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1.0 Executive Summary
1.1 Overview

DALS Orthotics is a brace development company that aims to design, fabricate, and market an adjustable, cost-effective long-leg brace for children and adolescents with genu varum (bowleggedness), tibia vara (Blount’s disease), and rickets.  
Bowleggedness is bowing of the tibia and femur due to angled growth plates in each of these bones.  Blount’s disease is bowing of the tibia due to an angled growth plate.  The outward bowing associated with these conditions causes a condition known as in-toeing, which make the toes point excessively inward.  In addition, it may cause uneven leg lengths.  The combination of these symptoms may lead to the development of abnormal gait, pain near the knees and instability.  These may result in the early onset of arthritis.  If diagnosed and treated during childhood or early adolescence, correction is possible with no lasting effects.  Though the exact cause of the disease is unknown, it is more common in females, African-Americans, and obese children.
Rickets is a condition caused by lack of vitamin D, calcium, or phosphate which results in the softening of bones.  Softened bones may lead to many deformities in the femur and tibia, such as bowing, in-toeing, and knock-knees.  Rickets is most common in malnourished children lacking these nutrients, and thus is most prevalent in low-income and malnourished communities that may not be able to afford medical care.  For example, in Mongolia, 32.1% of children under five years of age suffer from some form of rickets (UNICEF).  
Current long-leg braces or surgery are used in treating this disease.  Children expressing these symptoms under the age of two are usually not treated, but observed because the bowing may correct itself. Corrective treatment of the disease usually begins when children are approximately two to four years of age, but may begin or continue until the child reaches approximately 14 years of age. During treatment, patients are fitted with custom-molded knee-ankle-foot-prosthetic (KAFP) braces to provide guidance for proper growth.  Because these specialty braces are custom-molded and time-consuming to fit and produce, they may cost an excess of $1400.  Since growth during childhood occurs at a rapid rate, the patients often outgrow their brace before they wear out the brace.  For unsuccessful treatment or extreme cases where braces are unable to correct the bowleggedness, surgery under general anesthesia is required, adding greater cost and risk for the patient.
1.1.a Preliminary Market Statistics
There are approximately 277,000 children with severe bowleggedness in the United States.  Current brace costs are generally approximately $1400 or more, and the market for long-leg braces could reach over $83 million dollars.  This market can be expanded to third world nations that lack adequate healthcare and funding to purchase such braces.
1.2 Objectives

The principle objectives of our company are as follows:

1. Provide a simple, economically feasible redesign corrective pediatric brace to correct genu varum (bowleggedness), tibia vara (Blount’s disease), and rickets
2. Incorporate adjustability both lengthwise and circumferentially to allow for use by a greater age and size range

3. Provide supportive and corrective forces for comfort and treatment of the above conditions
4. Maintain economic feasibility for low income customers, as well as allow purchase options for those in underdeveloped countries 

5. Market the brace for a cost of $150-300
6. Maintain a lightweight, non-bulky design

1.3 Mission
The mission of DALS Orthotics is to redesign, fabricate, test, and market an adjustable and affordable brace to correct genu varum (bowleggedness), tibia vara (Blount’s disease), and rickets.  The simple design of this brace will ensure that the purchase price of this device is between $150-300.  While maintaining an affordable price, it is still the goal of DALS Orthotics to generate maximal profit. 

2.0 Company Summary


2.1 Company Summary

DALS Orthotics aims to produce, fabricate, and market a redesigned pediatric Knee-Ankle-Foot Prosthetic (KAFP) for the correction of genu varum (bowleggedness), tibia vara (Blount’s disease), and rickets.  To date, a final design has been fabricated and tested and a market analysis has been completed.  
2.2 Company Ownership

The founding members and personnel of DALS Orthotics are undergraduate bioengineering majors:

Amy Macevoy

Daniel Steed

Lauren Wolbert

Sarah Wyszomierski

Mentorship and clinical consultation and assistance was provided by:

Morey S. Moreland , M.D. 
Professor of Orthopaedic Surgery
Division of Pediatric Orthopaedic Surgery
Children's Hospital of Pittsburgh
Pittsburgh, PA

Fabrication and testing assistance was provided by:
April J. Chambers, M.S.
Human Movement and Balance Lab



University of Pittsburgh



Pittsburgh, PA

Gregory R. Frank, B.S.
Augmented Human Performance Lab
University of Pittsburgh



Pittsburgh, PA

Kevin McNulty

McNulty Landscaping & Handyman Services
Pittsburgh, PA

Brian Wlahofsky

Human Subject Testing
Churchill, PA


Market research assistance was provided by:

Beverley Welte
Life Sciences Greenhouse
Pittsburgh, PA
2.3 Start-up Summary

Initial funding for the bowleggedness correction brace, including materials, fabrication, and testing, will be approximately $500.

2.4 Company Locations and Facilities

Design and background research, as well as material testing, were conducted in Benedum Hall, University of Pittsburgh.  Fabrication and assembly was conducted at McNulty Landscaping, Pittsburgh, and the Human Movement and Balance and Augmented Human Performance Labs, University of Pittsburgh, Pittsburgh.  Human subject testing occurred in Churchill, Pittsburgh.  Clinical consultations and meetings occurred at Children’s Hospital, Pittsburgh.
3.0 Products

DALS Orthotics will produce and market an orthotic device, called the Bowleggedness Correction Brace, used in the correction of genu varum, tibia vara, and rickets.
3.1 Product Description

The DALS Orthotics company goal is to produce a redesign of the current pediatric brace used to correct genu varum (bowleggedness), tibia vara, and rickets.  Infantile bowleggedness and tibia vara, the most common form of these diseases, is treated between the ages of approximately two and four years of age.  However, an onset in late childhood or into adolescence is also common.  Rickets may be found in children of all ages and is especially prevalent in malnourished children.  Current corrective braces are called Knee-Ankle-Foot Prosthetics (KAFPs), which span from the upper thigh to around the foot.  These braces are usually custom-made to fit each patient, making them relatively expensive (approximately $1400).  Because children grow rapidly in their toddler years and adolescence, depending on age during onset of the disease, they may outgrow their braces quickly.  Also, braces are often heavy, bulky, or may otherwise restrict normal motion during gait or other activities.  Our product goals, therefore, are to create a redesigned KAFP that is:

· Able to be mass produced, and therefore, incur less patient expense

· Adjustable for continued use throughout growth

· Lighter, more comfortable, and less restrictive of motion to allow for regular activity

The bowleggedness correction brace consists of three main parts, including metal beams for the connective portions of the brace along the thigh and lower leg lengths, straps for attachment and correction around the thigh, lower leg, and foot, and a shoe interface to maintain brace stability and comfort.  The connective beams are made of lightweight aluminum 6061 alloy, while the straps are soft elastic and neoprene, lined with removable padding for added comfort.  The shoe interface is a flexible plastic clog with pores to make it more breathable, comfortable, and functionally waterproof.  The beams and attachment and corrective straps are positioned and assembled to produce and withstand enough force to correct a growth plate angles while limiting the risk of pressure sores (average pressure less than 15 to 35 psi).  All materials used in the fabrication of this device are biocompatible and non-hazardous to minimize irritation of the skin, as well as ensure patient safety and comfort at all times during use.

3.1.a Mass Production and Adjustability

Though only one device was built for the current project, the bowleggedness correction brace should be produced in four different sizes (S, M, L) to account for the treatment of individuals of different ages and sizes.  The smallest model will account for ages 2-6.5 years old, 5th-95th percentile, encompassing the prevalent age for infantile bowleggedness and tibia vara.  Subsequent sizing will roughly mimic sizes for children ages 6.5-10.5, 10.5-14, respectively, according to anthropometric data and normal growth charts.

Adjustability will be available in the connective beams along the lengths of the thigh and lower leg, as well as in the straps attaching the brace to the leg at the thigh, knee, and lower leg.  Adjustment holes drilled in the connective beams along the lengths of the thigh and lower leg offer adjustability lengthwise on the brace.   The straps attaching the brace to the leg and providing corrective force have holes, as well as added padding and elasticity to allow for adjustability circumferentially to tighten or loosen the brace.  Because overweight or obese children are often more susceptible to bowleggedness and tibia vara, a portion of their treatment may also include weight loss.  Therefore, it is important to allow for circumferential lengthening during growth, as well as shortening throughout weight-loss in the patient.  It is important to note that, although this device is a more commercialized product, it should still be fitted for adjustability by a medical professional to ensure that proper forces are acting to correct the condition.      

3.1.b Functionality 

In addition to the previously mentioned parts, hinges at the knee joint allow for normal range of motion (ROM) and activity in the patient to prevent further restriction of motion or the onset of unwanted adaptive gait mechanisms.  The components of the brace are as water- and weather-resistant as possible to prevent restriction of daily use in a variety of environments.  Aluminum is generally able to be used in outdoor environments, and the straps and padding are washable and do not deteriorate significantly when exposed to the elements and bodily fluids (i.e. sweat).  The shoe interface is a water clog, which is also water- and weatherproof and breathable.  Other shoes could be attached depending on the needed functionality of the brace.   Overall, for optimal comfort and reduced joint strain, the devices remain relatively lightweight (from <1 lb to <5 lbs, depending on the brace size; the medium is about 4 lbs) and fit closely (within 1-2 inches) to the body in a streamline fashion.  
Overall, the brace is designed using common hardware and strapping components, allowing for easy replacement of these components in the event of outgrowth, wear, breakage, etc.  The simple overall design allows for replacement of these components without replacement of the entire brace system.  

3.2 Competitive Comparison

According to most online sources, as well as our clinical consultant, most KAFP devices used to correct bowleggedness, tibia vara, and rickets are custom-molded and custom-made on an individual patient basis.  Several larger companies currently make pre-fabricated rigid braces (not necessarily just to correct bowleggedness), including DJ Orthopedics, DeRoyal Industries, and Royal Medical.  However, the market for KAFP devices is mainly covered by smaller prosthetics and orthotics groups that produce custom-made braces.  Those companies in the Pittsburgh, PA area include De La Torre Orthotics and Prosthetics, Inc., Medical Center Brace Co. (Hanger Orthopedics and Prosthetics), and Union Orthotics & Prosthetics, Inc.

Because they are custom-fit and custom-made, current devices fit only one patient for a certain length of time until outgrowth, leading to higher expense upon brace replacement.  By producing one of the first adjustable, pre-sized KAFPs for the correction of bowleggedness, tibia vara, and rickets, our company will be able to manufacture and make the product available more cheaply and in a more timely fashion.  These aspects will be attractive to consumers, including patients and clinicians, who desire a readily-available product at a lower cost.  The adjustability of the brace will ensure that the brace can be worn for a longer period of time during growth, also reducing overall cost of treatment.  Although the brace may not fit as perfectly as a custom-fit model, its adjustability should be enough to maintain an optimal level of comfort during treatment.  The variety in sizing will ensure that a treatment option is available for children of all sizes and age groups.

3.3 Sourcing


Primary raw materials needed for the manufacture of the brace include:

· Aluminum 6061 alloy beams and subsequent fasteners and lock washers for adjustable connective beams along the lengths of the thigh and lower leg

· Neoprene and elastic straps to produce attachment and corrective forces for the thigh, knee, and lower leg

· Poly Foam padding inserts for optimal comfort, with Velcro attachment
· Brass grommets to allow for more strap adjustability
· Water clog shoe interface to more securely attach brace to leg
Aluminum beams were acquired online at McMaster-Carr, while other hardware was obtained at Lowe’s.  Straps were obtained at Dick’s Sporting Goods, while grommets were purchased at Michaels.  Shoes were obtained at a local retail store.
Design help will be received from the clinicians in the afore-mentioned section in Part 2.  Fabrication took place at McNulty Landscaping and Handyman Services, as well as the Augmented Human Performance and Human Movement and Balance Labs at the University of Pittsburgh.  Final assembly and testing was performed by the company owners in Benedum Hall and the home of the subject in Churchill, PA.
4.0 Market Analysis Summary

According to a 2004 Frost & Sullivan report, the orthopedic brace and support market had a revenue exceeding 83 million dollars.  This market is believed to contain the highest growth rate (4.3%) of all orthopedic braces for the next three years.  Thus, by the year 2009, the orthopedic brace market is projected to have revenue of approximately 94 million dollars.  The rigid brace market represents 52.8% of the total market and offers great potential for DALS Orthotics.
4.1 Market Segmentation
Potential customers of DALS Orthotics reside in the United States of America, Europe, and third-world countries.

The current market for this product is primarily domestic.  Domestic customers include hospitals, physicians, medical supply stores, and assorted medical care groups.  

The European market contains a separate market and is led by the United Kingdom, Benelux, and Scandinavia.  Although similar customers are present, the poor reimbursement structures of these countries hamper the sales of orthotic braces.

Although third-world countries do not have the economy to support the purchasing of expensive braces, their citizens are also in need of orthopedic support braces.  A more affordable product would not only greatly aid the lives of less-fortunate, but would also create a larger market.

4.2 Industry Analysis

Current long leg corrective braces are expensive (> $1,400). These high prices make it very difficult for children in third world countries to receive proper treatment.  DALS plans to produce long leg braces at a reduced cost in an effort to make them available to third world countries and to have insurance companies cover the cost.

Insurance companies are currently extremely resistant to cover the expensive costs of functional braces, but a more willing to pay for the cost of post operative braces because they want to protect the expensive surgical work already completed.  In our effort to make long leg braces cheaper, insurance companies would be more likely to cover the cost in hopes of avoiding surgery. 

DALS Orthotics plans to market its long leg corrective braces to hospitals, clinics, medical sites, and retail sites. 

4.3 Main Competitors

As previously stated, DALS Orthotics does not directly have competitors in the long leg corrective brace market.  This is because DALS Orthotics is producing an adjustable brace that can be mass produced, while current models are custom-molded on an individual basis by orthotists.  The leading companies of the rigid brace market are DJ Orthopedics with about 20% of the market, DeRoyal Industries with 13% of the market, and Royal Medical with 7%.  The final 60% of the market is divided up among smaller orthotists, such as DeLaTorre Orthotics and Prosthetics and Hanger Orthopedic Group Inc.  The increased use of off-the-shelf braces is expected to decrease sales of custom-molded braces. 
5.0 Strategy & Implementation Summary


5.1 Marketing Strategy

In order to introduce the product and make it more readily available to consumers, the final tested brace will be exhibited and promoted at physician education and medical device conferences, seminars, and trade shows, especially those specializing in pediatrics, orthopedics, and prosthetics and orthotics.  Clinicians should also be given the option to test the brace for a period of time in their clinical settings to determine their interest in promoting its use.  Due to a smaller market size and to ensure proper use by patients and coverage by more health insurance sources, the brace will be marketed and supplied mainly to clinical professionals in hospitals, prosthetics, and rehabilitation settings, who may then prescribe its use on an individual patient basis.  Eventually, the device may also be marketed for use in third-world countries due to its low cost, or also be made available in a commercial drug-store or pharmacy setting.    
5.2 Pricing Strategy

The following table is a breakdown of production costs for the bowleggedness correction brace.  Total production cost was approximately $200 for one brace.  Production costs will most likely be reduced with mass production, and thus will likely reduce the pricing of the brace.  Also, a more cost effective alternative to the current strapping system is the fabrication of straps using neoprene sheets, which would cost approximately $30 per brace.  This would reduce the overall cost by approximately $80.  Therefore, the brace in its current form could be marketed at approximately $300, while a more cost effective, mass produced alternative could be marketed for much less at around $150.  Thus, our final price range is $150-300.

Table 1.  Production Cost Breakdown for Current Bowleggedness Correction Brace
	Aluminum 6061 beam
	$12

	Neoprene/ Velcro Straps
	$109

	Nuts/Bolts/ Washers
	$6.50

	Shoe
	$3.50

	Padding
	$13

	Pressure film
	$13.67/patient

	Manufacturing
	$31

	Grommets
	$9

	TOTAL COST
	$197.67


5.3 Specific Development Plans and Milestones

The development, manufacturing, and marketing of the brace took place in three phases over the course of the spring semester.  Phase one consisted of background and market research and preliminary design.  Phase two consisted of design changes, final design solidification, and manufacturing, as well as initial market analysis.  Testing methods were also determined during this phase.  Phase three, the final phase, consisted of final product development and testing, as well as a final market analysis and documentation.    

Phase 1

In phase one, the initial product idea and need, as well as subsequent design criteria were established as per consultation with Dr. Morey Moreland of Children’s Hospital of Pittsburgh.  These meetings contained discussion of the current methods of correction for bowleggedness, rickets, and tibia vara.  Once the pitfalls of the current methods were identified, including improper fastening to the leg and inadequate corrective force application,   innovative correction methods were brainstormed.  After idea solidification, initial background research regarding the targeted medical condition, competition, and customers were conducted to establish a base of understanding for product design.  This was achieved by performing literature searches for the medical conditions and current brace designs.  Additionally, Hanger Prosthetics and Orthotics was visited in Pittsburgh, PA.  At this time, the design team obtained a first-hand view of the mechanical process of constructing a brace.   Also, Union Prosthetics & Orthotics, Co., Pittsburgh, loaned two braces to assist the brainstorming process for the duration of the project.  Preliminary designs were generated and analyzed using software packages to determine the most optimal design in terms of effectiveness and safety.  SolidWorks was used to create a preliminary design and COSMOS Works was used to for preliminary testing of durability and weight optimization.  This phase was completed in late January.

Phase 2

At the beginning of phase two, initial designs were evaluated by the group mentor and clinical personnel.  Changes in the design were made in SolidWorks drawings according to feedback.  Materials and equipment were selected for the manufacturing of the device.  This selection was made based on the results of the preliminary COSMOS Works study, as well as the cost and availability of the material.  COSMOS Works aided in determining which materials provide the most strength and least deformation, while the costs of raw materials was analyzed mainly from an online source.  Though strength and durability were of utmost concern, our product must be affordable as well.  Final sources for materials are stated in Section 3.3.  McNulty Landscaping and Handyman Services, Pittsburgh, was used to mill the aluminum beams, which was done using a handsaw and drill press.  Grommet services were provided by the Human Movement and Balance Lab, Pittsburgh, and drilling for the shoe interface was provided by the Augmented Human Performance Lab, Pittsburgh.  Brace assembly was performed in-house at Benedum Hall by company owners.  
Upon completion of brace fabrication and assembly, the device was tested to ensure proper corrective behavior.  In phase two, proper testing methods were identified to validate the product design.  First, the corrective forces of the bowleggedness corrective brace were to be analyzed.  COSMOS Works allowed the optimizing of the exact placement of the forces.  The forces were directed in such a way to (1) guide the outside of the knee inward while providing opposing, balancing, forces to guide (2) ankle/shin and (3) femur outward.  By using COSMOS Works, the effects of these forces on the integrity of the beam could be analyzed by determining maximum deformation of the beams, as well as factor of safety.  Also, the amount of pressure needed to be quantified, using either a pressure transducer or pressure foam/film, and adjusted to within a physical range to ensure the comfort of the patient.  It was crucial that this pressure be small enough to reduce the risk of pressure sores, yet great enough to correct the improper ankle-knee-tibia angle.  During phase 2, Pressurex-Micro pressure transducer film were selected and ordered for testing in phase 3.  This product had a pressure reading range of approximately 2-20 psi and was selected after mentor recommendation and some preliminary pressure testing at the Augmented Human Performance Lab using an FSA pressure sensitive seat pad.  Pressure transducer film was deemed optimal for reading pressure in the straps, as it could be easily inserted between the skin and straps without causing discomfort or changes in brace fit.  
Finally in phase 2, initial market research and analysis was completed at the Life Sciences Greenhouse, where the Frost & Sullivan reports relevant to the device were accessed.  Phase 2 continued from the end of January until the end of March.

Phase 3

In phase three, minor improvements in the final product were completed, such as adding lock washers and reducing the length of a few aluminum beams.  After the final product was completed, device testing was performed.  Human subject testing was completed at the home of a single subject (Churchill, PA), who was male, nine years and nine months old, and in the 50th percentile weight and 60th percentile height.  The subject was fitted with the brace and pressure transducer film to read pressures in the corrective straps of the brace.  The subject was then asked to stand for approximately ten minutes and walk for approximately two minutes.  His gait was examined for inconsistencies compared to normal gait.  He was also asked five survey questions regarding the comfort and heaviness of the brace.  After testing, pressure results were analyzed using a Matlab program written to convert the grayscale values of the pressure transducer film to corresponding pressure values.  These numbers were compared to some literature values regarding skin breakdown and pressure sores.  Maximum and average pressure values were computed and used for the corresponding COSMOS Works materials testing study.  To test the brace, the joints and ends of the brace were fixed and two studies were run, one with average pressure values and one with maximum pressure values applied at the corrective straps.  The results analyzed for the study included deformation and factor of safety.  Upon testing verification, the device was validated and approved by the consulting clinical professionals.  A final market and competitive analysis was completed and final updated documentation was placed in the final design history file.  The final phase of the project continued from the end of March until mid-April and concluded with a formal presentation of the entire project.
6.0 Management Summary
DALS Orthotics was founded by Amy Macevoy, Daniel Steed, Lauren Wolbert, and Sarah Wyszomierski.

Amy Macevoy

BS, Bioengineering, University of Pittsburgh

Amy attained her bioengineering degree at The University of Pittsburgh.  Her concentration of study was in biomechanics.  Along with her course work she worked in the Division of Pulmonary, Allergy, and Critical Care Medicine.  Her work involved sizing of aerosolized drug particles to determine an optimal size particle, which would better facilitate mucociliary clearance.  Amy also experienced working at a senior care home, Longwood at Oakmont, where she was a Dietary Aide.
Amy contributed significantly to the creation of the background information, market and competitive analysis, and clinical correspondence, as well as the final documentation of the product description summary (PDS), human factors engineering (HFE), biocompatability, market and competitive analysis portion of the presentation, and business plan (Sections 1, 4, 6, and 3.2).

Daniel Steed

BS, Bioengineering, University of Pittsburgh

Daniel attained his bioengineering degree at The University of Pittsburgh, with a concentration in biotechnology and artificial organs as well as gaining a minor in chemistry.  He gained practical experience working at the Hillman Cancer Center as a cell biologist and studied the infiltration of gadolinium metal into dendritic cells for the purpose of tracking and visualization by magnetic resonance imaging (MRI).  Daniel will be continuing his bioengineering studies at the university’s Human Movement and Balance Laboratory (HMBL) this summer.
Daniel contributed significantly to the creation of the design, market and competitive analysis, materials and fabrication, human subject recruitment and testing, mentor correspondence, as well as the final documentation of the product description summary (PDS), human factors engineering (HFE), final Power Point presentation, and business plan (Sections 1, 4, 6, and 5.3).

Lauren Wolbert

BS, Bioengineering, University of Pittsburgh

Lauren earned her Bachelor of Science degree in bioengineering at the University of Pittsburgh, with a concentration in biomechanics.  While at the university, she gained invaluable research experience working in the Human Movement and Balance Laboratory, studying various aspects of human gait. One project that she focused on while in this lab was the study of the effects of walking on railroad ballast. Lauren’s interests include product research and development, human factors, ergonomics, and biomechanics. She is currently interested in obtaining a position at a medical device company or an ergonomic consulting firm. 

Lauren contributed significantly to the creation of the preliminary design, initial documentation, COSMOSWorks testing, and human factors analysis portion of the presentation.

Sarah Wyszomierski

BS, Bioengineering, University of Pittsburgh

Sarah is a senior Bioengineering student with a concentration in biomechanics.  Her previous experience at the Human Engineering Research Lab included hardware design for the SPAM wheelchair, a power assist wheelchair for the visually impaired.  Sarah currently works at the Human Movement and Balance Lab at the University of Pittsburgh, where she is involved in motion capture experimental testing and coordination of an interventional study regarding motor re-learning for older adults with mobility disability.  Sarah plans to attend the University of Pittsburgh in the fall to begin work on her Bioengineering Masters degree.  Her main research interests include rehabilitation, prosthetics, and assistive devices, especially for veterans and children.
Sarah contributed significantly to acquiring the materials and fabrication, human subject testing and analysis, final design and anthropometry, clinical correspondence, as well as the final documentation of the failure mode effects analysis (FMEA), initial hazard analysis (IHA), fault tree, final Power Point presentation, and business plan (Sections 1, 2, 3, and 5).
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