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Executive Summary  
This brief explores the landscape of emerging technologies (inclusive of carbon-plating) in high-
performance trail running shoes to assess their technological advancements, performance 
attributes, and innovation potential. This research outlines key design elements such as midsole 
composition, carbon plate integration and geometry, outsole traction technologies, and upper 
material durability and breathability. Additionally, profiles of leading and emerging products in this 
segment have been created, assessing performance data where available. The primary goal of this 
research is to uncover innovation opportunities in materials, construction techniques, 
sustainability, and performance-enhancing design features that could provide a competitive edge 
in the evolving high-performance trail shoe segment.  

Analyst Opinion 
The high-performance trail running shoe market is experiencing a rapid shift toward integrating 
carbon fiber technology, but adoption remains uneven due to the unique demands of trail running. 
Unlike road racing, where carbon plates provide clear biomechanical benefits, trail conditions 
introduce variables—terrain irregularity, variable traction, and uneven impact distribution—that 
complicate the direct transfer of carbon-plated benefits. Shoe brands are responding by adapting 
plate geometry, incorporating segmented or forked designs that allow greater flexibility while 
preserving propulsion. The success of models like the Hoka Tecton X and New Balance FuelCell 
SuperComp Trail suggests that the industry is moving toward hybrid solutions rather than fully rigid 
carbon plates. This trend aligns with the broader performance footwear shift toward adaptive 
energy return systems, where plate stiffness is modulated to match terrain demands. 

A key insight emerging from this research is that material innovation in midsoles is just as 
important—if not more—than carbon integration. The dominance of PEBA and other high-energy 
return foams across leading models points to a transition from traditional EVA-based midsoles. 
PEBA offers not only superior resilience and lightweight performance but also greater longevity, 
addressing durability concerns that are particularly relevant for trail runners who experience high-
impact wear over unpredictable surfaces. The trade-off, however, is cost: high-performance foams 
significantly increase manufacturing expenses, which could limit widespread consumer adoption 
outside of elite or performance-focused trail runners. Brands aiming to expand market penetration 
may need to explore cost-effective alternatives or hybrid foam designs that retain responsiveness 
without increasing price points. 

Another major industry shift is the growing emphasis on sustainability and modular performance 
customization. The Speedland patent, which introduces a removable and customizable carbon 
plate insert, hints at a future where trail runners can fine-tune their footwear for different terrains. 
This represents a potential market opportunity for high-performance brands to explore user-
adaptable features—such as customizable outsole configurations or midsole stiffness variations—
that allow shoes to transition seamlessly between technical and non-technical trails. Additionally, 
Adidas’ patented vulcanization manufacturing process suggests that the industry is beginning to 
address the environmental impact of adhesives and synthetic materials, signaling a slow but 
meaningful shift toward greener production methods. 
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Research Methodology 
In our research, we utilized the Cypris platform, third-party datasets, and broader internet 
searches to identify relevant data. Throughout this process, we refined our approach by adapting 
our keywords to synonyms and related terms to ensure comprehensive data collection within this 
sector. For our foundational query, we used Cypris’ Boolean searching functionality with the 
following search term: ((trail OR trail-running OR ‘trail running’ OR ‘off road’) AND (shoe OR 
footwear)) 

Innovation in Trail Running Shoes 
Trail running shoes have evolved significantly over the past 50 years, shaped by technological 
advancements, shifting consumer preferences, and external factors such as the rise of outdoor 
recreation and environmental awareness. While early trail runners repurposed road running shoes 
or lightweight hiking footwear, the demands of rugged terrain, varied surfaces, and long-distance 
endurance races led to the development of specialized shoes designed for stability, grip, 
protection, and efficiency.  

The 1970s jogging craze led to increased demand for comfortable road running shoes- 
spearheaded by shoes like Nike’s Cortez and innovations like Bill Bowerman’s waffle sole. In these 
early years, however, there were no dedicated shoes for trail running1. One of the first attempts to 
create a dedicated trail running shoe was Nike’s Lava Dome (1981), which blended features of a 
hiking boot (i.e., durability and grip) with the lighter weight of a running shoe2. During this era, trail 
runners prioritized grip, stability, and durability over speed, leading to the emergence of deep-
lugged rubber soles and reinforced uppers to withstand rugged terrain. However, cushioning and 
responsiveness remained limited, as most midsole technologies at the time were still in their 
infancy.  

By the 1990s, trail running had gained a dedicated following, prompting brands to develop shoes 
specifically engineered for off-road conditions. Companies introduced models that began to 
incorporate EVA foam midsoles for better shock absorption, protective rock plates to shield 
runners from sharp terrain, and aggressive lug patterns for enhanced traction. One of the landmark 
designs of this era was the Montrail Vitesse, which combined a firm midsole with a protective plate, 
making it one of the first true trail running shoes. At the same time, the jogging and fitness boom of 
the 1990s led to greater demand for cushioned and comfortable running shoes, further influencing 
trail shoe design2. Additional external factors driving innovation during this period include the rise 
of ultramarathon racing and the growth of adventure sports, which demanded more technical 
footwear that could handle extreme conditions.  

The early 2000s saw a major shift in the running industry with the emergence of minimalist and 
barefoot running. This trend emphasized natural running mechanics, encouraging shoe companies 
to develop models with zero-drop platforms, minimal cushioning, and flexible midsoles that 
promoted a more natural foot strike. FiveFingers from Vibram and Trail Glove from Merrell are 
standout examples from this era in producing ultra-lightweight trail shoes designed to mimic 

 
1 Nike Innovation Feature 
2 Metzler, Brian. “The Evolution of Trail Running Shoes.” Outside (2024) 
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barefoot running. However, while minimalism worked well on flat, predictable surfaces, trail 
runners faced challenges with injuries, lack of foot protection, and stability issues on rocky terrain. 
As a result, while minimalism influenced trail running shoes, it did not become a long-term 
standard.  

The failure of minimalist shoes to provide adequate protection on trails led to the emergence of an 
opposite trend: maximalist shoes. Led by Hoka, the maximalist movement introduced: high-stack 
midsoles with ultra-soft cushioning, meta-rocker designs to improve forward propulsion, and 
protective outsoles for durability on rough terrain. Hoka’s flagship trail shoe, the Speedgoat, has 
become popular among ultrarunners, as they provide the necessary protection for long hours on 
technical trails. Unlike road running, where maximalist shoes were initially met with skepticism, 
they were quickly embraced in trail running due to the added protection they provided on 
unpredictable terrain. In the trail running world, the 2010s are characterized by the explosion of 
ultra-distance racing, with events like UTMB gaining worldwide popularity. As runners tackled 
distances of 50 to 100+ miles, the demand for greater comfort and durability fueled the widespread 
adoption of maximalist trail shoes.  

One of the most groundbreaking innovations in modern running shoes has been the use of carbon 
fiber plates, introduced in road racing with the Nike Vaporfly 4% (2017). These plates improve 
energy return and propulsion, giving runners a mechanical advantage3. However, carbon-plated 
shoes have been slow to adopt in trailing running, primarily due to flexibility and durability 
concerns. To address these issues, trail brands have modified carbon fiber plate designs by using 
split or segmented plates that allow for greater adaptability on uneven terrain. The Hoka Tecton X 
(2022) was one of the first successful carbon-plated trail shoes, featuring parallel plates for 
flexibility while maintaining the performance benefits of carbon technology. The rapid adoption of 
carbon fiber plates in road running has pressured trail brands to explore similar innovations.  

The evolution of trail running shoes reflects a balance between technological advancements and 
real-world trail running demands. Moving forward, trail running footwear will likely continue 
evolving, integrating lighter materials, adaptive cushioning, and even more sustainable production 
methods to meet the growing demands of runners tackling challenging terrains.   

 
3 Hutchinson, Alex. “The carbon shoe revolution.” Running Magazine (2020) 
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Leading Products and Specifications 
HOKA 
The HOKA Tecton X 3 represents the latest 
iteration of HOKA’s premier carbon-plated trail 
running shoe, combining lightweight agility, 
superior traction, and innovative carbon 
propulsion technology. Designed for speed 
over technical and non-technical trails alike, 
the Tecton X 3 refines its predecessors’ 
strengths while introducing new features that 
enhance stability, durability, and adaptability 
across various terrains.  

• Midsole Composition: Tts high energy return, lightweight feel, and durability. Unlike EVA-
based midsoles that tend to degrade faster, PEBA foam maintains responsiveness over 
long distances, making it an ideal choice for ultramarathon runners and speed-focused trail 
athletes. HOKA uses two densities of PEBA foam: 1) a softer, high-rebound layer directly 
underfoot to provide comfort and absorb impact, and 2) a firmer, more responsive base 
layer to enhance propulsion and stability on uneven terrain. This combination of foams 
provides a unique balance of cushioning and responsiveness, ensuring that runners 
experience both comfort and a snappy, energetic ride. 

• Carbon Plate Integration and Geometry: A defining feature of the Tecton X 3 is its parallel 
dual carbon fiber plates, a departure from the traditional single rigid plate designs used in 
most carbon-plated shoes. Instead of a single plate running through the midsole, HOKA has 
split the plates into two parallel units, allowing for: greater flexibility on uneven terrain by 
adapting to different foot placements, increased lateral stability, preventing the shoe from 
feeling too rigid on technical descents, and efficient energy transfer, propelling runners 
forward without sacrificing comfort or ground feel. Many carbon-plated road and trail shoes 
struggle with instability on rugged terrain, but the Tecton X 3 mitigates this issue by allowing 
independent movement between the plates, offering both propulsion and adaptability. 

• Outsole Traction Technologies: The Tecton X 3 is equipped with Vibram® Megagrip 
Litebase, a high-performance outsole compound designed for maximum grip without 
excess weight. The Litebase construction allows for a thinner rubber layer, reducing weight 
while maintaining durability and traction. The lug pattern is strategically placed for optimal 
performance, offering multidirectional grip, deep but efficient lugs, and a durable rubber 
compound that extends longevity.  

• Upper Material Durability and Breathability: The upper consists of Matryx® technology, a 
woven material that provides durability, water resistance, and breathability in an ultralight 
package. Unlike traditional mesh uppers, Matryx® integrates Kevlar-like fibers into the 
weave, reinforcing high-wear areas while maintaining a featherlight feel. Additionally, the 
Tecton X 3 now includes an integrated ankle gaiter, a first for HOKA’s carbon-plated trail 
shoes.  

• Performance Assessment: Weighing in at 10.38 ounces (294 grams) for a U.S. men’s size 
10.5, the Tecton X 3 is one of the lightest carbon-plated trail shoes on the market. This low 
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weight, combined with responsive PEBA foam and parallel carbon plates, makes the shoe 
an ideal choice for speed-focused trail runners, ultra-distance racers, and athletes looking 
for an edge on varied terrain. Runners have praised the Tecton X 3’s ability to handle both 
smooth and technical trails, with the carbon plates offering propulsion while maintaining 
ground feel. However, some users note that the high stack height (33mm heel, 28mm 
forefoot) may require an adjustment period on extremely technical descents. 

Salomon 
The Salomon S/LAB Ultra Glide is a trail running shoe meticulously engineered to provide 
exceptional comfort, responsiveness, and durability for long-distance endeavors. This model 
represents Salomon’s foray into the maximalist cushioning segment, traditionally dominated by 
other brands, while incorporating unique features that set it apart in the trail running market. 

 

• Midsole Composition: At the heart of 
the Ultra Glide is Salomon’s Energy Surge 
foam midsole, a lightweight, responsive 
compound that delivers a plush yet 
energetic ride. This foam is crafted from a 
blend of EVA and Olefin [OBC], providing 
a balance between cushioning and 
energy return. Complementing this is the 
R-Camber rocker geometry, inspired by 
Salomon’s ski heritage, which facilitates quick transitions and a smooth forward 
propulsion, enhancing running efficiency over extended distances.  

• Outsole Traction Technologies: The Ultra Glide is equipped with Contagrip® MA outsole, 
designed to provide reliable traction across diverse surfaces. The 4 mm lugs are 
strategically patterned to offer a balance between grip and adaptability, ensuring stability 
on both hard and loose terrains. This design enhances the shoe’s versatility, making it 
suitable for a wide range of trail conditions.  

• Upper Material Durability and Breathability: The upper features a 3D open mesh 
construction, offering high breathability to keep feet cool during intense efforts. Integrated 
Sensifit™ wings cradle the foot, providing a secure and adaptive fit that adjusts to the foot’s 
movements. This design ensures both comfort and support, essential for long-distance trail 
running.  

• Performance Assessment:  Weighing approximately 10.2 ounces (289 grams) for a US 
men’s size 9, the Ultra Glide achieves a commendable balance between cushioning and 
weight. The substantial stack height (32 mm heel, 26 mm forefoot) provides ample 
underfoot protection, while the Energy Surge foam ensures the ride remains lively and 
responsive. Runners have praised its ability to handle various terrains comfortably, noting 
its exceptional performance during long-distance runs.  

Notably, the S/LAB Ultra Glide does not incorporate a carbon plate in its construction, instead 
emphasizing creating a comfortable and dynamic cushioning system for long-distance trail 
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running. While they do offer carbon plate technology in some of their models, Salomon points out 
that carbon plate technology is not equally beneficial for all runners. Indeed, a recent study 
showed that, in addition to carbon shoes not increasing running economy in some runners at all, 
carbon-plated shoes provide the most benefit to athletes running at faster speeds (>13 km/hr)4.  

Adidas 
The Adidas Terrex Agravic Speed Ultra is a trail 
running shoe meticulously engineered for speed, 
responsiveness, and durability over ultra-distance 
terrains. Developed in collaboration with elite 
athletes, this shoe integrates advanced 
technologies to meet the demands of competitive 
trail runners.  

• Midsole Composition: The Terrex Agravic Speed Ultra features a dual-layer midsole 
combining Adidas’ Lightstrike Pro foam with a firmer Lightstrike foam. This configuration 
provides a responsive and cushioned ride, enhancing energy return during runs.  

• Carbon Plate Integration and Geometry: Instead of a traditional carbon plate, this shoe 
incorporates hardened-Peba stability rods embedded in the forefoot of the midsole foam. 
These “Energy Rods” are designed to deliver a dynamic, springy bounce, promoting 
efficient energy transfer and propulsion.  

• Outsole Traction Technologies: The outsole is crafted from Continental™ Rubber, known 
for its exceptional grip on various surfaces. The lug pattern features 2.5 mm lugs in the 
center and 3 mm lugs on the periphery, providing optimal traction and stability on both 
wet and dry terrains. The shoe performs best on less technical trails, where its traction 
capabilities are optimized.  

• Upper Material Durability and Breathability: The upper is constructed from a lightweight 
engineered mesh, providing high breathability and a non-stretch, secure fit. The design 
offers a race-fit with a snug midfoot and forefoot lock-in. However, the heel area could 
benefit from enhanced bolstering and softer materials for improved comfort.  

• Performance Assessment: Weighing approximately 9.5 ounces (men’s size 9), the Terrex 
Agravic Speed Ultra is lightweight, contributing to its speed-oriented design. The shoe’s 
high stack height and pronounced rocker profile make it ideal for runners with efficient form 
on easy to moderate trails. However, its stability may be compromised on technical or 
uneven terrains, and the traction may not suffice in loose conditions. The dynamic springy 
bounce is particularly noticeable, providing a lively ride for those aiming to PR on suitable 
trails.  

 
4 Joubert, Dominy, and Burns. “Effects of highly cushioned and resilient racing shoes on running economy 
and slower running speeds.” International Journal of Sports Physiology and Performance (2023) 
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Nike 
The Nike Ultrafly represents a 
significant advancement in trail 
running footwear, combining 
cutting-edge materials and design to 
meet the demands of competitive 
trail athletes. Developed in 
collaboration with elite runners, this 
shoe integrates Nike’s premier 
technologies to deliver exceptional 
performance on diverse terrains. 
Below is a detailed analysis emphasizing its unique features. 

• Midsole Composition: The Ultrafly features a full-length ZoomX midsole, Nike’s 
proprietary Pebax-based foam known for its exceptional energy return and lightweight 
properties. To enhance stability and protect the foam from trail debris, the midsole is 
wrapped in a durable fabric. This combination offers a cushioned yet responsive ride, ideal 
for long-distance trail running.  

• Carbon Plate Integration and Geometry: For the first time in a Nike trail shoe, the Ultrafly 
incorporates a carbon fiber Flyplate. Positioned between the ZoomX foam and a fabric-
wrapped midsole, this plate enhances propulsion, providing a springy feel that helps 
runners maintain momentum. The Flyplate’s design aims to balance stiffness for energy 
transfer with enough flexibility to adapt to uneven trail surfaces.  

• Outsole Traction Technologies: The Ultrafly is equipped with a Vibram MegaGrip outsole 
featuring Litebase construction. This design offers exceptional grip on both wet and dry 
surfaces, enhancing stability and confidence on technical terrains. The aggressive lug 
pattern ensures reliable traction, making it suitable for a variety of trail conditions.  

• Upper Material Durability and Breathability: The upper is constructed from Vaporweave 
mesh, a lightweight and breathable material that provides a secure fit while allowing for 
adequate airflow. This design helps keep the foot comfortable during extended runs. 
However, some users have noted that the upper’s thinness may compromise durability in 
rugged conditions.  

• Performance Assessment: Weighing approximately 10.12 ounces (287 grams) for a U.S. 
men’s size 9, the Ultrafly is relatively lightweight for a trail shoe. Runners have reported a 
responsive and energetic ride, with the ZoomX foam and carbon plate combination 
providing notable propulsion. The shoe’s design is particularly well-suited for 
ultramarathon distances on less technical trails, offering comfort and efficiency over long 
runs. However, its high stack height and firm midsole may present challenges on highly 
technical or uneven terrains, where stability could be compromised.  
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New Balance 
The New Balance FuelCell SuperComp Trail 
is a trail running shoe that seamlessly 
integrates advanced technologies to deliver a 
responsive and efficient experience for trail 
enthusiasts. Designed to cater to the 
demands of both competitive racing and 
rigorous training, this shoe offers a unique 
blend of cushioning, propulsion, and 
durability.  

• Midsole Composition: The SuperComp Trail features a dual-density FuelCell foam 
midsole, with a softer layer above the carbon plate for lightweight energy return and 
comfort, and a denser layer below for enhanced energy return and protection on diverse 
trail surfaces. This configuration provides a responsive and cushioned ride, enhancing 
energy return during runs. This shoe also uses Energy Arc Technology. Incorporated within 
the midsole, this feature consists of a strategic void under the plate, creating a trampoline 
effect that maximizes energy return during toe-off.  

• Carbon Plate Integration and Geometry: Embedded within the midsole is a full-length 
carbon fiber plate featuring a forked design in the forefoot. This geometry allows for 
enhanced flexibility and adaptability on uneven terrain, offering propulsion without 
compromising stability. The plate works synergistically with the FuelCell foam to deliver a 
responsive and efficient ride. 

• Outsole Traction Technologies: The outsole is equipped with Vibram® rubber, renowned 
for its exceptional grip on both wet and dry surfaces. The lug pattern is designed with multi-
directional shapes to provide traction during ascents, descents, and lateral movements, 
ensuring confidence across various trail conditions. 

• Upper Material Durability and Breathability: The upper is constructed from a dual-layer 
dense weave mesh, providing a secure fit while allowing for adequate breathability. This 
design helps keep the foot comfortable during extended runs. The tight weave keeps out 
trail dust but is vented enough in critical areas to provide ample ventilation.  

• Performance Assessment: Weighing approximately 9.5 ounces (men’s size 9.5), the 
SuperComp Trail is lightweight, contributing to its speed-oriented design. Runners have 
reported a responsive and energetic ride, with the FuelCell foam and carbon plate 
combination providing notable propulsion. The shoe’s design is particularly well-suited for 
both technical and less technical trails, offering comfort and efficiency over long runs. 
However, some users have noted that the snug fit in the toe box may require sizing up for 
optimal comfort.  
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Altra 
The Altra Mont Blanc Carbon is a trail 
running shoe that harmoniously blends 
innovative technology with Altra’s 
signature natural foot movement 
philosophy. Designed for trail racers 
and ultra-distance runners, this shoe 
offers a unique combination of 
propulsion, comfort, and durability 
tailored for technical terrains.  

• Midsole Composition: The Mont Blanc Carbon features a dual-layer midsole utilizing 
Altra’s proprietary EGO™ foam in a rim and core configuration. The rim comprises Altra 
EGO™ MAX, providing a cushioned and supportive perimeter, while the core consists of 
Altra EGO™ PRO, delivering a responsive and lightweight center. This design ensures a 
balance between comfort and performance, catering to the demands of long-distance trail 
running. 

• Carbon Plate Integration and Geometry: Incorporated within the midsole is a full-length 
Carbitex MonoFlex carbon fiber plate. This plate is engineered to provide propulsion and 
protection, contributing to a dynamic and efficient running experience. The plate’s design 
aims to balance stiffness for energy transfer with enough flexibility to adapt to uneven trail 
surfaces.  

• Outsole Traction Technologies: The outsole is equipped with Vibram MegaGrip Litebase 
technology, featuring 4 mm lugs. This design offers reliable grip on various trail surfaces, 
enhancing stability and confidence during runs.  

• Upper Material Durability and Breathability: The upper is constructed from a lightweight, 
breathable mesh, providing a secure fit while allowing for adequate airflow. This design 
helps keep the foot comfortable during extended runs. The upper also features minimal 
overlays for added durability.  

• Performance Assessment: Weighing approximately 9.6 ounces (men’s size 10), the Mont 
Blanc Carbon is lightweight, contributing to its speed-oriented design. Runners have 
reported a responsive and energetic ride, with the EGO PRO foam and carbon plate 
combination providing notable propulsion. The shoe’s design is particularly well-suited for 
both technical and less technical trails, offering comfort and efficiency over long runs. 
However, some users have noted that the shoe may feel unstable on technical terrain due 
to its high stack height and soft midsole.  
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Saucony 
The Saucony Endorphin Edge is a trail 
running shoe that combines advanced 
technologies to deliver a responsive and 
efficient experience for trail enthusiasts. 
Designed to cater to the demands of both 
competitive racing and rigorous training, 
this shoe offers a unique blend of 
cushioning, propulsion, and durability.  

• Midsole Composition: The Endorphin Edge features a midsole composed of PWRRUN PB 
foam, Saucony’s ultra-lightweight and responsive cushioning material. This foam delivers a 
bouncy and energetic ride, essential for maintaining speed over varied terrains. 
Complementing this is SPEEDROLL Technology, which promotes a quick turnover and 
propels the runner forward with minimal effort.  

• Carbon Plate Integration and Geometry: Incorporated within the midsole is a full-length 
Carbitex MonoFlex carbon fiber plate. This plate is engineered to provide propulsion and 
protection, contributing to a dynamic and efficient running experience. The plate’s design 
aims to balance stiffness for energy transfer with enough flexibility to adapt to uneven trail 
surfaces.  

• Outsole Traction Technologies: The outsole is equipped with PWRTRAC rubber featuring 
4mm multi-directional lugs. This design offers reliable grip on various trail surfaces, 
enhancing stability and confidence during runs.  

• Upper Material Durability and Breathability: The upper is constructed from an engineered 
mesh, providing a secure fit while allowing for adequate breathability. This design helps 
keep the foot comfortable during extended runs. The upper also features minimal heat-
adhered bumpers for added durability.  

• Performance Assessment: Weighing approximately 9.2 ounces (men’s size 9), the 
Endorphin Edge is lightweight, contributing to its speed-oriented design. Runners have 
reported a responsive and energetic ride, with the PWRRUN PB foam and carbon plate 
combination providing notable propulsion. The shoe’s design is particularly well-suited for 
both technical and less technical trails, offering comfort and efficiency over long runs. 
However, some users have noted that the shoe may feel unstable on technical terrain due 
to its high stack height and soft midsole.  

The North Face 
The North Face Summit Series VECTIV Pro 3 is 
engineered to deliver top-tier performance for 
ultra-distance trail runners. Developed in 
collaboration with elite athletes, this shoe 
integrates advanced technologies to enhance 
propulsion, stability, and comfort across 
varied terrains.  
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• Midsole Composition: The midsole features a dual-layer DREAM foam construction, 
combining a super-high-rebound nitrogen-injected TPU foam with a PEBA/EVA compound. 
This design offers exceptional energy return and durability, providing a responsive and 
cushioned ride essential for long-distance trail running. Notably, the midsole includes 4 
mm more cushioning than its predecessor, the Summit VECTIV Pro 2, enhancing comfort 
over extended distances. 

• Carbon Plate Integration and Geometry: Incorporated within the midsole is the VECTIV 
3.0 stacked-plate system, which includes a full-length carbon-fiber propulsion plate 
integrated with a recycled-carbon stability top plate. This dual-plate system is engineered 
to deliver high-level propulsion and stability on varied trail terrain, contributing to a dynamic 
and efficient running experience.  

• Outsole Traction Technologies: The outsole is equipped with durable SURFACE CTRL™ 
rubber, optimized for weight and versatility, and made with 20% rubber from smallholder 
farmers committed to agroforestry principles and regenerative agricultural practices. The 
3.5 mm lugs are designed for racing on varied trail terrain, offering reliable grip and 
enhancing stability during runs.  

• Upper Material Durability and Breathability: The upper features a lightweight internal 
skeletal support frame and integrated tongue wings, providing a precise foothold. This 
design ensures a secure fit while allowing for adequate breathability, keeping the foot 
comfortable during extended runs.  

• Performance Assessment: Weighing approximately 10.4 ounces (294 grams) for a US 
men’s size 9, the VECTIV Pro 3 is designed for ultra-distance performance. Runners have 
reported that the shoe offers ample cushioning and a responsive ride, making it suitable for 
long-distance trail races. The dual-plate system provides a balance of propulsion and 
stability, particularly beneficial on varied trail terrains. However, some users have noted 
that the shoe may feel less stable on highly technical terrain due to its high stack height and 
soft midsole.  

Scott 
The Scott Ultra Carbon RC is a trail running shoe designed for 
ultra-distance racing and high-speed performance on rolling 
and technical terrain. Unlike many carbon-plated trail shoes 
that prioritize extreme cushioning, the Ultra Carbon RC focuses 
on precision, efficiency, and dynamic energy return, making it a 
standout option for serious racers.  

• Midsole Composition: The Scott Ultra Carbon RC sets 
itself apart with Kinetic Light Foam, a lightweight yet 
firm midsole material that provides a direct and 
energetic ride. Unlike softer foams that can feel 
unstable on technical terrain, Kinetic Light Foam delivers excellent ground feedback and 
energy return, keeping runners connected to the trail. This firmer midsole composition 
makes it ideal for runners who prefer a snappier feel over plush cushioning, especially in 
long-distance races that involve varied terrain. The foam also enhances durability, 
maintaining responsiveness over extended use without premature compression. 

about:blank
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• Carbon Plate Integration: One of the defining features of the Ultra Carbon RC is its 
Carbitex GearFlex carbon fiber plate, which offers a unique balance of rigidity and flexibility. 
Unlike traditional stiff carbon plates, GearFlex adapts to the terrain, ensuring efficiency on 
climbs and stability on descents. The plate is specifically tuned for ultra-distance racing, 
meaning it delivers propulsion without compromising ground feel. While many carbon-
plated shoes struggle with technical trail stability, Scott’s integration ensures better control 
on uneven terrain. 

• Outsole Traction Technologies: The Ultra Carbon RC features Scott’s proprietary Ultra 
Traction outsole, designed with a semi-radial lug pattern to improve efficiency in forward 
motion without excessive drag. This unique design ensures that each step provides 
maximum propulsion, rather than sinking too deep into loose terrain. Additionally, multi-
directional traction elements in key zones enhance control on technical descents. 
Compared to traditional deep-lug outsoles, the Ultra Carbon RC’s outsole is optimized for 
long, rolling terrain where grip and efficiency need to be balanced. 

• Upper Material: The upper construction of the Ultra Carbon RC is built for precision and 
security. The shoe features a dual-layer mesh, where the inner layer provides a snug, race-
ready fit, and the outer layer protects against debris while maintaining breathability. Unlike 
heavily cushioned trail shoes, Scott’s design philosophy emphasizes a locked-in fit that 
minimizes unnecessary movement inside the shoe, making it a great choice for technical 
descents and aggressive cornering. 

• Performance Assessment: Weighing approximately 11 ounces (312 grams, men’s size 9), 
the Ultra Carbon RC is built for long-distance efficiency rather than extreme plushness. Its 
combination of firm Kinetic Light Foam, a tuned carbon plate, and an efficient lug system 
makes it ideal for runners who want speed, control, and energy return in ultra-distance 
events. The snappy, efficient ride is best suited for runners who prefer a firmer, more 
responsive underfoot feel. 

Notable Announced but Unreleased Shoes 
Puma Deviate Nitro Elite Trail: In this shoe, Puma incorporates technology and materials from its 
road racing super shoes to create a trail shoe with a breathable ultra-weave upper and low-profile 
3mm lugs. 

ON CloudUltra Pro: This ultra-cushioned shoe features a nylon-fiberglass forked plate and low 
profile outsole lugs for versatility on a wide range of terrain.  

X-Bionic TerraSkin XOO C: This shoe is designed to work in synchrony with the anatomically 
mapped design of X-bionic compression socks. It advertises a rugged outsole built into a lower foot 
cradle for more support on off-camber terrain.  

Merrell MTL Adapt Matryx: Equipped with a hydrophobic upper, Merrell has designed this trail 
shoe for a variety of conditions and optimized it for ultra-distance racing.  

Technical Literature 
Recent innovations in trail running shoe technology reflect a strong trend toward customization, 
performance adaptability, and user-verifiable impact protection. The patents reviewed highlight 

about:blank
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advancements in modular design, with interchangeable flexion plates that allow runners to tailor 
their shoe’s rigidity and energy return; dynamic shock absorption, integrating visual indicators to 
confirm cushioning performance; and enhanced traction and fit adjustability. These developments 
address the growing demand for high-performance, personalized footwear that adapts to diverse 
terrains, running styles, and user preferences, signaling a shift toward precision-engineered, data-
driven athletic gear in the trail running industry. 

Patents 
Title: Trail running shoe and flexion plate insert for a trail running shoe 
Publication Number: US20230172313A1 
Publication Date: June 7, 2023 
Assignee: Kevin P. Fallon, David H. Dombrow (Speedland) 
Summary: The patent describes an innovative trail running shoe that incorporates a removable and 
customizable flexion plate insert to enhance performance, protection, and adaptability to varying 
trail conditions. The unique aspect of this invention lies in the flexion plate’s asymmetric flexion 
characteristics, where it offers greater resistance to dorsiflexion than plantar flexion, optimizing 
ground feel while providing stability, energy return, and impact protection. The flexion plate, 
preferably made of carbon fiber, is designed to be non-destructively removable and replaceable via 
a novel mounting plug system, allowing runners to swap out plates with different flex properties. 
Additionally, the shoe features a reel-based adjustable tensioning system for a customizable fit, 
cuttable traction lugs for user-defined grip customization, and selectively removable drainage 
plugs to improve water egress. The combination of modular performance tuning, adaptive fit 
systems, and high-durability materials makes this shoe a unique advancement in trail running 
footwear technology. 
-- 
Title: Multifunctional outdoor shoe, especially mountaineering shoe, mountain running shoe, trail 
running shoe or climbing shoe, and method for its production 
Publication Number: DE102014213303A1 
Publication Date: January 13, 2016 
Assignee: Adidas 
Summary: This patent describes a novel method for manufacturing multifunctional outdoor shoes, 
such as mountain boots, trail running shoes, and climbing shoes, by integrating a textile surface 
area with a rubber outsole unit without the use of adhesives. The key innovation lies in the direct 
vulcanization of the outsole to a textile material that extends beneath the foot, creating a durable, 
mechanical, and chemical bond. This process enhances the shoe’s durability, flexibility, and 
environmental sustainability by eliminating harmful adhesives. Additionally, the patent details a 
method for selectively varying rubber compounds in different outsole areas to optimize traction, 
abrasion resistance, and stability. The outsole unit is formed in one piece and includes structural 
features such as toe caps, medial and lateral side wings, and a heel counter that molds to the 
wearer’s foot for improved fit and support. The inclusion of an exchangeable insole with variable 
stiffness and damping properties further enhances adaptability for different activities. This 
invention significantly improves the longevity, stability, and manufacturability of high-performance 
outdoor footwear. 
-- 
Title: Manufacturing method of soles for trail running shoes 
Publication Number: KR20240039900 
Publication Date: March 26, 2024 
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Assignee: Baraq Co., Ltd. 
Summary: The patent describes a novel method for manufacturing trail running shoe soles with an 
integrated shock absorption verification system. The key innovation lies in incorporating a 
transparent window along the heel side of the midsole, which allows visual confirmation of the 
compression of an elastic balancing gel embedded in a receiving cavity within the midsole. This 
design solves the problem of uncertain shock absorption effectiveness by enabling users to see 
how much the gel compresses underfoot pressure, ensuring stable cushioning performance. 
Additional features include compression protrusions on the balancing gel that enhance 
responsiveness, and recessed horizontal and vertical lines in the midsole for improved structural 
flexibility. This approach provides a functional and user-verifiable impact absorption system, 
making it a significant advancement in trail running shoe technology. 
-- 
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