Human Factors Engineering

Device Overall Characteristics
· The purpose and operation of the device
The purpose of DALS long-leg brace is to correct bowleggedness, caused by diseases such as Blount’s disease and rickets.  The brace will apply forces that correct the angle of the growth plate, which then corrects the angle of bone growth. 

· The patient populations on whom the device will be used
This device is created for a patient population of children and adolescents ranging from one year to thirteen years of age with bowleggedness.  

· A description of the physical device
· Made out of rectangular aluminum bars (0.5in x 0.25in) that extend laterally along both the lateral and medial sides of the leg
· Straps to secure the brace to the leg on the upper thigh, knee, and ankle
· Correction straps to apply forces at the lower thigh, knee, and shank
· Memory foam lines the insides of the lateral bars
· Layered aluminum bars to achieve stability and adjustability
· Lightweight device (from 1 lb to 5 lbs) depending on the size of the brace, which ultimately depends on the size of the patient
· A comparison of the device use with other devices currently in use that similar tasks and how the device address the needs of the intended user
Current corrective braces for tibia vara are called Knee-Ankle-Foot Prosthetics (KAFPs), which are custom-made and custom-molded on an individual patient basis.  Since the DALS Orthotics brace is adjustable and can be mass produced, no specific competitor companies exist.  All current companies produce custom-molded braces.  The advantages of DALS brace compared to competitors’ braces are its adjustability and affordability.  Custom-fitted braces cost in excess of $1,400.  Since children and adolescents experience rapid growth, they often outgrow the brace before they wear-out the brace.  Thus, it would be a valuable asset to have an adjustable long-leg brace.  DALS brace would be more affordable, approximately $150-300, since custom molding will not be necessary. The DALS Orthotics brace will address patients with bowleggedness (tibia vara) by correcting the angle of the growth plate just as the current custom-molded and custom-fitted braces do.
Device User Interface

· The physical characteristics of the user interface
DALS brace primarily consist of metal bars that are attached to the patient for approximately 23 hours per day.  The brace will attach to the leg using three separate neoprene/Velcro straps, reinforced with several grommets, at the upper-thigh, shank, and ankle.  As the patient grows, they will be able to adjust the lengths of the layered bars by removing the screws, extending the aluminum bars, and then replacing the screws to achieve optimal comfort and correction of the growth plate.  The patient is to slip their foot into the water clog attached at the bottom of the brace.
· Existing and anticipated labeling material that will be provided to the user with the device 
· DALS brace should be worn approximately 23 hours per day 

· Adjustment of tubing should be done by a professional or adult

· Do not over tighten straps
· May cause over correction of the growth plate or pressure sores
 Device Use
· How the user interacts with the device user interface
The DALS brace is to be worn snugly on the leg ranging from the upper-thigh to the foot.  The device will contact the patient’s skin:
(1) under each neoprene/Velcro support strap on the upper-thigh, shank, and ankle

(2) under the correction straps on the lower-thigh, knee, and shank

(3) between the heel and the sole of the water clog

(4) where memory foam is necessary to obtain maximum comfort
The DALS brace to correct bowleggedness has the following components.

1) Twelve aluminum bars.  The bars contain holes to which screws may be placed and allow for lateral extension of the brace along the thigh and shank.

2) Twenty four nuts and twenty four bolts to secure the layered bars together
3) Three neoprene/Velcro support straps that secure the brace to the leg.

4) Sixteen grommets to ensure material integrity of the neoprene/Velcro straps

5) Four neoprene/Velcro correction straps to repair the angle of the growth plate

6) Memory foam to ensure comfort and proper fit
7) Pressure film to be applied by physician in first fitting session to ensure proper corrective forces

8) Four spacers to aid in the integrity of the support beams

9) One water clog to reduce sliding of the brace laterally up the leg and provide comfort to the patient’s foot
· How the device is set up and maintained
Assemble one side of the brace completely before assembling the opposite side.  Sandwich two of the 7.5in bars on either side of a 1.5in spacer bar and bolt together at one end of the beam.  Connect a 4in bar to the 7.5in bar on the opposite side of the spacer.  Then connect a two 10.75in bars on either side of the 4in bar.  Add a 1.5in spacer between the 10.75in bars and connect a 6.75in bar to the bottom.  Repeat this process to create the other support beam.  Connect the three support straps at the upper-thigh, shank, and ankle region of the brace by threading the bolts through the grommets and into the pre-cut holes in the aluminum bars.  Connect the four correction straps at the lower-thigh and upper-shank using the bolts through the grommets and attaching to the pre-cut holes in the aluminum bars.  Lastly, screw the water clog onto the bottom of the brace.  Refer to figure in instruction manual.  The device is to be examined approximately once every three months to ensure the proper lateral extension.
· The primary tasks that the user is expected to perform
· Fasten the neoprene/Velcro straps snugly to the upper-thigh, shank, and ankle
· Slip foot into water clog
· Add memory foam padding where necessary to maintain a comfortable fit

Device User Population

· The intended population of device users
This device is to be used by individuals ranging from one to 13 years of age that suffer from tibia vara.
· The characteristics of device user population that were considered during the design
The users of this device are children between the age of one to 13 years of age expressing bowleggedness.
· The training and information tools that the user population will require to operate the device safely and effectively
Since the device is to be originally fit by a clinical physician, each patient will also receive verbal instructions of brace assembly and maintenance.  To reiterate the words of the physician, the user population will receive a small, one-sheet information packet with illustrations displaying proper assembly techniques.
· The population of users for which the device is not intended to be used (if applicable)
This device is not intended to be used by patients younger than one year of age or older than 13 years of age.
Human Use-Related Hazards

· The use-related hazards that have occurred with similar, already clinically available, devices
· Improper tightening may occur, leading to a brace fit that is either too loose or too tight.  Either extreme positioning could lead to improper healing, as a brace that is too loose will fall off or shift and a brace that is too tight will also cause skin lesions, pressure sores, and irritation which would lead to discomfort.
· Skin irritation could also occur as a result of an allergic reaction or rubbing from the materials used on the brace including metals, plastics, and nylons.
· Brace breakage could occur upon extreme impact.  Broken brace pieces could result in improper healing, as well as skin lesions and irritation.
· Braces that are too heavy may place added stresses on joints, leading to improper healing.
· The processes used to identify and prioritize use-related hazards
· Pressure film is used during testing and brace fitting to determine general ranges for proper tightening and avoid the above problems associated with an improper fit.
· How significant use-related hazards mitigated or controlled during design and development
· Each change in design was analyzed using COSMOSWorks to ensure that the device is light, yet still strong enough to withstand the optimal range of pressures, forces, and moments.
· Care will be taken when testing, according to the subject’s comfort, as to how tightly the brace will be fastened.  Adjustments will be made as quickly as possible to reduce skin irritation.
· Aluminum, neoprene, Velcro, and rubber/plastic were utilized to fabricate the brace.  All skin-brace interface surfaces will also be covered in memory foam to ensure comfort of the user.
· Why strategies used to address use-related hazards are appropriate
· Pressure film is relatively inexpensive and readily available.  Their results will be accurate enough to provide a range of forces and, thus, the amount of adjustability needed in the brace design.
· Memory foam is relatively inexpensive and provides enough comfort for the user.  This padding is widely used and effective in other already existing braces and devices.
Device Use Environments
· Environments for which the device is intended to be used

The DALS brace is to be used by the individual in his/her normal living environment. It is to be noted that this device is intended to be worn on a daily basis, or as directed by the physician. The brace is to be worn every day and only be removed for cleaning or other specified purposes. The use of the brace is not restricted to a particular environment and may be worn at home, school, private, and public settings.
· Environments for which the device is unsuited, or which can be expected to affect device performance

The brace is not intended to be used in a wet environment, including, but not limited to, swimming pools, showers, and baths; the device should be removed prior to these activities. If the device becomes wet, the quality, as well as the effectiveness of the padding is negatively affected. Although the brace is designed to allow the individual to maintain a normal range of motion and activity level, it should not be used in an environment that promotes the extremes of range of motion and activity. For example, the individual should not participate in any sports that would not meet this criteria; engaging in activities of this nature could not only cause harm to the individual, but also to the brace.

