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   DESIGN BRIEF 
PROBLEM 

33 million Americans have some type of disability that makes daily activities difficult, and of those 
almost 9 million use a device to assist with mobility. Approximately 2.2 million people depend on a 
wheelchair for mobility. When a person depends on a wheelchair other health problems can arise from 
the wheelchair. One of those problems is pressure ulcers or pressure sores. Pressure Ulcers will affect 
approximately 2.5 million people per year and will cost the US Healthcare System 9-11 billion dollars per 
year(Paudala ,2017). Our focus is on patients who depend on wheelchairs for daily mobility, and can not 
adjust their sitting position themselves. These patients often suffer from tissue breakdown or pressure 
ulcers, and this condition can become so severe it leads to sepsis and eventually death if untreated. 
Pressure sores develop in the regions of the buttocks, bottom of the thighs, or hips. These can 
sometimes go unnoticed if a patient has little no feeling in that region of their body. 

Pressure sores form when pressure is constant on a region of soft tissue, and blood supply becomes cut 
off and cause tissue death. According to Surajit Bhattacharya and R. K. Mishra’s article they define a 
pressure sore as, “Constant pressure resulting in ‘distortion or deformation damage”. There are four 
stages of severity of pressure sores, Grade 1-4. Grade 1 is when the skin is hard to assess the blanching 
test, or the color change observed when you apply pressure to the skin and release. Also the skin can be 
itchy, warm, or painful. Grade 2 is when it becomes an open sore and the epidermis and sometimes the 
dermis is damaged, it starts to appear as a blister. Grade 3 is when the skin loss is equal to that of the 
thickness, and becomes a deep wound. Grade 4 is the most severe and is when tissue death and even 
damage to bones and muscle occurs. These ulcers are created by patient’s immobility. This provides 
hospitals and insurance companies a very large incentive to provide funding to help reduce the 
occurrence of pressure ulcers. This problem is the motivation behind the proposed device.  

The mission of PosChair is to produce viable wheelchair pressure distribution system that will help to 
reduce the occurrence of pressure ulcers in wheelchair bound individuals, thus improving the safety and 
quality of life for the wheelchair community. 

SOLUTION DEVELOPMENT 

To address the problem did a brainstorming of potential solution involving a systems that provides a 
dynamic pressure distribution to address the cause of stagnant pressure that causes the the 
development of a pressure sore. 

A brainstorming session was done to produce several ideas and combinations of ideas. General 
categories developed during the conservation. The brain storming results were organized post storm 
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into a concept map, seen in Figure 1. The concepts that were developed were focused on the bottom of 
the seat, but all of the suggested process may be applied to wheelchair back with small modifications. 

 

Figure 1 

 

The pressure categories utilize pumps to add or remove material to different segments of the seat. 
Overall the material pumped was believed to be air, water, or a thick gel. Current concept is leading to a 
gel to help with pressure control without having to cause very hard zones.  

The electric current concepts entail using state of the art materials. These material will have their 
properties change when a current is applied, and return to their resting state when the current is 
removed. The 3 changes are a phase change occurs liquid to gas or liquid to solid.  The shape of the seat 
material will change based on if a current is running through the segment or not. 

There are several segmentation concepts that were developed that can be used in the pressure pump 
method, or the electrical current method. These preliminary segmentation concepts can be seen in 
Figures 2.  

 

Figure 2: Possible Zoning Concepts 
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The massage and resonance concepts are based on the idea of periodically causing dynamic pressure. 
The resonance would essential use a “speaker” to cause mild shape deformation of the soft tissues, and 
the massager will use harder mechanical forces to cause deformation. The hypothesis is that the fast 
rate variable pressure will cause the fluid in the high pressure zones to move, helping to reduce pressure 
sores formation. These concepts are interesting, but are unproven. These concepts will most likely 
require substantial clinical trials and studies to prove ethicacy.  

The most promising concept that has been preliminarily developed it the automatic tilt function. This 
concept will have a seat with 4 independent pistons that will raise and lower in various patterns creating 
different seating angles. This concept relies on the fact that a person’s body distributes force differently 
depending on how they are seated. This is supported by current practices of periodical repositioning the 
mobility challenged individual regularly. 

 
Figure 3: Four piston concept sketch 

DESIGN DEVELOPMENT 

Product Architecture 
The device will follow the concept of an integral design. The primary function is to control piston 
movement to adjust the forces. Figure 4 shows the interactions that occur in the system. An additional 
reason for creating the integral design is because the limiting ability of selling will require it to not be too 
expensive and focusing of the central action of adjusting the individuals seating position. 

 

 
Figure 4: A schematic of the functioning of the devices interaction with another. 
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There are two main modules for the device the physical and communicative module. The physical 
module consists of the components that relay a physical exertion on the outside world. The 
Communicative module is the molecule that includes receiving information and interpreting the 
information, and sending a signal to the physical module. Configuration Design PosChair’s device 
includes a top piece that the seat cushion is placed on top of. The top piece with be compatible with 
most seat cushions on the market. Next there are four pistons positioned at each corner and will have a 
ball bearing on top to created customizable and multiple programmable seating positions and angles. 
The pistons are also connected to the base piece, along with the pistons the base piece hold the battery 
or power source, and the microcontroller. All components can be seen in Figure 5 below. 

 
Figure 5: Complete assembly of device 

 
PRELIMINARY STUDIES 

Preliminary testing of the concept has already begun, using rudimentary testing to analyze the effect of 
changing the seating plane in reference to the distribution of pressure. This testing was also used to 
determine how much of a plane change is necessary to achieve the desired pressure distribution 
changes. These tests involved using a flat board mounted onto a level, stripped wheelchair to simulate 
seating height. A subject’s pressure map was captured to determine points of high pressure when sitting 
at a level position (Figure 6), next a 1.5 inch wooden block was added to the right side of the board and 
the chair base, to simulate a 1.5 inch elevation change of the side of the seating platform that would be 
achieved by the pistons. The subject then sat on the altered seating platform and the resulting pressure 
map was recorded (Figure 7). This step was repeated for the other side and the front and back of the 
seating platform to see the effect of the elevation changes at different points of the seating platform. 
The pressure maps captured for each of these alterations were analyzed with the original pressure map 
to determine changes in pressure distribution for each of the alterations. This experiment was repeated 
adding three different types of cushions (poor quality foam cushion, high quality foam cushion, and air 
pocket cushion) to see what effects these elevation changes had when complimented with various 
cushions. In all cases, the half inch elevation change had a notable effect on the position of pressure 
peaks, thus supporting our hypothesis that changing the seating plane angle would have an effect on 
pressure distribution. 
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FINANCIAL MODEL 

We are in the seed stage of our company’s financial planning. Projected date for the completion of 
trademark, patent and FDA approval is the 1st quarter of 2021. The team plans to contribute as much of 
our own money as possible in this stage with a target of $55,000. We plan to begin manufacturing in 
2021 and will look to family and friends to raise an additional $50,000 to $100,000. We will also look to 
other investors or commercial loans if needed. Projected net income is very low in the first two years. 
Our team has agreed to take minimal payments in 2021 with only a small salary in 2022. General and 
administrative expenses will increase in 2023 as the company’s net income is projected to double the 
net income of $14,720 in 2022. Initial sales assumptions are based on a manufacturing price of $200, 
selling price of $500 and insurance reimbursement of $700. We assume we will sell 400 units in the first 
year, 750 units in year 2, 1,300 units in year 3, 3,000 units in year 4 and 5,000 units in year 5. We will 
market heavily by spending 30% of sales in the first 2 years and 25% the following years. Inventories, 
accounts 
receivable and accounts payable are estimated as a percentage of sales following industry averages. 

SIGNIFICANCE 

The Poschair Team Members have interviewed 32 different individuals including wheelchair users, and 
industry experts. The risk of pressure ulcers were a major concern to everyone we interviewed. This has 
been a major problem in the healthcare industry, and has been riddled with difficult to control, and 
labor intensive solutions to this problem. The Poschair design provides wheelchair users with an 
affordable automatic solution that will provide the users and caregivers with a peace of mind and a 
sense of freedom. While removing a financial burden from insurance companies and healthcare 
facilities, allowing them to better serve the community. 

 

Figure 6: Pressure map of subject in natural position Figure 7: Pressure map of subject with 1.5 inch lift to the right side 



PosChair     Design Brief     Page 6 

ACKNOWLEDGEMENTS 

Cerebral Palsy Research Foundation (Wichita, Ks) - Research and testing support 

Edgar Marrufo- Prototype support 

Dr. Gary Brooking- Mentor 

 

REFERENCES  

Padula, William. “Let’s Start at the Top: Getting Administrative Buy-In.” National Pressure Ulcer Advisory 
Council, 3 Mar. 2017, ww.npuap.org/wpcontent/uploads/2017/03/Padula-William-NPUAP-13FEB17.pdf. 

Miles, Robert. “IBISWorld Industry Report OD4098 Wheelchair Manufacturing in the US.” IBISWorld, 
May 2017. IBISworld, www.ibisworld.com 

Mishra, Rk, and Surajit Bhattacharya. “Pressure Ulcers: Current Understanding and Newer Modalities of 
Treatment.” Indian Journal of Plastic Surgery, vol. 48, no. 1, 2015, p. 4., doi:10.4103/0970-0358.155260 


