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Background 
 

The need for proper child restraints during motor vehicle travel is clear; motor vehicle 

crashes are the leading cause of unintentional death for children over 1-year-old [1,2]. Despite 

the overwhelming evidence that car seat use reduces injury and mortality during motor vehicle 

travel by up to 70%. As discussed below, toddlers and infants are rarely transported in 

ambulances in compliance with national guidelines [3-5]. Ambulance crashes are rare, with only 

about 10,000 a year across the United States [6]. As a comparison, there are approximately 6.76 

million police-reported traditional motor vehicle crashes a year [7]. With approximately 6 

million children transported in emergency vehicles per year and a crash rate of 7-17.1 per 

100,000 transports, up to 1,000 children are involved in ambulance crashes each year [6,8].   

Data about pediatric injuries related to ambulatory transport services is restricted to anecdotal 

reports; however, in a limited study examining pediatric transport over one year, no children 

under 3 were correctly transported despite 75% of the interviewed Emergency Medical Services 

(EMS) members describing their knowledge of pediatric transport as ‘adequate’ [9, 10]. This 

disconnect between the assumed understanding of safety needs and actual actions highlights the 

need for an instructional element in our product.  

Evaluating ambulance use in the United States is complicated by complete deregulation 

at a federal level: the legal role and regulation of EMS vehicles are entirely decided at the state 

and local levels. Broad geographic and socio-economic differences across the country combine 

with a complex and highly privatized medical system means that the role of EMS heavily varies 

across communities. Inconsistent legal requirements also further add to the differences in what 

EMS does across state and local levels. Federal agencies, such as the National Highway Traffic 

Safety Administration (NHTSA), release limited guidelines for ambulances (and associated 



June 2021 
 

Final Report                                                                                                                          Page 2 
 

pediatric transport) but do not have any legal power to enforce those guidelines. The opposite is 

true for child restraint systems (CRS), also known as car seats, which follow strict federal 

statutes. Car seats must meet material, integrity, occupant excursion, injury criteria, and 

deformation standards, resulting in a consistent and secure environment for children [11]. 

Societal confidence in car seats is high: even among parents who do not own cars, ownership of 

child safety seats approaches 90% [12]. While only 5.7% of children are uninsured on a national 

level, a much larger number are underinsured, meaning they have continuous coverage, but it 

does not cover enough that their families are able to afford their healthcare needs.  

For people in urban or suburban areas, such as the Capital Region surrounding Albany, NY 

with limited access to routine primary care, such as uninsured or underinsured individuals and 

families, EMS serves as part of the health care safety net [13-15].  While only 5.7% of children 

are uninsured on a national level, a much larger number are underinsured, meaning they have 

continuous coverage, but it does not cover enough that their families are able to afford their 

healthcare needs. 43% of adults are estimated to be inadequately insured as of 2020, and those 

adults are likely to enroll their children in public insurance regardless of adult insurance type 

[16,17]. Children from families that have mixed insurance types, inadequate private insurance, or 

are uninsured are all significantly less likely to receive routine primary care than those from 

families with full coverage public or private insurance [17].  Therefore, pediatric patients with 

conditions that would normally be addressed by a pediatric primary care provider, such as a fever 

or cold, are instead brought to the emergency department [13,15].  This creates a gap in the 

current market, which does not currently have a device associated with transportation where the 

children do not need active care in the ambulance. 
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In the Capital Region, if ambulances are equipped with devices to aid with pediatric 

transport, it will be one of two devices: the Pedimate or ACR-4 [15]. Both devices are harnesses, 

meant to strap the infant or toddler to the cot while they lay on their back [18,19]. These devices 

excel at keeping the patient secure while they receive urgent prehospital treatment. For patients 

that do not need pre-hospital care, such as those with fevers and colds, it often seems pointless 

from both a parental and EMS perspective to strap down a fussy infant [15]. The reduction in 

fatalities and injuries associated with proper car seat use in motor vehicles supplies compelling 

evidence that it is important to find an alternative to the little-used harnesses. This alternative 

will be based on the use of the reliable and trusted infant car seat and will therefore be more 

appealing to parents of infants not requiring pre-hospital care as well as the technicians 

transporting them.  

Problem Statement 
 

Current devices on the market for pre-hospital infant transports do not utilize crash-tested 

rear-facing child restraint systems, therefore young children and infants often go unrestrained in 

ambulances. Our goal is to provide a solution to this by creating a universal, sanitary, and 

NHTSA compliant device that rapidly enables the appropriate securement of an infant in a rear-

facing child restraint system to an ambulance’s cot. 

Device Customer Requirements  
 

Customer requirements for this project focus on ensuring the safety and compatibility of 

the device, in addition to being simple, inexpensive, and compact. These can be seen in the full 

Quality Function Deployment (QFD) in Appendix A and are summarized below in Table 1. 
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Table 1: Critical Customer Device 

Requirements  

Maintains infant safety through secure 

attachment 

Adaptable to cot and child restraint 

seat 

Affordable 

Compact design 

Ease of Use 

 

Safety is the most important requirement. If the product is not at least as safe as the 

competitors, it will never be used. Therefore, the proposed product will keep the tested and 

trusted level of safety of a rear-facing child restraint system despite being adapted to a new 

scenario. 

Another focus of the customer requirements is compatibility. Different cot brands and 

types are used in different ambulances across the United States, but there are two different cot 

brands, Stryker and Ferno, that are used in the Capital Region of New York [15]. Within each 

brand the stretchers are similar, so if the device is compatible with each brand, it should be 

compatible with most transports and ambulances. This will ensure it reaches the widest possible 

market. The device must work with most brands and models of rear-facing CRS. Common 

design features across CRS brands and models will aid in the construction of a universally 

applicable device. 
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Additionally, ambulances are limited on equipment space, and all equipment in the 

ambulance must be secured in place unless it is being used. This imposes a strict size 

requirement on the device since it cannot take up space compared to more utilized lifesaving 

equipment. In addition, it must be able to be secured and stored to prevent it from becoming a 

projectile and injuring someone in the ambulance. Ambulance cots often have space underneath 

the bed of the cot, in which the device can be stored and deployed from. This space is relatively 

small, so any device here must be flat and correspondingly small. 

  The device must be simple. Treating the patient is the EMT’s highest priority, so they 

will spend time installing over-complicated equipment. This simplicity will minimize the cost of 

the device, which is crucial since it will not be used very often and will have to compete with 

other devices currently on the market.  

The rest of the customer requirements establish guidelines on the longevity of the product 

and failure modes of the device, and can be seen in Appendix A. It is vital for the customer to be 

able to know when the device is securely attached or is in need of replacement. 

Device Functions 
 

The functional decomposition of the device functions can be seen below in Figure 1. 

Mechanical force is used to secure the device to a CRS and to an ambulance cot. The attachment 

mechanism will use the most secure points on the cot for attachment and use the existing 

attachment points of the rear-facing child restraint system. This is broken down into the cot and 

car seat attachments, which can use the various mechanisms. The storage of the device must be 

secure under the cot and not impede normal usage of the cot. Attachments cannot impair the 

structural integrity of the cot or CRS because it would impede safety, and both need to be reused 

for prolonged periods of time. 





E3

Trial 1.2b Ma[ acceleraWion: 7.579 , HΖC 2.3720
 
 

Trial 1.2c ZaV noW recorded



E4

Ma[ acceleraWion: 9.743 HΖC 4.4445
 
 

Trial 2.1a 

Ma[ acceleraWion: 11.341 HΖC 6.4971
 
 

Trial 2.1b 



E5

Trial 2.1c 

Ma[ acceleraWion: 9.258 HΖC=3.9119
 
 

Trial 2.2a 

Ma[ acceleraWion: 9.872 HΖC 4.5931
 
 



E6

Ma[ acceleraWion: 5.734 HΖC =1.1810
 

Trial 2.2b

Ma[ acceleraWion:   5.973  HΖC 1.3079 Trial 2.2c


