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Abstract 

Running shoe technology has been subject to significant changes over the last five years. 

With these changes, drastic performance improvements have been made by numerous 

athletes across multiple long-distance events, and the emergence of the Nike Vaporfly 

series has been closely linked to many of these achievements. The most notable 

technological advancements are to be found in the soles of the shoes – specifically, the Nike 

ZoomX foam, and the inclusion of a carbon fibre plate. The ZoomX foam has a higher energy 

return than foams used in many other running shoes, and the carbon fibre plate adds 

stiffness to the shoe – both factors that have been shown to improve running economy, and 

therefore performance, in numerous biomechanical research studies.  

  



1. Introduction 

The last five years have seen significant improvements in running performances, and with 

these, significant advancements in running shoe technology. The ultimate goal of any 

running shoe is to allow the runner to perform better; whether that is through reducing 

injuries, improving comfort, improving running economy (RE), or merely improving the 

athlete’s perception of performance. 

 

Although a number of trends and technologies have targeted these aims over the past forty 

years – such as minimalism and maximalism – a significant breakthrough with regards to 

performance has been seen in the last five years with the Nike Vaporfly series. This report 

aims to outline the various findings of research studies on running shoe technology, and 

then detail how and why Nike alone has been so successful within the last 5 years. 

2. Literature Review 

2.1  Background 

The changes and improvements made throughout the development of running shoe 

technology can be attributed to a number of factors. These include, advancements in 

available materials and manufacturing processes, improved knowledge of human 

biomechanics, and better test procedures when it comes to validating material properties or 

biomechanical theories. 

 

The running shoe has undergone vast changes since its inception in the late 1800s, when 

they would consist of a leather upper and a rubber sole. By the end of the following century, 



running shoe technology had entered an era where almost every midsole was made of an 

ethylene-vinyl acetate (EVA) foam; a fact that is not only pointed out in numerous articles (1) 

but is also indicated by the mention of EVA use in patents and papers spanning over 20 

years (2, 3, 4). 

 

As previously mentioned, the ultimate goal of any running shoe is to improve performance, 

by increasing RE. In order to do this, an understanding of human running biomechanics and 

knowledge of how a person interacts with a running shoe is necessary. 

 

With regards to how a runner’s foot interacts with a shoe during the ground contact phase, 

the main areas of interest are the amount of cushioning and stiffness of the shoe. 

 

2.2  Cushioning 

The function of the cushioning in a running shoe can be broken down into both 

performance requirements and injury prevention requirements. 

 

Many injuries in running are attributed to the repetitive nature of the impact forces 

involved. It would therefore be reasonable logic to assume that reducing the magnitude of 

the impact forces during running would reduce the likelihood of injury. A further summation 

might be that increasing the underfoot cushioning would achieve this reduction in impact 

forces – an argument made by numerous maximalist shoe manufacturers. However, studies 

have shown that varying the level of cushioning does not necessarily increase or decrease 

the impact forces and therefore the chance of injury (5,6). This has been attributed to the 



muscle tuning paradigm in which a runner’s leg is said to adjust its stiffness to cater for 

different cushioning levels, and therefore maintain the impact forces experienced.  

 

Looking at performance, prior to the conclusions of Jay Worobets et al. in 2014, there were 

findings on both sides of the argument to show whether increasing cushioning aided or 

hindered RE (7). However, this study conclusively found that cushioning improved RE.  

 

Building on this, in 2017 Janet Zhang et al. concluded that minimalist shoes or barefoot 

running led to greater energy loss (8). Furthermore, Kryztopher Tung et al. had previously 

tested a theory (2014) similar to this by placing cushioning on a treadmill; thereby removing 

the negative effect on RE that is caused by carrying a mass (such as a shoe) on the foot (9). 

The results of these studies indicate that increased cushioning, up to a certain point, does 

aid performance – especially with the development of new materials to use in place of EVA. 

 

In recent years and based on studies similar to these, it has been seen that the effect on RE 

is largely reliant on the energy return properties of the foam used in the shoe. Earlier 

studies often feature EVA foam exclusively as the cushioning material. 

 

2.3  Stiffness 

Aside from cushioning, another primary focus of the sole of a running shoe is the 

longitudinal bending stiffness (LBS). It has been found that increasing the LBS of the shoe is 

beneficial, so long as it does not disturb metatarsophalangeal (MTP) joint flexion (10). 

Therefore, as with cushioning, there is a point where increasing the stiffness further 

becomes a hindrance to RE. 



This optimal stiffness varies for each individual, although it has been shown that there is a 

correlation between the mass of the runner and the optimal stiffness of the shoe; with 

heavier runners generally requiring greater stiffness (11). 

 

The biomechanical reason why increased LBS is beneficial, is that it alters the length of the 

ground reaction force lever arm. This has been seen to result in one of two possible 

responses – an increase in the ankle joint moment, or a decrease in the ankle joint moment 

paired with an increased push-off time. It has then been surmised that this knowledge could 

be used to determine the optimum LBS for any given individual (12). 

3. Discussion – Nike Technology 

3.1  Vaporfly Results 

Nike has been at the forefront of long-distance road-running achievements over the last five 

years. For example, the three medallists in the men’s marathon at the 2016 Summer 

Olympics all wore a Nike Vaporfly prototype. Furthermore, in 2019, runners wearing Nike 

Vaporflys claimed 31 out of the 36 available podium spots in the most prestigious six 

marathons around the world (13).  

 

It could be argued that Nike’s dominance in recent years has been driven by its involvement 

in two attempts at breaking the two-hour marathon barrier – Project Breaking2 (May 2017) 

and the Ineos 1:59 Challenge (October 2019). In both cases, Eliud Kipchoge set a new fastest 

marathon time – 2:00:25 and 1:59:40 respectively. Kipchoge also holds the official marathon 

world record at 2:01:39 which he set in September 2018, wearing Nike Vaporflys. 



 

Although it could be said that Nike merely sponsors the fastest athletes, Strava (fitness app 

and social network) data was analysed by the New York Times and showed improvements 

for runners of all abilities when wearing Nike Vaporflys. In addition to this, independent 

studies have shown the Nike Vaporflys to improve RE in all runners, making them faster (14, 

15, 16). 

 

3.2  Vaporfly Series 

The groundbreaking Nike range has been continually developed since its inception, and each  

new iteration has continued to earn results and catch the attention of the media. The range 

began with the Zoom Vaporfly 4% (released in 2017)(Figure 1 (17)), and the Zoom Vaporfly 

Elite (not made commercially available but notably used in the Breaking2 project) (Figure 2 

(18)). Following these were the ZoomX Vaporfly NEXT% (released in 2019) (Figure 3 (19)), and 

the Air Zoom Alphafly NEXT% (prototype used in the Ineos 1:59 Challenge) (Figure 4 (20)). 

 

 

Figure 1: Nike Zoom Vaporfly 4%  Figure 2: Nike Zoom Vaporfly Elite 



 

All four iterations are designed based on the same principles and largely use the same base 

materials and technology. Common to all shoes is a Nike ZoomX foam midsole, and a sole 

that contains a full-length carbon plate, as seen in Figure 5 (21).  

 

 

3.3  ZoomX Foam 

The Nike ZoomX Foam was first used in the Zoom Vaporfly 4% and Zoom Vaporfly Elite and 

it has since been used in other Nike shoes outside of the Vaporfly range as well. Whilst 

remaining lightweight and compliant, the ZoomX foam has a reported energy return of 85% 

Figure 3: Nike ZoomX Vaporfly Next% 
Figure 4: Nike Air Zoom Alphafly Next% 

Figure 5: Illustration of the components included in the sole of a Nike Zoom Vaporfly 4% shoe 



(22,23). By comparison, soles of competing brand shoes usually boast an energy return of 

approximately 70%, and the previously used EVA foam as low as 50% (24). 

 

The ZoomX foam itself is polyether-block-amide, a thermoplastic elastomer known under 

the trade name Pebaxâ and produced by chemical company Arkema (25, 26, 27, 28). 

 

Traditionally, racing shoes (flats) had a low profile with regards to the cushioning and stack 

height. However, the light weight of the ZoomX foam allowed Nike to drastically increase 

the stack height when it released the Zoom Vaporfly 4% (29). This is a feature that has 

remained noticeable and even become more prominent throughout the range. There is a 

greater amount of foam used in the later editions of the range, and such changes prompted 

World Athletics to introduce regulations governing the allowable stack height of running 

shoes in 2020 (30). 

 

This increase in foam volume and amount of cushioning is clearly a response to the research 

results outlined earlier in this report, and it shows that Nike has acted on scientific evidence 

when developing these shoes. 

 

3.4  Carbon Plate 

The carbon plate housed in the sole of each of these shoes is the element that has received 

the most media attention, leading to questions about the legitimacy of the Vaporfly running 

shoes. However, the purpose of the carbon plate is often misunderstood. The plate is not 

there to act as a spring – this function of the component has been deemed negligible (31) – 



but rather to add rigidity and LBS to the shoe. It has been discussed earlier in this report 

how increasing the LBS of the shoe can increase RE. 

 

The principles previously discussed, have also been explained by Nike when it states in a 

marketing-oriented article that the “carbon fibre plate [minimises] energy loss at toe off” 

and “stiffer shoes have a big benefit on running economy. However, too much stiffness can 

shift the workload from the foot up into the calf, which causes fatigue over distance” (29). 

Based on the literature review conducted, it is clear that Nike has considered the effects of 

introducing too much stiffness to the shoe and interfering with the MTP joint flexion of the 

runner. 

 

As a result of the research that shows a correlation between higher LBS requirements and 

the mass of the runner, the Alphafly Next% prototype shoes have different carbon plate 

stiffnesses depending on the size of the shoe – to align with the correlation between the 

mass of a runner and their shoe size. 

 

3.5  Air Zoom Alphafly NEXT% 

Alongside the ZoomX foam and carbon plate, the Air Zoom Alphafly NEXT% also has 

additional notable aspects that are not found in its predecessors. As already alluded to, both 

the stiffness of the carbon plate and the thickness of the ZoomX foam are altered depending 

on shoe size. This adds a level of complexity to match the research that suggests each 

individual runner will require a different optimum stiffness and amount of cushioning (32). 

 



As can be seen in Figure 4, some of the ZoomX foam in each shoe has been replaced by air 

pods, which supposedly have an energy return of 90% – greater than the 85% of the foam 

(33). 

 

Moving forward, the target will likely be to bring customisable soles, foam thicknesses, and 

LBS for each individual in a commercially available shoe. This would allow optimum 

cushioning and stiffnesses to be achieved for each individual, rather than merely 

approaching the optimum based on shoe size. Studies have also shown that increasing the 

perceived comfort of a shoe can increase RE (34), further outlining the benefits of 

customisation. 

 

In order to achieve this, it is likely that the continuing advancements made in additive 

manufacturing technology will play a role in the development – a fact expressed by, not only 

Nike, but Adidas, Brooks and other shoe brands as well (34). 

4. Conclusion 

Through race results of professional and amateur athletes alike, Nike has evidently 

progressed running shoe technology in the last five years more than any other 

manufacturer. Although Nike already seems to be pushing the boundaries of what may be 

possible – and what may be allowable with regards to restrictions enforced by governing 

bodies – it is clear that it is basing its current product development on research-backed 

findings, and using results and evidence as marketing tools. 

 



As detailed within this report, the specific optimum stiffness and cushioning of a shoe 

depends on the individual. Although this may already be catered for in instances such as 

Project 1:59 and Breaking2, bringing this level of specificity to runners of all abilities is likely 

to be the direction that future developments will take, with multiple shoe manufacturers 

expressing this as a target. 
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