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Executive Summary 

The device design was centered around improving user posture when wearing heavy 

backpacks by reducing the impact of the backpack on the Center of Mass (CoM) of the user.   The 

target users were American college students (ages 17-24 years old) who wear two-strap 

backpacks due to the high amount of users in this demographic These users are at a high risk.1,2  

of developing back pain and other negative ailments due to maintaining a state of poor posture 

while wearing backpacks  In the development of the device, research was conducted on the.2,3  

relationship between posture and backpacks as well as methods to analyze posture. In addition, 

strength testing was performed on the materials and prototypes. For the final prototype, comfort 

tests and Craniovertebral angle (CVA) measurements were performed, and user feedback was 

obtained about the perceived effectiveness and fashionableness of the device. The final device is 

a backpack attachment with velcro attachment points and a central buckle. The buckle has four 

strap entry points that pulls the backpack closer to the user, which increases the user CVA and 

improves posture. 

 

Problem Statement 

Proper posture aligns the head, shoulders, hips, and feet in a vertical plane  Deviations.4  

from this position shift weight away from the core muscles and skeletal system, resulting in 

undue stresses on the joints, which can lead to joint pain, muscle fatigue and weakness, trouble 

breathing, and pinched nerves  A common cause of poor posture involves carrying heavy loads.5  

for extended periods of time, such as when using a backpack. Backpacks shift the CoM of the 

user, forcing them to assume a poor postural position to avoid falling over. College students use 

their backpacks to carry school supplies, and its use can vary depending on course load, study 

habits, and extracurricular activities. Students wear their bags while walking, scootering, biking, 

skateboarding, and riding on public transportation.   In the fall of 2018, the National Center for 

Education Statistics projected enrollment levels of 19.9 million American college students .6  

With 66% of college students reporting to always use a backpack, 13.1 million students are 

expected to have used their backpack whenever they need to carry school supplies from place to 

place this fall, whether that be to class, study sessions, or home.  29.2-47.7% of those users 2  



(3.8-6.2 million students) report annual back pain, and with every 4kg increase in backpack 

weight these students’ odds of developing annual back pain increase by 25%; therefore, it is 

recommended that users do not carry more than 15% of their body weight in their backpack  . 2, 7  

This prevalent usage of heavy backpacks among college students places them at risk to develop 

poor posture, as well as its associated negative health effects. Therefore, a device that mitigates 

this risk would be desirable and directly beneficial to its users. 

 

Design Specifications 

Based on the physiological need for this device, the primary objective is to create an 

attachable system that offsets the change in CoM caused by the weight of the user’s backpack, 

thereby preventing hunching and improving the user’s posture. To achieve this goal, critical 

constraints were made to ensure the device is hands-free and strong, can withhold 38.6lbs (15% 

body weight of the 95% American college-aged male) with negligible deformation, and increases 

the user’s CVA by two degrees  Two degrees was chosen as the design input to offset the.8  

average decrease in user CVA of 1.67 degrees while wearing a backpack  The device was.9  

designed to be attachable and adjustable, catering to the needs of all types of physiques and 

accessible to all users of standard double-strap backpacks. 

In addition to this, comfort and desirability were highly prioritized constraints in the 

design process. From consistent user feedback, it was determined that these two factors had the 

biggest impact on the user’s willingness to use or purchase the device. Therefore, a comfort scale 

that ranged from 1-10 (‘1’ being the least comfortable and ‘10’ being the most comfortable) was 

developed to assess the user’s comfort level while wearing the device. It was assumed that users 

will be more likely to buy a comfortable and aesthetically pleasing product; hence, an  average 

user rating of 6 was set as a design input. Another development that was drawn from the user 

feedback was to simplify the device, minimizing confusion in applying the device and avoiding 

discomfort. In accordance with the user profile, it was also assumed that American college 

students only carry up to 15% of their body weight and will be more likely to buy a device that is 

at or below the average backpack attachment price of $7.14, ensuring affordability.  



Design Concepts 

Many design concepts were considered during the ideation phase of this project. These 

included a cross strap bag, a bag with zipper straps, bags that incorporate electronics, bags that 

were fitted to bikes or scooters, and more ( Figure 1 ). To narrow down the various design 

concepts, the aforementioned design inputs were generated. The device had to be: feasible, 

affordable, fashionable, portable, strong, simple, and comfortable. Moving into testing of the 

initial prototypes, several quantitative criteria were set to allow for refinement of ideas. 

The first idea tested was a bag with the normal backpack straps crossed ( Figure 2 ). 

Although this device failed because of its low comfort rating, users reported that the distribution 

of weight felt better with the crossed straps. Another design that had an influence on the final 

design was the zipper strap attachment ( Figure 3 ). This bag attachment, although not fashionable, 

showed that as the area of straps increased, the weight of the bag was distributed more evenly 

across the chest and back, improving comfort and posture. To combine the benefits from both 

concepts, the next prototype design was a bag with two buckles, sewn onto the straps of the bag 

that crossed each other in the shape of an X ( Figure 4 ). This design showed promise for reducing 

posture, but was reported to be uncomfortable, because the buckles placed pressure on the user’s 

chest. After this, a x-shaped buckle was designed that solved the problem of comfort and 

maintained the effectiveness of reducing poor posture ( Figures 5,6 ). 

 One set of designs with potential was discarded. Testing revealed that a strap connected 

from the side of the backpack to the front straps of the backpack reduced poor posture ( Figure 7 ). 

Although this device was effective, users reported it to be complicated and uncomfortable; 

therefore, it was not incorporated in the final design. 

 

Design Solution 

The final design for this project includes a male and female end of a polypropylene 

buckle, four polypropylene straps, and four two-sided segments of Velcro (Figures 5,6). 

Polypropylene was chosen for its high durability and low environmental impact and price  All.10  

the material costs can be found on Table 1  Additionally, the device will be packaged in a.11,12,13  

5”x 6” low-density polyethylene bag at a cost of $0.02 per bag. 14  The straps have Velcro attached 



to the ends, which will be wrapped and attached around the front straps of the user’s backpack. 

The opposite end of the straps will be weaved through the buckle attachment points, and the 

buckle will be clasped across the user’s chest. The buckle will be manufactured via injection 

molding, and is properly drafted and filleted to optimize production. Each buckle end contains 

two slots, offset at a 45-degree angle, for the insertion of each strap. Likewise, each strap is bent 

and sewn at a 45-degree angle so that the tension can be distributed over a larger distance on the 

user’s chest. 

The function of this device is to reduce poor posture experienced by carrying heavy loads 

on one’s back. This can be done by bringing the CoM of the bag closer to the back and by 

distributing the force experienced by the shoulders onto the chest. The X-buckle mechanism will 

effectively reduce the negative effects caused by heavy loads and can be measured using a CVA 

test. This device should be used every time the user transports heavy loads in a backpack to 

ensure its effectiveness. 

  

Engineering Analysis 

When wearing a backpack, its mass, weighted by its distance from the center of the user 

by the equation in Figure 8, shifts the user’s overall CoM backward. To compensate for this, the 

user leans forward, returning their CoM to normal so that they do not fall down. However, this 

forward lean compromises their postural position, and places them at risk of developing poor 

posture. The device reduces the impact of the backpack on the CoM of the user, allowing the 

user to maintain a better postural position.  

When the device is attached to the backpack with the buckle engaged, it draws the straps 

of the backpack closer together. This pulls the backpack closer to the back of the user, reducing 

its contribution to the CoM. The effectiveness of this design was evaluated by comparing user 

CVA under a load of 15% of their body weight both with and without the device engaged. CVA 

is a measure of the degree of forward lean, with a higher CVA indicating less lean and therefore a 

better postural position. Therefore, CVA is a more accurate measure of the effect of the device on 

posture than the metric from last phase, which consisted of distance of the backpack from the 

back of the user. CVA was measured by taking pictures of the users from multiple views, 



overlaying a grid, and determining the angle based on the trigonometric relationships between 

the line from the seventh cervical vertebrae and the middle of the ear and the horizontal. On 

average, the device increased the user CVA by 4 degrees, more than double the negative impact 

of a typical backpack, demonstrating that it is effective in improving user posture. 

 

Conclusion 

As stated in the problem introduction, users transporting heavy loads in backpacks are at 

risk for poor posture. The device improves posture by drawing the backpack straps closer 

together, pulling the bag closer to the user’s back which then decreases the backpack’s CoM 

contribution allowing the user to hold a better postural position without accommodating for a 

drastically adjusted CoM. Better posture means that users are less at risk for the negative health 

effects (annual back pain) associated with poor posture and backpacks  This device meets the.2,3  

design inputs with an average comfort rating of 9/10, an approval rating of 70%, an application 

time of 45 seconds, and a CVA increase of 4 degrees (double the desired outcome). However, the 

current device does have some issues that could be improved upon. While users would wear the 

device, there is still a wish for an improved aesthetic design. Currently the excess straps are very 

obvious; while users could cut them, a seat belt-like containment system of the adjustable straps 

would appear much more cohesive and pleasing. In addition, the straps are currently difficult to 

adjust, so the buckle design would need to be adjusted to increase the width of the clasp 

attachment point. Throughout this process we learned that every aspect of product design 

matters, from deciding what material to use, to the shape and feel of the device to users, to 

prototype testing and refinement, to how testing is done. It is important to weigh the benefits and 

costs of different aspects of the device to come up with an aggregate of the most advantageous 

device for users in regards to cost, effectiveness, and marketability; the device meets the input 

specifications for all of these categories. 
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Addendum 

Figure 1. 

 

Six examples of initial brainstorming design concepts 

 

 

 



 Figure 2. Figure 3. 

  

A normal backpack with Zipper Strap Attachment prototypes, short and long versions 

straps crossed 

 

Figure 4. Figure 5. 

 

A backpack with 2 buckles Final design of a backpack with velcro strap 

across each other. attachment points and a 3D printed 

x-shaped buckle. 

 

 



Figure 6. 

 

 

Solidworks drawings of final buckle design 

 

Figure 7. 

 

Straps connected from back of backpack to the backpack straps. 



 

Table 1. 

  
Name/function 

Quantity 
Required 

Supplier and 
Catalog Number 

Material Manufacturing 
process 

Estimated cost 

1” Polypropylene 
Solid Webbing 

4 segments StrapWorks.com 
LWP1 

Lightweight 
Polypropylene 
Webbing- 1” width, 
.040” thick 

1. Melt 
Spinning. 

2. Weaving 
on a loop 

$0.15 per foot 
(5’ needed per 
device = $0.75) 

X-shaped buckle 1 DNA - made in 
house 

Polypropylene 
(chosen for price, 
durability, and 
environmental 
impact) 

Injection Molding $0.69 per device 

Velcro 4 x 2 sided 
segments 

Velcro 
Hook 81 loop 
9000 
155412 

Polyester Knitting; 
injection molding 

$8.97 for 10’ 
(6’’ per device 
= $0.45) 

 

Figure 8. 

 

Center of Mass calculations 

 

 

 

 



Table 2. DEEM Table. 

 

 



 

 



 

 



 

 


