield, 2010).  Also children demonstrated better movement, better control and reported greater interest in doing a serious game exercise compared to a conventional exercise (Bryanton et al., 2006). 

Another advantage of exergaming  as mentioned above, is that users will move more rhythmic, on a controlled manner and move more accurate with large motions during exercise conditions compared to normal therapeutic interventions, or even compared to comparable computer based exercises with visual feedback (Lamoth, Caljouw, and Postema 2011).

[bookmark: _Toc475093194]Automating postural control
Data from Bisson et al., (Bisson et al. 2007) suggest seniors were able to automate a postural task as a result of biofeedback training and virtual reality training. The previous studies (Lamoth, Caljouw, and Postema 2011) where users moved more fluent and accurate strengthens this finding. Automating postural control is critical in an older adult’s life because seniors need more attention for any postural task, as they get older. In fact, it has been demonstrated that reaction time is one of the most important factors to predict a fall. Since attention resources are limited, automating a task helps free the individual’s processing capacity to focus on other tasks.
[bookmark: _GoBack]
[bookmark: _Toc475093195]2 Sensamove MiniBoard
[bookmark: _Toc473731741]The Sensamove MiniBoard is an unstable wobble board where tilt is measured with the Sensamove 2D sensor. The sensor is connected to the computer and on the monitor of the connected laptop direct visual feedback is presented about the exercises performed by ankle, knee and core. With easy exchangeable accessories the tilting angle and exercise difficulty can be customized. This makes the Miniboard a widely applicable training and therapy tool.
Figure 9 Sensamove Miniboard








[bookmark: _Toc475093196]Application
[bookmark: _Toc475093197]Calibration and starting position
A good calibration is necessary for correct biofeedback. The Miniboard must be calibrated before standing on top of it. The right starting position is with a straightened back, feet shoulder width apart, knees not locked but also not bended, pelvis in a neutral position and the chin retracted slightly. Weight should be divided equally on both feet. Ground reaction force
Body center of gravity
Figure 10 Body center of gravity vertically located to ground reaction force 

For adults it is recommended to position the foot above the centerline of the board. Markers indicate the centerline on the MiniBoard. The malleolus is then positioned at the height of line 2 on the MiniBoard. The ground reaction force is then vertically located to the body center of gravity (fig.10). The position of the feet can be adjusted on basis of the exercise goal. Feet can be positioned less wide apart to make exercises more difficult or wider apart to make exercises easier.

[bookmark: _Toc475093198]Mobility and Stability
When the intervention should be directed on postural improvements mobility should be measured and trained. On the other hand with balance related deficits or problems stability should be measured and trained. 
[bookmark: _Toc475093199]Target Group
The Sensamove MiniBoard is a tool to measure and train factors like neuromuscular coordination, reaction time, dynamic and static balance and proprioception for athletes and patients with impaired balance among other, diabetes, cerebral palsy, DCD, Parkinson and stroke patients. It can also be used to improve standing posture ergonomics, as a fall prevention tool in elderly and as injury prevention or recovery tool of lower extremity. Additionally, the MiniBoard is particularly suitable for exercising with children. 
[bookmark: _Toc475093200]Argumentation
Wobble board exercise training is commonly recommended for sport specific training, knee (Caraff
a et al. 1996; Garrick and Requa 2005) or ankle (van der Wees et al. 2006) injury prevention and injury recovery (Marini et al. 2008; Wester et al. 1996, 1998). Furthermore, wobble board exercise is effective for fall prevention (S. Sihvonen et al. 2004 -1) or for individuals with balance deficits and for balance training for patients with central nervous system dysfunction (Prosperini et al. 2010) such as as stroke, spinal cord injury, Parkinson and multiple sclerosis. Wobble board training is effective in improving static and dynamic balance among healthy adolescents (Emery et al. 2005) as in elderly or e.g. stroke survivors (Onigbinde, Awotidebe, and Awosika 2009) or diabetes patients. Diabetes patients often have neuropathy with symptoms such as pain, tingling, or loss of feeling in the hands, arms, feet, and legs. This group benefits from balance training using a wobbling board with emphasis on the anterior-posterior neuromuscular elements of stability (Akbari et al. 2012).  

One of the main benefits of wobble board training is the improvements in proprioception (Caraffa et al. 1996; Hupperets, Verhagen, and Mechelen 2009; Prosperini et al. 2010), and consequently greater improvement in ankle inversion movement discrimination is found (Waddington and Adams 2004). Furthermore, symmetry of weight distribution was improved using wobble board training (Adedoyin et al. 2008). 

[bookmark: _Toc475093201]Elderly
Muscle weakness is found to be a consistent risk factor for falls in the elderly (Horlings et al. 2008). One of the problems of aging is the decrease in postural control leading to decreased balance capabilities (Liaw et al. 2009; Sturnieks, St George, and Lord 2008). Both elderly and young adults provided from the Miniboard training where, young adults move faster, more consistent, more stable and with less deviation compared to elderly (Lamoth, Caljouw, and Postema 2011). Training on a wobbling board has been proved to be an effective way to improve balance tasks. Especially elderly showed balance improvements measured by foam standing, and they were able to increase their centre of mass displacement or reach distance (Ogaya et al. 2011)

[bookmark: _Toc475093202]Sports
Sports containing a high degree of pivoting or direction changes, as well as rapid acceleration and deceleration manoeuvres like basketball, soccer, volleyball and handball, wobble board training is suggested for injury prevention (Emery et al. 2005). Resistance training on a wobble board applied with lower forces resulted in similar strength improvements with untrained young individuals compared to stable machines employed heavier loads (Sparkes and Behm 2010). Furthermore, better hockey skating speed was correlated with wobble board balance tests performance (Behm et al. 2005). 

[bookmark: _Toc475093203][bookmark: _Toc473644763]Postural control
Balance measurement will help to identify poor standing postural control but also to differentiate static vestibular deficits from dynamic and mechanical factors that contribute to the patient’s gait disorder and thus, can guide treatment (Rose et al. 2002).  

About 20% of all children and adolescents in countries of the World Health Organization (WHO) European Region are overweight, including one third affected by obesity (Branca, Nikogosian, and Lobstein 2007). Being overweight or obese was found to be detrimental for fine motor skill performance in the standing on small base of support conditions, which confirms the postural control difficulties observed in overweight and obese children (Wagner et al. 2011). Additionally, obese participants also produced lower scores in the sitting condition. In sitting tasks complexity of postural organization is decreased and therefore, researchers concluded that obese children might suffer from underlying perceptual-motor coordination difficulties (Wagner et al. 2011). Obesity is found to be detrimental for a (task and gender speciﬁc) consolidation of severe developmental coordination disorder (DCD) even beyond childhood (Wagner et al. 2011). A relation was found between body weight and postural stability with adult males (Hue et al. 2007). This leads to the concluding importance of balance training for coordination, stability and postural control for children with starting overweight in dynamic and static conditions. 

Motor control and the onset of gait is often delayed in children with cerebral palsy and this may influence further development of postural control (Rose et al. 2002). Normally those children show little improvement in balance control by maturing. Also the type of surgical treatment may have large impact on their balance capabilities, mainly the effect on balance of hamstring lengthening operations should get special attention (Rose et al. 2002).

[bookmark: _Toc475093204]3 Sensamove Cushion
The Sensamove Therapy Cushion is an air filled cushion with a sensor mounted on it. The sensor is connected to the computer and on the monitor of the connected laptop direct visual feedback is presented of pelvis tilt and the consequent spine erection and lumbar lordosis or kyphosis.  
[bookmark: _Toc473731752]
Figure 11 Sensamove Cushion







ApplicationFiguur 12 Correct sitting starting position

[bookmark: _Toc475093206]Calibration and starting position
A good starting position is necessary for correct calibration. A proper starting position is when the knees are bended in a 90 to 110-degree angle with both feet flat on the floor. The pelvis is tilted slightly to stimulate the correct S-curve of the spinal cord. The next step is to straightened the spine and retracted the chin slightly. The shoulders should be relaxed, in line with the hips and the hands are relaxed positioned on the knees. Now the calibration button can be clicked and the exercise or game can be started. 

[bookmark: _Toc475093207]Mobility and Stability
When the intervention should be directed on postural improvements mobility should be measured and trained. On the other hand, with balance related deficits or problems stability should be measured and trained. 
[bookmark: _Toc475093208]Target Group
The Sensbalance Therapy Cushion can be used to measure and train factors like neuromuscular coordination, reaction time, dynamic and static balance and proprioception for among other athletes and patients with impaired balance. It can also be used to improve posture ergonomics or to avoid and recover from low back injuries and pain. Additionally, the cushion is particularly suitable for exercising with children. 
[bookmark: _Toc475093209]Argumentation
[bookmark: _Toc475093210]Postural control
It has been shown that maintaining a stable postural orientation is a requisite for many daily activities, including accurate upper limb movements (i.e. catching, reaching and grabbing but also walking, biking). Obese patients’ fine motor skill performance is worse compared normal weight counterparts, during standing but when seated as well (Wagner et al. 2011). As reported by users and confirmed by literature findings (Davids et al. 2000; Savelsbergh et al. 2005) postural control while seated is less demanding and therefore results in better balance performances and consequently success experiences. Which is especially of important for children with impaired balance control (i.e. overweight, DCD, CP).



[bookmark: _Toc475093211]Sitting posture
Low back pain is one of the most common problems seen with desktop workers. Often low back pain can be prevented or decreased by improving sitting posture. Normally while sitting, the pelvis rotates backwards, and lumbar lordosis is flattened which increases load on the intervertebral discs and spine (Watanabe et al. 2008). Sitting in a slumped position is known to increase disc pressure even more, and to aggravate chronic low back pain (Watanabe et al. 2008). By tilting the pelvis, the spine straightens and therefore awareness of how to tilt the pelvis plays a crucial role in good sitting posture.

[bookmark: _Toc475093212]Core Stability
Low back pain is found to be related to spinal instability (Arokoski et al. 2001). Spinal instability can lead to excessive tissue strain and consequent low back pain (Arokoski et al. 2001). Spinal instability can be the result of dysfunction of spinal structures, dysfunction of trunk muscles or neuromuscular deficits (Borghuis, Hof, and Lemmink 2008; Zazulak et al. 2007). For example direction-specific muscle activations are important in providing core stability, particularly when encountering sudden perturbations (Borghuis, Hof, and Lemmink 2008). Low back pain associated factors like; poor muscle endurance, altered muscle firing rates and muscular imbalance deficits, are suggested to be caused by proprioceptive impairments (Akuthota and Nadler 2004; Borghuis, Hof, and Lemmink 2008). Proprioception plays a key role in direction specific muscle activation. This explains why patients with low back pain or muscle stiffness often have difficulty in fluently rotate lumber disks and could benefit from training on the Cushion, which provides direct feedback and therefore promotes implicit postural learning. Sitting balance performance and trunk muscle response times are therefore suggested to be good indicators of core stability (Borghuis, Hof, and Lemmink 2008). Furthermore, athletes with a history of low back pain continued to demonstrate motor control deficits of the trunk, even after clinical recovery and return to their prior level of competition (Zazulak et al. 2007). 

[bookmark: _Toc475093213]4 Sensamove 3D Cervical Trainer
The Sensamove 3D Cervical Trainer is an innovative registration product for motion feedback and practicing head movements playfully. One can train head movements to increase muscle strength, coordination and stability in several predetermined exercises and games. The Cervical Trainer consists of a 3D senscoordination sensor, the latest 3D sensor technology and basic software. The product is worn with an adjustable headband and measures spatial movements. 
Figure 13 Sensamove Cervical Trainer
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[bookmark: _Toc475093214]Application
[bookmark: _Toc475093215][image: http://snipwonen.nl/temp/www.snipwonen.nl/uploaded/Ergonomie/fig_07.gif]Calibration and starting position
A good starting position is necessary for correct calibration. A proper starting position is when the knees are bended in a 90 to 110-degree angle with both feet flat on the floor. The pelvis is tilted slightly to stimulate the correct S-curve of the spinal cord. The next step is to straightened the spine and retracted the chin slightly. The shoulders should be relaxed, in line with the hips and the hands are relaxed positioned on the knees. Now the calibration button can be clicked and the exercise or game can be started. 

The 3-dimensional head movements are represented in two views: a Tilt view and a Pen view. Because of these two view-options movements of the head can be measured in craniocervical flection and extension, lateral flection, rotation and the product can be used as biofeedback device for protraction and retraction exercising. Figuur 14 Correct sitting starting position
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Figure 16 Monitor recording in Tilt view 
Figure 15 Monitor recording in Pen view 



[bookmark: _Toc475093216]Mobility and Stability
When the intervention should be directed on stiffness or/and neck pain decrease mobility should be measured and trained. On the other hand, with balance related deficits or problems stability should be measured and trained. 
[bookmark: _Toc475093217]Target Group
The Sensamove 3D Cervical Trainer can be used to measure and train factors like neuromuscular coordination, reaction time, dynamic and static balance and proprioception for patients with impaired balance in the cervical region, to improve cervical posture or to avoid and recover from neck injuries and pain.  In specially the 3D Cervical Trainer can easily determine Range of Motion (ROM) and Joint Position Error (JPE).
[bookmark: _Toc475093218]Argumentation
[bookmark: _Toc475093219]Postural control
Neck disorders remain a common problem in modern, industrialized countries. (Ylinen et al., 2003) Neck pain is a frequent reason for consultation a physician (Elbinoune et al., 2016; Lee & Kim, 2016). The symptoms of patients with neck problems are among other things pain, stiffness, and limited range of motion (ROM) (Lee & Kim, 2016). 

Cervical muscle dysfunction may be the reason for neck pain. (Cheng, Chen, Kuo, Wang, 2010; Nederhand, IJzerman, Hermens, Baten & Zilvold, 2000). Researchers have found that with regard to the postural control system, people with neck pain have demonstrated altered proprioception (may be due to atrophied muscles (Fejer et al., 2004; Paulus & Brugmagne, 2008)), balance disturbances and altered postural activity of cervical muscles (Fejer et al., 2004; Paulus & Brugmagne, 2008; Jull, Falla, Treleaven, Hodges & Vicenzino, 2005). Cervical joint position error (JPE) is useful to test proprioception function (Jull et al., 2005). Abnormal cervical joint position error has been detected in patients with neck pain using either tests of ability to relocate the natural head posture after an active movement or to actively relocate a position within a movement plane (Jull et al., 2005). Specific exercise programs for proprioception function have been shown to improve joint position error as well as a decrease in neck pain. These exercise programs activate the suboccipital muscles (Jull et al., 2005). The 3D Cervical Trainer enables exercises and games to train proprioception function. Patients have to repeat a task first with and then without biofeedback. The software for the Cervical Trainer has been specially developed to train the deep suboccipital and flexor muscles to improve patient’s proprioception, balance and postural activity of cervical muscles. 

[bookmark: _Toc475093220]Cervical Spinal cord stability
Individuals with neck pain have an inferior ability to increase and hold progressively inner range positions of craniocervical ﬂexion (Falla, Jull & Hodges, 2003). Several studies have shown that cervical muscle function training may be a beneficial intervention for the management of patients with neck pain (Cheng et al., 2010; O’Leary, Falla, Ellioit & Jull, 2009; Jull, Falla, Vicenzino & Hodges, 2008; O’Leary, Falla, Hodges, Jull & Vicenzino, 2006; Fejer, Ohm Kyvik & Hartvigsen, 2004). Patients with spinal instability will also benefit from muscle function training because spinal stability was found to be more significantly affected by muscle dysfunction than by disc degeneration (Cheng et al., 2010). There is a preference for low muscle strain exercises focused on stability, muscle control and coordination instead of strength training for neck pain patients(Jull et al., 2008; O’Leary, Falla, Hodges, Jull & Vicenzino, 2006). Training of the deep neck flexors was found effective (Jull et al., 2008; O’Leary, Falla, Hodges, Jull & Vicenzino, 2006) compared to self-exercise in patients with neck pain (Lee & Kim, 2016). In addition to measuring ROM and JPE, the Cervical Trainer is ideally suited to train stability, muscle control and coordination. Different exercises and games train different movements and by setting the sensitivity the degree of muscle attraction and control can be managed. The more sensitivity is set, the smaller the movements have to be, the more muscle control and coordination is needed to complete the exercise or game properly.
[bookmark: _Toc475093221]5 References
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