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Managing the Recreational Runner from Head to Toe
Introduction
Sedentary lives affect us. We are made to move, created for expression, placed in a world that’s
tactile, in need of exploring and involvement. One way we can move and explore this big, beautiful,
blue and green planet is by running. We are loaded with features literally from our heads to our toes
which make us primed for running, which can be beneficial for our entire body from the top to
bottom. Let’s start from the top.
The Runner’s Brain (B.J. Lehecka, DPT)
Treadmill running – not resistance training – results in the growth of new brain cells (adult
hippocampal neurogenesis) in adult rats.
In adult rats the exercise needs to be “aerobic and sustained” to generate adult hippocampal
neurogenesis. There was no response in resistance training groups.1
The growth of new brain cells in the hippocampus (a region implicated in cognitive aging) and the
enhancement of spatial memory that is brought on by endurance running is basically an
evolutionary safety net for when you have outrun your knowledge - when you have run so far that
you no longer know where you are and need to learn, and fast. It’s a mechanism that makes
information uptake easiest when historically you would have been tired, lost, and at your most
vulnerable.
The growth of new brain cells is not unique to rats. Hippocampal neurogenesis has been seen in
older human adults in response to aerobic exercise.
In a randomized controlled trial with 120 older adults, aerobic exercise training appeared to
increase the size of the anterior hippocampus, leading to improvements in spatial memory.
“Exercise training increased hippocampal volume by 2%, effectively reversing age-related loss in
volume by 1 to 2 y.”2
Regular walking is linked to a two-fold reduced risk of developing cognitive impairments.
This study demonstrated for the first time the link between participation in physical activity earlier in
life, greater gray matter volume, and the reduced risk for cognitive impairment later in life. After a
period of 4 more years, 116 of these adults were diagnosed with either mild cognitive impairment or
dementia, but greater gray matter volume associated with physical activity was associated with a
two-fold reduced risk of developing cognitive impairment.3
Cardiovascular fitness (e.g. running ability), but not muscle strength, is strongly associated with
higher cognitive performances.
A study of 1.2 million people shows a strong correlation between cardiovascular fitness and
intelligence. Researchers studied Swedish men born from 1950 through 1976 in military service,
including 268,496 full-sibling pairs, 3,147 twin pairs, and 1,432 monozygotic twin pairs.4
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Measures of creative potential significantly increase following 30 minutes of running or fast walking.
Sixty college students participated in an experiment consisting of 3 regimens varying the time when
a Torrance Test of Creative Thinking was taken in relation to exercise completion. Measures of
creative potential significantly increase following 30 minutes of running or fast walking.5
Positive mood significantly increases, and negative mood decreases after a 3-mile run.
And your brain at positive is 31% more productive than your brain at negative, neutral, or stressed.6
“A specially-devised adjective checklist was completed by 165 regular runners 5-10 minutes before,
and immediately after, a 3-mile run. Improvements in mood were greater in women than in men,
largely because women experienced a worse mood state than did men before running.”7
A 6-mile run stimulates an endorphin release equivalent to 10 mg of morphine.
“Twelve long-distance runners were evaluated on thermal, ischemic, and cold pressor pain tests
and on mood visual analogue scales. Blood was drawn for determination of plasma levels of betaendorphin-like immunoreactivity, growth hormone, adrenocorticotrophic hormone, and prolactin.
These procedures were undertaken before and after a 6.3 mile run at 85% of maximal aerobic
capacity… The results show that long-distance running produces hypoalgesia and mood elevation
in man. The effects of naloxone implicate endogenous opioid neural systems as mechanisms of
some but not all of the run-induced alterations in mood and pain perception.”8
A half-marathon induces 73% of “the strongest euphoria imaginable.”
“The current affective states before and after running as well as before the resting PET scan were
evaluated with Visual Analog Mood Scales… The verbal descriptors at the end of the visual analog
scale (VAS) were as follows: *no sadness at all *on the left side versus *strongest sadness
imaginable *on the right side. Accordingly, the descriptors for euphoria were no euphoria at all
versus strongest euphoria imaginable.”9
30 minutes of treadmill walking for 10 days produces clinically relevant reductions in depression.
Twelve patients with a major depressive episode according to the Diagnostic and Statistical Manual
of the American Society of Psychiatry criteria participated. 30 minutes of treadmill walking for 10
consecutive days produced clinically relevant and statistically significant reduction in depression
(reduction of 6.5 points from baseline on the Hamilton Rating Scale for Depression).10
Running may be as effective as medication or psychotherapy for reducing symptoms of depression.
“Running has been compared with psychotherapy in the treatment of depression, with results
indicating that running is just as effective as psychotherapy in alleviating symptoms of depression
(Symptom Checklist-Depression reduction in mean item score of 1.9 [running] vs. 1.6 [therapy]…
Blumenthal and colleagues randomly assigned 156 moderately depressed men and women to an
exercise, medication, or exercise and medication group. Those in the exercise group walked or
jogged on a treadmill at 70% to 85% of heart rate reserve for 30 minutes 3 times per week for 16
weeks. Those in the medication group received sertraline, and a psychiatrist evaluated medication
efficacy, assessed side effects, and adjusted dosages accordingly at 2, 6, 10, 14, and 16 weeks…
there were no significant differences among treatment groups at 16 weeks… Interestingly, 10month follow-up of those participants revealed that exercise group members (70%) had significantly
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(p = .028) lower rates of depression than those in the medication (48%) or the combination groups
(54%).”11
A study of 1.44 million people shows being physical active (e.g. running) is associated with an
average 20% lower risk of 13 types of cancer.
“Health care professionals counseling inactive adults should emphasize that most of these
associations were evident regardless of body size or smoking history, supporting broad
generalizability of findings.”12
Running, even 5-10 minutes per day and at slow speeds (<6 mph), is associated with markedly
reduced risks of all-cause mortality. Runners have a 3-year life expectancy benefit compared to
non-runners.13
If an individual performed the amount of jogging or running the CDC recommends (75 min/week of
vigorous exercise), that individual would run/jog a total of 65 hours each year. If this individual lived
to be 100 with the same activity level (and some do), starting from age 18 the individual would have
spent 5,330 hours running, which equates to 222 days, less than 2/3rds of a year. Given the 3-year
benefit gained by running (1068 days), the individual would have made a 480% return on the
run/jog time investment! One hour of running, thus, may equate to nearly 5 extra hours of life!
When attempting to promote the positive health behavior of running, for mental benefits research
suggests that the focus should be on frequency of exercise rather than duration or intensity until the
behavior has been well established.
The addition of self-monitoring techniques may increase awareness of running’s benefits and selfefficacy, which is generally reinforcing to the patient. “Physician advice is likely to go a long way
toward providing motivation and support for exercise. Follow-up contact may also be important
during exercise adoption. While this follow-up may present a time challenge to the provider, less
time-consuming interactions such as brief telephone contact and automated telephone contact have
been shown to increase adherence to exercise programs”11
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The Sounds of Running (B.J. Lehecka, DPT)
Music has a way of bypassing the intellect and connecting at a different level than spoken facts.
That’s why television dramas and movies play songs during meaningful monologues. The Verve in
Bittersweet Symphony sings the lyric “I need to hear some sounds that recognize the pain in me.”
We may not be able to see or feel it, but music has the ability to stir the soul, resonate with our
thoughts, minister to our emotions, and fuel our movements.
The research behind music and running is fascinating. Studies on humans, nonhuman primates,
and music propose that “there appear to be motivational ties to music that are uniquely human” and
we may be “candidates for music-specific adaptations.”1,2 And multiple running studies support this.
One study of treadmill running by elite triathletes found that time to exhaustion was nearly 20%
longer when running in time to music compared to no music.3 The athletes were able to run an
average of 8 minutes and 33 seconds with music versus 7 minutes and 11 seconds with no music,
both at 110% of their blood lactate threshold velocity. Music has also been shown to improve
performance during 400-meter sprinting, cycle ergometry, and treadmill walking.4-6
Music moves us, and it makes us move significantly longer, faster, with more positive moods, with
lower ratings of perceived exertion, and the ability to sing duets with Bono, Jay-Z, Sara Bareilles,
and Pharrell Williams.
We’ve also learned that increasing running cadence by 5-10% is associated with multiple benefits:
1. The hip and knee absorb significantly less mechanical energy.7
2. Peak hip adduction and internal rotation moments decrease.7
3. Center of mass vertical excursion, braking impulse, and peak knee flexion angle all significantly
decrease.7
4. Patellofemoral joint force is reduced by 14%.8
(https://pbs.twimg.com/media/CdVaTkMW8AABSf2.jpg)
5. Gluteus medius and maximus activity increases during the late swing phase.9
6. Pressure and force variables in the heel and metatarsal regions are reduced by 565 body
weights*second (BW*s) and 140-170 BW*s, respectively.10
Tailored music may be the ideal way to retrain running cadence. One study concluded that running
to motivational music with a prominent and consistent beat matched to the runner’s cadence will
likely produce optimal effects.11 Spotify, the i-Metronome app, or similar apps will allow you to tap a
button to determine the beats or steps per minute of a song or cadence, respectively. There are
also multiple websites with lists of song suggestions and their corresponding cadences.
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Rhythm is woven into the fabric of the world, how things are, or how things are supposed to be. Our
hearts beat with rhythm. Our lungs breathe with rhythm. Even the neurons in our brain oscillate with
rhythm. Rhythm is essentially knowing when to play and when not to play, when to be on and when
to be off. A study of 446 endurance athletes found that athletes with less than 2 rest days per week
during the training season had a 5.2-fold risk for injury.12 Rhythm is the difference between making
music and making sound. Your refrigerator makes sound. U2 and Pharrell Williams make music. If
you don’t know where the rests belong, you will devastate the song. But given proper rest, noise
becomes music, and sound becomes song.
“The Sounds of Running” References
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A Runner’s Trunk and Respiration (B.J. Lehecka, DPT)
Over 75% of smokers who start running stop smoking.
1000+ subjects who smoked and ran in their first 10K were interviewed one year after the race.
75% of women and 81% of men had quit smoking.1
Inspiratory muscle training and inspiratory muscle warm-up can both increase running distance.
“An inspiratory muscle warmup and inspiratory muscle training increased distance covered during
an intermittent running test to exhaustion. Although the effect of inspiratory muscle training alone
was greater than that of an independent inspiratory muscle warm-up, the combination of
interventions elicited the greatest improvement in running distance.”2
5
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Inspiratory muscle training can alter breathing mechanics, attenuate the oxygen cost, ventilation,
HR, blood lactate, and the perceptual response during exercise and improve endurance exercise
performance in recreational runners.
Twenty-four recreational road runners performed inspiratory flow resistive loading for six weeks. A
significant improvement in endurance exercise capacity (+16.4%) during a treadmill run set at 80%
VO2max occurred in this group versus no significant change in a control group.3
An external focus of attention is better than an internal focus in terms of the physiological
performance measure of oxygen consumption during running.
“Trained runners had to focus their attention on three different aspects while running on a treadmill.
For three consecutive 10-min periods, runners concentrated on the running movement, on their
breathing, and on their surroundings. Results showed an increased running economy in the
external focus condition.”4
A study of collegiate cross-country runners showed that the combined analysis of a runner’s
VO2max and running economy could account for 92% of the variance in performance during an
8000-m race.
Running economy (efficiency) is expressed as the steady-state submaximal oxygen uptake at a
given running velocity. The lower the oxygen consumption at a given submaximal running speed,
the better the economy.5
Several modifiable factors exist that can improve running economy. Multiple factors also have
conflicting or limited evidence concerning their effect on running economy.
“Improvements in [running economy (RE)] have ranged from 2 to 8 % using various short-term
training modes, such as plyometric, strength and resistance, whole-body vibration, interval, altitude,
and endurance running. In comparison, long-term physiological training can improve RE by 15 %.”6
“There is an optimal stride length ‘range’ that trained runners can acutely adopt without
compromising their RE. This range appears to be the preferred stride length minus 3 % to the
preferred stride length… For novice runners, the difference between preferred and mathematically
optimal stride frequencies is greater than for trained runners (8 vs. 3 %). Therefore, generalizing the
principle of an optimal stride length range to all runners should be done with caution.”6
Modifiable biomechanics and their effect on running economy:6
- Beneficial effect on running economy: self-selected stride length (minus 3%), low vertical
oscillation, greater leg stiffness, less leg extension at toe-off, maintenance of arm swing, low muscle
activation during propulsion, barefoot or lightweight shoes (< 440 g)
- Conflicting evidence for effect on running economy: ground contact time, swing time, impact force,
trunk lean, orthotics
- Limited evidence for effect on running economy: horizontal distance between the foot and CoM at
initial contact, foot-strike pattern
A 6-week core strength training program significantly increased 5000-m run times compared to
controls (by 30 seconds).
The treatment performed 2-3 sets of 10-15 repetitions of the following exercises 4 times per week
for 6 weeks: (1) abdominal crunch on a stability ball to target abdominal muscles, (2) back
6
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extension on stability ball to target back extensor muscles, (3) supine opposite 1-arm/1-leg raise to
target back/hip extensors muscles, (4) hip raise on stability ball to target back/hip extensors
muscles, and (5) Russian twist on a stability ball to target abdominal muscles.7
“A Runner’s Trunk and Respiration” References
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Runners’ Gluteals (B.J. Lehecka, DPT)
The gluteus maximus is arguably one of the most significant muscles of the human body. In
addition to typically being the most massive muscle of the body, it has profound functional and
athletic purposes. Gluteus maximus weakness has been linked to hip, knee, and ankle pathology.1-3
A relationship exists between gluteus maximus strength and the performance of functional tasks
including walking, stairs climbing, squatting, running, and jumping.4,5 Additionally, gluteus maximus
weakness has been correlated with abnormal lower extremity kinematics which may predispose
individuals to injury.6,7 The significant role of this muscle is evident among a wide spectrum of
patients, from those undergoing hip replacement to active runners (especially female runners).8,9
Females run with 40% greater peak gluteus maximus activation level and 53% greater average
activation level than males.9 (Willson, 2012)
Kang and colleagues studied activation of the gluteus maximus during prone hip extension
with knee flexion in three positions of hip abduction.10 Surface electromyography (EMG) signals
were recorded for the gluteus maximus at 0°, 15°, and 30° of hip abduction. The results showed
greatest gluteus maximus activity with the hip in 30° of abduction, followed by 15°, and then 0°
where traditional muscle testing is performed. These results are logical given the laterally-oriented
pennation angle of the gluteus maximus fibers. Although 0° of hip abduction is presumably easier to
standardize, assessment of gluteus maximus strength (as distinct from hip extension strength) may
be most valid in the abducted hip position.
Studies of gluteal exercises and EMG activity:
Boren K, Conrey C, Le Coguic J, Paprocki L, Voight M, Robinson TK. Electromyographic analysis
of gluteus medius and gluteus maximus during rehabilitation exercises. Int J Sports Phys Ther.
2011 Sep;6(3):206-23.
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Distefano LJ, Blackburn JT, Marshall SW, Padua DA. Gluteal muscle activation during common
therapeutic exercises. J Orthop Sports Phys Ther. 2009 Jul;39(7):532-40.
Ekstrom RA, Donatelli RA, Carp KC. Electromyographic analysis of core trunk, hip, and thigh
muscles during 9 rehabilitation exercises. J Orthop Sports Phys Ther. 2007 Dec;37(12):754-62.
Reiman MP, Bolgla LA, Loudon JK. A literature review of studies evaluating gluteus maximus and
gluteus medius activation during rehabilitation exercises. Physiother Theory Pract. 2012
May;28(4):257-68.
A case for gluteal endurance and gluteal endurance measures (GEMs):
Endurance is especially relevant to the gluteal muscles given their morphology. In one
autopsy study, an estimated 58% of gluteus medius fibers were Type 1, the fiber type most suited
for endurance activity.11 Similarly, the gluteus maximus has been shown to be composed of 52-68%
Type 1 fibers.11,12 These significant proportions of Type I fibers demonstrate that the gluteals are
suited for endurance activity. Both the gluteus medius and maximus contain moderate fiber sizes
(neither small, nor large), which also demonstrates their substantial function for muscular
endurance.13
The significance of gluteus medius endurance has been elucidated by multiple studies of
low back pain and other pathology. For example, one study evidenced that a shorter endurance
time during a side bridge exercise (an exercise requiring sustained, submaximal contraction of the
gluteus medius) is suggestive of increased low back pain development during prolonged standing in
healthy, young, individuals.14 Similarly, clinical instructors with low back pain have demonstrated
higher trunk and gluteus medius fatigue than asymptomatic individuals, demonstrated by reduced
median frequency of the muscles during a 30-minute standing task.15 A relationship has been found
between side bridge endurance and low back pain.16,17 Side bridge endurance, as a measure of
gluteus medius function, is linked to various work-related musculoskeletal disorders,18 static
balance,19 and peak internal rotation during running.20
The significance of gluteus maximus endurance is also evident in studies of low back pain.
In a study of an isometric back extension endurance test, the gluteus maximus was the limiting
factor for back extension endurance time in subjects with chronic low back pain.21 In the chronic low
back pain group, the gluteus maximus fatigued faster than in the control group. Research has
shown a relationship between supine bridge endurance (an exercise requiring sustained,
submaximal contraction of the gluteus maximus) and low back pain and disability in subjects with
lumbar spondylolisthesis.22-24 In these studies, lower endurance times are related to higher ratings
of pain and disability.
“Runners’ Gluteals” References
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Running Related Injuries
Shaun O’Laughlin, PT, DPT, OCS
1. Running Related Lower Extremity Injuries
a. Incidence
i. 19.4%-79.3% (van Gent, 2007)
b. Most Common Locations (Taunton et al, 2002; Taunton et al, 2003)
i. Knee (Patellofemoral pain most common)
ii. Foot/ankle
iii. Lower leg
2. Contributing factors to running related injuries (Jones, 1999; Van Gent 2007)
a. Intrinsic
i. Age
ii. Race
iii. Gender
iv. Prior Injury
b. Extrinsic
i. Training Parameters
ii. Equipment
iii. Terrain
iv. Running Form
3. Running GAIT
a. Foot Strike
i. Rear foot strike
ii. Non Rear foot strike
1. Reduced patellofemoral loading
b. Step Rate
i. Increased step rate
1. Reduced knee loading (Heiderscheit et al, 2011; Lenhart et al, 2014;
Willy et al, 2016)
2. Reduced breaking impulse (Hedierscheit et al, 2011)
3. Reduces loading rate
4. Reduces stride (distance of foot strike to center of mass)
4. Treatment Considerations for Running Injuries
a. Training parameter considerations
b. Running GAIT retraining
i. While biomechanical studies provide rationale for run retraining, limited
evidence exist in its effectiveness in patient populations
ii. Chronic Exertional Compartment Syndrome
1. Transition to forefoot strike with increased step rate resulted in
reduced pain and increased function with running in surgical
candidates with chronic exertional compartment syndrome (Diebal et
al, 2012)
iii. Patellofemoral Pain
1. Transition to forefoot strike reduced loading rates and patellofemoral
symptoms in female runners with patellofemoral pain (Cheung and
Davis, 2011)
2. Transition to a forefoot strike significantly reduced pain in subjects
with patellofemoral pain compared to control group (Roper et al, 2016)
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The Foot Influence
Janice Loudon, PT, PhD, SCS, ATC
Associate Professor
Rockhurst University

I. Subtalar Joint
A. Mechanics during running
o Early stance: Pronation (7 – 8 degrees)
o Late stance: Supination
B. Faulty motion/intervention
o Too much pronation
 PFPS, MTSS (Barton, 2010; Williams et al., 2001)
 Loss of talocrural dorsiflexion
 Intervention: joint, muscle length
o Too quick pronation
 Excessive LE internal rotation
 Hip control
 Shoe – Rearfoot wedge
o Too long pronation
 Lose rigid lever for push-off
 Forefoot varus
 Hallux abducto valgus
 Correction
 Toe spread exercise
 Short foot exercise
o Lacking pronation
 Increased rigidity – maldistribution of forces with increased wear of midfoot
joint, plantar fascia, Achilles tendon, lateral ligaments
 Intervention – joint, soft tissue
II. Midtarsal Joint (Midfoot)
A. Calceneocuboid and Talonavicular Joints
B. Mechanics during running
o Calcaneal eversion: unlocks midtarsal joint
o Calcaneal inversion locks midtarsal joint
C. Faulty motion
o Loss of foot control
o Intervention
 Intrinsic foot exercises (Doming, toe spreads)
III. Great toe
A. Mechanism during running
o Increase work of great toe decreases load on forefoot/midfoot (Mei et al.2015)
o Great toe during heel off to allow Windlass mechanism
B. Faulty motion
o Hallux rigidus
o Hallux abducto valgus
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o Overpronation
o Heel raise exercise
o Taping
Plantarflexed first ray

o
IV. Shoewear
A. Daily Shoewear
o High Heels
o Flip flops
B. Running Shoes
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