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INTRODUCTION  
The use of wearable systems is becoming more common in 
health care and rehabilitation settings [1-2]. In general, a 
wearable system for patient monitoring consists of three 
main components: 1) the sensing and data collection 
hardware, 2) the communication hardware and software, and 
3) the data analysis and display [1]. While there has been 
great interest in wearable sensors for in-home monitoring to 
mitigate falls, few researchers have applied such technology 
to low back pain (LBP) prevention/rehabilitation [3-5]. 
 
The goal of the present work was to develop a novel 
wearable system for the assessment of movement quality 
and control in LBP patients that is: 1) flexible (i.e. can be 
easily adapted), 2) powerful (i.e. can carry out simple as 
well as complex calculations and analyses), 3) efficient (i.e. 
completely portable and requires minimal user interaction), 
and 4) inexpensive (i.e. <$500). Presented below is an 
overview of the current state of the system, which is 
currently being optimized and tested. 
 
METHODS 
The system we developed involves 6 main parts, which are 
shown in Figure 1. The entire system is run through a 
custom iPad/iPhone application that we developed using 
Swift 2.2 and Xcode 7 (Apple Inc., CA, USA). Briefly, the 
system and custom software functions as follows:  
1. Upon opening the application, the user logs in and is 

then asked to assess a new participant or to reassess an 
existing participant. The next step involves entering 
participant demographics as well as having the 
participant fill out various questionnaires that the user 
selects. These data are stored to the database as below. 

2. The user selects which assessment task(s) they would 
like the participant to complete, and the app 
automatically moves through data collection procedures 
(e.g. sensor placement details and videos of what the 
participant will need to complete).  

3. The system connects to wireless inertial measurement 
units (IMU) via Bluetooth and collects data for the 
length of time based on procedures in 2. The collection 
device provides required feedback such as metronome 
tones and can also take synchronized videos. 

4. On-board calculations can first assess data quality then 
movement control and quality variables of interest.  

5. Raw and processed data are sent to, stored, and 
organized in an encrypted cloud database. Data can 
continuously grow and are tagged to be accessed in a 
certain fashion (i.e. clinic where they were collected, 
user, participant, date, injury, age, etc.). We also use 
cloud computing and machine learning to continuously 
train our algorithms to differentiate groups. 

6. Feedback is provided to the user regarding how the 
participant compares to others. The software can also 

filter for comparisons (e.g. only compare female LBP 
patients of between 20 and 30 years of age). Specific 
feedback is currently being refined, but we will provide 
z-scores for certain variables, as well as differentiate 
healthy vs. pathological groups using machine learning.  

 
RESULTS AND DISCUSSION 
We have developed a novel wearable system for the 
assessment of movement quality and control in LBP that 
meets each of our original criteria. The system is flexible, 
because the number of sensors and sample rate can be 
adjusted, and additional movement tasks and analyses can 
be added at any time. Currently, we are using repetitive 
trunk flexion tasks and assessing local dynamic stability and 
quality of trunk movement [6], but are adding to both. The 
system is powerful, because we can program any type of 
analysis directly into the application and can also harness 
cloud-computing and machine learning algorithms to 
differentiate groups (e.g. healthy vs. LBP). The system is 
efficient because it walks the user through the required steps 
and automatically stores tagged data to the database (i.e. 
Google Cloud) without any user interaction. Finally, the 
system is inexpensive as we have used (and concurrently 
validated) off-the-shelf IMU sensors (Meta Motion R, 
MbientLab Inc., CA, USA), which retail for $78 USD each 
and can be purchased in bulk. These characteristics make 
this wearable system ideal for our data collection needs. 

 
CONCLUSIONS 
We have developed a wearable system for LBP monitoring 
that is flexible, powerful, efficient, and inexpensive. We are 
beginning to test the system on patients, and are 
concurrently validating all aspects of the system and 
working extensively on adding additional static and dynamic 
movement tasks and analysis techniques. Our plan is to 
create an open source system for the greater biomechanics 
community to use for collaborative research. 
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Figure 1. Flow diagram outlining the six stages of our wearable system, which is run through a custom iOS application. 
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