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ABSTRACT
Purpose: Recent sprint training regimens have used high-speed
incline treadmill running to provide enhanced loading of muscles
responsible for increasing forward running speed. The purpose
of this study was to determine the standard alterations in the
lower-limb joint kinematics and gait parameters resulting from
changes in treadmill slope during the use of the treadmill as a
medical reference.
Subjects: The subjects of this study were 20 normal, healthy
elite football players without any orthopedic, respiratory, or
cardiovascular system problems.
Materials and methods: The running gait of subjects was analyzed using motion analysis system on an inclined treadmill with
three running trials, each for 3 minutes. The gait was measured
at incline of 0, 9, and 18%. The speed of the treadmill was fixed
at 4.0 m/s in order to maintain a constant running speed.
Results: The subjects’ gait parameters were observed to
change significantly between slopes of 0 and 18%. The results
showed greater maximum knee flexion, ankle dorsiflexion, and
total hip range of motion (ROM) in incline treadmill running
compared to level running.
Conclusion: The results of this study can be put in as a predesigned rehabilitation program for sprint training on a treadmill,
especially for treadmills with adjustable gradients.
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INTRODUCTION
Running is another locomotor activity, i.e., similar to
walking, but certain differences need to be examined.
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Running requires greater balance, muscle strength, and
range of motion (ROM) than does normal walking.1
Greater balance is required because running is characterized not only by a considerably reduced base of support
but also by an absence of the double-support periods
observed in normal walking and the presence of float
periods in which both feet are out of contact with the
supporting surface.1 For running and cutting sports,
short burst acceleration is one of the major discriminators between elite and sub-elite athletes.2,3 Efficient and
effective training methods to improve speed are often
sought after by coaches and athletes in order to enhance
this important performance characteristic. While most
athletes’ desire improved acceleration and speed, the
most effective training mode to obtain improvements in
these measures is unclear.4
The integration of kinematic, kinetic, and electromyogram (EMG) data has provided a wealth of information
on the coordination of the musculoskeletal system during
level running.5 In contrast, fewer studies have focused on
the biomechanics of incline running, although substantial
changes in lower extremity motion have been reported
with alterations in grade of 5% or more.6 Studies on
the kinetics of graded running have been limited to the
stance phase only.7 Although the effect of grade on lower
extremity muscle activity has been well documented for
walking, similar studies on graded running are absent.8
Recent training regimens intended to improve sprinting
performance have included incline treadmill running at
speeds above 4.5 m/s with grades over 30%.9 These training protocols are designed to enhance muscular loading
of the hip, knee, and ankle extensors during stance and
the hip flexors and extensors during recovery.9 It has been
suggested that these muscle groups are primarily responsible for generating forward propulsion during running
and sprinting.10
Running involves a bouncy gait in which energy
is absorbed passively by muscles and tendons in a leg
whenever a foot hits the ground, so that the body can
be momentarily slowed and lowered.1,11 Much of that
absorbed energy is then used to lift and accelerate the
body during the latter part of foot-strike, so that toe-off
can be accomplished and an athlete can “fly” through the
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air toward an eventual collision of the other foot with the
ground. Scientific research has proven that setting the
treadmill to a 1% grade accurately reflects the energy
costs and simulates outdoor running.1,11
Both ground-based and treadmill-based speed training techniques provide mechanical load, which has the
potential to initiate adaptations to stride frequency, stride
length, and ultimately, acceleration and sprinting speed.12
In general terms, running speed is the product of stride
length and stride frequency. Attempts to improve speed
must induce neuromuscular adaptations that increase
either stride length or stride frequency without significant
detriment to the other.12
Speed training on a treadmill provides load resistance
based on spatial position and gravitational pull during
bouts performed on inclines with greater than 0% grade.12
Inclined treadmill sprinting creates adaptations in stride
frequency by increasing lower extremity muscle activation and through increases in joint angular velocities.13
In contrast, ground-based speed training techniques
provide load via horizontal resistance (i.e., weighted sled,
parachute, partner bands).14
Sloping surfaces are widely used in training for sprint
running. Data on the effects of inclined surfaces (uphill or
downhill) on the kinematic and postural characteristics
(defined as the relationship and alignment of the various
body segments to one another; Larson 1971)28 of sprint
running are important for understanding the implications of the use of such slopes for sprint training; they
can also be used as a baseline for further research. Kunz
and Kaufmann15 suggested that inclines greater than 1.7°
should be used in training to improve maximum sprint
speed on the horizontal (even though they provided no
information about the rationale for selecting a threshold slope of 1.7°). They did not report in any detail the
methods that were used, but the uphill and downhill
slopes consisted of asphalt road surfaces and the horizontal surface was an artificial track surface, which could
have affected their results.15 However, these are the only
results in the literature on the effects of sprint running
on inclined surfaces.

Materials and methods
Twenty healthy elite football players (age 24.6 ± 6.1 years
old, height 169.7 ± 10.9 cm, body weight 65.6 ± 10.7 kg)
gave their informed consent to serve as subjects in the
study. The procedure, benefits, and potential risks of
study were explained to the participants before signing
the informed consent form and starting the test. The study
was approved by the Institutional Ethics Committee of
Faculty of Sports Medicine and Physiotherapy, Guru
Nanak Dev University, Amritsar.
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The study inclusion criteria included the following:
Subjects who agreed with the purpose of this study, subjects who had no existing musculoskeletal problems, such
as lower-limb fracture and sprain/strain, subjects who
had no recent injury to lower limb, subjects who had no
existing neurologic problems, and subjects who had
no existing respiratory or cardiovascular system problems
during running.
All the subjects were instructed to run with proper
footwear on the treadmill (Motorized Treadmill, USA,
220 V–50 Hz) ramp. The starting position of each subject
was set so as to ensure the dominant limb always stepped
first on the ramp. The gait was analyzed using Maxrtaq
Three-dimensional (3D) Motion Analysis System (InnovisionSystems, Michigan).
The running trials were performed repeatedly three
times for each of the three locomotion conditions: Incline
running at 4.0 m/s and 18% grade, incline running at
4.0 m/s and 9% grade, and level running at 4.0 m/s each
for 3 minutes. Prior to testing, a brief period (4 minutes) of
warm-up was given. Kinematic gait parameters measured
included stride length (m), stride frequency (Hz), stance
duration (actual time in seconds). The joint angles of the
lower extremities (hip, knee, and ankle) at heel contact,
impact, toe-off, and maximum angle during swing phase
were measured. The selected kinematic parameters were
calculated at key events in the gait cycle (foot-strike, toeoff, etc.), and averages for joint kinematics were calculated.
Descriptive statistics were calculated for selected gait
and joint kinematic variables. A within subject repeated
measures analysis of variance (RM ANOVA) design was
used [Statistical Package for the Social Sciences (SPSS)
Inc., Chicago, IL, version 17]. All significant differences
reported were at p < 0.01.

RESULTS
The results of kinematic level vs treadmill slope running
demonstrated significant differences in stride length,
stride frequency, and stride duration (p < 0.01) (Table 1).
Compared with level running, treadmill slope elicited
significant differences in lower-limb joint angles at heelstrike, toe-off, during impact, and swing phase (p < 0.01)
(Table 2).
Table 1: Summary of general kinematic gait variables
by treadmill grade
0%
9%
18%
Variables
Mean SD Mean SD
Mean SD
Stride length (m)
1.63 0.02 1.47 0.03* 1.25 0.02*†
Stride frequency (Hz) 1.38 0.02 1.49 0.01* 1.78 0.02*†
Stride duration (s)
0.21 0.02 0.19 0.01* 0.18 0.01*†
*Indicates comparison between 0 and 9%, 9 and 18% (p < 0.01);
†
indicates comparison between 0 and 18% (p < 0.001)
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Table 2: Summary of selected joint kinematic variables
0%
9%
18%
Joint
Mean
SD
Mean
SD
Mean
Hip
25.61
0.48
35.64
0.49*
54.95
Knee
20.85
0.45
35.85
0.45*
59.39
Ankle
–9.13
0.24
–3.15
0.24*
6.61
Angle during impact (°)
Hip
4.52
0.30
2.51
0.28*
–11.51
Knee
25.35
0.33
15.35
0.33*
–4.61
Ankle
28.58
0.31
25.58
0.31*
18.44
Angle at toe-off (°)
Hip
–4.6
0.29
–2.55
0.28*
2.62
Knee
22.62
0.26
21.77
0.24*
21.13
Ankle
–20.93
0.18
–21.34
0.23*
–21.95
Maximum angle (°)
Hip
46.58
0.44
56.58
0.44*
80.8
during swing phase
Knee
132.1
0.33
133.1
0.33*
136.9
Ankle
19.96
0.29
20.96
0.29*
24.75
*Indicates comparison between 0 and 9%, 9 and 18% (p < 0.01); †indicates comparison between 0 and 18% (p < 0.001)
Variables
Angle at heel-strike (°)

In the post hoc analysis results, significant stride
frequency differences (p < 0.01) were found between
0 and 9%, between 9 and 18%, and between 0 and 18%
(p < 0.001). Stride length between grades of 0 and 9%
and between 0 and 18% were found to be significantly
different (p < 0.01). Significant stride duration differences
(p < 0.01) were demonstrated between 0 and 9%, between
9 and 18%, and between 0 and 18% (p < 0.001).
Significant differences (p < 0.01) were found in the hip,
knee, and ankle angles between 0 and 9%, between 9 and
18%, and between 0 and 18% (p < 0.001) at the heel-strike
phase of running. During impact, hip, knee, and ankle
angles were found to be significantly different (p < 0.01)
between 0 and 9%, between 9 and 18%, and between
0 and 18% (p < 0.001). At the toe-off phase, significant
differences (p < 0.01) were found in the hip, knee, and
ankle angles between 0 and 9%, between 9 and 18%, and
between 0 and 18% (p < 0.001). Significant hip, knee,
and ankle angles’ differences (p < 0.01) were demonstrated
between 0 and 9%, between 9 and 18%, and between
0 and 18% (p < 0.001).

DISCUSSION
For running and cutting sports, short burst acceleration is
one of the primary discriminators between elite and subelite athletes. Coaches and athletes seek training methods
to improve acceleration in order to enhance this important
performance variable. While there is evidence that both
modes may induce positive neuromuscular adaptations
that improve sprint speed, there is currently no consensus
as to the most effective method (ground-based resistive or incline treadmill method) to train for improved
short burst acceleration.16,17 Likewise, it is unclear
which variable, stride length or stride frequency, provides the greatest adaptation and improvement during
neuromuscular training.

SD
0.66*†
0.59*†
0.27*†
0.28*†
0.29*†
0.32*†
0.25*†
0.25*†
0.19*†
0.30*†
0.27*†
0.31*†

Several authors have contended that treadmill training is not as effective as other speed training methods
based on the theory of specificity. Because high-speed
incline treadmill training does not have identical kinematics or kinetics to over-ground sprinting, it may be argued
that increases in performance on the treadmill may not
correlate to performance while sprinting on the ground
or during sports activities.18 However, in more recent
work by Swanson and Caldwell, high-intensity incline
treadmill training similar to the training utilized in the
current study induced several effects related to increased
joint power and muscle activation.13 The improved acceleration and stride frequency demonstrated by the incline
treadmill training group in the current study support the
positive effects of 6 weeks of incline treadmill training on
ground-based speed measures.
Our data illustrated that high-speed incline running
elicited distinct changes in joint kinematic and gait parameters compared with level running at the same speed.
These effects are due in part to the higher stride frequency
in the incline condition compared to level running. The
results supported our hypotheses that the incline condition would generate kinematic differences accompanied
by changes in the gait parameters.19,20
The level running joint kinematics were consistent
with other studies. For example, hip and knee angles at
foot-strike were similar to those reported by Milliron and
Cavanagh16 for running at 4.0 m/s, whereas ankle angles
at foot-strike were typical of those exhibited by mid-foot
strikers or during sprinting. Kinematic patterns throughout stance mirrored previous studies of level running:
Relatively isometric hip motion, knee flexion, and ankle
dorsi-flexion during the impact phase, followed by hip
and knee extension and ankle plantar-flexion during
push-off.20-22
The incline condition resulted in higher stride frequency and a greater proportion of the stride cycle spent
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in stance compared with level running. However, the
actual time spent in stance for incline was less than for
level surface. Also, stride length was reduced during
incline. Another feature of the incline condition was
the significantly shorter swing phase duration related
to the higher stride frequency.23,24 As a result, muscular
loading at the hip during swing was significantly higher
in incline, with greater hip ROM.
Several kinematic alterations at the hip and knee
during swing and large differences in joint kinematics
during stance were found between incline and level
running, suggesting changes in muscular loading unique
to the incline condition. Hip, knee, and ankle extensor
ROM during stance were all greater in the incline condition. The results showed greater maximum knee flexion,
ankle dorsiflexion, and total hip ROM in incline treadmill
running compared to level running. The gait parameters
at 9 and 18% treadmill incline showed significant changes
in stride length, stride frequency, stance, and swing phase
duration. Step length and stride length decreased as
incline angle increased. Kawamura and Sun reported a
similar results.25-27,29,30

CONCLUSION
Compared to level treadmill running, incline condition
demonstrated significant differences in the kinematic
gait parameters as well as lower-limb joint angles at key
events in the gait cycle. The results of this study may
be used as a medical reference for sprint training on a
treadmill for the athletes, especially for treadmills with
adjustable gradients. It is important for understanding the
implications of the use of such slopes for sprint training;
they can also be used as a baseline for further research.
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