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Chapter 6 Synthesis of findings and conclusion 

6.1 Summary of chapter findings 

The biomechanical, physiological and or psychological factors affecting the walk-to-run 

transition (WRT) have been extensively investigated (Mercier et al., 1994; Hreljac, 1995; Mohler 

et al., 2007). The WRT has primarily been studied under constant velocity conditions, where 

participants are required to walk and/or run at discrete velocities, with the WRT defined as the 

slowest velocity that the participant runs rather than walks (Thorstensson and Roberthson, 1987). 

Studying the WRT under constant velocity conditions has provided valuable insight into the factors 

that trigger the gait transition, as well as how walking and running is modulated across a range of 

velocities. However, there is far less research into the transition step under naturally occurring 

conditions, where humans can accelerate from a walk to a run.  

The literature review (Chapter Two) identified the ankle joint parameters (Hreljac, 1995; 

MacLeod et al., 2014) as the most strongly associated with the WRT whereby they would increase 

in magnitude with an increase in walking velocity, but significantly decrease when switching to a 

run at the WRT velocity. However, this research has often focused on a subset of lower limb joints 

(for example, Hreljac et al., 2008), and so the influence of the other joints on the WRT is not 

known. Furthermore, the literature review highlighted that the discrete joint mechanical parameters 

that are most closely associated with the gait transition are poorly understood, specifically whether 

joint loading, work or power have a varying influence on the WRT remains untested. 

Due to the gaps highlighted in the literature review, Chapter Three assessed how discrete joint 

mechanics impacted the WRT by systematically measuring the effect of velocity on lower-limb 

joint kinetics and mechanical energetics in humans across a range of walking and running 
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velocities including walking above and running below the preferred WRT velocity. Chapter Three 

posed two main questions: 1). How is mechanical work, peak power and/or peak loading 

(moments) at the individual joints associated with the WRT? And 2). Do the individual lower limb 

joints affect the WRT differently? The variables assessed in Chapter three were those that could 

provide a physiological signal to alter gait mechanics including: joint work, peak instantaneous 

joint power and both peak sagittal and frontal plane joint moments. Importantly, these variables 

were assessed over the stance and swing phases independently.  

Chapter Three identified that all of the variables satisfying the effort-load hypothesis were 

those that provide an acute physiological signal, which is consistent with the theory that the gait 

transition occurs spontaneously is initiated within a single stride (Segers et al., 2013), and is 

triggered by discrete variables that can be acutely sensed. Chapter Three highlighted that WRT 

triggers were identified in both the stance (peak hip power and flexion moments) and swing phases 

(peak positive ankle dorsiflexion power), which is a novel finding of this thesis. The findings of 

Chapter Three corroborate previous literature that identified the ankle joint dorsiflexion effort 

(Hreljac et al., 2001), or fatigue  (Malcolm et al., 2009) as being a WRT trigger. Furthermore, 

Chapter Three provided evidence that stance-phase plantarflexion was a contributing factor to the 

WRT, whereby a plateau in the peak instantaneous positive power and plantarflexion moments 

occurred when walking above the WRT, while the switch to a run resulted in a marked increase in 

both of those variables (Fig. 3.3A and 3.4A, negative values). In addition to the ankle mechanisms, 

Chapter Three also identified discrete hip-based mechanical variables that were associated with 

the WRT, specifically the peak positive hip stance power and peak flexion moments (Fig 3.3C and 

3.4C, positive values). The findings of Chapter Three indicate that the WRT arises due to a series 

of cascading mechanical events that begins with the inability of the ankle to produce adequate peak 
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powers and moments at walking velocities that exceed the WRT and leads to an unfavourable 

compensation at the hip joint.  

Although not central to the question of why the WRT occurs, the large quantity of data 

presented in Chapter Three was able to shed light into the differences between walking and running 

at velocities that span the WRT. Most of the joint parameters in both the sagittal and frontal planes 

exhibited a marked increase with a shift from walking to running, both below and above the 

preferred WRT velocity. Furthermore, most variables lacked an interaction effect between gait and 

velocity (Tables 3.1-3.3), suggesting that, overall, the increase in joint mechanical variables 

between walking and running is largely unaffected by velocity.  

Chapter Three provided new insight into why the WRT occurs. However, those WRT 

velocities (~2.0 m s-1) are generally avoided during normal locomotion. As an example, walking 

velocities range from approximately 0.75 – 1.8 m s-1 (Bornstein, 1979; Minetti, et al., 1994). The 

WRT does not normally occur through an increase in walking velocity up until discomfort is 

experienced, as has been the focus of most WRT studies, but rather, is achieved via a direct 

transition from slower, more comfortable walking. There is surprisingly little data that exists for 

the mechanics of the WRT from the typical habitual walking velocities. Furthermore, few studies 

have examined the mechanics of accelerating from a walk to a run during the actual transition step 

(although, see Van Caekenberghe et al., 2010b; Segers et al., 2013). During over-ground 

conditions where participants were freely allowed to change from walking to running (the only 

instructions were “to change from a walk to a run”), the WRT was considerably higher (2.74 ± 

0.25 m s-1; Segers et al., 2013) than the WRT found under constant velocity conditions. Thus, how 

the joints and limbs combine to achieve the WRT under naturally occurring conditions remains 

poorly understood.  
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The constant-velocity analyses of Chapter Three confirmed the importance of the ankle joint 

in dictating the transition from fast walking to slow running. However, WRT acceleration steps, 

unlike constant velocity analyses, necessitate a net input of positive mechanical work and can 

therefore, be expected to have a distinct limb and joint mechanical pattern in comparison to both 

constant-velocity walking and running. The literature review highlighted that acceleration studies 

have indicated a greater reliance on the proximal joints for net positive work production (Hubley 

and Wells, 1983; Roberts and Belliveau, 2005). The aim of Chapter Four was therefore, to assess 

how mechanical work at the limbs (both horizontal and vertical) and the individual lower limb 

joints were modulated as humans transitioned from a preferred walking (WLK) velocity to a 

variety of running (RUN) velocities (ranging from a sprint to a running velocity that was slower 

than the preferred walking velocity). Although running velocities slower than the preferred 

walking velocity is unnatural, and not likely to occur under normal conditions, they were included 

to help reveal the fundamental control paradigms of the WRT, that is, these slower velocities were 

included to test whether the transition step is stereotypical and independent of transition velocity. 

Net mechanical work at the limbs and joints as well as the positive and negative work were also 

included. Net-work calculations were included as they represented the overall effect that the 

specific limb or joint had on accelerating the Centre of Mass (COM) between the start and end of 

the step. However, absorption and generation work cancel out and so the positive and negative 

work were also included in Chapter Four to understand how the limbs and joints accelerated the 

COM in cyclical movements. The vertical and horizontal limb work was included to help explain 

the limbs’ and individual joints’ functions across the WRT ranging from low to high accelerations.  

Chapter Four hypothesised that net-work at the fastest WRT accelerations would be generated 

exclusively through positive mechanical work and that the positive work would decrease below 
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the value for WLK when decelerating into a run and approach zero. A further hypothesis was that 

there would be a greater reliance on work at the proximal joints (knee and hip) with increasing 

WRT accelerations. The findings of Chapter Four revealed that humans had difficulty transitioning 

directly to a run that had a forward velocity equal to, or slower than their preferred walking velocity 

(Fig 4.3 A, B) and when instructed to transition to a running gait with “jogging” through to 

“sprinting” velocities, a constant velocity was not achieved by the second (S2) step of the WRT 

(Fig 4.3, 4.6). Chapter Four highlighted a clear systemic reduction in vertical limb work and an 

increase in horizontal limb work as the WRT acceleration increased. The hypothesis that at the 

fastest accelerations, the net mechanical work was purely generated by positive mechanical work 

was confirmed (Fig 4.5, 4.6). Furthermore, at those fast accelerations, horizontal work was almost 

exclusively generated. Chapter Four therefore showed that humans generate work effectively when 

the goal is to accelerate the COM in the forward direction. Positive limb (and positive total joint 

work) was always above that during steady-velocity walking, irrespective of the WRT 

acceleration, thereby disproving the second hypothesis. The surprisingly high mechanical cost of 

transitioning to very slow running accelerations resulted almost exclusively from the generation 

of positive vertical limb work (Fig 4.5). Although this production of additional mechanical work 

was undesirable, if an input of energy is a constraint on the WRT, then the redirection of this 

energy vertically was shown to be the best way to minimise the unwanted forward accelerations. 

This input of mechanical energy corroborated the large increase in velocity (referred to as a 

velocity jump) during the transition step (Van Caekenberghe et al., 2010a; Van Caekenberghe et 

al., 2010b; Segers et al., 2013). This unique finding of Chapter Four indicated that the velocity 

jump was still present at the slow velocity transitions but occurred vertically instead of 

horizontally.  
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Another key finding from Chapter Four was that there was a prominent distal-to-proximal shift 

in joint work production as the transition acceleration increased. A common explanation for this 

has been that proximal joints are powered by strap-like muscles with long parallel fibres that are 

thought to be better suited to producing positive mechanical work compared to shorter, pennate 

fibred muscles. An additional constraint on the work capacity in distal muscles may be related to 

tendon compliance which has the ability to affect muscle dynamics significantly, particularly as 

the time course for force production decreases (Lichtwark and Wilson, 2006; Lichtwark et al., 

2007; Rosario et al., 2016). It is possible that the interaction between the compliant Achilles tendon 

and the fibre mechanics of the triceps surae underscores the observed shift to greater reliance on 

the hip for positive work production during high accelerations. Chapter Four also demonstrated 

that the high positive mechanical work output is not limited to the hip joint. Surprisingly large 

amounts of positive work was produced by the knee at the very slow running velocities (Fig 4.6C, 

D; Fig 4.7A, B). One reason for the large knee work at the slow velocities might be that the knee 

is better suited to producing vertical work than the hip. Chapter Four postulated that the knee is 

preferentially recruited for positive vertical work while the hip is recruited for positive horizontal 

work. This interpretation is borne from the combined modulation between the positive knee and 

hip work and the positive vertical and horizontal limb work across WRT accelerations.  

The positive mechanical limb work when transitioning to a run was measured in Chapter Four 

(Pires et al., 2018) and was minimised at a running velocity of approximately 2 m s-1. This velocity 

is consistent with the WRT velocity reported in constant velocity studies (Hreljac, 1995; 

MacLeod., 2014). Due to this apparent minimisation of mechanical work at the WRT, Chapter 

Five (Study Three) investigated whether the freely chosen running velocity, i.e. the self-selected 

running velocity (SSRV) was chosen to optimise the muscular activation and/or joint mechanical 
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work. It has been well established that humans will perform well-learned tasks by optimising their 

movement patterns. For example, it has been shown that humans choose stride lengths that 

minimise oxygen consumption when walking (Cavanagh and Williams, 1982). This energy saving 

strategy has also been seen in acute upper body movements, where arm movements are chosen 

that minimise the neural effort for control of arm intersegmental dynamics (Dounskaia et al., 

2011). However, it remains unclear as to whether an acute gait motor task, such as the WRT 

follows the minimisation of effort. Based on the observation that the total mechanical work of the 

lower limb is minimised at a similar WRT as has been previously reported, it was hypothesised 

that the SSRV would be chosen to minimise muscular effort.  

To test this hypothesis, the integrated activation (iACT) of 14 lower limb muscles (soleus, 

medial gastrocnemius, tibialis anterior, vastus medialis, rectus femoris, biceps femoris and gluteus 

maximus on both legs), and the positive mechanical joint work of the ankle, knee and hip was 

measured as participants were asked to transition from their self-selected comfortable walking 

velocities to a range of running velocities, from a run that was slower than their preferred walking 

velocity to a sprint. This range also included their SSRV. Although neither iACT or positive joint 

work directly measure muscular force, work or metabolism, the amplitude and duration of iACT 

does provides a good estimation of muscular activation, while the positive joint work provides an 

estimation of the end effect of the positive work produced by the muscles (and tendons and 

ligaments) surrounding the joint.  

The iACT and joint work were normalised to the iACT or joint work at the SSRV to assess 

their effect on the SSRV. The target velocities were also normalised to the SSRV. 95% confidence 

bands were calculated for each individual subjects iACT and joint work data and were used to 

determine if there was any overlap between the variable at the SSRV and the numerical minimum 
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of the fitted data. It was found that the SRRV was most strongly associated with muscular 

activation, and not mechanical joint work, with a larger number of iACT variables having a greater 

number of individual participants exhibit an overlap in comparison to the joint work variables. 

Research into constant velocity walking and running over an extended period of time has suggested 

that the muscles of the lower body have not evolved to be minimised at a common walking (or 

running) velocity. Rather, different muscles minimised at different velocities. In contrast, the 

findings of Study Three indicate that the majority of muscles are minimised at the SSRV, and, 

therefore, the SSRV is chosen as it minimises muscular activation for the acute transition step.   

6.2 Synthesis of findings 

Two separate methodologies were used in this thesis to understand the mechanics of the 

WRT. In Chapter Three, the WRT triggers were studied under constant velocity conditions. In 

Chapters Four and Five, the WRT was studied as participants transitioned with no acceleration 

constraints. Taken together, the use of the two experimental designs allows for the systematic 

assessment of the lower limb joint neuromechanical variables across walking, running and the 

transition step as velocity and acceleration is varied. 

6.2.1 The hip joint provides the extra mechanical work needed to accelerate through the 

WRT 

Chapter Three identified that extra positive mechanical work required to walk at velocities 

exceeding the WRT was produced by the hip, however, when running at the same velocity 

(exceeding the WRT), the hip produced significantly less mechanical work (Fig. 3.2 C). Chapter 

Four identified that mechanical work needed to accelerate through the “velocity jump” is also 

provided by the hip joint as the acceleration velocity increases (Fig. 4.7 A), while Chapter Five 

provides evidence that the SSRV was chosen to minimise muscular activation during the transition 
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step. Comparing the positive, negative and net mechanical work of the preferred walking velocity 

of 1.5 m s-1 (results from Chapter Three), the transition step to 2.9 m s-1 (results from Chapter 

Four), and finally, the constant running velocity of 2.9 m s-1 (Chapter Three), will help identify 

which joint provides the extra mechanical work to accelerate through the “velocity jump”, and to 

change the potential and kinetic energy fluctuations from out of phase to in phase.  

The joint angles for every joint for constant-velocity walking at 1.5 m s-1, the transition step of 

2.9 m s-1 and constant-velocity running at 2.9 m s-1 followed the same trend (Fig. 6.1 A-C). The 

ankle and knee joint moments also followed the same trend for all conditions (Fig. 6.1 D-E), 

however, the hip joint moment showed a difference between constant-velocity running at 2.9 m s-

1, and the transition step to 2.9 m s-1 (Fig. 6.1 F, black and blue lines). When running at 2.9 m s-1, 

there is a hip extension moment at the start of the stance phase, before moving into a flexion 

moment during the second half. This contrasts with the transition step to 2.9 m s-1 where the hip 

undergoes exclusive extension during the stance phase. As joint power is a function of joint angular 

velocity and joint moment, this difference in hip joint moment between the transition step and 

running at the same velocity results in a large amount of positive work during the transition step, 

in contrast to the predominant absorption seen when running at a constant velocity (Fig. 6.1 I).  
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Fig. 6.1. Instantaneous angles (A-C), moments (D-F) and powers (G-I) for the ankle (A, D and 
E), knee (B, E and H) and hip (C, F and I) joints normalised to the stance phase. The red, blue 
and black lines represent constant-velocity walking at 1.5 m s-1, constant-velocity running at 2.9 
m s-1 and the transition step to running at 2.9 m s-1 respectively.  
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All three joints show an increase in positive mechanical work between constant-velocity 

walking at 1.5 m s-1 and the transition step to 2.9 m s-1 (Fig. 6.2 A, D and G). The positive ankle 

work increases between the transition step and constant-velocity running at 2.9 m s-1 (Fig. 6.2 A), 

while the knee and hip joints positive work both decrease in magnitude (Fig. 6.2 D and G), with 

the hip also producing less positive work during running than compared to walking (Fig. 6.2 G). 

Unlike the negative work produced by the ankle and knee (Fig. 6.2 B and E), the hip produces less 

work during the transition step than when running at a constant-velocity (Fig. 2.H). The positive 

mechanical work produced by the hip during the transition step, in comparison to the 

predominantly negative work produced while walking and running at a constant-velocity is due to 

the constant extension moment produced during the stance phase (Fig. 6.1 F). The stark difference 

in positive mechanical work production at the hip joint between walking and running corroborates 

the idea that the WRT occurs in a single step and is a unique movement pattern. The evidence in 

this thesis indicates that the hip is recruited to provide the mechanical work required accelerate 

through the “velocity jump” and transition to a run, but when constant velocity is achieved, the hip 

reduces mechanical work production. The lower hip joint work at constant velocity running may 

be because any mechanical work produced by the hip joint must be produced actively by the 

muscle fibres themselves and therefore consume greater metabolic energy. This contrasts with the 

mechanical work produced by the ankle joint, which can rely on the passive series-elastic 

mechanism of the Achilles tendon. Together, these results indicate that at naturally occurring 

transition velocities, the hip joint provides the extra mechanical work needed to accelerate from 

walking to running, but once the running gait has been achieved, the ankle joint takes over in terms 

of the work production as the work done by the ankle isn’t as metabolically expensive due to the 

work being done by Achilles tendon elastic strain energy storage/release. It has been suggested 
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that the muscles of the lower limb have not evolved to walk and/or run at a single velocity. Rather, 

each muscle has evolved to perform optimally at a different velocity (Carrier et al., 2011). It is 

possible that one of the purposes of the hip joint is provide the mechanical work needed to 

transition from a walk to a run.  

 
Fig. 6.2. Ankle (A-C), knee (D-F) and hip (G-I) positive, (A, D and E), negative (B, E and H) 
and net (C, F and I) joint work for walking at 1.5 m s-1 (W), the transition step at 2.9 m s-1 (Tr.) 
and running (R).  
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The hypothesis that the hip joint provides the extra mechanical work needed to accelerate 

through the velocity jump has only focused on walking and running at approximations of the 

preferred walking and running velocities, and so can’t be viewed as truly representative of the 

preferred walking, running and transition velocities. To test this hypothesis in the future, it is worth 

comparing walking and running at the true preferred walking and running velocities. Furthermore, 

this hypothesis has only focused on the mechanical joint work, which is the net effect of all muscles 

and structures that span the joints. These findings do not account for the co-contraction between 

antagonist muscles, force sharing between synergist muscles or the distribution of work and power 

between muscle fibres and the tendons (Sasaki et al., 2009). A good comparison would be to 

measure the integrated activation (iACT) across the three gaits at the self-selected running 

velocity. While electromyography (EMG) does not directly measure muscle force, work or 

metabolism, EMG amplitude and/or duration does indicate the muscle fibre activity. And so, 

further corroboration of this theory would be if the iACT of the hip extensors is significantly 

greater during the transition step, than during running at the same velocity.   

6.2.2 Are acute parameters also responsible for the Self-Selected Running Velocity 

(SSRV)? 

The effect of muscular effort on the transition from a walk to a run were investigated in both 

Chapters Three and Five. Specifically, Chapter Three examined whether muscular effort was 

responsible for why humans chose to run at velocities where walking was physically possible, and 

Chapter Five questioned whether the SSRV was chosen to minimise muscular activation and/or 

joint work. The two chapters studied the effect of muscular effort on the WRT, but under two 

different conditions, one in the absence of acceleration (Chapter Three), and one in the presence 

(Chapter Five). The iACT and mechanical joint work studied in Chapter Five do not directly 
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measure muscle work and force, however, they do provide useful analogues. The iACT does 

provide an indication of both the level of muscle activation, and the time course of muscle 

activation, while joint work provides an insight into the end effect of the limb muscle function. 

Chapter Five did show that the SSRV was chosen to minimise the iACT, and therefore the 

muscular activation during the preferred transition step velocity.  

Along with the question of muscular effort, Chapter Three investigated whether the 

minimisation of peak musculoskeletal loading was responsible for the WRT. A key finding of 

Chapter Three was that all the variables that were identified as WRT triggers were those that could 

provide an acute physiological signal. Joint work and iACT reflect the power and muscular 

activation over the duration of the stance phase, while acute signals, such as peak moments, peak 

powers and peak EMG will occur during a discrete point in time during the stance phase. As such, 

further research should examine whether the SSRV, in addition to being chosen to minimise 

muscular effort is also chosen to reduce peak moments, peak power and/or peak EMG. 

6.3 Implications and future direction of the research 

This thesis provides a systematic review of the joint work, peak power and peak moments and 

muscle activations for both walking and running across a wide range of velocities. This dataset 

includes walking and running at velocities where the opposing gait would be preferable. On top of 

furthering our understanding for why the WRT occurs, it provides insight into the modulation of 

walking and running gaits across transition velocity. The focus of Chapter Three was to identify 

the mechanical factors that affect the WRT at the individual joint level, and so the mechanical 

work of the lower limb was not included. However, the limb work, in conjunction with the 

metabolic cost of transport (COT) can provide valuable insight into muscle efficiency. Farris and 

Sawicki, (2011b) have already published a similar study, however, this data set does not include 
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data where participants walk above and run below the WRT. The positive, negative and net limb 

work (across the gait cycle) has been reported in Fig 6.3 so that it may be compared to other similar 

mechanical work studies as well as COT studies (Donelan et al., 2002).  

 

Fig. 6.3. Mean positive (black), net (blue) and negative (red) limb mechanical work for walking 
(closed circles) and running (open circles). The solid and dotted lines represent the lines of best fit 
for walking and running respectively. The error bars represent ± 1 standard deviation.  

 

Chapter Three investigated the WRT at discrete velocities, where there was no acceleration, 

while Chapters Four and Five investigated the WRT where the participants were allowed to freely 

accelerate from a comfortable walking velocity to a range of target velocities while moving 

overground. While both methodologies provide insight into the WRT, neither experimental design 

truly controls for acceleration. Future research should investigate the effect of controlled 

acceleration on the peak power, peak moments and joint work across the preceding, transition step 

and subsequent steps of the WRT. This protocol would entail the subject starting to walk at their 
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accelerations. The use of an instrumented treadmill, such as the one used in Chapter Three, would 

allow the examiner to measure the peak power, peak moment and joint work of for example two 

steps leading up to the transition step, the transition step itself and the following two steps. This 

methodology has already been used to identify the spatiotemporal characteristics of the WRT 

(Segers et al., 2006), but to the best of our knowledge not been utilised for the peak joint moment, 

peak joint power and joint work. While these techniques would need to account and correct for 

force signals arising from the acceleration of the treadmill belt itself, they are not unfeasible. This 

experimental design could potentially provide further evidence to support the theory that the WRT 

has a unique biomechanical motor pattern in comparison to walking and running and that the WRT 

occurs in a single step.  

The intention of this thesis was to provide a better understanding of the WRT, both in terms of 

why the WRT occurs, and how the transition step is executed. As such, the following inferences 

are speculative, and so further testing will need to be undertaken under additional controlled 

conditions to see whether these ideas are generalizable.  

Running is one of the most widely used skills in a wide variety of sports. Running is not just 

limited to track and field events to name but one example, but in numerous field sports as well. 

Furthermore, running is used widely as an exercise modality, where people run to keep fit and/or 

with the intention of improving and maintaining a healthy body composition. Chapter Three of 

this thesis, and other research in both humans and animals (Farley and Taylor, 1991) has shown 

that running has a greater impact on the body than compared to running, even at velocities at which 

it is more comfortable to run (Fig 3.3 and Fig 3.4 A and B). Chapter Three identified that one of 

the reasons the transition to running occurs is likely due to discomfort, specifically at the ankle 

dorsiflexors. It is therefore worth investigating ways to make walking at velocities that exceed the 
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WRT easier. This would allow exercisers to be able to get the same metabolic benefit of moving 

at faster velocities, with the reduced impact on the body that comes from walking.  

One potential way to increase the WRT velocity would be to manipulate the dorsiflexors. It is 

clear from the evidence in this thesis and previous research (Hreljac et al., 2008; MacLeod et al., 

2014) that the dorsiflexors, produce a lower peak moment when running at velocities that exceed 

the WRT. Furthermore, other research has already manipulated the stress on the dorsiflexors by 

making it harder to dorsiflex. When a 2 kg mass was added to the shoe, the WRT velocity 

decreased significantly from 2.03 ± 0.12 m s-1 in the unloaded condition to 1.94 ± 0.13 m s-1 in the 

unloaded condition (MacLeod et al., 2014). It is worth investigating to see whether reducing the 

load of the tibialis anterior, and the other dorsiflexors will significantly increase the WRT velocity.  

A further implication of Chapter Three was that the WRT arose due to a combination of factors 

at both the ankle and hip joints. It was suggested that the inability of the ankle to produce the 

adequate peak joint powers at velocities exceeding the WRT lead to a shift in power production to 

the hip joint. Unlike the ankle joint, the power produced by the hip is done by the actual hip 

extensor muscles, and not a series elastic element such as the Achilles tendon which performs a 

large amount of passive mechanical work at the ankle joint. It was suggested that as a result, the 

hip, at these fast walking velocities consumed more metabolic energy. When switching to a run, 

due to favourable force-length-velocity characteristics of the triceps surae muscles, the ankle joint 

was able to produce the required peak powers during running (Farris and Sawicki, 2011a), 

allowing the hip to return to producing minimal mechanical work, and therefore presumably 

consuming less metabolic energy.  

Augmenting the ankle joint plantar flexor strength, so that the ankle can produce higher peak 

powers at velocities exceeding the WRT may result in a faster WRT velocity, as with a stronger 
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ankle joint, the hip may not need to produce power at the faster velocities anymore. Research has 

already shown that walking with a powered exoskeleton can reduce the net metabolic power 

needed to walk at the same velocity (Sawicki and Ferris, 2008; Collins et al., 2015). Allowing 

humans to walk at faster velocities with a reduced cost may have applications, for example in 

search and rescue or military operations, and should be investigated in future research.  

A major finding of Chapter Four was that irrespective of transition velocity, an increase in 

mechanical work was required to transition from a walk to a run, even at running velocities slower 

than the walking velocity. Constant acceleration conditions have identified a large increase in the 

COM energy when switching from a walk to a run. In conjunction with the findings of Chapter 

Four, it is possible that there appears to be an energy threshold that needs to be crossed to transition 

to a run, irrespective of transition velocity. Chapter Four identified that at faster transition 

velocities, the mechanical work required to accelerate from a walk to a run was provided by the 

hip joint. It is worth investigating the effect of strengthening the hip extensors (specifically during 

the stance phase) on the SSRV. Strengthening the hip extensors may result in a faster SSRV. This 

hypothesis may have a significant impact in field sports, where players and athletes need to change 

both acceleration and gait rapidly. By strengthening the hip extensors, it may result in the switch 

to a faster initial run, thereby giving the player an advantage.  

In conjunction with Chapter Four, Chapter Five provided evidence that the SSRV was chosen 

to minimise muscle activation. Chapter Three identified that the ankle joint was unable to produce 

the adequate peak powers needed to walk at velocities exceeding the WRT. If the WRT 

characteristics of the lower limb muscles could be improved, it is possible that the SSRV could be 

increased, again giving an advantage to athletes. It is known that where a muscle is operating on 

its force-length curve will affect the level of muscular activation needed to perform a task. For 
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example, if a muscle is operating on its ascending or descending limb, it will require a greater level 

of muscle activation to meet the same force output demand as compared to if it were operating on 

its plateau of the force-length curve. Therefore, it is possible that if muscles could be trained to 

operate on the plateau region, the SSRV may be increased. This theoretically may make it easier 

to switch to a faster velocity, thereby giving the player another competitive advantage.  
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7.2.1 Chapter Three: Joint-level mechanics of the walk-to-run transition in humans 
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7.2.2 Chapter Four: Modulation of joint and limb mechanical work in walk-to-run 

transition steps in humans 
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