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            ixRecreational distance running is, perhaps, the most individual of all sports. We all have our reasons for taking up running, and our reasons for carrying on. Some run for competition – to beat others or better themselves – while for some it’s entirely unrelated to competitive sport and more about movement or mindfulness, being outdoors or being with others. For many, the regular practice of running is closely tied to our identity, our sense of self-worth and well-being. Running is where we meet others and discover ourselves.

         

         As a form of exercise, running’s ability to fit in around other commitments, along with its time-efficiency and cost-effectiveness, make it perfectly suited to our busy, modern lives. Running can be what you want, when you want it. Running is therapy, relaxation, challenge, health, companionship, sightseeing, competition and much more.

         This book is aimed at anyone wanting to improve their knowledge and understanding of the art and science of running. Covering a broad range of topics, relevant to all runners, and drawing on the latest research and evidence-based practice, our aim is to provide a clear, concise, detailed, yet accessible guide to all things running.

         Compared with a few decades ago, runners tend to specialise less in the kind of running they do. Parkrun has made a weekly 5K commonplace for thousands, while running marathons for charity or a new PB, trail races as a way to explore new places, or an ultramarathon to explore our own limits, are all popular ways to spend a morning, a day, a weekend, or even longer.

         Whether you’re just starting out, contemplating your first marathon, aiming for a new personal best, training for a multi-day ultra, or simply enjoying exploring your local trails, this book covers everything you need to know to approach it at your best. It is the result of many years of experience and a lifelong passion for the subject, underpinned at every step of the way by solid, scientific evidence from a vast range of disciplines. It will help you to navigate the mass of often-conflicting information on areas as diverse as form, fitness, technology, technique, supplements and shoes, addressing and clarifying each topic to help you make better-informed decisions. You’ll also discover the intricate interplay of body and brain in endurance sport, and learn how to hone these to work best for you.

         Why run?

         Having run for so many years ourselves, it can be hard to pin down and explain exactly why we head out for a run on most days, even if we’ve no races planned. We’ve both run regularly for so long that running has become a part of who we are, shaping and strengthening our bodies and our minds. Our daily escape to the trails has become an essential part of life.

         The research on why people take up running, particularly later on in life, is pretty scarce. From our own ethnographic work, we’ve found that health-related reasons for taking up running are common. For many it’s to try to lose weight and xget fitter; for some it’s following a health scare of their own or someone close to them; for others it’s a desire to take on a new challenge, learn a new skill, or meet new people. Forming the habit to run can be hard at first; when our days don’t have a space reserved for running and it feels like an effort simply to get everything together and make that first step out through the door. Once the habit is truly ingrained, though, to the point where it is perhaps no longer exactly a habit but instead a necessary part of feeling like the truest version of ourselves, it can feel like more of a struggle not to run.

         In his book, Running with the Pack: Thoughts From the Road on Meaning and Mortality, philosopher and runner, Mark Rowlands, discusses running’s ‘inherent’ or ‘intrinsic’ value – how the act of regular running benefits us in terms of physical and psychological health – alongside its meaning to us, as human beings. While research certainly backs up the idea that physical activities like running, particularly when undertaken in green environments, are good for our health, is this really the main reason why runners run? Rowlands suggests not. He thinks we don’t run for any inherent value in running, and neither does he think it is much to do with enjoyment – for every moment of enjoyment during a run there are far more when it feels like a slog and yet we still keep at it. Those who race must always know there are many people faster and slower than they are – that performances and finishing times are all relative, all essentially meaningless – and only a very select few are good enough to begin to make a living from running. Rarely do we even run in order to get somewhere.

         Perhaps, then, as Rowlands suggests, we run for running’s own sake. For the places running takes us to during our run, rather than as a function of it. For the way running enables us to understand and remember who we are.

         The world of running

         At first glance, running is just running – one foot in front of the other, repeat. But when it comes to the kind of running we might want to do, there’s a range of different disciplines, each with its own ethos, skill set and kit requirements.

         Road running

         Road running is considered by some to be a purist form of running, which might seem odd given that we spent a couple of million years evolving to run off-road. But the essence of road running lies in the fact that the terrain doesn’t necessarily influence the outcome in the same way it does on the trails or in the mountains – as far as possible, it’s all about the running. As long as the road is reasonably flat, times run for standard distances can be compared across any number of locations. Big city marathons are run on the roads for this reason, and because closed roads mean plenty of room for a lot of runners. Road running is the discipline where many runners start, inspired by friends, family or the vast crowds of runners and spectators filling the streets on marathon day.

         Track running

         Many runners have never set foot on a track, yet it’s often track running – the battles to be the fastest over every distance from 100 to 10,000 metres – that dominates in the media. These floodlit arenas, populated by elite athletes wearing little more (and sometimes a little less) than their swimming kit, aren’t where most recreational runners feel at home. And yet track running can be enjoyable and surprisingly varied, from weekly interval sessions to 24-hour track ultramarathons. Many running clubs have access to a track and club track nights can be both fun and beneficial to your running, so, even if running in lanes and circles doesn’t sound like your cup of tea, don’t knock it until you’ve tried it.

         Cross-country running

         Not to be confused with any other kind of off-road running, cross-country running is a specific discipline, mostly popular with schools, club leagues, and off-season track and road runners. Held over the winter months in a muddy field, it usually involves a large number of runners and the wearing of spikes, which are entirely different to the off-road running shoes worn by trail and fell runners. Cross-country races are usually short, fast and furious, and run in freezing cold conditions. They’re a great way to maintain fitness and leg strength over the winter months. xi

         Trail running

         Trail running – following pre-made trails through a variety of landscapes – is a fast-growing running discipline, popular because of its sense of freedom and adventure, and its customisability. The number of trail races held globally has increased rapidly over the past decade, and the offering is vast from short, fast and flat to long, slow and mountainous. Trails offer a ready-made adventure for runners, with waymarked long-distance trails perfect for multi-day exploration (also called fastpacking) or timed challenges, aiming to claim the fastest known time (FKT) for a particular route. Trail races are usually waymarked, but can also be self-navigated.

         Fell running

         Originating in Scotland and the north of England, fell running (also known as hill running) usually follows off-trail routes over open, upland landscapes such as mountains and moorland. Sometimes courses are marked, but many races require runners to navigate themselves around a series of checkpoints. As with trail running, the distances, ascent and conditions vary widely, but the races tend to be more low-key, less expensive to enter, and more locally focussed. Fell races often take in short stretches of trail and/or road. Mountain marathons are usually two-day self-supported, self-navigated fell races for teams of two, with an overnight camp halfway round.

         Ultrarunning

         Another area of running that’s seeing rapid growth in popularity, ultrarunning involves running any distance greater than a marathon – 26.2 miles (42.2 kilometres). Ultras can be run on trails, fells, roads, tracks or any other location that lends itself to being run over, around or through for a long time. Famous ultra races include the Spine Race, which has winter and summer versions and follows all 268 miles of the Pennine Way in the UK, and the UTMB (Ultra-Trail du Mont-Blanc), which encircles the famous mountain and travels through France, Italy and Switzerland along the way.

         Our running journeys

         Jen

         Running is something I started doing even before I realised it was a thing. I ran in between riding my bike and climbing trees. I ran when I wanted to get somewhere more quickly than walking, which was often. I ran down hills with my arms spread wide, because it felt … amazing.

         The first time I remember running because somebody told me to was in my second year of secondary school at the age of 12. I was brand new to the school just in time for the annual cross-country race, something I’d never even heard of before. Nobody thought to mention to me that I should pace myself rather than front-running all the way, or that it wasn’t very cool to finish covered in mud and sweat and then proceed to throw up over my shoes. But that’s how I ran, and won, my first race.

         Soon afterwards I again changed schools and started listening to those who told me it wasn’t cool to get sweaty, muddy and sick running around a field. So, running and I had something of an on–off relationship until my early 20s. xiiThen, when a serious car crash left me unable to walk let alone run for a while, the incredible privilege of having a body that works really hit me. As I healed physically, I started running regularly; initially just for a slow five minutes at a time and gradually increasing my speed and distance. This process also helped me deal with the psychological trauma of the crash, and was the beginning of a love for running that has stayed with me ever since.

         Running has been the background to many major life events, most importantly meeting Sim and the arrival of our two children. I’ve been lucky enough to run many races and even to win a few; I’ve run the London Marathon from the Championship start, as well as more than 60 other marathons; and I’ve experienced the full range of running challenges, including mountain marathons, fell races, fastpacking adventures, ultras, and the very special marathon that happens at the end of an Ironman triathlon. I’ve also been lucky enough to run through two pregnancies and experience the return to fitness that followed, running then becoming something that I juggled around childcare.

         My career, too, has revolved around running. Firstly, as a musculoskeletal podiatrist, specialising in treating distance runners; then as a MSc and PhD researcher, looking at running biomechanics, injury, training habits and, more recently, the psychology, sociology and philosophy of running. For the past decade, together with Sim, I’ve been researching, writing and photographing content for our own running books and for major running magazines and the national press. We’ve also both gained our running coach qualifications, and we work together coaching a fabulous group of runners of a range of ages, experiences and backgrounds.

         Over the years I’ve met and talked with countless runners: through work, friends, events, research projects, clubs and simply out running. I’ve seen many running trends come and go; records and FKTs broken; and inspirational people of all kinds telling their own running stories. This book has come about through the accumulation of all these things: personal experiences, scientific learning, and the wisdom, courage and expertise of others.

         Sim

         I grew up with outdoorsy parents. I remember long walks and sometimes camping out so we could link walks together – I loved it. As I grew older, I started riding my bike and following Dad around his local running loop, I’d race ahead on the downhill and he’d reel me in on the next ascent. In my early teens I occasionally ran with Dad around Haldon Forest near Exeter, but I was getting into mountain biking and soon took any opportunity of a lift to the forest to take my bike. A few years later we started climbing and that took over. Climbing got me back into the mountains and used to long days on my feet. I learnt to navigate and be self-reliant in the hills. In my early 20s, having finished an environmental science degree, I started running. Initially it was to keep fit for climbing and a good activity for the rainy days when I couldn’t climb, but I found that at some point I was choosing to run rather than climb; I’d evolved into a runner.

         Jen and I met while working at a climbing shop – she started just after I’d signed up for my first marathon and my first ultra. I knew she ran so I was keen to quiz her; we got talking, went for a run and we’ve carried on running together ever since. xiiiThe marathon went well and so did the ultra.

         We ran, raced and explored together, ending up creating our first book, Wild Running, in 2014. We loved the process and dived into the outdoor writing and photography world. Since then, we’ve been writing regularly for several running and outdoor magazines as well as publishing more running, walking and adventure guidebooks.

         Now I run to explore, and to challenge my body and my mind. I run because that’s what I do and who I am; running helps me to relax and to think. I’ve never regretted going for a run. I’m particularly excited by new trails and connecting valleys or ridgelines on foot; I love the adventure. I’ve used running to connect easy climbing routes, creating amazing mountain days. I once spent a brilliant afternoon swimming the bays and running the headlands around Bryher in the Isles of Scilly. My racing has seen me chasing faster times on the road and rougher races on the trails. I’ve raced from parkrun to 110 miles, completing ultras, SkyRaces, mountain marathons, adventure races and an Iron-distance triathlon. I’m currently chasing Jen’s half and full marathon times and researching long run–scramble links in the French Alps, along with working on my VO2 max for some shorter, faster races I’ve got lined up. I’m not sure which I’m most excited by.

         I’m a geek when it comes to running kit, maps and planning. We’ve been gear experts for a number of running and outdoor magazines over the past decade and we’ve worked on product development for a few brands. We’ve tried out and reviewed a lot of shoes, clothes, packs and equipment over the years. I know what works well in specific situations and what’s lightest, but with increasing public awareness of the climate crisis I’m excited to see how brands are creating more durable, versatile products that work in a wider variety of terrain and conditions. It’s so important that our running kit works brilliantly, lasts well and that it was made with minimal impact.

         My walking, climbing and mountaineering background taught me to navigate confidently in extreme weather and terrain, with training and practice I’ve adapted these skills for the higher speeds of run navigation. I find inspiring and empowering other people to run incredibly rewarding and, as a qualified running coach and run leader, love taking groups out on the trails to explore.

         About this book

         The varied and fascinating world of running – the physiology, psychology, biomechanics, culture and philosophy that come together to make someone a runner – offers a vast resource from which to draw when putting together a book like this. Across each topic we delve into a range of disciplines, aiming to explore and understand the very essence of what it is to be a runner.

         Scientific research, published in journals, holds many of the answers to the questions we wanted to ask, from optimising your training and racing so you can be the best you want to be, to the more nuanced aspects of running such as identity, well-being and inclusivity.

         Whether your primary goal is to stay injury-free so you can run every day for health and well-being, to see how fast you can run a marathon, or to find out how far you can go in the world of ultrarunning, basing your training on the best available evidence gives you the best chance of success. In the chapters that follow, we bring together the most up-to-date and relevant research and present it in a way that’s (we hope!) interesting, informative and useful to real-world runners. In addition, we’ve interviewed experts, clinicians and runners themselves to draw from the wealth of experience that only comes through many years of working with, and being, runners.

         Though we think all runners will enjoy its content, this book is most relevant to endurance runners – those running distances of 5K or more – rather than sprinters. While we do address faster running, this is presented as speedwork to improve your running over longer distances, rather than specifically for sprinting.

         Our guiding principles

         The book is based on the following three guiding principles. We’ll bring them up regularly throughout the book, as they’re relevant to every part of running. xiv

         
1 Running should be fun — at least retrospectively

         There’s a lot of information in this book. But the single most important thing to remember about running is that it needs to be fun. If you don’t enjoy running – or at least the satisfaction of having done it – you won’t be motivated to get through the door, day after day, month after month, year after year. Becoming a runner is a passion, a way of life, and we’ve written this book to help you nurture and grow that passion.

         An important part of falling in love with running is learning to take the rough with the smooth. That doesn’t just mean regular off-road adventures – although those definitely help. It also means accepting that not every run is going to be filled with endorphin-inducing, in-the-moment fun. Some runs do feel amazing – when you hit that elusive runners’ high, or when it all just feels smooth, coordinated and almost effortless. But there will always be runs that are a slog from start to finish. If you can, try to find joy even in the bad runs. Learn to embrace type-II fun – that special type you only appreciate retrospectively – then enjoy those post-run moments when you can bathe in the satisfaction and smugness of having done something difficult and come out the other side. The tough days are when we learn the most about ourselves, and when we build up our reserves of strength and determination for future runs – or any other life events – that don’t go as planned.

         Having said all this, if you can’t remember the last time you enjoyed a run it might be worth taking some time to think about your reasons for doing it. Perhaps you need some time off, or a change in your approach to running. Or perhaps you need to try another sport for a while – we’ve heard they exist – at least until your love for running returns.

         
2 Every runner is unique

         It seems obvious to state that everyone is different: no two human beings on earth possess the same specific combination of genes, life history and psychology. But in the world of scientific research, particularly the quantitative, objective kind, it sometimes feels like this gets forgotten. One of the downsides of numbers-driven research can be that it doesn’t embrace – or even consider – individual differences. Scientists can run experiments and draw conclusions, but these conclusions will only answer the specific questions asked and may only apply to those who most closely resemble the group that was studied. In countries like the UK and US, young, white, male university students and military recruits are generally keen to take part in research and easy to study, so it’s no surprise that this is the population studied in much of the existing sport science literature. Those who can be more time-consuming to recruit or to study, such as people of colour, children, older people, females, pregnant people and trans people tend to be under-represented.

         This doesn’t mean the existing literature isn’t valuable. Well-conducted research provides an excellent foundation on which to base an informed but more individualised approach. But, sadly, not every study is conducted as well as it should be. In the same way as it’s wise to treat anyone who claims to have found the one true way that everyone should run with a healthy dose of scepticism, research findings should always be scrutinised to make sure the study was well conducted and included participants similar enough to you to be relevant before adopting the recommended approach.

         In this book we draw from both quantitative research – the numbers-driven stats and data kind – and qualitative research, which is more interested in areas such as individual experience, motivation, confidence and the narratives we all carry around in our heads that frame how we think about ourselves and others. Using these solid foundations to work from, we then offer suggestions for how to make running work best for you.

         On a similar but at the same time entirely different theme, it’s well worth holding on tightly to the importance – and brilliance – of our individual differences when it comes to places like social media. Comparing and contrasting ourselves with others, or attempting to imitate how other people do things, is, at best, usually a waste of time. In all likelihood, you’re only seeing a heavily curated snippet of an influencer’s real life or the successes of a top runner’s season. Some accounts are informative and inspiring to follow, and may well help to increase your knowledge and inspire your running. But be picky about who you listen xvto. Try not to let the inevitable comparisons that are a consequence of scrolling through a social media feed make you feel worse about your life or your running – instead, focus on what you love and value about your life and your running.

         
3 You know you best

         We live in a world filled with data and metrics. Wearable and portable technology has changed everything, and running is no exception. At the press of a button, we can view detailed information about facets of our physiology we previously didn’t even know existed – as well as how fast everyone else is running. But how useful is all this information? And how much of it do we really need to know to run as far and as fast (and as fun) as we want to?

         Research underpins the fact that we’re actually really good at knowing how hard we’re working at any given time, without needing to rely on data – you’ll find plenty more on this on pages 18–19, when we discuss measuring fitness. Additionally, really listening to ourselves – the signals we’re getting from our minds and bodies – allows us to maximise each day for training or recovery. Regardless of what your watch is telling you, if you’re feeling great, consider going further or harder. If you’re not, ease back or perhaps consider taking a rest day.

         
            Legendary ultrarunner Courtney Dauwalter is well known for her intuitive approach to training. As a full-time athlete she has the luxury of having all the time she needs to train, but she’ll plan each day’s training depending on how she’s feeling before she heads through the door and while she’s actually out on her run. Her training is high mileage (over 100 miles each week) and incorporates all the essentials – long runs, easy runs, hilly runs, fast runs, rest days and strength and mobility work – but by being flexible about where and how she does each of these things she’s able to maximise the effectiveness of each and every aspect of her training. And if it works for Courtney …

         

         Some people enjoy interacting with data and there’s nothing wrong with that, as long as you’re aware of the limitations of what you’re seeing. Remember that numbers are an interpretation of reality, often through a specific corporate lens, and not actual reality. Again, more on this later in the book. A good piece of advice to consider in your daily relationship with your wearable tech is that if it makes you feel worse about your run than you did before you looked at it, you’re better off leaving it at home.

         A note on sex and gender

         Throughout this book we refer to the biological sex of runners as female and male. While this isn’t perfect, and doesn’t capture every experience, it allows for helpful exploration and understanding of the distinct physiological differences between the bodies of those who have gone through puberty under the primary influence xviof female sex hormones, most notably oestrogen and progesterone, and those who have gone through puberty under the primary influence of male sex hormones, most notably testosterone. We embrace gender as a far broader term, referring to self-identity.

         A quick-start guide to running

         Despite the wealth of literature and expert opinions on running – including those drawn on in this book – running really is very simple to start. If you’re keen to get going right now, here’s what you really need to know – you can peruse the rest of this book at your leisure. Each point (and much more) will be covered in greater detail later on.

         
1 The three magic ingredients

         While this book covers a multitude of different aspects of running, becoming a better runner – the best runner you can be and want to be – boils down to just the following three things:

         
            * Running well, which is all about striking that balance between running enough to stimulate the physiological and psychological changes necessary for meaningful improvement, and avoiding injury and burnout.

            * Sleeping well, which is all about getting an optimal amount of high-quality sleep for recovery and adaptation after training, as well as overall health and well-being.

            * Eating well, which is all about enjoying a diet that is sustainable (both ethically and personally) and that provides adequate energy and nutrients to support health, training and everything else in life.

         

         
2 Play the long game

         When you start out running, think about improvements happening over years rather than weeks or months. While some improvements, such as those in cardiovascular fitness, might seem to happen quickly, longer-term physiological and biomechanical adaptations, as well as the knowledge and experience to run at your best, continue to improve over many years. So be patient, and plan to be in this for the long run.

         
3 You probably don’t need a gait analysis

         If you’re brand new to running, or coming back to it after a long time off, a lot of changes are going to be happening in your body – and therefore your running gait – over the coming months. Your gait will change naturally as you get fitter, stronger and more efficient, so at this point a gait analysis isn’t going to tell you much that’s of use. If you’re a more experienced runner and concerned about your gait, a more holistic approach to training, including strength and mobility work, running drills and trying not to spend hours at a time sitting down will all have far more positive effects on your running gait than attempting to change it based on someone’s opinion of what running gait ‘should’ look like. We’re all different, and we all run slightly differently. However, if you’re suffering repeated and/or long-lasting pain or injuries, or struggling to find shoes that work for you, it’s a good idea to seek expert advice. xvii

         
4 Comfort is key

         Before worrying about the tech specs of your shoes, or the weight of your waterproof jacket, make sure everything you run in, from socks and shoes to hats and sunglasses, fits perfectly and stays comfortable and in place for the duration of your run. If anything you’re wearing rubs, pinches or falls off on the go, you’ll be less likely to enjoy the experience and less likely to want to do it again.

         
5 Shoes aren’t magic

         The basic functions of running shoes are to provide protection and traction for your feet. Humans may not have evolved to wear shoes, but neither did we evolve to run on uniformly hard surfaces such as roads and pavements. Our feet evolved to sink into the earth, and need to do so in order to function effectively. Shoes with some cushioning and some heel–toe drop (see page 176) create an interface between foot and ground that mimics the soft surfaces we did evolve to run on.

         Shoes can even make feet better than evolution, adding protection from undesirable encounters with anything from sharp rocks to dog poo, as well as studded outsoles for aggressive grip in muddy, slippery conditions. If you’ve ever tried to run barefoot over slippery mud, you’ll appreciate what a difference this makes. Choose shoes that fit your feet perfectly, with a good thumb-width of space in the toe, and lace them with care so that there are no tight or loose spots anywhere throughout the length of the shoe. When buying running shoes for the first time, go for a model that doesn’t over-promise: simplicity is good to begin with – and probably longer-term too – but we’ll get on to that later.

         
6 Start (and finish) slow

         Slow running is still running. Walk-running (also known as Jeffing after US Olympic runner Jeff Galloway, who ‘invented’ the technique) is still running. As long as you’re getting what you want from your running, or at least moving in the right direction, you’re already a runner. Every run should start and end slow, allowing your body to warm up and cool down properly. Even experienced runners start and finish slow – and if they don’t, they should.

         
7 Be kind to yourself

         There’s very little doubt in the scientific world that, for most people, running is beneficial for our mental and physical health. But sometimes it doesn’t feel that way, and that’s an important thing to accept right from the start and resolve to be kind to yourself about. In an ideal world, running would always be fun. Every run would be a blast and we’d love each mile and finish wishing we could carry on forever. But, in reality, getting out for a run can sometimes feel like a monumental struggle in its own right. Sometimes, every mile feels hard-won when brain, body – or both – refuse to co-operate. Sometimes, the training plan starts to look more like a list of things to avoid doing.

         Usually, coincidentally, this is the exact moment when everyone on social media chooses to celebrate their massive achievements with #medalmonday photos, screengrabs of epic weekend mileage and, of course, the ability to coordinate all their kit so they look totally amazing while doing so. These are the times to stop comparing and go back to why you wanted to start running in the first place. Plan a run to a favourite cafe; get some conversational miles in with a good friend; or learn some in-the-moment appreciation tips from the dog. These are the times to stop worrying about the training plan, Strava, or what everyone else is doing and just do it for yourself. If you find yourself here, the best plan is to leave your watch behind, switch off your phone and find joy in the simple act of moving – even better if you can do it somewhere scenic.
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            Human running involves a brilliantly complex interaction between our bodies’ various systems: our biomechanics, physiology, energetics (the utilisation of the energy we take in via our diet) and our brains. In this chapter we’ll provide an overview of these systems, delving into each one individually and then stepping back to take a broader view on how they all fit together.

         

         1: Biomechanics

         It’s not just our individual bodies that are shaped by running; it would be fair to say that running has been instrumental in shaping us as a species. Our early ancestors took their first steps towards running as we know it today around two million years ago. Researchers have looked at the specific features of our unique skeletons that inextricably link human evolution and distance running. The conclusions? We’re remarkably good at endurance exercise and have evolved specific biomechanical and physiological adaptations allowing us to cover long distances on foot (Bramble and Lieberman, 2004).

         The energetic cost of human locomotion, i.e. how much energy it takes for us to move at a walk or run, is similar to that of quadrupedal mammals of a similar size to us. That doesn’t sound particularly impressive until you stop to consider that we’re able to achieve this while only using two limbs, rather than four. And that’s a huge advantage, as it allows us to carry food, drink and useful tools such as running poles and navigational devices as we go.

         Quadrupeds use their rear legs for propulsion and their front legs for stability and shock absorption. Watch a dog, cat or horse moving at speed and you’ll see it using its large, powerful gluteal muscles to power rear legs that act like springs, storing and releasing energy to propel their body ahead of them. Their front legs act like struts, supporting the animal’s body weight as it moves over them, leaving the rear legs free to start storing elastic energy again for the next stride. Human legs have to do all of this during every step we take, both absorbing the impact of each foot landing, and then generating forwards propulsion as we push off.

         Our amazing feet play a key role in our remarkable bipedal ability. Human feet are different from those of other primates, having lost their opposable ‘thumbs’ in favour of two arches – the obvious one along the length of the foot and a lesser-known one across the width – which allow us to walk and run upright. These arches act like the leaf-spring suspension in vehicles, deforming to absorb the impact of each foot landing, which, especially during fast and downhill running, can be many times our body weight.

         As our body moves over our supporting leg, the small muscles within our feet work to stiffen the joints in the mid and rear part of the foot. This magically transforms the foot from a flexible shock absorber into a rigid lever, which our powerful leg and hip muscles can utilise to move us forwards. 4

         Running isn’t just a faster version of walking. Human walking gait has been described as being like an ‘inverted pendulum,’ our bodies vaulting efficiently – almost effortlessly – over each supporting foot via a series of smooth joint rockers, carried by our own momentum. As we speed up to a run – and start to incorporate an airborne or ‘flight’ phase into our gait – we use our muscles, tendons, joints and ligaments in an entirely different way, storing and releasing energy like a series of springs. Running is basically bouncing from one foot to the next, facilitated by the storage and release of energy from the elastic structures of our bodies. As well as having a flight phase, running results in a higher cadence (the number of strides taken per minute) and a longer stride length than walking.

         Uphill and downhill running

         Running up hills increases the amount of energy and oxygen required for forward progress, but it also changes our biomechanics. Even if we still look and feel like we’re running, the flight phase of our running gait may disappear altogether on very steep uphill terrain – the ‘bounce’ that moves us upwards and forwards on the flat is instead absorbed into our movement up the incline.

         Steep uphills demand rapid delivery of oxygen to working muscles. For this reason, like running faster intervals, our individual ability to keep running when we’re ascending a steep hill is highly dependent upon our level of fitness – our VO2 max, which we’ll go into in more detail on page 18 – as well as other factors such as muscle strength and fatigability.

         
            Should I walk or run up hills?

            Many runners, especially those starting out or used to flatter road running, assume they should be running up every hill. But running isn’t always the fastest, or the most efficient, way to get to the top. Once the gradient of a hill is steeper than about 15 degrees (27 per cent), walking is more efficient than running.

            Most runners, especially in longer runs and races, switch regularly between walking and running on uphill sections, which both decreases the demand for fuel and oxygen to the working muscles and changes the loading patterns, reducing fatigue in specific muscles.

            Whether you choose to walk or run a hill in any given situation also depends on more subjective factors, such as whether you’re trying to win a race, how tired you’re feeling, and how far you’ve got left to run.

         

         Running up hills is a great way to improve cardiovascular fitness and muscle strength with – as long as the hills aren’t too steep – a potentially lower injury risk than downhill or flat running. Interval sessions (see page 221) can be more effective when run on an incline compared with flat terrain, as they require more effort with less impact.

         Downhill running, especially when done at speed, often involves an extended flight phase, combined with large impact forces as we land and braking forces as our muscles work hard to slow us down against gravity. Downhills can be a great opportunity to cover ground for relatively little effort; however, they can also increase the risk of injury, both from the increased risk of falling over and from the repeated high forces transmitted throughout the body.

         Muscles in running

         Muscles are amazing. Using energy from the food we eat and oxygen from the air we breathe, they contract to create movement in our bodies. From the smooth muscle of the heart, gut and blood vessels, which carries out its essential contractions without our conscious input, to the skeletal muscles, which are under our conscious control, muscle and its unique contractile properties keeps every part of us going.

         Types of muscle contraction

         When we think about muscles and how they work, it’s easy to have a Popeye-esque view of each muscle shortening as it contracts to form a noticeable bulge. But in reality, and particularly during dynamic movements such as walking and running, our muscles most often act eccentrically – lengthening, rather than shortening, as they contract. In this way, rather than purely generating power, they often work more like a brake, slowing down and controlling the gravity and momentum-assisted motion of our body segments. 5

         
            The term ‘contraction’ simply means the tensioning of a muscle, regardless of whether it’s shortening, lengthening or staying the same length while doing so. Here’s a brief summary of the different types of muscle contractions.

            Concentric contractions generate force through the shortening of the muscle – like the biceps muscle during a bicep curl.

            Eccentric contractions happen in response to an opposing force, and are generated by elongating muscles – like the quadriceps muscles on the fronts of our thighs during downhill running.

            Isometric contractions generate force without changing the length of the muscle – such as when we’re holding a child or a heavy box.

         

         Thinking about muscles in this way, it’s easy to see why fast, sustained downhill running, where the quadriceps muscles are working hard to control gravity-assisted movement through eccentric contractions, is a classic cause of delayed onset muscle soreness (DOMS) – see page 118.

         Muscle recruitment

         Muscular control is driven by motor units, which consist of one motor neuron (a movement-specific nerve cell) that stimulates a number of muscle fibres. Muscles consist of a number of motor units, with muscle fibres dispersed and intermingling with fibres from other units. The size principle of muscle contraction states that muscle fibres are recruited in sequence, based on the need for them. Lower demand – e.g. for slower running – recruits fewer muscle fibres, whereas a greater demand – e.g. for faster running – recruits more muscle fibres.

         Smaller motor units produce slower-twitch contractions, while larger motor units produce faster-twitch contractions. The stronger and faster the muscle contraction required, the more and therefore larger motor units which are recruited.

         Muscle fibre types

         Type 1 fibres, or red muscle, are our slow-twitch fibres. They are red due to their large number of capillaries, providing them with a plentiful, oxygen-rich blood supply. These muscles are also home to millions of mitochondria, the power houses of our cells, which burn carbohydrate and fat in the presence of oxygen to provide energy for endurance exercise. Athletes with a predominance of type 1 fibres tend to be best at endurance events, as their muscles are able to keep going for long periods of time.

         Type 2 fibres, or white muscle, are our fast-twitch fibres. They lack the rich capillary network and therefore blood supply of type 1 fibres and have far fewer mitochondria. They produce short bursts of powerful activity, such as those required for sprinting and heavy weightlifting. Type 2 fibres also opt for an anaerobic biochemical pathway of energy production, rather than the aerobic pathways favoured by type 1 fibres – we’ll cover the different energy production pathways later (see pages 10–11). Athletes with a predominance of type 2 fibres tend to be good sprinters, but may be less predisposed to longer, slower efforts. 6

         The relative percentage of type 1 and type 2 fibres in our bodies is predominantly genetically determined. However, the type of training we undertake can influence both the type and distribution of our muscle fibres. This is likely to be due to the presence of type 2a fibres – intermediate fibres, which are a mixture of red and white fibres and exhibit qualities of both types. These fibres are more adaptable than either type 1 or type 2 fibres and, with specific training, can change into a redder (more aerobic) or whiter (more anaerobic) state, thereby adding to the effective percentage of slow- or fast-twitch fibres an athlete has. It’s also thought that while muscle fibres cannot change their type, their function can be subtly changed through specific training to greater resemble the other, enabling them to contribute to performance in their non-specific domain. Regular endurance training therefore both increases the percentage of red fibres compared with white fibres in our adaptable type 2a fibres, as well as improving the efficiency of our existing type 1 fibres, increasing the overall endurance capability of our muscles.

         
            WHAT ARE MITOCHONDRIA?

            Mitochondria are tiny, sausage-shaped organelles located deep within our cells that are best known for their role as our cells’ powerhouses. They break down food molecules, mix them with oxygen from the air, and turn out adenosine triphosphate (ATP), a molecular fuel that provides energy for the rest of the cell – a process known as the Krebs cycle (see pages 10–11). As well as energy production, mitochondria also carry out many other important biological processes, making them central to the optimal functioning of our cells.

         

         Muscle function in running

         When we’re running, our calf muscles – the two bulgy heads of gastrocnemius on top and the flatter soleus underneath – start to fire as soon as our foot makes contact with the ground. The calf muscles’ main job here is to slow down the progress of the leg as we move forwards and downwards on to and over our supporting foot. Gastrocnemius, which is a longer muscle than soleus and crosses the knee, also works at this point to prevent the knee joint from hyperextending. At the midpoint of stance, when the body is approximately over the top of the foot, the calf muscles stop firing. The elastic energy they have cleverly stored up during the eccentric ‘stretching’ contraction is then released as we leave the ground again to generate push off.

         In our upper leg, the quadriceps muscle on the front of our thigh eccentrically contracts to slow down the bending of our knee as we absorb the impact of landing; without it our knee would keep bending until it collapsed. The big thigh muscle is also busy storing up elastic energy during this lengthening process, ready to forcefully extend the knee and provide propulsive power during push-off.

         At the back of the thigh, our hamstrings work eccentrically to slow down knee extension and to prevent overextension of the knee joint – a thoroughly unpleasant experience if you’ve ever accidentally done it. They also fire powerfully during propulsion, forcibly pulling our body over our stationary foot as if trying to bend 7the knee against the resistance of the ground. It’s this massive, short-duration force production during propulsion that leads to the hamstring injuries commonly experienced by sprinters.

         Moving upwards brings us to the hips and pelvis, important areas for muscular control during running. The pelvis acts as a connection point between the legs below and the body above, providing movement through rotation and tilting, stability and shock absorption, and power generated by the hip flexor and gluteal muscles. These include the mighty gluteus maximus, the largest and heaviest muscle in the human body, which is specialised for our bipedal gait, both keeping us upright and generating power for lower limb function.

         
            THE UNDERAPPRECIATED MUSCLES

            While it’s often the big players like the calves, quadriceps, hamstrings and gluteus maximus muscles that get all the credit for powering us through a run, without our numerous smaller muscles acting to stabilise, support and protect our moving bodies we wouldn’t get far at all. Often overlooked, the piriformis and gluteus medius muscles provide essential stability and protection to the pelvis and hip joints. In particular, the combined action of these two muscles provides protection and strengthening to the femoral neck – a common site of stress fractures in runners and other highly active individuals, as well as the elderly.

            Specific exercises aimed at strengthening these muscles (see chapter 19) help to keep this potentially vulnerable part of the skeleton strong and healthy, and the whole pelvic complex working effectively during running.

         

         Good pelvic stability, provided by strong stabilising muscles, affects the direction of forces experienced at other joints including the hip and knee. Lack of strength, mobility and stability in the pelvic girdle – the muscles in and around the pelvis, hips, lower back and lower abdominals – has been implicated in many common overuse injuries experienced by runners. Running-specific strength and mobility work should include a strong focus on the core and pelvic area and, when done well, has the potential to both improve running performance and protect against many common running injuries (see chapter 6).

         The upper body in running

         During running, the upper body provides rotation and counter-rotation to enable optimal power generation for the lower body. We’ll take a deeper dive into running posture and form later (see page 23), but maintaining a good upper body posture allows our bodies to carry out these functions as well as possible. Our heads are heavy, weighing in at an average of five kilograms, so it makes sense that keeping this weight nicely balanced at the top of the spinal column is going to be beneficial for everything that’s going on further down – whether we are running, walking or sitting at a desk. Relaxation through the face, shoulders, arms and hands is important in order to avoid pointless energy use – there’s no benefit to tightly clenching your fists. 8

         
            Summary: biomechanics

            
               * Our musculoskeletal system offers protection, support and the production of movement.

               * Running gait is substantially different from walking gait, with a distinct, airborne, ‘flight’ phase (other than in steep uphill running) and a bouncing motion produced by the storage and release of elastic energy.

               * While running, our feet act both as flexible shock absorbers (on landing) and rigid levers (on pushing off).

               * Skeletal muscles can contract concentrically (shortening), eccentrically (lengthening), or isometrically (staying the same length). In dynamic movement, eccentric contractions predominate, with unaccustomed levels of eccentric loading resulting in muscle damage and DOMS.

               * Skeletal muscle fibres can be slow-twitch (type 1), fast-twitch (type 2) or intermediate (type 2a), but some adaptation in either direction is possible with specific training.

            

         

         2: Physiology

         It’s fascinating to explore how the musculoskeletal system works so beautifully together to create the efficient, coordinated movement of running. But none of this could happen without the body’s complex and highly developed management system: our physiology.

         The physiology of living things is based around a single, very important principle. One which guides everything our bodies do in order to keep themselves alive and functioning optimally. The principle of homeostasis.

         What is homeostasis?

         From the Greek words for ‘same’ and ‘steady’, the term homeostasis was coined in 1926 by Walter Cannon, an American physiologist. It captures the idea that biological processes, such as those happening all the time in our bodies, require a certain set of conditions in order to function optimally. When all of these conditions are met, we exist in a happy state of equilibrium. But venture far outside these closely regulated parameters and the overall functioning of the organism – in this case us – starts to fail. Ultimately, it is the careful and constant controlling of homeostatic mechanisms that maintains life.

         Pretty much everything we do – from eating and drinking (or not eating and drinking), to getting too hot or too cold, to anxiety and sleep deprivation – results in a physical stress. These stresses, and the resulting changes, are monitored by multiple receptors located throughout our bodies. Depending on the effect of the stressor, an action is carried out by or within the body in order to bring the system back to a state of normal, optimal functioning – a state of homeostasis. Detecting and responding to deviations from optimal functioning involves a united response by all of our body’s systems. 9

         Exercise places large amounts of stress on our bodies. The more intense the exercise – the harder we work – the greater the disruption in homeostasis. When we go for a run, the following things happen, all controlled by our homeostatic mechanisms:

         
            * Increased oxygen demands from our muscles stimulate an increase in our breathing rate in order to draw in more oxygen from the surrounding environment.

            * Increased fuel demands from our muscles stimulate an increase in uptake of glucose from our blood – the resulting decrease in blood glucose in turn stimulates an increase in glucose being released from the liver to restore optimal blood glucose levels.

            * Cardiac output increases (the heart pumps more strongly and rapidly) and blood vessels dilate to supply oxygen and fuel to the muscles more quickly.

            * Blood is diverted away from areas of the body less critical for exercise, such as the stomach, prioritising oxygen and fuel delivery to the muscles.

            * A sudden drop in temperature as we leave the house stimulates a shivering response to raise our body temperature.

            * After a mile or so of running, our elevated body temperature stimulates sweating to increase heat loss through evaporative (and other forms of) cooling.

            * Increased fluid loss as a result of sweating and increased breathing stimulates a sensation of thirst, telling us to drink in order to restore fluid balance.

            * Decreased glycogen stores – the body’s way of storing glucose – stimulate a sensation of hunger, telling us to eat.

         

         As well as these obvious signs that our bodies are busy maintaining homeostasis, more subtle but equally essential biochemical balancing equations are going on deep within and around our cells, keeping the pH (acid/alkali balance) and concentrations of sodium, potassium and calcium ions stable. Through our all-day, everyday actions of breathing, eating, drinking, sweating, shivering and excreting, and through the complex action and interaction of our internal systems, we keep our bodies happy and functioning optimally.

         A basic understanding of homeostasis is essential for understanding how training (and many other things we do) affects our running performance. Short-term stresses on our bodies, such as a single training session, result in a short-term response. Long-term stresses, such as regular, consistent training, result in long-term adaptations. This process begins during exercise but mostly occurs during the 24 hours afterwards. We’ll discuss more on the specific adaptations to exercise throughout the body later in this chapter (see pages 15–17).

         
            Summary: physiology

            
               * Homeostasis is a state in which our biological processes are operating optimally – our bodies constantly aim to keep conditions within an optimal range.

               * Stresses – such as heat, cold, high altitude and training – result in disruptions to homeostasis, which the body acts on to normalise as quickly as possible.

               * Short-term stressors = short-term responses.

               * Long-term stressors = long-term adaptations.

            

         

         3: Energetics

         No amount of running would be possible without the energy our bodies obtain from the food we eat. We’ll look further into the fascinating world of sports nutrition and the specific recommendations for a runner’s diet in chapter 2, but for the time being let’s take a quick, introductory tour of our body’s energy systems, the three macronutrients of which all our food is comprised, and how they combine to move, maintain and mend our bodies.

         Usually measured in kilocalories (often simply referred to as calories or kcal), all of our energy needs must be met by the food and drink we take in. Exact requirements vary from person to person, 10depending on factors as various as body weight, sex, climate, age, health and body composition. How active we are and the type of activity we’re undertaking have a big effect on our energy requirements. It’s also worth noting that our energy requirements remain elevated during recovery from a hard bout of exercise, fuelling the repairing and renewal processes required for improvement.

         Regardless of our training status, our diet must provide us with sufficient energy to fuel physical activity (sporting and otherwise), our brain and metabolic functions. In the short term, too high an intake can result in unhelpful, and potentially unhealthy, weight gain, whereas an insufficient intake can result in poor performance, motivation and recovery. Longer term, an imbalance in either direction can have serious negative impacts on our overall health.

         How our food fuels our bodies

         Energy we take in through food and drink is made up of three macronutrients: carbohydrate, fat and protein, with most foods being a combination of these. Energy from alcohol is treated separately, but still counts as part of our overall energy intake. Macronutrients are broken down during digestion into different subunits, providing energy for metabolism and movement, and the materials essential for growth, development and maintenance of the human body. Once eaten and digested, the energy we take in from our diet is converted into adenosine triphosphate (ATP), the body’s energy currency, via a process called the Krebs cycle. ATP is produced in our cells’ powerhouses, our mitochondria (see page 6). One of the results of physical training is mitochondrial biogenesis – the making of new mitochondria. The more mitochondria we have, the more ATP we can produce, so making sure we include specific types of training that promote this process is a good thing.

         
            HOW IS ATP USED IN OUR BODIES?

            Once produced, ATP is used in our bodies to power three energy systems, which are all used in slightly different ways:

            The aerobic system is responsible for the majority of our energy production for daily life. It is highly flexible, having the ability to utilise all the macronutrients as fuel, and is also by far the most efficient system.

            The anaerobic or lactic acid system provides rapid energy for intensive activity such as running up a hill, sprinting for the finish line or lifting a heavy weight. It is faster than the aerobic system, but it is less efficient and produces the metabolites responsible for the infamous lactate ‘burn’.

            The immediate energy or ATP-PC system is used for explosive bouts of activity lasting less than 10 seconds. Out running, this might be jumping over a stream or out of the way of a car, but probably wouldn’t be the primary energy system for a finishing sprint in a race. The supply of ATP in this system is highly limited, but extremely useful for moments when quick reactions are needed. 11
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         Our slow-twitch muscle fibres obtain the majority of their energy through the aerobic system, whereas fast-twitch fibres rely more heavily on the ATP-PC system. However, it’s important to bear in mind that, while it’s easy to imagine our three energy systems as separate entities each with a clearly defined role, in reality they all work together continuously to harmoniously and seamlessly provide energy for all activities, with each one coming to the fore when required as the primary source of energy production while the others continue to work in the background.

         
            Summary: energetics

            
               * Energy from the food we eat is converted into ATP – the body’s energy currency – by mitochondria in our muscles.

               * We need to consume sufficient food to fuel our training/racing, daily activities and metabolic functions.

               * Chronic low energy availability is likely to be detrimental to both health and performance.

            

         

         4: The brain

         From coordinating our movements, learning new skills, and monitoring and regulating many of our internal conditions, to providing us with the motivation to train and race, our brains are integral to everything we do. In fact, rather than considering the body and brain as two separate entities that work together, it’s more accurate to view them as entirely integrated and inseparable. It’s only through our bodies – through moving and sensing – that our brains, locked away in our skulls, know anything at all. Right from birth, we explore, discover and feel using our bodies, building a picture of our world and our place within it. At the same time, having voluntary control over body movements is the only way we can interact with people, objects and our environment in order to discover things. Our brain-coordinated bodily movement isn’t just about us controlling arms and legs during activities such as running, it also enables our head and eyes to visually explore the world, our facial expressions to display emotions and our vocal (or phonatory) system to communicate.

         The motor system (the system involved in movement) sits mostly in the frontal lobes of the brain. Premotor areas plan and coordinate movements, while the primary motor cortex sends information down the spinal cord to create contraction and movement of specific muscles. The left motor cortex controls movement on the right side of the body, while the right motor cortex controls movement on the left side of the body. While all this is happening, sensory neurons all over the body send sensory information from the outside world to the brain.

         Neuroplasticity is the ability of the brain to establish and strengthen neural pathways, and is how we learn new skills, or improve on existing ones. By repeating actions over and over again through practice or training, the neural connections related to those actions become stronger. The brain connections in our motor system strongly reflect the actions we practise most, so if you want to get better at running downhill, on technical terrain, or simply as smoothly and economically as possible, regular practice is essential. Training isn’t just about getting fitter. 12

         Our body-brain connection is also how we experience and regulate our emotions, and how we experience enjoyment, (dis)comfort, pain, fatigue, interactions with others, and even our sense of self and possibility. As well as delivering sensory signals about the outside world to the brain, our body feeds back information about its internal state – a process called interoception. Interoception is the communication link between the internal body and the brain, including signals from your internal organs and your cardiovascular system. Interoceptive centres in the brain interpret these signals, using past experiences, context and a host of other factors to inform a response. Interoception is the basis for our emotions, interpreting our bodily sensations and making sense of them in the context of the situation. Tense muscles and a racing heart could, in one context, mean fear, and, in another, excitement. An understanding of interoception is important for runners as it’s the basis for the way we ‘feel’ when we’re running. This awareness, and knowing how to manage it optimally, can help everything from race day nerves to mid-run fatigue or long-run fatigue.

         Running changes our brains in some intriguing ways, too. In a study (Longman et al., 2023), researchers from Loughborough University looked at the brains of ultrarunners during two 5-day, 250-kilometre ultramarathons. They found that, under conditions of energy deficit, runners improved in tasks relating to navigation and location information, allowing them to more successfully find available food. The runners’ reaction times remained the same, while their ability to recall information about specific events decreased. This demonstrates our evolved ability to prioritise certain cognitive functions according to specifics of our environment and situation, improving our chances of survival.

         
            Summary: the brain

            
               * Our bodies and brains work together inseparably to explore and make sense of the world around us.

               * Motor (efferent) neurons carry signals from the brain to our muscles to drive movement, while sensory (afferent) neurons collect sensory information from our environment and deliver it to the brain.

               * Neuroplasticity describes our brain’s remarkable ability to change its structure and function to optimise both performance and survival.

            

         

         Bringing it all together – what does training do?

         Earlier on, we explored the principle of homeostasis (see page 8) – the body’s self-regulating process by which it strives to maintain the internal conditions necessary for survival. Homeostasis not only keeps us alive and functioning optimally, it also forms the basis of all adaptations to regular exercise, both in endurance and strength training. 13

         
            Why is regular training important?

            Short-term stressors lead to short-term responses, while long-term stressors, such as those we exert during regular, long-term training, result in long-term adaptations. This underpins the progressive overload principle.

         

         Progressive overload

         In simple terms, at a point in time we start off at a specific fitness and performance level and undertake a training session. The stress from this training session results in a short-term decrease in our performance, but, as long as we allow sufficient time for recovery between sessions, our performance will recover, and our fitness will improve. If we keep on applying appropriate stresses and allowing sufficient recovery, our fitness and performance will gradually improve over time.

         The progressive overload principle is what we need to use each day to become better runners. Improvements in athletic ‘fitness’, whether that’s muscular strength, running speed or endurance capacity, require a gradual and systematic increase in training load, alongside sufficient time between training sessions to allow for both recovery and adaptation to take place.

         If you decide to start running and simply apply the same stresses to your body week after week, month after month, you’ll see an initial adaptation phase, followed by a plateau. If your training doesn’t change, then you won’t get any fitter or stronger. Knowing how the progressive overload principle works, and therefore how best to structure your training, means you’ll get the most benefits from every session you do.

         The progressive component of progressive overload means planning your training so that the load, which, for running, is a combination of volume and intensity, gradually increases over time. This creates a stimulus for your body to continue to adapt, rather than simply working within its pre-existing limits. The overload part reflects the need for training load to exceed your current physical and physiological capacity by an appropriate amount.

         Overloading creates damage, whether that’s by creating microscopic tears in your muscle and tendon fibres, increased stress on your heart and lungs, or a metabolic imbalance. During the recovery period after the overloading exercise, the body repairs this damage. These repairs will include reinforcements and adaptations to protect against the same damage occurring again – a process known as supercompensation. The result is stronger, more resilient muscle and tendon fibres, and altered homeostatic responses that will be quicker and more effective next time.

         While each person’s response to overloading exercise will be individual, factors such as age, biological sex, overall health and lifestyle factors will all play a part in how quickly, and by how much, your body is able to adapt. Older runners, for example, may need to leave a little more time between harder sessions as repair processes slow down as we age. Our diet should also support these adaptations, for example by including high-quality protein in order to maximise the repair and adaption of muscle, and sufficient carbohydrate to replenish glycogen stores and support metabolic functions. 14

         
            
[image: ]Progressive overload leading to increased performance, and the impact of inadequate or inappropriate overload.

            

         

         
            Top tips for using progressive overload in training

            
               * For progressive overload to be effective, both the rate of progress and the degree of overload have to be appropriate for your body. This means it must be sufficient to stimulate adaptations but without causing injury or excessive fatigue.

               * Progressing and overloading too slowly or too little won’t create sufficient stimulus for the body to adapt, so you won’t see much progress in your fitness, strength or performance.

               * Progressing and overloading too rapidly doesn’t allow sufficient time for the body to adapt in order to withstand the increased loads, increasing the likelihood of injury, fatigue and an associated lack of progress.

               * Increase training load gradually – no more than 10 per cent each week – is a standard rule that appears to work well.

               * Increase either the volume (distance or duration) or the intensity of runs each week, not both.

               * Allow sufficient time for recovery and adaptation between hard sessions. Some runners may be able to do three hard sessions each week without any issues, while others may only be able to tolerate a maximum of two.

               * Progressive overload won’t work continuously forever. Periodising your training – i.e. having periods of higher and lower training load across the year – and seeing progress and improvement as a long-term project – will give you the best long-term results. 15
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