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Clinical Predictors of Dynamic Lower 
Extremity Stiffness During Running

Running is an increasingly popular mode of exercise, with 
more than 48 million participants in the United States in 
20T5.30 Running is associated with reduced mortality and 
disability, but also incurs notable risk for lower extremity 
injury.6,19 Runners have to mitigate forces resulting from repetitive 

single-leg landings, predominantly through eccentric muscle 
action, and varied passive resistance from skeletal tissues.35

During running, the lower extremity 
can be modeled to have the unique stiff
ness characteristics of a spring. 3’24 Lower 
extremity stiffness (Kleg) describes the 
resistance to general lower extremity 
joint excursions following ground con-

describing Kleg is the spring mass model, 
which represents the center of mass on a 
massless spring. The calculation of Kleg 
is typically peak vertical ground reaction 
force (GRF) divided by relative compres
sion of the leg during ground contact, 5

for loading rate and the subsequent ki
nematic response of the lower extremity 
during running.

A lower Kleg value is associated with 
greater joint excursion and greater reli
ance on active muscle contributions to 
modulate landing tasks, 13-14’25 and a great
er Kleg value is associated with reduced 
joint excursion and increased impulsive 
loading to bones and cartilage. 33,34 Great
er Kleg during hopping has been prospec
tively linked with greater lower extremity 
injury occurrence.32 Additionally, Pruyn 
et al2S found that the greater difference 
in Kleg between legs of Australian rules 
football players during hopping was also 
prospectively associated with a greater 
occurrence of lower extremity injury. 
These multiple associations suggest a link 
between Kleg and injury rates during dy
namic activities.

Being multifactorial in nature, Kleg 
may reflect contributions from a variety 
of active and passive characteristics of the 
musculoskeletal system. 10-18 Traditionally, 
Kleg has been assessed by motion capture 
and inverse dynamics. However, such 
means of assessment may not be clinical
ly feasible due to the burden of training, 
time, and cost involved. 5 A clinical meth
od of estimating Kleg is feasible during 
hopping, however, still requires specific 
equipment and training . 7-20’23

It has been demonstrated that Kleg 
is influenced by the stiffness of the hip,

tact. The most parsimonious method of which may serve as a global surrogate

•  BACKGROUND: Lower extremity stiffness 
describes the relative loading and kinematics of 
the entire lower extremity during ground contact. 
Previously injured subjects demonstrate altered 
lower extremity stiffness values. Clinical analysis 
of lower extremity stiffness is not currently feasible 
due to increased time and cost.

OBJECTIVE: To determine the clinically identifi
able contributors to lower extremity stiffness.

METHODS: In this cross-sectional controlled 
laboratory study, 92 healthy runners completed a 
clinical screening involving passive assessment of 
hip, knee, and ankle range of motion, along with 
body anthropometries. The range of motion was 
predominantly assessed in the sagittal and frontal 
planes. In the same session, runners completed 
an overground kinematic and kinetic running 
assessment at 3.35 m/s (±5% ) to obtain lower 
extremity stiffness. Correlations between lower 
extremity stiffness and clinical variables were 
completed. Modifiable variables were included

in an all-possible-linear regressions approach to 
determine a parsimonious model for predicting 
lower extremity stiffness.

® RESULTS: Clinically modifiable measures 
included in the regression model accounted for 
48.4% of the variance of lower extremity stiffness 
during running. The variables that predicted 
greater stiffness included greater body mass, less 
ankle dorsiflexion range of motion with the knee 
flexed, less hip internal rotation range of motion, 
and less first-ray mobility.

® CONCLUSION: Reduced lower extremity range 
of motion and greater body mass are associ
ated with greater lower extremity stiffness during 
running. These variables could be addressed 
clinically to potentially alter lower extremity stiff
ness and injury risk. J Orthop Sports Phys Ther 
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knee, and ankle joints, including con
tributions from both passive and active 
structures.26 Given the serial nature of 
the lower extremity, alterations in stiff
ness of individual joints can potentially 
alter overall Kleg. Passive joint struc
ture can also play a role in joint mobil
ity and, subsequently, Kleg. It is often 
postulated that high-arched runners ex
hibit a more rigid foot with reduced mo
bility, whereas low-arched runners have 
more mobile feet.31 This link between 
more restricted motion and arch height 
is supported by Williams et al,33 who 
found that runners with higher, stiffer 
arches demonstrated greater loading- 
rates and Kleg compared to low-arched 
runners.33 Powell et al27 also found that 
runners with high arches have signifi
cantly greater ankle dynamic joint stiff
ness during barefoot running.

Variables that can be easily assessed 
in clinical settings may also prospectively 
predict Kleg. Mahieu et al21 prospectively 
found that greater dorsiflexion range of 
motion (ROM) was a significant predic
tor of greater dorsiflexion during hop
ping. Man et al22 also prospectively found 
that greater passive metatarsophalangeal 
stiffness was significantly positively cor
related with Kleg during running. This 
demonstrates that clinical variables can 
potentially predict Kleg during dynamic 
activities. This improved understanding 
of the individual musculoskeletal con
tributions to Kleg could potentially help 
shape targeted rehabilitation protocols to 
alter Kleg and subsequently reduce lower 
extremity injury occurrence.

However, to our knowledge, a com
prehensive evaluation of how variables 
from a clinical assessment relate to Kleg 
has not been conducted. Therefore, the 
purpose of this study was to identify 
clinically measured variables that influ
ence Kleg during running. Emphasis was 
placed on modifiable clinical variables in 
order to create a model that more clearly 
identifies clinical targets for change. We 
hypothesized that less ROM observed 
during a clinical exam would be associ
ated with greater Kleg during running.

METHODS

Ninety-two runners (53 male, 39 
female; mean ± SD age, 49.7 ± 11.1 
years; range, 25-81 years; height, 

1.72 ± 0.09 m; mass, 70.6 ± 12.0 kg) 
volunteered to participate in the study. 
Subjects were recruited from the local 
running community population. Sub
jects were required to be free of lower 
extremity injury for 6 months and to run 
a minimum of 16 km per week. The study 
protocol was approved by the Biomedi
cal Institutional Review Board at East 
Carolina University. Subjects read and 
signed an Institutional Review Board- 
approved informed-consent form prior 
to participation.

Procedures
Data collection occurred during 1 session. 
Initially, a passive analysis of the lower 
extremities was conducted by a licensed 
physical therapist with greater than 10 
years of experience with sports and or
thopaedic patients. The measurements 
included available passive ROM and rest
ing standing posture at the ankle, knee, 
and hip, predominantly in the sagittal 
and frontal planes. A full list of clinical 
variables and the measurement details 
are included in the A PP E N D IX  (available at 
www.jospt.org). Results from the clinical 
assessment were scored as continuous, 
ordinal, or categorical, depending on 
test parameters (ie, ROM versus special 
tests). These clinical assessments were 
completed bilaterally; however, only the 
left-leg values were used for this analysis.

Following the clinical exam, subjects 
were analyzed during overground run
ning using a 9-camera motion-capture 
system (Qualisys AB, Gothenburg, Swe
den). A standing calibration trial was 
recorded with optoreflective markers 
placed bilaterally at joint landmarks 
(anterior superior iliac spines, posterior 
superior iliac spines, L5-S1, greater tro
chanters, medial and lateral knee epicon- 
dyles, medial and lateral malleoli, bases 
of the first and fifth metatarsals) and 
segments (calcaneus, shank, thigh, and

pelvis). The markers at joint landmarks 
were used to establish joint centers and 
segment coordinate systems, and medial 
knee and ankle markers were removed 
before dynamic data collection.

Subjects were instructed to run with 
their normal running gait and maintain 
a consistent speed over 2 force plates 
(Advanced Mechanical Technology, Inc, 
Watertown, MA) embedded in the 20-m 
runway. Custom photocells placed 6 m 
apart allowed containment of subject 
running speed to 3.35 m/s (±5%). Ki
nematic data were collected at 240 Hz, 
while GRF data were synchronously re
corded at 1200 Hz. Track Manager (Qual
isys AB) software was used to reconstruct 
3-D coordinates for each marker.

Subjects were allowed to run along 
the runway as many times as necessary 
to feel comfortable with the markers and 
striking the force plates without aiming 
or altering their strides. A trial was con
sidered successful when the subject ran 
with a natural gait over the force plates 
at a specified speed, and when the entire 
left foot landed on 1 of the force plates. 
Subjects were habitual-shod runners 
and completed the running assessment 
in self-selected running shoes.

Pelvis, thigh, shank, and foot segments 
were created from the markers placed on 
the lower extremities. Marker data were 
low-pass filtered at 12 Hz and GRF data 
were low-pass filtered at 50 Hz, each with 
second-order recursive Butterworth fil
ters. Data were then analyzed during 
stance phase only, defined between foot 
strike (vertical GRF greater than 20 N) 
and toe-off (vertical GRF less than 20 N), 
and normalized to 101 data points.

Total Kleg during running for the 
left leg was calculated using the formula 
Kleg = Fmax/AL, where Fmax is peak ver
tical GRF; and AL = Ay + L (1 -  cos0), 
where L is initial leg length, Ay is verti
cal displacement of the body’s center of 
mass, and 6 = sin_1(wTc/2L), where v is 
forward velocity and Tc is contact time.24 
Initial leg length was defined at the ver
tical distance of the greater trochanter 
to the floor during standing calibration.
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Body center-of-mass position was esti
mated from the L5-S1 kinematic marker. 
Forward velocity was calculated from the 
average center-of-mass forward velocity 
(determined via the first derivative of the 
L5-S1 position data) during stance phase.

Statistical Methods
Descriptive statistics were reported as 
means and standard deviations for con
tinuous variables, or as frequencies for 
categorical variables. Simple Pearson cor
relations and 1-way analyses of variance 
were computed for continuous and cat
egorical variables, respectively, to deter
mine the relationships of Kleg separately 
for each clinically assessed variable. Mul
tiple regression analyses were then per
formed to determine which set of clinical 
variables best predicted Kleg. A series 
of multiple regression models were de
veloped to determine a parsimonious 
model, including forward and backward 
selection along with an all-possible-re- 
gressions approach. A multiple regres
sion model containing all 13 modifiable 
clinical variables was also developed to 
ensure the coefficient of determination 
(.R 2) was not meaningfully reduced in the 
parsimonious model. In an effort to fo
cus on modifiable clinical contributions, 
nonmodifiable variables (eg, leg and foot 
lengths, arch height) were excluded from 
the regression analyses.

RESULTS

Descriptive statistics for each of 
the clinical variables of interest are 
reported in TABLE 1. Average ± SD 

left Kleg during running was 11.09 ± 2.37 
kN/m. The association between Kleg 
and each clinical variable is reported in 
TABLE 2. The forward selection approach 
to multiple regression yielded significant 
predictors of hip internal rotation, subject 
body mass, and first-ray mobility (R 2 = 
46.4%). The backward selection approach 
to multiple regression yielded significant 
predictors of hip internal rotation, subject 
body mass, and ankle dorsiflexion with 
the knee in 90° of flexion (DFflex) ( R 2 =

44.2%). The all-possible-regressions ap
proach for 4 predictors included hip in
ternal rotation, subject body mass, DFflex, 
and first-ray mobility and was considered 
the final model (TABLE 3 ) . This model ac
counted for 48.4% of the variance in Kleg 
during running (P<.001). The individual 
predictors revealed that less DFflex, less 
hip internal rotation, a hypomobile first 
ray, and greater body mass were associ
ated with greater Kleg. This multiple re
gression equation for Kleg (kiloNewtons 
per meter) is estimated as [12.23 + (-0.09 
x DFflcx ROM) + (-0.07 x hip internal 
ROM) + (0.05 x body mass) + (first-ray 
mobility)] , where mobility was defined as 
hypomobile (0), normal (0.09), or hyper- 
mobile (1.27).

The multiple regression model con
taining all 13 modifiable variables ex
plained only slightly more of the variance

associated with Kleg during running (R 2 

= 54.0%). This indicates that this study’s 
parsimonious model with 4 terms cap
tures nearly all of the variance of Kleg 
that was explained by the 13 modifiable 
variables.

DISCUSSION

The purpose of this study was to 
identify clinical variables that con
tribute to Kleg during running. In 

the current study, Kleg was similar to 
previously reported values of stiffness.9,12 
Nearly half (48.4%) of the variance 
in Kleg was explained by a brief clini
cal evaluation. More importantly, these 
variables are clinically modifiable. This 
is surprising, given that a large portion 
of dynamic Kleg is modulated through 
active eccentric muscle action during

All Variables Assessed During Clinical 
Screening for the Left Lim b*

Clinical Variable Value
A nth ro p o m e tr ie s

Leg leng th, cm 8 8 .4  ± 5 .5

Foot leng th, cm 26.1 +  1.7

Q angle, deg 9.9 ± 6 .5

Truncated fo c t leng th, cm 19.8 +  1.3

D orsum  he igh t o f fo o t a t 5 0 %  fo o t leng th d u rin g  W B, cm 6 .5  ± 0 .6

D orsum  he igh t o f fo o t a t 5 0 %  fo o t leng th d u rin g  NW B, cm 7 2  +  0.6

D orsum  he igh t d iffe rence (N W B -  W B), cm 0.7 ± 0 .2

B ody m ass, kg 70.6 ± 1 2 .0

Heigh t, m 1.72 +  0 .0 9

Jo in t ROM, deg

A nk le  DF w ith  knee in fu ll extension 1 9 .8 + 4 .5

A nk le  DF w ith  knee in 9 0 °  o f flex ion 2 5 .4  +  4.9

A nk le  DF d iffe rence (flex ion  -  extension) 5.6 ± 3 .0

H ip in te rna l ro ta tion 39 ,8  +  7.6

H ip externa l ro ta tion 4 0 .3  +  6 .8

H ip to ta l transverse  ROM 80.1 +  10.0

S ub ta la r invers ion 18.9 +  5.5

S ub ta la r eversion 8.3  ± 3 .3

S ub ta la r to ta l ROM 27.3 +  7.0

H allux DF 8 0 .4  +  12.5

Foot postu re

S ub ta la r neu tra l po s itio n , deg 5.4  ± 2 .8

Fo re foo t/rea  rf o o t angle, deg1 4.1 ± 3 .6

Table continues on page 101.
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ground contact.35 The multiple regression 
equation generated from these data could 
lay the initial groundwork for a clinical 
tool to estimate Kleg in the absence of ex
pensive 3-D biomechanical systems.

The current study demonstrates that 
less lower extremity joint ROM (ie, hip 
internal rotation, ankle dorsiflexion, first- 
ray mobility) is associated with greater 
Kleg. This supports our hypothesis that 
reduced mobility observed during a 
clinical exam would be associated with 
greater Kleg during running. These re
ductions in ROM may result in reduced 
joint excursions during ground contact 
that would potentially be associated with 
greater stiffness.

Previous work concurs that greater 
body mass and reduced lower extremity 
joint mobility in the foot are associated 
with greater Kleg during running.8,22 
This relationship of both body mass and 
joint mobility to Kleg is expected, given 
that it comprises Fmax/AL, where greater 
body mass is associated with greater 
Fmax and reduced lower extremity joint 
mobility is likely associated with less po
tential for lower extremity compression 
(AL).22,27,33 These clinical variables could 
serve as a targeted rehabilitation proto
col to potentially alter stiffness during 
running.

For example, by increasing ankle dor
siflexion through a targeted stretching

TABLE 1 A ll  Va r ia b l e s  A s s e s s e d  D u r in g  Cl in ic a l  
Sc r e e n in g  f o r  t h e  Le f t  L im b * (c o n t in u e d )

Clinical Variable Value
First-ray po s itio n , n

PF 22

N orm a l 70

DF 0

First-ray m obility , n

H ypom obile 6

N orm al 71

H yperm ob ile 15

Resting ca lcaneal stance angle, deg* -2 .7  ± 4 .3

S tand ing  rearfoo t angle, deg* -7.7 ± 5 .2

H allux valgus, deg 10.3 ± 4 .1

T ib ia l varum , deg* 4 .2  ± 4 .3

AHI d u rin g  WB 0 .3 6  ± 0 .0 2

AHI d u rin g  NW B 0.3 2  ± 0 .0 2

AHI: d iffe rence (W B -N W B ) 0.0 3  ± 0 .0 1

C lin ica l te s ts /tn u sc le  length

H a m s trin g  ROM (supine, 9 0 7 9 0 °  po s itio n ), deg5 -1 8 .8  ± 1 0 .4

Q uadriceps ROM (p rone , h e e l-to -bu ttock  d is tance), cm 1.5 ± 2 .8

O b e rte s t, n

Positive 10

Negative 82

T h om a s tes t, n

Positive 25

Negative 67

Abbreviations: AHI, arch height index; DF, dorsiflexion; NWB, non-weight bearing; PF, plantar 
flexion; ROM, range o f motion; WB, weight bearing.
* Values are mean ± SD unless otherwise indicated.
Varus is positive.

1 Valgus is negative.
*Knee flexion angle from, fu ll extension.

protocol, reductions in Kleg during run
ning may be achieved. Conversely, a run
ner with a lower level of Kleg and with 
a history of Achilles tendinopathy may 
increase his or her Kleg value through 
targeted plyometric training focused on 
ankle, knee, and hip muscle strength and 
joint control.29

However, some degree of caution 
should be taken in regard to the clinical 
utility of this current regression model. 
This is an initial attempt at defining a 
predictive model for Kleg in a clinical 
sense. We have not conducted testing by 
targeting 1 variable (eg, increasing DFflex 
with calf stretching) and the subsequent 
effects on additional variables and over
all Kleg. It is highly likely that a targeted 
rehabilitation protocol would require all 
variables to be addressed simultaneously 
for effective changes in Kleg. Addition
ally, the current regression model is more 
heavily weighted toward fluctuations in 
foot mobility, particularly with first-ray 
mobility. How foot mobility affects over
all Kleg during running warrants further 
research.

Previous studies have demonstrated 
that Kleg is predominantly modulated 
by the neuromechanical properties of a 
multitude of joints, including the hip, 
knee, and ankle.1,11,15,16,26 Our parsimo
nious clinical model consisted of 1 foot 
measurement, 1 ankle measurement, 1 
hip measurement, and body mass, which 
demonstrates both the proximal and dis
tal nature of modulating dynamic Kleg 
during running. These variables demon
strate the ability of the lower extremity to 
modulate stiffness in a variety of patterns. 
For example, reduced stiffness about the 
ankle joint could be compensated for 
with increased stiffness about the knee 
joint.17

While the current study did not in
clude any kinetic or kinematic predictor 
variables, commonly measured clinical 
variables were useful in predicting a dy
namic measure. It is important to note 
that roughly half of the variance of Kleg 
is still unexplained through this model, 
and further investigations should focus

JOU RNA L OF ORTHOPAEDIC &  SPORTS PHYSICAL THERAPY | VOLUME 4 9  | N U M BER 2  | FEBRUARY 2 0 1 9  | 101



[  RESEARCH REPORT }

Pearson Correlation  Coefficien ts 
Betw een  Continuous Clinical 

Variables of Interest  and 
Lower Extremity  Stiffn ess

Clinical Variable r P  Value*
N o n m o d ifia b le : con tin u o us

AHI: NWB 0.36 .003*

AHI: WB 0.36 .003*

AHI: d iffe rence (W B -N W B ) -0 .0 1 .9

D orsu m  heigh t o f th e  fo o t a t 5 0 %  fo o t leng th  in NWB 0.6 <.001*

D orsum  heigh t o f th e  fo o t a t 5 0 %  fo o t leng th  in WB 0.62 <.001*

D orsum  he igh t d iffe rence (N W B -W B ) 0.02 .79

Foot length 0 .37 <.001*

Fo re foo tA earfoo t angle -0 .0 3 .76

H allux va lgus -0 .1 4 .16

H eight 0.47 <.001*

Leg length 0 .3 9 <.001*

Q angle 0.03 .76

R esting ca lcaneal stance 0.17 .09

S tand ing  rearfoo t angle 0.12 .22

S ub ta la r neu tra l 0 .05 .58

T ib ia l va rum -0 .0 7 .48

Truncated fo o t length 0.2 ,07

N o n m o d ifia b le : ca tegorica l

F irst-ray pos ition .43

M odifiab le : con tin u o us

Ankle DF w ith  knee in fu ll extension, deg* -0 .3 1 .002*

Ankle DF w ith  knee in 9 0 °  o f flex ion , deg* -0 .4 3 <.001*

Ankle DF d iffe rence (flex ion  -  ex tension) -0 .1 5 .12

H allux DF* -0 .1 4 .15

H am strin g  ROM (supine, 9 0 7 9 0 °  position)* -0 .17 .08

H ip external ro ta tion* -0 .0 9 .37

H ip in te rna l ro ta tion* -0 .5 3 <.001*

H ip to ta l transverse  ROM -0 .4 1 <.001*

B ody m ass* 0 .54 <.001*

Q uadriceps ROM (p rone , hee l-to -b u tto ck  d istance)* 0.21 .06

S u b ta la r eversion* -0 .1 6 .1

S ub ta la r inversion* -0 .2 6 .012*

S u b ta la r to ta l ROM -0 .2 6 .009*

M od ifiab le : ca tegorica l

F irst-ray m ob ility* < 0 0 1 *

O b e rte s t* .27

Th o m as test* .47

Abbreviations: AHI, arch height index; DF, dorsifiexion; NWB, non-weight bearing; ROM, range of 
motion; WB, weight bearing.
*  Overall P values from 1-way analyses o f variance were reported for categorical variables and lower 
extremity stiffness.
1Statistically significant (P<.05).
1Clinically modifiable variables utilized in the regression analysis (n  =  13).

on different neuromechanical factors that 
may add to the predictive model.

While the findings of the current 
study are unique and clinically useful, 
further research should focus on de
termining “ideal” Kleg values that may 
be used as “cutoffs” to minimize injury 
risk or improve performance. Previous 
research has indicated that there is an 
optimal Kleg value that maximizes per
formance during jumping,2 and there is 
likely a trade-off between performance 
and injury risk. Additional clinical tests 
and variables should be included in fu
ture studies that incorporate neuromus
cular factors (eg, knee extension strength 
and/or rate of torque development) in an 
attempt to explain a substantially greater 
proportion of the variance in Kleg.

L im ita tio n s

The subjects in the current study ran 
at a fixed pace, which may not reflect 
the normal training pace of all subjects. 
Further information could be gleaned by 
having subjects run at varying velocities 
to analyze changes in Kleg and to deter
mine additional associations with clinical 
variables.

Furthermore, subjects’ foot-strike 
patterns were not controlled. The large 
majority of the subjects in the current 
study were rearfoot strikers. Delineat
ing subjects based on foot-strike pattern 
could provide additional or different 
variables to be included in the model. 
For example, runners with rearfoot- 
and midfoot-strike patterns have been 
shown to exhibit different levels of over
all leg stiffness.4

History of a lower extremity injury can 
also alter running biomechanics, which 
can alter Kleg. The subjects in this study 
were injury free at the time of testing; 
however, given the advanced age of this 
cohort (nearly 50 years), many subjects 
demonstrated at least 1 running-related 
injury in their running careers. Addi
tional studies should more closely control 
previous injuries, and this analysis could 
be expanded to include currently injured 
runners.
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CONCLUSION

Alte r a t io n s  in  Kleg  have b een  
linked with musculoskeletal inju
ry.28'32 However, clinical assessment 

of Kleg is currently neither feasible nor 
efficient. The current investigation pro
vides initial data for a relevant clinical 
tool to assist clinicians in predicting Kleg 
as well as identifying modifiable charac
teristics that may be targets for interven
tions designed to alter Kleg. Such a tool 
would allow for actionable adaptations of 
training and rehabilitation programs in 
an attempt to minimize injury risk. These 
variables (hip internal rotation ROM, 
DFflex, first-ray mobility, and body mass) 
are clinically important, as they account 
for nearly half of the observed variance 
of Kleg, and all the variables except body 
mass are modifiable passive characteris
tics of structures in the lower extremities. 
Moreover, body mass is modifiable over 
longer-term interventions (eg, diet, ex
ercise). The remaining variance of Kleg 
may likely be explained by other passive 
anatomical contributions (eg, joint ROM, 
anatomical structure) and active neuro
muscular contributions at the ankle, 
knee, and hip. ®

■  KEY POINTS
FINDINGS: This study found that nearly 
half of the variance associated with low
er extremity stiffness could be explained 
by 4 clinical variables commonly used 
in physical therapy. Reductions in lower 
extremity mobility found on a clinical

exam and greater body mass are associ
ated with greater lower extremity stiff
ness during running.
IMPLICATIONS: Patients who have reduc
tions in passive mobility on a clinical 
exam and/or greater body mass may 
be at greater risk for lower extremity 
running-related injuries.
CAUTION: Subjects were habitual runners 
who were injury free at the time of data 
collection. These findings may not be 
applicable to those in the general popu
lation who do not participate in regular 
running, or to individuals with ongoing 
running-related injuries.
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