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ABSTRACT

S This study aimed to investigate the effects of three different uphill training

Article Info: gradients—7.6%, 5.1%, and 2.5%—on selected kinematic characteristics of middle-

distance runners.

m Forty middle-distance runners performed a 30-meter maximal sprint test

Accepted: 28 June 2025 to assess their kinematic characteristics. Participants were randomly assigned to one

Available Online: 28 June 2025 of three uphill training groups or a control group. Pre- and post-training assessments
were conducted to evaluate the effects of 8 weeks of uphill training on maximal
velocity (Vmax), step rate (SR), step length (SL), contact time (CT), and flight time
(FT).
m The steeper hill group (STHG) showed significant improvements in Vmax
(from 7.47 £ 0.75 to 8.74 + 0.55 m/s, p <.001), SR (from 4.13 + 0.41 to 5.08 + 0.51
steps/s, p < .001), and SL (from 1.77 + 0.10 to 1.80 + 0.08 m, p < .001). The
intermediate hill group (IHG) also demonstrated increases in Vmax (7.34 + 1.06 to
7.93 £0.79 m/s, p <.001), SR (4.09 £ 0.53 to 4.70 + 0.39 steps/s, p < .001), and SL
(1.75+0.08to 1.78 £ 0.08 m, p <.001). The shallow hill group (SHG) showed a smaller
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Keywords: improvement in Vmax (7.31 £ 0.50 to 7.65 + 0.55 m/s, p < .001), with no significant
changes in the other variables.
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1. Introduction

Performance in middle-distance running is unique and characterized by intermediate factors of
biomechanics (1, 2) and physiology (3, 4), with the challenge being to run at high velocities while still
maintaining economical movement (5). Understanding the biomechanical principles, including stride
length, stride frequency, flight time, and ground contact time, can make a significant difference in middle-
distance running performance (6, 7). Running involves a cycle of flight and support phases, with efficient
running typically consisting of about 65% flight and 35% support (8). Key kinematic factors such as step
length, contact time, flight time, and step frequency regulate this cycle (9, 10). Optimal stride length and
frequency help minimize energy use while maximizing speed. Efficient biomechanics, including shorter
ground contact and longer flight times, enhance running economy and performance (11, 12).

Swinnen et al. (13) indicated that runners tend to adopt a stride frequency that minimizes energy
consumption, with higher frequencies leading to reduced ground contact time and increased hip power
during leg swing. Moreover, a systematic review by Van Hooren, Jukic (14) indicated that a higher cadence
correlates with lower oxygen costs, suggesting that optimizing stride frequency can enhance running
economy and performance. Experienced runners naturally select stride lengths that minimize oxygen
uptake, demonstrating a capacity for self-optimization (15). In addition, differences in ground contact time
significantly affect running economy, with shorter contact times linked to better performance, as seen in
comparisons between North African and European runners (16).

Study reported that high-intensity interval training (HIIT) is a powerful method for enhancing muscle mass,
strength, and aerobic power (17), all of which contribute to improvements in the biomechanical aspects of
running performance. Uphill running serves as an effective form of resistance training because it closely
mimics running biomechanics while offering sport-specific strength benefits. This aligns with findings
from a study that highlighted how progressive resistance training can enhance performance and reduce
injury risk across various sports disciplines (18).

Several studies have examined the acute effects of uphill running on the kinematic characteristics of a
runner (12, 19-23). Forinstance, a study found a 4% increase in step frequency and a 4% decrease in stride
length as incline increased from 0% to 7% (24). A similar study reported that running speed and step length
decreased by 5.2% during uphill running compared to downbhill running and were 3.0% slower compared
to running on level surface (21). Another research also reported that, in comparison with running on flat
ground, uphill running is characterized by a higher step frequency, more internal mechanical work, shorter
swing/aerial phase duration, and a greater duty factor/contact time (25). This is because, to increase the
body's potential energy during uphill running, lower limb muscles must perform a greater total mechanical
effort than they do in level running. Uphill running also significantly raises metabolic costs, with a reported
53% increase in energy expenditure at steeper inclines (24). Moreover, shorter flight time and longer
groung contact time during the stride cycle were characteristics of the uphill running (26), while higher
step frequency (SF) is associated with steeper slopes during uphill running (27, 28). Steeper slopes (e.g.,
+20%) require greater muscle strength and energy expenditure, influencing running economy differently
than level or shallow slopes (29). Transitioning from level to uphill running alters biomechanics, enhancing
joint angles and range of motion, which can improve overall running mechanics.

Incorporating uphill running into training regimens can enhance performance by improving metabolic
efficiency and kinematic adaptations (30). To enhance level running performance, coaches often
incorporate uphill running into their training regimens to strengthen lower limb muscles. Research
indicates that running on incline surface significantly increases muscle activation, particularly in the rectus
femoris, vastus medialis, biceps femoris, and gastrocnemius, compared to level running (31). He found
that uphill running leads to a 16.54% increase in lower limb muscle activation compared to level running.
This muscle engagement is crucial for developing strength and endurance, which are essential for improved
running efficiency. Previous study reported that MRS, step rate, contact time, and step time were improved
significantly higher in the combined uphill-downhill group performed at +3o incline after 8weeks of
training by 4.3%, 4.3%, —5.1%, and —3.9% respectively (32) than in horizontal running relatively smaller
improvements 1.7%, 1.2%, 1.7%, and 1.2% respectively. However, a similar study reported a 4.8%
improved running speed from a 6-week combined uphill-downhill running on +30 slope compared to
horizontal running. However, no significant change observed in step rate and ground contact time (33). An
other study reported that combined uphill-downhill training group increased their MRS by 3.7%, stride rate
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by 3.1% at (p < 0.05), after training 6-weeks of training while no change observed in contact time and
flight time as it compared to the horizontal training group (34).

While the focus of most of the previous studies was on the acute effects of uphill running on different
physiological and biomechanical characteristics of athletes (10, 12, 21, 22, 24, 28, 29, 35-38), the chronic
effects of training on sloped surface on the kinematics of characterstics of athletes in horizontal running
performance are unclear (21). Although some recent long-term studies have explored the combined effects
of uphill and downhill training compared to level or downhill running, there is still a notable gap in the
literature regarding the isolated effects of uphill training and the relative effects of different hill gradients
on running kinematics. This is important because uphill running imposes distinct biomechanical and
muscular demands compared to flat or downhill running. Understanding how various uphill gradients
influence long-term kinematic adaptations could provide valuable insights for coaches and athletes,
enabling more targeted training strategies and performance improvements.Therefore, the present study
aims to investigate the chronic effects of three distinct uphill gradients on the kinematic characteristics of
middle-distance runners and to identify which gradient is most effective in enhancing these characteristics.
Recent existing long-term studies were focused on comparing the effects of combined uphill-downhill
training to horizontal and downhill running on different performance parameters. Still a gap in literature
covering the relative effects of different uphill gradients and the separate effects of uphill training on the
kinematic characteristics of athletes as uphill running demands a different effort and biomechanical
behavior than running on a flat and downhills. Thus, understanding the long-term effects on kinematic
parameters at several gradients may still important and might assist coaches and athletes in the training
process and performance improvement by providing detailed feedback. Therefore, the present study aimed
to determine the chronic effects of three different uphill gradients on the kinematic characteristics of
middle-distance runners and to identify the most effective uphill gradient in improving those
characteristics.

2. Methods

2.1. Participants

A total of forty moderately trained middle-distance runners (24 males and 16 females), with age (M-
18.54+1.02, F-17.44 + 1.09 years [mean * SD], with 2.11 + 0.74 years of structured training experience
took part in the study. Written informed consent was obtained before the intervention, and the study was
approved by the Ethics Committee of Bahir Dar University, Bahir Dar, Ethiopia (Protocol No. IRERC
05/2024). All procedures were conducted in accordance with the Declaration of Helsinki on the treatment
of human subjects. Participants were told about the study’s procedures, methods, benefits, and risks. After
that, they read and signed the consent form to participate in the study. Participants were recruited based on
predefined inclusion criteria. The inclusion criteria were healthy middle-distance runners from Bahirdar
University Sports Academy who had no muscular, neurological, or tendon injuries and weren't taking any
medication, athletes having at least 6-months of trainin experiance at regional or natonal level. The
exclusion criteria were athletes who had less than 6 months of training, those with a lower-body injury in
the last 3 months, and anyone taking medication. Eligible athletes were informed about the study through
announcements at training sessions and were invited to participate voluntarily. Written informed consent
was obtained from all participants prior to enrollment. Participants were randomly assigned to one of three
training groups or the control group. Each group consisted of 10 participants (steep gradient group, 7.6%;
moderate gradient group, 5.1%; shallow hill group, 2.5%; and control group). The inclusion of specific
gradient levels is based on the premise that different gradients have different levels of intensity depending
on the categories specified (39, 40). This helps to analyze how each intensity level affects kinematic
characteristics, such as step rate (SR), step length (SL), contact time (CT), and flight time (FT). This variety
allows researchers to determine which gradient provides the best balance between training load and
performance improvement.

2.2. Study design

The study adopted a pre-post parallel group experimental design, with measurements conducted before and
after the 8-week intervention period. The participants were randomly assigned to one of the three training
groups or the control group. Each group included 10 participants (steeper hill group, 7.6%; intermediate
hill group, 5.1%; shallow hill group, 2.5%; and control group). The reason behind including specific
gradient levels is because different hill gradients provide varying levels of intensity based on the given
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categories (41), which helps in examining how each intensity level affects kinematic measures. This
variation allows researchers to determine which gradient offers the optimal balance between training load
and kinematic improvements.

The study adhered to the CONSORT guidelines for improving the quality and clarity of reporting of
experimental studies (42), and registered with pactr.samrc.ac.za (Registration Number NCT01234567) on
29/11/2024. We determined the appropriate sample size for our study using G*Power (43). Based on the
results of a previous study (34). We assumed a normal distribution for all responses within a group and
estimated the required sample size to be 36 participants to determine an effect size of 0.62 between the pre-
and post-experimental groups with a power of 80% at a significance level of 0.05. In order to account for
possible drop-outs, an additional 10% allowance was made for sample recruitment, and the required sample
size was increased to 40.

To minimize potential bias, trained personnel were utilized to create the random allocation, enroll
participants, and assign them to interventions. Given the small sample size and the simplicity of execution,
a straight-forward random lottery approach was employed to assign participants across four study groups
(each consisting of ten participants): steeper hill group (STHG), intermediate hill group (IHG), shallow hill
group (SHG), and control group (CG) ina 1:1:1:1 ratio as illustrated in Fig. 1. Allocation concealment was
guaranteed through the use of sealed envelopes. To reduce bias, blinding was implemented when possible.
The outcome assessors remained unaware of the group assignments.

Participants underwent baseline assessments of the kinematic parameters from a 30m maximal sprint test
prior to the intervention. The same research team oversaw all training and testing activities.

Assessment for
eligibility (n=40) Excluded (n=0)
h -Failed inclusion criteria
-Meet exclusion criteria
-Decline to participate
-other reason

[
—>

Consent and
baseline
assessment

}

Randomization

(n=40)
Allocated to STHG (n=10) Allocated to IHG (n=10) Allocated to SHG (n=10) Allocated to CG (n=10)
Received intervention (n=10) Received intervention (n=10) Received intervention (n=10) Received intervention (n=10)
Don’t received intervention Don’t received intervention Don’t received intervention Don’t received intervention
(n=0) (n=0) (n=0) (n=0)
o Analyzed (n=40) P
> Excluded from analysis (n=0) J‘

Fig. 1. Flow diagram of the phase of a parallel randomized trial of four groups (enrolment, allocation, intervention, follow-up,

and data analysis)

2.3. Procedures

To assess the effects of uphill training on the spatial-temporal variables, a 30-m horizontal maximal sprint
running test was used to measure stride rate (SR), step length (SL), contact time (CT), and flight time (FT).
After completing a standard warm-up period of 10-15 min followed by dynamic stretching (44), a standard
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flying 30°s consisting of a 30 m acceleration zone to enable the runner to reach their maximum speed and
a 30 m maximal velocity zone to reach maximal sprinting speed on a 400 m oval outdoor track at the
university was used to test kinematic characteristics of runners, as in previous studies (45, 46). This is
because, while middle-distance running primarily emphasizes aerobic capacity and endurance, short sprint
tests such as the 30-meter sprint are commonly used in sports science to assess acceleration, neuromuscular
power, and anaerobic performance, which are also relevant to middle-distance performance particularly
during race starts, tactical surges, and final sprints. These elements can significantly influence race
outcomes in competitive settings. Moreover, the 30-meter sprint test provides a standardized, reliable, and
easily replicable measure of explosive speed and lower-limb power, which complements other
physiological assessments. It was not intended to represent the entirety of middle-distance performance but
rather to provide insight into specific physical qualities that contribute to overall athletic capability. The
participants completed three sprint runs over a distance of 30 meters, beginning from a standing start and
taking a recovery period of 6 to 8 minutes between each attempt. The fastest time was measured to two
decimal places. The timing commenced when the athlete's torso crossed the starting cone at 30 meters and
concluded at the 60-meter cone marker (47, 48).

Testing was conducted on the same day for all participants. The trials with the highest MRS values were
chosen for further analysis of kinematic characteristics. A Canon SX70 HS camera, capable of recording
in 1080p resolution at a sampling rate of 240 Hz, was utilized to capture a 30-meter sprint and the associated
kinematic characteristics. The camera was positioned on a tripod at a height of 1.5 meters, located 7.5
meters from the side of the track, perpendicular to the direction of movement at the participant's sagittal
plane. The recorded footage was analyzed later using Kinovea 0.9.5 motion analysis software. The
kinematic characteristics examined included contact time (ms), flight time (ms), step length (m), and step
frequency (Hz).

The step rate was determined by counting the number of steps taken in a 30m sprint run from video data
using slow motion analysis and divided by the time used to complete the distance. In addition, step length
was determined by dividing the running distance by the number of steps taken to complete the distance.
The contact time (CT) and flight time (FT) were calculated by counting the frames in contact and flight on
the video data, then dividing by the sampling rate, 240 (1 frame = 240 Hz =~ 0.0042s). A full stride (2
consecutive steps of right and left foot) was used to analyze contact time. Although there was no significant
difference in contact time between the right and left foot, the right foot was used throughout the analysis
in contact time. The CT was defined and calculated as the time between initial contact with the ground and
the last frame of contact before toe-off. The FT was defined and calculated as the time between toe-off and
subsequent initial contact of the contralateral foot. Initial contact and toe-off were visually detected.
Training Protocol: Prior to the study, all participants consistently engaged in running training at varying
intensities, averaging four times a week and covering about 21.748 miles weekly. During the intervention,
researchers added a hill training program to their existing routine and replaced their strength training with
uphill workouts on a Cybex 530T pro plus USA motorized treadmill. The intervention group completed
two uphill training sessions each week for eight weeks while still maintaining their regular running training
during the rest days from uphill sessions. In contrast, the control group adhered to their usual training
regimen. Although the incline varied across groups, training intensity was standardized by controlling for
running speed relative to each athlete’s maximal sprinting capacity and by monitoring heart rate responses.
This approach ensured that all participants trained at a comparable relative intensity, regardless of incline.
Additionally, rest intervals were standardized to allow for consistent recovery across groups. The number
of sets or and intervals were gradually increased over the course of the training program to systematically
increase training load while allowing for adaptation and recovery. The steep uphill group involved 3-4 sets
of 6-10 intervals lasting 30-90 seconds on a treadmill inclined at 7.6%, with participants running at 85-
100% of their maximum heart rate and resting for 4-6 minutes between sets and 2-4 minutes between
intervals. The intermediate uphill sessions included 2 sets of 6-10 intervals lasting 1-2 minutes on a
treadmill set to a 5.1% incline, also at 85-100% HR max, with similar rest durations. The shallow uphill
sessions consisted of 6-10 intervals lasting 2-3 minutes on a treadmill at a 2.5% incline, again at 85-100%
HR max, with 2-4 minutes of rest between intervals, as detailed in Table 1. Participants in the control group
continued with their standard weekly training programs.

2.4. Statistical analysis

Statistical analysis was conducted using IBM SPSS Statistics 27 (IBM Corporation). The results for the
outcome variables are presented as mean * standard deviation (SD). A two-way mixed (time [pre-post] X
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group) repeated-measures analysis of variance (ANOVA) was employed to determine if there were
significant differences between pre-training and post-training tests among the training groups and any
interaction effects for each variable. If significant main effects or interactions were found, post hoc Tukey’s
HSD test with Bonferroni correction was applied for all pairwise comparisons. The normality of the data
was assessed using the Shapiro-Wilk W test, and homogeneity of variance was evaluated with Levene’s
test. All dependent variables (MRS, SR, SL, FT, and CT) were analyzed at a significance level of p < 0.05.
The interpretation of data included the magnitude of the mean + SD of the mean difference (MA), 95%
confidence interval (95% CI), and p-values (50).

3. Results

Table 2 presents a summary of the baseline descriptive data and the adjusted absolute changes in the
kinematic characteristics of participants throughout the study. The statistical analysis of the pre-training
assessments revealed no statistically significant differences between groups across all variables. This
demonstrates that groups that were similar at baseline were created by the randomization process, which
provides a solid foundation for comparing the three uphill groups to the control group.

A two-way mixed repeated measure ANOVA revealed a significant main effect of time on Vmax (F (1,
36) = 173.68, p < 0.001, n;; = 0.82), indicating that Vmax significantly changed over the training period,
as indicated in Table 3. Average Vmax were significantly higher on post-test result (M = 7.87 £ 0.86 m-s’
1) than pre-test result (M = 7.32 £ 0.77 m-s™). Additionally, there is a significant main effect of hill gradient
level on Vmax (F (3, 36) = 2.87, p = 0.049, n;;= 0.20), suggesting differences in Vmax between the different
hill gradients as indicated in Table 3.

Table 1. 8-week uphill training protocols for groups (STHG, IHG, SHG, and CG)

Sport Biomechanics

SHG (n=10) IHG (n=10) STHG (n=10) CG (n=10)

Gradient 2.5% 5.1% 7.6% NA
HRmax 85-100% 85-100% 85-100% NA
Recovery b/n set 4-6min 4-6min 4-6min NA
Recovery b/n rep. 2-4min 2-4min 2-4min NA
Progression

Week 1 6Xx2 min 2x6x60sec 4x6x30 sec NA
Week 2 8x2 min 2x8x60 sec 4x8x30 sec NA
Week 3 10x2 min 2x10x60 sec 4x10x30 sec NA
Week 4 6Xx3 min 2x6x90 sec 4x6x45 sec NA
Week 5 8x3 min 2x8x90 sec 4x8x45 sec NA
Week 6 10x3min 2x10x90sec 3x10x60sec NA
Week 7 6Xx4 min 2x6x2min 3x5x90 sec NA
Week 8 8x4 min 2X8x2 min 3x7x90 sec NA

NA: not applicable; HRmax: maximal heart rate; STHG: steeper hill group; IHG: intermediate hill group; SHG:
shallow hill group; CG: control group. Note: the number of sets or and number of reps increased with number of
weeks for progressive overload while maintaining recovery and adaptations. Adapted from a previous study (49).

Table 2. Mean + SD of demographic and outcome variables for participants at baseline and follow-up (n=40)

Variables STHG (n=10) IHG (n=10) SHG (n=10) CG (n=10)
Baseline  Follow-Up Baseline  Follow-Up Baseline Follow-Up  Baseline  Follow-Up

Age (years) 18.5+0.97 18.6 £ 1.07 18.2 £0.63 17.1+£1.37

Height (m) 1.71+£0.04 1.68 +0.05 1.71 £0.04 1.68 £0.05

Weight (kg)  54.70 £ 3.83 54.10 £ 4.01 54.70 £ 3.83 54.10 £4.01

BMI (kg/m?)  18.66 + 1.04 18.99 £+ 1.50 18.72 £ 0.98 18.99 £ 1.50

Vmax (m/s?)

7.46+0.75 8.74+0.55f 7.34+1.06 7.93+0.791 7.31+0.50

7.65+0.55t 7.17+x0.76 7.17+0.76

SR (Hz) 413+0.41 5.08+0.511 4.09+053 4.70+0.39Ff 411+036 4.21+0.38 4.09+0.36 4.07+0.45
SL (m) 1.74+0.10 1.80+0.08t 1.75+0.08 1.78+0.08f 1.69+0.09 1.70+0.09 1.70+0.08 1.70+0.07
CT (ms) 122 +3.33 122+323 122+433 121+417 121+442 120+4.09 122+420 123+3.52
FT (ms) 119+445 120+3.20 118+330 119+283 117+299 118+210 118+271 118+3.21

+ Significantly different from pre-test at (P < 0.05) as determined by two-way repeated measure ANOVA and Tuky’s HSD post hoc test, BMI:
body mass index, Vmax: maximal running velocity, SR: step rate, SL: step length, CT: contact time, FT: flight time, SD: standard deviation,
STHG: steeper hill group, IHG: intermediate hill group, SHG: Shallow hill group and CG: control group.
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Table 3. Main effects of time, hill gradient level and interaction effects of the intervention on outcome variable
Variables Within Subject Effects Between subject effects Interaction effect
Time * Hill Gradient
F Sig.  n3 Mean F  Sig. n3 F Sig.  n}

difference
Vmax (m/s?) 173.68 .001 0.82 055 287 .049 0.20 4.297 .011 0.264
SR (HZ) 29.771 001 045 0.157 3.18 .035 0.21 7.672 .001 0.390
SL (m) 39.09 .001 0.52 0.02 2.080 .120 0.148 4.02 .001 0.52
CT (ms) 2.62 114 0.07 -030 1.346 .792 0.028 1.70 .184 0.12
FT (ms) 3.11 .087 0.079 0.35 0.731 .540 0.057 0.063 .98 0.005

Vmax: maximal running velocity, TT: time trial performance, SE: strength endurance, Cl: confidence interval.

Vmax were significantly higher on STHG (M = 8.74 + 0.55 m-s™), than IHG (M =7.93 £0.79 m-s'), SHG
(M=7.64+0.54m-s?),and CG (M =7.16 +0.76). There was also a significant interaction effect between
time and hill gradient level (F (3, 36) = 42.67, p < 0.001, n;= 0.78), indicating that the effect of training
time on Vmax varied depending on the hill gradient (Table 3). The post hoc Tukey’s Honestly Significant
Difference (HSD) comparisons showed pre-post training differences at p < 0.05 for the STHG (MA = 1.28,
95% CI [1.11 — 1.44], p=0.001), IHG (MA = 0.59, 95% CI [0.42 — 0.76], p = 0.001), and the SHG IHG
(MA =0.33, 95% C1[0.16 — 0.50], p = 0.001). However, no change was observed in the CG (Table 2). In
addition, Vmax was significantly higher in the STHG compared to the CG (MA = 0.93, 95% CI [0.06 -
1.81], p = 0.032), while no statistically significant differences were detected in all other pairs of
comparisons p > 0.05 (Table 4).

The analysis for SR revealed a statistically significant time effect of (F (1, 36) = 194.24, p < 0.001, n,=
0.84), indicating that SR significantly changed over the training period. The average SR was significantly
higher in the post-test result (M = 4.52 + 0.59 Hz) than in the pre-test result (M = 4.11 + 0.41 Hz).
Additionally, there is a significant main effect of hill gradient level in SR (F (3, 36) = 2.87, p = 0.049, n;=
0.20), suggesting differences in SR between the different hill gradients. SR was significantly higher in
STHG (M =5.08 + 0.51 Hz) than in IHG (M = 4.70 £ 0.39 Hz), SHG (M = 4.21 £ 0.38 Hz), and CG (M =
4.07 £ 0.45 Hz). There was also a significant interaction effect between time and hill gradient level (F (3,
36) = 59.37, p < 0.001, n;= 0.83), indicating that the effect of training time on SR varied depending on the
hill gradient. The post hoc Tukey’s Honestly Significant Difference (HSD) comparisons showed pre-post
training differences at p < 0.05 for the STHG (MA = 0.95, 95% CI1[0.83 — 1.07], p=0.001), and IHG (MA
= 0.61, 95% CI [0.50 — 0.73], p = 0.001). However, no significant change was observed in the SHG and
CG (Table 3). In addition, SR was significantly higher in the STHG compared to the CG (MA =0.52, 95%
Cl1 [0.02 - 1.03], p = 0.04), while no statistically significant differences were detected in all other possible
pairs of comparisons p > 0.05 (Table 4).

The analysis for SL also showed a significant main effect of time (F (1, 36) = 76.033, p < 0.001, n,=
0.679), indicating that SL significantly changed over the training period. The average SL was significantly
higher on the post-test result (M = 1.74 £ 0.09 m) than the pre-test result (M = 1.72 £ 0.09 m). However,
there is no significant hill gradient effect on Vmax (F (3,36) = 2.080, p = 0.120, n;, = 0.148). There was
also a significant interaction effect between time and hill gradient level (F (3, 36) = 16.611, p < 0.001, n,,=
0.581), indicating that the effect of training time on SL varied across the hill gradients. The post hoc
Tukey’s Honestly Significant Difference (HSD) comparisons showed pre-post training differences at the
0.05 level for the STHG and the THG (MA = 0.061, 95% CI [0.049 — 0.073], d = 0.65), (MA = 0.028, 95%
Cl [0.016 — 0.040], d = 0.33) respectively. All other pairwise comparisons between group showed no
differences, p > 0.05. Lastly, contact time and flight time didn’t show significant change within group and
between group, as indicated in Table 3.

4. Discussion

The purpose of this study was to examine the chronic effects of uphill training on kinematic characteristics
of middle-distance runners, with specific attention to identify the hill gradient that can best modify
kinematic characteristics of middle-distance runners. The major findings of the present investigation
suggest that; 8 weeks of high intensity uphill training can positively impact key kinematic characteristics
of middle-distance runners.
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Table 4. Pairwise comparison for the between-subject effects of intervention on outcome variables

Variables Pairwise Comparison
Treatment Mean St. error Sig. 95% CI
groups difference Lower bound Upper bound
Vmax (m/s?) STHG - IHG 0.47 0.32 489 -0.41 1.34
STHG - SHG 0.62 0.32 .236 -0.25 1.50
STHG - CG 0.93F1 0.32 .032 0.06 1.81
IHG — SHG 0.15 0.32 .963 -0.72 1.03
IHG - CG 0.46 0.32 487 -0.41 1.34
SHG - CG 0.31 0.32 776 -0.56 1.18
SR (HZ) STHG - IHG 0.21 0.19 .68 -0.29 0.71
STHG - SHG 0.44 0.19 .10 -0.06 0.95
STHG - CG 0.527 0.19 .04 0.02 1.03
IHG - SHG 0.23 0.19 .59 -0.27 0.74
IHG - CG 0.31 0.19 .35 -0.19 0.82
SHG - CG 0.08 0.19 .97 -0.42 0.58
SL (m) STHG - IHG 0.01 0.04 .98 -0.09 0.12
STHG - SHG 0.08 0.04 14 -0.02 0.19
STHG-CG 0.08 0.04 17 -0.02 0.18
IHG - SHG 0.07 0.04 .28 -0.03 0.17
IHG - CG 0.06 0.04 .34 -0.04 0.17
SHG - CG 0.00 0.04 .99 -0.12 0.10
CT (ms) STHG - IHG 0.25 1.74 .99 -4.44 4.94
STHG - SHG 1.10 1.74 .92 -3.59 5.79
STHG-CG -0.65 1.74 .98 -5.34 4.04
IHG — SHG 0.85 1.74 .96 -3.84 5.54
IHG - CG -0.90 1.74 .95 -5.59 3.79
SHG - CG -1.75 1.74 .75 -6.44 2.94
FT (ms) STHG - IHG 1.00 1.38 .89 -2.73 4.73
STHG - SHG 1.90 1.38 .52 -1.83 5.63
STHG-CG 1.60 1.38 .66 -213 5.33
IHG — SHG 0.90 1.38 91 -2.83 4.63
IHG-CG 0.60 1.38 .97 -3.13 4.33
SHG - CG -0.30 1.38 .99 -4.03 3.43

T Significantly different at (P < 0.05) as determined by two-way repeated measure ANOVA, and post-hoc Tukey’s HSD test,
Vmax: maximal running velocity, TT: time trial performance, SE: strength endurance, CI: confidence interval, STHG: steeper
hill group, IHG: intermediate hill group, SHG: shallow hill group, and CG: control group.

In particular, Vmax was improved across all hill gradients, with substantial improvement observed at the
steeper and intermediate hill gradients. While studies directly comparing the long-term effects of different
uphill gradients on Vmax are limited, our findings align with earlier research. For instance, Tziortzis (51)
showed a 3.3% improvement after 12 weeks of training on an uphill training slope of 8° on maximal
running speed. This supports the notion that steeper gradients may elicit greater neuromuscular and
biomechanical adaptations conducive to speed development. The key difference between the present study
and the earlier work by Tziortzis is the shorter intervention duration eight weeks compared to twelve and
the lower the gradient level (7.6%) compared to (14%). Interestingly, this reduced timeframe and hill
gradient was still sufficient to elicit meaningful performance adaptations, suggesting that significant
improvements can occur within a relatively brief training period and less steep gradients. Similar studies
have reported improvements in Vmax of 3.7% and 3.5% using a 5.24% hill gradient compared to flat-
surface training (34, 52). A key distinction between the present study and these previous investigations lies
in the training design: while earlier studies employed a combined uphill-downhill training approach, the
current study focused on the isolated effects of different uphill gradients. This distinction allows for a more
precise understanding of how specific incline levels independently influence performance adaptations.

As the uphill training increases resistance, which helps in building strength and power (53), which are
crucial for maximal running speed. The resistance provided by running uphill requires greater force
production from the lower limb muscles, particularly the quadriceps, hamstrings, and calves. The rationale
for the superiority of the steeper hill gradient against intermediate and shallow hill gradients is due to the
increased muscular demand leading to hypertrophy and neuromuscular adaptations, improving the athlete's
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ability to generate force quickly (54). Uphill running necessitates more force application, which can
increase muscle strength and power, contributing to improved acceleration and maximal velocity (55).
The efficiency of uphill training is further demonstrated by the improvements observed in step rate (SR)
and step length (SL), particularly at steeper and intermediate hill gradients. These enhancements were most
pronounced at the steeper inclines. Similar findings were reported by (32, 56), who observed improvements
in SR but no significant changes in SL. However, a key difference lies in the study design: the previous
studies utilized a combined uphill and downhill training protocol on a 3° gradient, with comparisons made
against horizontal and control groups. In contrast, the present study isolated the effects of different uphill
gradients, allowing for a more targeted analysis of their specific impact on running kinematics. Notably,
there is a lack of experimental data in the existing literature examining long-term changes in SR, SL, CT,
and FT across varying uphill gradients. This highlights the novelty and contribution of the present study in
addressing this gap and providing new insights into the gradient-specific adaptations in running mechanics.
It is well known that incline running modifies the length and frequency of strides, improving sprinting
mechanics and allowing athletes to accelerate more effectively (57, 58). Sprinting performance requires
the legs to traverse through the stride cycle at quicker rates and the muscles to shorten and lengthen more
quickly, which is dependent on stride rate (59). Acute uphill running leads to increased stride rate and a
shorter stride length as runners adjust to the incline by lifting their knees more and keeping their center of
gravity over their lead foot (60, 61). This, in the long run, improves stride rate and stride length in horizontal
running performance. Compared to intermediate and shallow hill training, steep hill training increases the
body's potential energy by having lower limb muscles execute a higher net mechanical work. All joints,
but especially the hip, produce more power to meet the increased needs of work as the running inclination
rises. This suggests that compared to intermediate and shallow hill training, steep hill training necessitates
higher levels of muscle activation. Therefore, adaptations to uphill training directly impact neuromuscular
activation, which ensures the overall efficiency of movement, including step rate and step length (22). The
study also demonstrated significant difference among training groups in Vmax and SR, while no significant
difference observed in the rest of the variables (SL, CT, and FT). Vmax and SR was significantly different
in the STHG compared to the control group. This suggests that uphill training at these gradients is
particularly effective in enhancing maximal sprinting speed, likely due to increased neuromuscular demand
and biomechanical adaptations. While the absence of significant changes in step rate (SR) and step length
(SL) in the shallow hill gradient (SHG) group, as well as in contact time (CT) and flight time (FT) across
all training groups, may initially seem unexpected, several plausible explanations can be considered. One
key factor is the relatively short duration of the intervention—eight weeks—which, although sufficient to
elicit improvements in certain performance variables such as Vmax and SR, may not provide enough time
for more subtle neuromuscular and biomechanical adaptations to manifest in all kinematic parameters.
Previous research suggests that longer training periods are often required to elicit measurable changes in
variables such as CT and FT, especially when the training stimulus is moderate (62). Additionally, the
specificity of the training stimulus plays a crucial role. The training protocols may have been more effective
in targeting velocity-related adaptations rather than those influencing temporal gait characteristics like CT
and FT. For instance, improvements in Vmax and SR may result more directly from enhanced force
production and stride mechanics, whereas changes in CT and FT might require more focused interventions,
such as plyometric or technique-specific drills. Studies have shown that resisted sprint training (e.g., sleds,
uphill running) tends to produce moderate effects on acceleration and step frequency, but not always on
CT or FT when compared to traditional sprinting (63).

Individual variability in response to training is another important consideration. Although, baseline
characteristics of the participant was no significant difference, individual athletes may differ in their
baseline kinematic profiles, neuromuscular efficiency, and adaptability, which can influence how they
respond to a given training stimulus. This variability can dilute group-level statistical significance, even
when individual improvements are present. Finally, it is also possible that certain kinematic parameters,
particularly CT and FT, are more resistant to change and may require either a longer training duration or a
higher training volume and intensity to produce measurable effects (64). Future studies with extended
intervention periods, larger sample sizes, and more targeted training modalities may help clarify these
relationships and further elucidate the mechanisms underlying kinematic adaptations to uphill training.
While this study constitutes a first in the literature, in comparing the chronic effects of three different uphill
gradients on kinematic characteristics of middle-distance runners, it has methodological limitations that
need to be acknowledged and addressed in the future. Due to the small number of participants available in
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the field, the study included a range of training experiences (6 months to 4 years), and mixed gender was
part of the study. These may affect the result of the study, as athletes at different stages of their training
journey and due to gender may respond differently to the same training regimen. This diversity of the study
population may be considered as a limitation. However, the intervention study on athletes having some
training experience while using a well-established controlled training protocol can be viewed as an
advantage in the current study and for the future development of an efficacious training program. Future
studies should examine the impact of training load, frequency, duration, and extra steep hill gradients on
physiological performance parameters.

5. Conclusion

The present study investigated the effects of different uphill training gradients on kinematic characteristics
of middle-distance runners. The results of the present study demonstrated the positive effects of uphill
training on key kinematic characteristics of middle-distance runners that are related to maximal running
speed. The gains in Vmax were supported by improvements in SR and SL in favor of steep hill gradients.
Different uphill training gradients appear to elicit specific training adaptations, implying that uphill training
should be carefully tailored to the athlete's strengths and limitations. Until further evidence is available,
runners can presume that changes in a range of kinematic characteristics induced by modifying the uphill-
running loadings will result improvements in key kinematic characteristics. This could be applicable in
middle-distance runners, requiring large anaerobic capacity, providing the ability to generate a high power
output through ground reaction forces for high velocities over moderate distances (65). In addition,
intermediate hills could be applied to longer distances, requiring relatively less power output and efficient
use of energy through improved running mechanics and running economy (66). Moreover, coaches and
athletes need to consider and apply uphill training as an efficient alternative training strategy for improving
the kinematic characteristics of middle-distance runners.

Ethical Considerations

Compliance with ethical guidelines

The study was carried out in strict accordance with the ethical guidelines and principles using human
subjects. The trial was approved by the Ethics Review of BDU, Sport Academy (Protocol number: IRERC
05/2024). Both parents/legal guardians of minors and minors/participants themselves were informed about
the intervention and possible adverse events before the commencement of the trial and signed an informed
consent form.

Funding

The author(s) acknowledge that financial support for the study was provided by Bahir Dar University,
which played a crucial role in facilitating the research.

Authors’ contributions
YA, TT, and ZB conceived and designed the study. YA and ZB conducted the experiments and collected
the data. YA, TT, and ZB analyzed the data. YA, TT, and ZB wrote the manuscript. All the authors read

and approved the manuscript.

Conflicts of interest

The authors declare that the research was conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict of interest.

Alemu et al.. Uphill Gradient Training and Kinematics in Middle-Distance Runners. J Sport Biomech.2025;11(3):208-234.



G039 SWBagu dhxo

¥ oyland )Y 5,00 VFoF sl

gy dlio

Cooliiutdon EWigd (Suilois ST 13 9 (YU ilidko S 18 (9 03 il

"9l ot p3 L T 135 ¢

"ol 9¥Igea”

w29l 13 el pal sRAES1S (359 (0365T .Y

Sty ( JIRS cuoPwr o 2EGINS (S g drmigs djg0l 35y .Y

https://doi.org/10.61186/JSportBiomech.11.3.208
4. https://doi.org/10.61186/ISportBiomech.11.3.208

st youn devie o s and Alemu Y, Tadesse T, Birhanu Z. The Effects of Training at Different Uphill Gradients on the Kinematic
o Characteristics of Middle-Distance Runners. Journal of Sport Biomechanics.2025;11(3):208-234.

OS>

— 503 V1B 5 OIY WIS — ¥ g s aph s 53 (30705 3 (o 1 Bp s alllne 1 I
s ool Cooliinldogs oy aigd i (SiloinS S S 5g

G S5 b 0sls ol e Yo bl 45 piSTan Gk paw 93 Comnd Sy Caoliildond 21393 Joa
b ¥l 53 (2 yed 09,5 duw I (S @ (IS O g0y GENSES pad 390 (b)) BT (SleisS
2 ol A G561 Gl 08 3 e 3 bt SRl D 03l oSl S 09,5
ol 9 (CT) (wled gloj (SL) 06 Jgb (SR) gyl pels €5 (VMaX) Sl Copw p1 (2¥Upw
w8 ot (FT) jla 5

G198 5 (VMax) gSTas Cus pw 43 (5,150x0 39 (STHG) 155 i yd (1 303 o,,f
S lUxe al38l paiie dwr e 33 55 (IHG) bawgio s b 29,5 315 WS (SL) o5 Jgb 5 (SR)
33 9 €l ul3dl g lalize jebas (VMaX) SSTas Cspw i (SHG) oo i b 0955 45 .cudils
Al ol (6 i U ukio pyluw

W15 (o0 (AT G )3 852941 (Vb 53 (205 &5 W83 (o0 LS anlllas (] (gLl
S 4> (52 o3 g Sty d9a 1y Cuolilinnldon (593 45 (6l (SiloiS (S S 529 (g )Ioline yoba
315 0 o s 1y Sy o (o iy 5T

e OleMb!

VF-F ol s VY icdl )0 & U
AR WAV R T

:Ubb’)'"g s
93 ¢Sl Ce

Yy

55l

wstonl 515 2l o5 b oIS (359 (03T 1w 3]

YY) (AIY) VY00 1opald

bdu1402098@bdu.edu.et s yehualaw@gmail.com :Jues!

Coliwlaag Eigd (SuilonS s Fhg 2 (YU pw iliseo Shcuwnd ;3 o p03 il (], Kod g gl

YA


https://orcid.org/0000-0001-5539-9117
https://orcid.org/0000-0002-1770-4659
https://orcid.org/0009-0005-1498-9889
https://doi.org/10.32598/biomechanics.7.1.3

Y oylowd VY 2,93 VFe ¥ 5ul 999 SwWo g dlxo

.

LV R

9 (V) Solage slaojoe 53 holge b o it g 3 1y 36 ols (sla iy Cuolitulaos slagy )3 3,Sles
i jl a9 (oolaidl e o LS 3 Vb o p bads iy ol )3 (ol (slatlle (S 08 o0 )5 (T oY) Ggln 2
ok OB Bl oo (005 b led oloj g Slan oloj 8 il 8 S Jgbo e (Slagey Jpol b (Wil (0) cel (555
3945 eyihe (gl )3 opej b wled 518 g 5lg 5 sl Lol 6 9> Jolis 90 (V&) Adl atily HE0ed 5, Sles daue 5o
Jon gloj eoles loj @l Jobo ailo (ol jusio (M) 3950 o ole S8 53 203 ¥ 5 Jlg 0 5B )3 P o) 5l o) 0
4 b g 5Pl Bpae (Al 4 o Ly pl5 (W88 5 Job canlie @daiS (11 Q) WS (o0 @iai |y B2 0l P 5
Sgrke el Coleg )3 & S Sk lgn g (rej Ll SobeS uled (i e Slage (iomen S a8 Casp ol

|y 5] e (o yiaS &8 48 L5l |y o8 5 ailS 3 5l bles B g0 & 3l bt (V) o, Kan 5 g alllas
ol o> 5o Ol) anb g pi S99 a3l uu.mlf oo b ‘)»Jln.: OLa)‘ o5 umK)s uwl)sl Ll Oil 5 Sl ansly
Gy 1015 | 5l IS o 313 (s (V¥ S5 5 9l Lo o] siaplss 0 i ot 39550 5
o .\45).\.@‘) I) O &‘)39 .))Slo&— J.:lyL;o (nl? wulf)ﬁ d)lww &S ADD (0 uLMJ 8940}9 d‘ 9 Cl 01)@ u)mSl
ol & A Gy (65105 y3snS] A5 o (SaS ny] &y 45 S o L5l |y oS Jsbo b by 6l 5 K90
P s S5 o (3005 L L oled o) o Sgles K> Bl 51 (10) cul €8 o (gjloatage 53 o (bl orimo Lt
» S soboylen ol ol),o.a: gy D)ﬁo& Lo b )mf oles ol &S Llosls obis oladss RPN ).:l O49d u.;,l)lf »

(VF) ool 00 0193 b o bg)l b 1a 31 Jleus 5 059d dunnléo

Lo (silgn e g SMae 0355 «yB Lili8l el ailes o T(HIT) wads 0ls iy yoi a8 Wlosls s lalllas (3 p
4 fhe Gaglie (nped (29 35 (2 Vlpw 3 (08 ) OB gy (SSlagn sladitr dgm0 ) (Ko Jalse (] (1Y)
ol S e Cogii |y 5559 pol (SMae 5y b e )3 9 3,0 o3k calis  Jgeme gy 4 o S ys 5 ] o Hleis
) (o5 il gload )5 sl ot (1l g5 Slae (Rl )0 (0,05 Stoglie Sliyyad 51aS Slills gl b g0
Blo3,S oy SolenS sld Shg p |y oYl 1 090 (6598 il oaxie lllas L(VA) 3l Sledon wilealy L
5 G 203 ¥ B IS ko Y B o s G o8 03 e gy S > Jlte (sl (TR )
Gl 4 Cons oVl 090 50 pB Job g sy a8 0 L 500 (gladllas (YY) il jials sop ¥ el Job
9y 90 b dunlie )0 &S Wi saalin (S50 Likghy 0 yizmed (V) 39y yieS doyd ¥ Gl o 4 o 9 O/ s ey
(V0) ol olyon iy olod ploj 5 325 Jlan ploj i (SHlSe IS VL P il 8 L (2 Vljw 93 Slo paw
aly o b oS Wy oy (SlSe (6550 bl Slow plil eMae ( o Vlyw g0 plKin a5 conl ol lacsgls ) cle

AY 5 slacud ) a5 gyebds wad o (65! duir D pReude i3l cel it g0 g4 (pl aimd S > YU Claws

1. Swinnen et al.
2. Van Hooren, Jukic
3. High-intensity interval training

Coliiuwlaon g3 (SuilaisS S S35 32 ¥ s o (iam ;3 oy 305 55l 3], K0 g 9ol




)9 SWogas dloxo ¥ o o VY 0,95 VFF b

ooled loj 3elisS Slos loj & (g (@Yl 55 s> la Sy SS05 I (TY) d9d o0 Bpae (gytin (555l oy
g iy SMiae )8 wojls (Ao yd Ve )’L.o) A5 gl (YA=YE) 5,8 o)Ll abj slacud o gYL s uilSyd 5 i
ot mMe b b Blo waw g9y lgd jl Oglite (IS 1) 5 Slas Blgi oo abge cpl &S Wiun SYL (655l Bjuae
a8 D9 oo (S > diald 5 liate (sbls; o olacuglar sloul cel o YUw 4 e (g9) g0 5l s (YA) o )8 ).;L

Dgd e &S IS 66 Doy 4 sl 1Sen Culpg o

3p8es e (SiloinS sl il bnl g (Sglie (L Gl L Sl o0 (i yed sladclip 4 cud 3 (g3 (3958
i3 o il Blo s )3 (g5 dgate 5y e g sl nyed £ (ol ) Ygemn clage (1) 25 g |y
9 00908 sl cmlide ogtioly (g yged gy Wile (SHae Clld oVl 55 (g3 & Wledls (L Ly
ol & a8 pasuie dlllan Sy 53 (1Y) wade GBI 6 pReia jobd Blo gaw 13 (1490 4 Cud | (ogaeiS'y plS
ok i Maas (65,0 opl aed o ]38l Lo > OF/VE dgus |y Sliog plail wMas coulled dhwgio jebods (0 £o5
Opes dxan Al e oS ol gl glaslllas Ll (gyg 0 D 0 (bl dan (gl 4S5yl Cuoliinl g cuya8 Cuads
YA 5 01 SV XY cospiar o6 gloj g oled gloj pl8 €5 sy 81> a3 Y oo b ol 2 Vlpw (o5 5
555590 Gladlas Lo dod ¥ U Y i g eSS Ol cpl Blo pdaw opped )0 &5 Jboy (YY) sitily ials sy
$ollne s pole (loj g P E5 )3 Lol )8 ()1 (oS5 cmyes i 5l Ty (g Sy 53 (003 YIA il
b el E5 g oy S (nyed dtin £ 5l (S 5yl 09,5 &S 31 LS (65505 gl (wiones (YY) A odalie

YY) bl (g8 Slap loj g wled loj a8 Jlyd cinly (iul38l o 3 VY o VIV i ey

aS a3 ((YAYD YA YA FF Y Y Y ) Wilodgs 35 peite (oWl 53 g0 CdwolieS ol 3l iy Cilelllas (i8]
(7)) G ordaib b JolS7 jolocy join Bl gaw 13 (9> (SSLetsS G Sy » oud gk )3 (o3 Cestly I
b aagl s Yl )3 B (0505 85 cad e gt Lol ilecilog (onS 5 Slinyd gy & lasingly Sy oSal L
5 SlSosn oS @Vl 3 s> sz I el ggdse cul 25 (9> S5t 2 58L d Olite loud
SlansS p Ciliseo slacwd oty sl Al 515 il b Blo maw 13 ()hgd 4 S (Fglite (SHiae (555

LX) rbl?o‘ LMLM‘W OKJJ}) u.(u.s‘.o.u.{ LSL“L;)-’ﬁ 2 u.’\fl.:)w ks Cud duw UMA».L) L.J‘)Jl = RV l.s )..ol> dxlllao

S ololid (Sl d9me )3 1y cud (5550 3 I
ol (9
OB S TS o

V¥ 3p0 GBASES b s 1Sole 150,88 45 (045 V8 9 9p0 V) bawgio (Solol b Caoliinlaos osigd ¥o cadlllan oyl 5
4l sl oy yed dilo Jo YY) £ o /YF lawgio jobay L1555 opl g Sl YFEYY £ V& U5 sl o YAOY £
W] aieS Cogal 4 Limgh ik g b cdlyd GBaSeS bl S alalST adbcols, @ldlie ggp 5l e sl

Yy

Cooliiwlaoy (193  SuilonS B S59 32 (7Y pw Ao (lbiansd 40 (g0 il ¢y, K0 g 9ol




¥ oylon <)) 2,93 V¥ w0l 999 SwWo g dlxo

3 Siadi adls Jgol U sillas g, ol a8 IRERC 05/2024 5950 o)) sy gl 3 b ol ol
@ Gl chbbe g blje dial () 0)byd o5 Cledbl cadlan )3 838 I Gy 05 plxl lusl g9, » (gl 4isej
5] o155 i 3] 95 cslinyline bl HEAISES 13 53,8 Ll |y asbiculiy pyd g 5 45 41y] Ln S39]]
Al olo & Jlas sl g gyld G yune pas ¢ S9ailb b cas ¢ 5Mae ol (pilis ¢ pogas CoMas 1 ol by yline ol a5
o Sl pluil Gl jlod 3l ole ¥ p3 cissly (o5 dls slo £ 1 yieS a5 (013l .bdgs Lo b (cladaio pdans y3 ypyed
Oyt (pyed Joe 53 (Sloyedbl oo Sl Ll pd daly ()19 - 4 ansliS S adlllas 51 ed)S oo Bpae gyl b sy,
VIF) 45 09,5 130d ol 09)5 oz I (o & (oLl Cjgoty GEMISES 18 Sy | e S o aildlogly
02 ) et S golaw (pl (85 a3 J 58 09)5 5 (0)3 Y/B) Mo e (103 OY) bawgie s (a0
Sl Gl SRy » (S50 Sl Slgi oo Sl e g (Fr ) sl glite cund p )3 (pyed b A 30 gl
b S o S8 liins & g9 cul il anabT(FT) Sloy oloj 5T(CT) oles olo YSL) 5 Jobo YSR) 65 25 ke

S o 2l 5, g g el HLid o sy SOl s plaST WS asiie
adlbae glal 49, 9 2ok

A alblao 09 3l any g S8 I o)l S spsboar el Ll igoil e — cosesli €95 51 e 8 b L Gtmg )
05,5y .S 03> olatd] J S 09,5 b o ped 05,5 dw jl SO 4 Bolal Oygody (BaSES Wb .cd )5 pbol clazan
e cund )3 (nye 09,5 10> OV) lawgile cund )3 (1205 09)5 (10 VIF) A5 s )3 (o yed 09,5 390 )33 Ve ol
I (Solite lad)d cilisie (slacad o 391l cand aliio gl Sl eolial Js (alblie (1) J5US 09,5 5 (30,2 VI0)
bty W65 A5 o b 45 38 oy s b il s il |y Sl ol g (F)) 08 sl |y yyes ok
9 § 25 )Lt oy S sl 5 51y iecanlio b amd e ofle] e 4 £95 ol 2,8 oo b (SleisS
Colad 5 caiS Ll oLy CONSORT (gla faallysios b ssllas yils adllas . atiS’ sl _Silass cla S5
s oplad b YeYFNV/YA &,b 0 pactr.samrc.ac.za ool o g (FV) b pbsl oo oldles )15
oobel s (FY) L5 oolicwl GFPOWET l38le 5 5l ccnlio dged pom> pons (slp -l ouwy s 4 NCT 01234567

Aojlul 4 oliawd sl 5bidyge (EASES b ol 09)5 po )3 laguwly Jlop @i 0258 L (1Y) (i adlllas S b
G952 Ol Sl 38 0,900 38 Y5 bl o0 g oline s 5 siop> Ae o)l (55 b g0l 5 osesltar o <15V
Wl oS (il polateds Bl (I LB ¥ 4 diged oo Coled j3 g D 03938 D oyl 4 dops Ve e
Wged p> 4 dogi b b ol o 55900 31 p3] bawgs caldlae 4 layy] anass ¢ Buses s Ols o Bolal jawass
09,5 135 V+ 03,5 ;) 1 3lital adllan 09,5 oz 53 33 e (sl 03k (528 g, ] (ol 5 S s

1. Step rate

2. Step length
3. Contact time
4. Flight time

Coliiuwlaon g3 (SuilaisS S S35 32 ¥ s o (iam ;3 oy 305 55l 3], K0 g 9ol




Y b)w AR 2,92 AF+¥ }g-:b

G039 SWBagu dhxo

Cogods papass Cumd (CG) U8 09,5 5T (SHG) Mo b 09,5 YIHG) Lawgie (b 09,5 YSTHG) a5 (s
5 oo moman () JS5) 1 olitel anass (Siloye Lais (gl diuyy oSl 1 g as plsl (19:00)
S8 1 alas il sl e Sl g0y, 3 s ooyl b s edlital (jloysS sy Sl g iyl
o ) 58 gyt Ve ity 93 G ook ) SlalS sl it (65503101 (sl il gl v calslas ST S iy

catly o)l opgeil g iyl glypl slp pr Sl Slasdow

SL SR LMDJLMI)MY" )»5‘» (5 9)%)] gd)lbﬁflf ‘S:LO)—@LAB dL&a)M)JW»)J Q:),o}')ﬂ = ‘5]);
s yg05) FF) Sealins it S > g 488 VO B )+ e 4 3kl (13,825 5l w95 (61505l FT 4 CT
FF F0) b plool olRily (g520 ¥ov Cumg (59) syt Vo 8 ls ooy dilale uaw g (5520 Vo (g pSolid ddlaie Jolis

(n=¥+) 3955 slo)lne b))

(n = ') [FYSWARXTS

d)5 slajles b 3llail pac @

A 4

i Lyl o > @
bl el g asliculs) cél ) adllas 3 e85 ,0 4 Jiloi pac @
b bYs pls @

N=F) il oles

A A

(STHG) 45 e 05 &
(n=n-)

N=ye)dslos célyy o

N=-) bl cilyppic @

(IHG) Lasgio s 095 & panass
(n=>-)

(N=1.)aslos caly @

N=-) il cilppic ®

(SHG) mMo s 09,5 4 yanass
n=)
N=1) dlslie cdlyys @

N=+) ddlio célppsc ®

(CG) Uy 095 4 parass
n=1)
(N=1) dslae cdlyy @
N=-) sl cilppss ®

A~

7 (M=) boss Jubocige o

{

FREN WE S PRWAERES

1

)

(looaly Jeloos 5 (6,8 o ¢ mnass g)5) 09,5 g L (silse (Bolas lojl )5 S oo b Jlages N USS

1. Steeper hill group

2. Intermediate hill group

3. Shallow hill group
4. Control group

Yy

Cooliiwlaoy (193  SuilonS B S59 32 (7Y pw Ao (lbiansd 40 (g0 il ¢y, K0 g 9ol




¥ oyland )Y 5,00 VFoF Sl

—smas Oy iodis gly e Ve s wile gl ol Lol ey 38500 (gilen byl i Colitulacs (slagd ax S
s 5y i By Lh 5 (S8 (68 Gl cdbsluns g5 Jlo  Slasd 13 a5 gilen o 0, Sles 5 (SOl ( SMae
Iyl oyloj cpyige -aidly ol yiwl 428y A B S ST o g 001 plodil (630 Vo 90 s b dws BaS 8 b L aiin Mo
FV) 23 5 Sojlul gt Fo bgSie Sl yous U (e o) g9 byysio sl i ygue alad jl ()5 o b Q] Jlos 4l
)])BIF)J L )JgL.a.’ ;4.‘3); )‘)3 b..\uSuf).w JLZQL» o g 508 o )LS )‘ Sy Y/ alols 09 Ly ) &lsu)l 0
oy oles (asb dee) cme; b wled oy 1ol osis 6 puSojlnl (SolersS slapaie .05 Lo Kinovea 0.9.5
033 (b oo g ol e 5 a9 5 LoplS 3l Giolad b pl5 uilS )8 1009 (3,2) IS uilS 8 5 (52e) P15 Jobo (4 skee)
2 e ()led bjlon gloj 5 (elod gloj 48 dpulne WaplS dass  0ad b Sl i b plS Jsbo A (5505l

A pbol cunly sb wlel p ki b oo il eSS (sl b odliiwl (o 5 cunly sb Jlgio p5 93) JolS

s 5> ylaghS YO 2gu> Lawgie jolody 9 A1 93 (pye tin > Al o it jobdy adlllas | iy GEMISES 8 don
Cybex 530T pro plus ,lo)sige Jued 5 (555 5 505 (5,48 Sl pad 3l 2Vl Sliy i cald o Jobo 5 03393 00
Jgore daliys ajg, plo )3 g Ay caund )3 (pped duds 90 (slatin aldlin glaog )3 3 FasS s b .cd )5 plbul USA
(551> REVA B AD) B Lo (su80jl0l 5 5IK5550 o bl & el g J1S L o ped a0l deldl 1) 295
slaan A JSSgp Gl ol (ioli8l el i gu,5d 5 4d 0kl 35 )l )SO g caw (o colyiwl ud (g5l s

ol 03l V' Jgas )3 oy yed

bog,S (sly (slazin A (o yed SS9 ) Joi>

60309 SWBe g dhxo

e b 095 bagio Cud 09,5 A5 09,5 JS 098 bnatin
(SHG) (IHG) (STHG) (CG)

AL VAlD sIIN 5,05 b
Voo l—hd VeolimAD Voo l—AD 3 (HRMaX %) ¢y 05 coss
s s Y by s LY by s LY 3, iw o colywl
PYICNN v g s Y LY YLy 3, ) ,S5 oy ol il
O
a8 Y x S5 b Fe x HISGE X cuw ¥ &Y x S F X cuw ¥ 3, Jol axam
A8 Y x S5 A b Fe x HSTAX cuw ¥ B Y x HLSGAX cuw ¥ 3, p9d dian
A8 Y x S5y, A S x LSSV xcw ¥ b Y x LSS Y x cw ¥ 3, Pow diad
PRI g Al A x HISEF X Cuwn ¥ Wb PO X LSS Fx cw ¥ 3, polee dwam
4@ Y x )1 ,SG A Al A x HLSEAX Cus ¥ b PO x JLSTAX cw ¥ 3, PESTRLET
4@y ¥ x ISy, Al x ST Ve xCw Y 4l fe x LSSV x caw ¥ 3, ol dian
488> ¥ x )6 @By x I SSFx cw Y Wb x LSS AX cw ¥ 3, e dion
4a 8> ¥ x )1 ,SG A aaByY x I SSAx caw ¥ Wb x LSSV X cw ¥ 3, Pl 4o

ol bl s s 6\l .m\)s 589, ploj &S Jbayd fcdly yiol58l baazan dlaws yul381 b codigy i ,badlal sbowl jglaiods W)l S slus g lacaw dliss 1as 5
.(\‘\) Oy (Sladdlas I

Coliiuwlaon g3 (SuilaisS S S35 32 ¥ s o (iam ;3 oy 305 55l 3], K0 g 9ol




)9 SWogas dloxo ¥ o o VY 0,95 VFF b

Sobol Judodigay 3o

Jhro Blysl £ 1Sl &gty by peite ol .05 alsl IBM SPSS Statistics 27 ,ljsle 5 51 eslizal b ()bl Jubos
Time X ) Llzsce 4,bg3 ;S0 (5503151 b ilyls Jebos 31 ecot 03 3 ot 3 Gt o ot 585 (o 8l 05 (5155
Joyi s ool S99 g Mol b (So5 (omdini 9050 5l lolas b Lol jholize 3l saalise &y y3 b odlizwl (Group
J.J.?u p <./0 d)l.)‘..um élaad PN ‘.E)M dod b ) U?J u}n)i ‘.A wb)‘s u;.io.m 9 &99)""“’ 09.‘0)] ‘.} odly SRS

(0+) 39 Pyl 4 (C1) 207 lisabsl alols gl uSle Jobis gulis puandss 3

=W

dallae Job > HBasSeS 1w (SoleaS sl Siug o odd e llae Glnss g 4l buogs slaodly 5l glaoMs ¥ Jous
ol D18 s L i ) Szt 5 g5 i e ybline Sglis gt oyl 5 L el stlsy] bl el amd o L
loas loo) anlllas SlEl 5 wlie (cla Sig b olbog,S g osds |l wyddr (gl Bolar 41,6 a5 ams o LS ggudge
L ad)bgd uibyly Jelod a8 o wol) S8 09,5 b cand 13 (2505 09)5 dw (a dlie (sl (s0Sme Sl 45T 5550
XE)=AVRISA P = o[+ ) NG = +IAY) sl Joline (VMAX) dinitinr e pos 2 o shool 51 48 315 s 5 S (S0l
»VMax ;:Ske (¥ Jgis) cusl 03,8 i ()bl jobods oy ped 0y9d Jobo ;> VMAX oS cenl o [Silo oS (F (0
Soline iol38] oaimd yLis 48 g 4l p e VXY E WY Ll cygeil i 53 g 4l o j2e YIAY £ /AR Ll yg05] e
(V YF) = VIAY P = +[-¥A 05 = +/¥+) 392 ,loline VINAX 1 35 (30 consd pebans ol 31 ccmimats ol (y90] g 3
(Y Jgds) 3,15 dg3g diiin ey )3 (5 oline cgles Caliseo (gl b (o ped (slaog,S o 45 amd o s gl opl (F
VR Lasgie o 09,5 5l i oS g 4y yie AVE £ /00 Lyl (STHG) w5 e 09,5 3 VMaX :Sike
55 g 5 o Ot ool 31 el 2 ogde 398 (VNS £ +/VE) U158 05,5 5 (VIFE £ +/DF) pydlo s 09,5 (V/AY
0392 s £ 4 Asly VMAX 3 (2505 o 550 & Lixe ol 40 o (¥ ¥F) = ¥Y/SY P = +/+ ) M = +/VA) 392 lolins

(Y Jgs) cunl
(=) adlas 5L 5 5LT ) gols 5 (Bldcumes (sl pite jhus Gl ol E (4 SSlo ¥ Jouo

STHG STHG IHG IHG SHG SHG CG CG U ppiie

o0se)) ohaose)] o09)! o)) o08e)] ool o 08l Ol 090l
Wt - [ay Y/ ERYAY WY -5y W/N /vy (JW) oy
VAERA VSNt [0 VAERA VENE [-D (52e) 8
OF/Ye £ Y/AY INTAYE TR OF/Ye £ Y/AY INTAYE ST (,5555) 09
VW55 £\ /-F WYACE Y/ YAJYY £ - /aA (YYACERY/¥ BMI
MYs £ oot v/es 2 /o v/ar L at o v/ /ot faot vyt Lfae vwE s VW Jve (o] 45k) Vmax
YRV RY/N YR AV YA SN 7A2S VALY SR JRLE Y/ S 74 AT RYA VN JAN I RYA R 7 RS YA 7 7 AL W Y A 4 (,») SR
Y/SE-RY RN BRYAL & BYAPEERYI7 N YN SEERYI7\E: 329 SRRV AL WY/ LW Y FL U Y AN Y ALY A Y AV N (yz) SL
WYY/ Y EY/AY O WV EE/AY WY EE/AY av- R R/ vV EE/FY awrEv/ay o vy /v (456 o) CT
Wek¥/Ye o WaAE¥/Fo A EY/AY WA £ Y/Y. WAZ YV W Y/Aa WARY/YY O DAYV (456 o) FT

oy ole; FT (owej b wled o CT o Job SL Py SR (gd Sl sy -Vmax (SN 0dg adli BM"(p < ofod) paw oyﬂﬂ b bl «:a’LéST
JyS 095 CG Do o )d (503 095 :SHG chwgio Cudd )d (o ped 09,5 AHG s G )D (o pad 05,5 STHG

YYf

Cooliiwlaoy (193  SuilonS B S59 32 (7Y pw Ao (lbiansd 40 (g0 il ¢y, K0 g 9ol




Y oylowd VY 2,93 VFe ¥ 5ul 999 SwWo g dlxo

el sl yiia byl Joles g cod prdaw ¢yloj (ol il gl Y Jgas

N?(Jels) e Fn* b Flewd) osls n? 0 gaw F(ply) P
S bline (o) () (g laline oSobe (0b)) (g ylkiae
(o) () (o)

VAT SRR RS RN /A S\ZNRYA SUNNEY BL LN //NTRNRY /N ST /N S PR NN /TN Y1 - AR
ATy PR RR7/2' SRRV A AUNERY 23 V-JENR VAV NERRY AT \2RNRY L / N SRS U LVAYR (SR) (syl3p5 ¢ 5

/S ST RSN 7 25 GERYAY 7NN AL SRR 729 CURNNRY L SRNNRY £\ SENRY SR SR LY AL\ (SL) o5 Jobo
AL SEERYAVN SERVIRRY AN 7 WY ACN SRR VA Y MUY S AR AN SEN 0/a ¢ (CT) wlos oo
2T TERY LVNERY R4 R RIS /N SNRY A's AN A V- SY AL WY RV NN AR (FT) 5lay oo

b pile p aldlie (29,5 SISl (2g) dmlia ¥ Jg>

Slises] alols 7 40 haw s s alslie slaog 3 [PYVEN
m & ohlixe 5kl Sbe

-fA/- YF/ FAL/ Y/ v/ STHG - IHG (M/S) ce s Sl

v/ o/ Yv#/ v/ 1. STHG - SHG

5l INVA Y/ Y/ v/ STHG -CG

-vy/- Y/ sy Y/ \O/- IHG — SHG

-¥V/- \a7A FAY/- Y/ ¥/ IHG - CG

-5/ A 2R vY/. Y'Y/ SHG - CG

-ya/ YA/ FA - Va/ YA/ STHG - IHG (Hz) jussls

-5 a0/ Vel 4/ ¥¥/ STHG - SHG

-/ Y/ -/ \a/- ov/-t STHG-CG

-Yv/- V¥ o/ /- YY/- IHG — SHG

-\a/- AY/- Yo/ /- Y'Y/ IHG - CG

-¥y/- OA/+ \78 \a/- <A SHG -CG

--a/. W/ /- ¥/ -/ STHG - IHG (M) a5 Jobo

-y/- Va/- \¥/- ¥/ <A STHG - SHG

-y/- e W/ ¥/ <M STHG - CG

-yl W/ YA/ ¥/ -/ IHG — SHG

=¥/ W/ ¥/ ¥/ -5l IHG - CG

-\Y/- \Vele aa/- “¥/. e SHG - CG

EATANRVL /- Y/ vol- STHG - IHG (MS) ke o

-0/Y va/o ay/. V¥ A STHG - SHG

-Y¥F/0 -¥/¥ A/ YE/\ 50/ STHG-CG

-A¥/Y O¥/0 s/ YE/\ Ad/ - IHG — SHG

-03/0 va/y a8/- V¥ -q./- IHG - CG

-¥¥/s Q¥/y o/ YE/\ -va/y SHG -CG

A ATATR VA ISR YA A STHG - IHG (MS) Slgp oo

-A¥/Y ¥/ ov/- YA a-./y STHG - SHG

-\Y/Y Yo £5l YA A STHG -CG

-AY/Y SYI¥ ay/- YA/ q./ IHG — SHG

S rAY \ATAS av/- YA sl IHG - CG

-Y/¥ Yy aa/- YA/ Y./ SHG - CG

TT (90 dhi oy VMAX (sl 005 i (S99 o 9051 9 48)bgd ) )Se (65058l b bl Julos bl 3 (B < +/+0) aw 3 joline coglisT
1S 05,5 CG (oMo s b 09,5 :SHG clawsio s b 09,8 THG s s b 09,5 STHG «ylizabol alolé :Cl e idaae cnlizl :SE oyl o 901 3,Skes

Coliiuwlaon g3 (SuilaisS S S35 32 ¥ s o (iam ;3 oy 305 55l 3], K0 g 9ol




)9 SWogas dloxo ¥ olowi 1) 0,93 NP b

Ay (MA) 5:53ke @9lis (STHG) a5 09,5 15 905l b o901 e a8 ol ot (S99 (ol (19051 s
Oliseb] dsls /02 b ply MA (IHG) Lawgio e 09,5 P = ++)) VFF 5 VY 3 007 licabol alols L /YA L
100 B /N 5 07 el alols +/¥Y L il MA (SHG) Mo can 09,5 9 (P = ++)) r/VF b /¥y A0/

(¥ Jsan) 0t osnlie (g olins 5 b (CG) 58 09,5 5 sl 033 slaline (0 = + 1)

olos 3145 3l s S (slagspSoul b 4bbg> iy s geil ol (SR) s pls 655 bty b 3
O30l 3D (6 ppl 5 &S ygba F (Y XF) = VAN P = /o) ‘T]IZ) = +/A¥) b9y ditun yy (g blize jaody
Polixe 35 Vs s ool 51 ccizpan 9 (50 FINVEIEV) gl g 3] st 5 bline s5bay (55, FIOYE-[R)
ol LS)"))ff"f C)J Jel pu..».o walisee Cs.‘am uL:.A u9‘.m o.\;mbol.:d as ‘(F (\” ‘\”;) = Y/AV ‘p = '/'\cﬂ ‘T‘]I% = '/Y’) hL%
Sl opoman 39 CG 09,5 3 SHG dAHG 09,5 51 i (6bolime yoboas (35, 0/ A% +/0Y) STHG 04,5 )5 ¢35 &5
s 8l ] Sl 45 (F (¥ ¥F) = 04/ P = o/o0) M5 = +/AY) 355 Joliae 55 b o g oo oy Slols
S aze i)l as oly lis (S'o yhgy Ay sl 09‘)’1 Slduslio .Cubld Cglel yauo b &y A (550 0p F 5 3 Sloj
93 SHG 65,5 p Ll .(0 < +/-0) as osalie IHG g STHG  (cslaog,5 )3 copyed 5l o (SR) (oylopplS £ o
O bl 092 yider i sme sgbar 38 05)5 & Sl AT e 09)5 53 (50l 253 wmed i 0d (63 CG 095
d9 yholize oyl (ol S a8 sl lis Jdow (SL) s Jsbo (ogeas )3 (¥ Jgin) cuslis agn g (s e gl log )5yl
sty (5 )oliae yobods (520 VIVEE/+R) (yg0il g 13 o8 Jgbo oS (gygbots (F () ¥8) = VE/-YY P = o[+ 0\ MP = - [5VR)
P =Y MB = VA 395 line p5 Job e cud ol 1 ol ol b 3gr (g0 VVYE-/42) 0]l i ]
XE) =SSN P = o/ o) M = IOAY) 391 faline ite ] 53 o pas g (loj o lols 1 (F (¥ 5) = VoA
oS o U5 (S5 ol yge5] slodunlie ults Cunl (305 & iy P8 g e oliee 50 Cglis Sy o o(F (¥
< /-0) b G s oiine bt (IHG) Lawssio ot 5 (STHG) 45 05,5 13 ey J o (SL) 5 o o5
Py boog)S jl s )3 (FT) Jlan oloj 9 (CT) obos ploj iomad i osmliie (F5lis rog Sl 5 Ll (P

¥ Jpas) aals

F b og Culiinlaes (593 (SiloisS s Shg p 2Vl sbocwd )3 cnyed goje Gl ()0 adlllas ol 5l S
ool ol (sl amd Sy 1) (B9 cl (SleieS (sla Shg (JSB (ke 4 Slg &5 (glaigy cud lolid 03y
SleiS (o Shy (S p ite pb Slgce atim A Gda @ Vb a5 b (@2 Vlpw 3 cpped & Mmd e L5 gk
2 d9ue oyl &S bl sy acud oled > (VMAX) s o piSTis (olB jsbody il anisly Cuolitwlaas B 145 (S
2l eVl el ciliee claos ciondy @l lagis a5 e 45,51 39 jan g b6 Lawgio 5 A5 (clocud
V) s e (gl it Lwlyon i slaimgh b o (sladidl Lol s dgize Al 03,5 duslieVMaXx

o8 cpl sl pl.cdl (mo158] do )3 YV i 10090 sy d )3 A (g9 (yped Ak VYl e oS 0,87 (5158

1. Tziortzis

YY#

Cooliiwlaoy (193  SuilonS B S59 32 (7Y pw Ao (lbiansd 40 (g0 il ¢y, K0 g 9ol




Y oylowd VY 2,93 VFe ¥ 5ul 999 SwWo g dlxo

dxuw g )deJJyJB 8yl u.iu&ny;s@)’ta&—kra& dud)@jugww\w)}ﬁ dhnw»a\fxfuo Colos

A e

083 3| s 35y 5 dalllas oS’ Jloyd (il i yliue g Aldlie loj e 13 o 5y0u 5 dalllas g jols dalllas oy Lol cogles
aSS 05 plol (Mo pd VIF) jiaS s b o jed diin A s pils gy 53 g 03,5 oalitwl lopd VF i b (glazan VY
oL ggbg0 (pl i odmlive (o) e (65,Slas sla 6y Bk G gl b g eS8 loy Gl b i Sl da g Ll
Oldllas .35 sbol 5ySlee (3 e BB sladgms e oo 35 5ieS slacud b g olisS L.,.w wloj sloojl yo a5 a0
3 opyos b dunlie )3 3oy O/VF sl ookl b do )3 Y10 g 2o pd Y1V lie 4 VMAX )3 oladguty 55 (5,50 alie
Canl cpyed (b ) b Cladss 5 ol adles o whe slacsgles 51 S (O FF) Wlod,S 555 Clo pdaw
slocws lizme w5l ks adlae ol 55 gy 0nd o3kl gmbyw g 2Vl pyed oS 5 j 4538 Sldllas o a5 Jbsy
2 cuwd paw it w3l 65580 Sy b el ojlal liie 4 Shb ol sl odd gwyp 2V Gilise

..b')si Cawddy (03 Shos sl 6,55k

LS oo SoS (e g5 g )8 gl 4 (e £ ] gdise Cunglie Sl ol 2Vl cund 3 )y ST
(2 Yl )0 g0 plKa 50 0l dbu] Cuaglio W3l oYL Cuetl g0 G g ST & diwy (gl adle g0 opl &S (OY)
s sl b 3lo e 5 Sy pen () yoo)loz M ofige o Sl plisl Mae by il (5958 Mg pilie
GRIFN) (el 4 e & Cusl iy i e 5l 0 Mo g bawgie o 4 Cund JAT lacad ()
9> (OF) Sbism Somte 958 @ M5 53 g Ul o 3 9 3980 (Sas—as ()il g (dhas poe
ST OS dgnte & Colog )3 g 0ad (e (9 )05 Gl Carge Ml oo & 23 5l yidn g9y Jlosl 4 (2 Vb

(D0) 2y diginy Cus puo

A 8] i dawgio g A5 clacawd 1 oigd wld odalie SL g SR 3 a8 Sladgus b (o Vhjw cud )3 opped 2,
Lyl )3 a8 (05 &FY) Cowl ol (o)) 5,505 pliiee bawgy aolie guls 3¢ patus p 5a5 glacwd ) adgy o)
Sldllae el aiags b yimgs (S (5 S @olds ¢ Jlb opll s ssmlie SL j> (g)bolixe poss Jg 05 055 SR )3 5500
IS 09,5 5 (88l s 3 3203 L1y o 5 20050 03,8 o2lisl 2 ) ¥ s (595 2 il 5 2Vl 2003 S 5 8
53555 el iy 03,8 owsyp2 ST yoboy |y VU pos Cilio (clasd i il aslllas a5 Il cidgs 03,5 dusglio
Sl > B 025 slaedls o8 el 55 LU sl 03,50 walS 93 (SlatS sla Sy 2 pol b 2 b |
Syslg csode Ms ol )l 393y 2Vl ilisie slacwd ;> FT g CT SL SR ;5 csosidy &lpuss sy (oole
Glcuds ;5 pyed il (ol o g)Ble 350 50 shide ledbl &STin il o a1y job ddlles Couonl 4
Sk cnl il 9 29800 Ll (i) 5 Jsbo 13 a5 Cael (Vlpw 53 (493 45 Cond by (oS 2 w30 W) iz
oy o5 ol ] ol (i g0 3, Shos (DA D) A8 o S8 )1K5509 (6,5 b Juged 9 (s> Slo 3900 4
b plS £ ar Aty 2T)8 ol o Wigd 0S5 Akt g 35 SMas 9 A8 (b |y (ooppl 2 sVl S L
b & STy )3 59 2 9 P Jsbo (il 5 5 £ il 4 e Sl g0ty (2T bp (3505 (D) el
Sgsg 4 «doatly 5 g5l ul () F0) a8 e b gle gl (VL 2], 355 JB She g 39l e U i | agl;

Coliiuwlaon g3 (SuilaisS S S35 32 ¥ s o (iam ;3 oy 305 55l 3], K0 g 9ol




)9 SWogas dloxo ¥ olowi 1) 0,93 NP b

D el 53 yed e g bawgie (slacad 3 (pe8 b duglie ) 358 o0 oeie (Bl aw 3 (g3 )3 P Job 5 £
Crl 3 3 oo plosl |y (g alS (SS ) Sliod plal s 15 a8 oo bl (o 3 1) syt Joily (555
ol 53ls 03502 ) (Sl I8 aly il clails b A8 oo Mg syt ol — oy Jeate ofaga — olie a2l
G 5l SMae il b 5l 5Vl pdow 4 bwgie 5w (slacud b duslio )0 A5 b )0 jed &5 abd o LS ol
Erosn () o WIS o il e me ilo b Losiitn (VU b )3 p05 ) 36 Slags, Bl ol

(V) 392 mlgs p5" Jsbo 5 &5 alox Jl S > (S (L 08 (o0

opl b odalie J S 09,5 4 cums STHG 05,5 3 SR 3 VMaX ;5 jolixe ciglés ¢ old jobody .auis odmlie (g olize
o3l >« NIRN O F5e (M9 iy Cas g Dondy Y ol jebdy aad pl 3 oyl &S a0 o ol adly
09,5 3 SL 3 SR 13 Joliee &l pouss salice pis a5 Jboyd cusl o (SilSogn slas )8l § SMae— puae Lol
hbaie Glors gr Lol aus s Jlas &y 0yatie e Jol oS5 13 sl (Ko o po5 (loog)S plas 0 FT g CT 5 i 3 SHG
Sl sl loj e pl aSOIL Lol (aan A) alslie obioS [ Sloj e el Jolge 51 S0yl 3939 )] (gl (gdamte
5 whae— uac gl o g)B5ko jopm slp cuwl (Koo bol iy S SR 9 Vmax sl o jad s By 5 deue
M me Sl sdnline (sly a8 Wloaly lis piig slaiaghy bl 0358 (S SoleiS sboyial)b plo o SOlKogu
» 59M£ (;Y) Au.:l) Ja.ws.uo u;).o.) O oS u‘laf'.‘)“’ ) o)igdd ol )L\) dfu"y?]o LS"'J)N dl.mo)9.) LY ’Yw ¢ FT9 CT »
b ye o) 5lo dgm0 Caz )3 yidin (uped SS9 sl (e )l (ot WA 5 (oS S e (ool (S il
ol i Yl SR 9 VMAX > g0 ¢ Jlie olgicas FT 3 CT sile p5 Jloj (sloyadls b sl 0dg 5o ey b
Sl yed s ¢ atedin Gl ped iojls Cawl (Sae FT 5 CT o yus a5 Jboys sl p8 50 Sl g 9,0 Mg il
350 el (oYl > hgd wike) (eglie o il ped a5 Wlodls ol Olillas il SSS eMol b S oM
(FY) S o o) i 590 b duglio 3 FT U CT 3 3105 Logj) Lol syl a8 il 5 (opSlid 1 lawsio
Lol el (gyloline igles il 5 b iogesl (sl sla Sy 42,51 Cusl oge Jolo 5 cpod 4 Gy 3 52,8 glis
ol a8 wisl Sglite oy yei b ()85l oliee 9 (SMae— puae SIS SleiS L o Shg 0 oL)KS5)e cunl S
SilS el Gl (Sas (925 Sglss cul )i b (ol ipes el S 4 o]l es Sl ggose
By ol e woleg jd il odd sdalin oladgdy (63,8 paw 3 ST > 0ed 29,5 maw jd (s)lol (gyboline
Aojlo (63503l BB il yuss slool (gly g Al ALy & Cow 6y Cglie FT g CT aile  SleiS” sl yial
$S )5 slbdiges 5 SYeb aldlie (claoygs b oan] cldllas (FF) aidl SYL cpped s g p b 5 Y sb o405 09
A SSleiS )5l o)l gjle g 03, S8 Lallyy cnl jur (b (g 4 Wl o0 FaiedIn (o peS S 9
2 h @Vl dlisee cod dw (geje SIS L pnss gl addlae (pl S Jloys S s e 1) @V bpw 53 0y
P ol oS can 5o BLd ey ladsione gl wanl 038 aunlis Culiiwlaes BN (SolenS sl S
o)l b 85559 Joli asdlas ol ¢ Slhise Lao 55 b 5dge3] dlass )3 Cudgdme s 4 3,5 )15 Jlaine ST cla jimgh
Oh5y9 48T il 4liS 5l gl p sl San g9 ol D9y Cilies (slacamis o (Jlo ¥ U ol & 5) cglize o pei

aily wlie oyl aly S @ Jolite sla STy Cunl (Son Sumin cglds & dogi b g oyl calise Jolye o

YYA

Cooliiwlaoy (193  SuilonS B S59 32 (7Y pw Ao (lbiansd 40 (g0 il ¢y, K0 g 9ol




Y oylowd VY 2,93 VFe ¥ 5ul 999 SwWo g dlxo

S5y » sl ddllas sl (Jbcpll g 48,5 a5 10 Codgize K sy Wlg o dges Cumen 45 oyl WAL
alads S lgiedy Blg oo« pize 5 0 ] 35S o ped SS9y Sl ooliinl b ol yeds cdiimd o pod 0,55 sl a8 S5 g
(e Slad ey )l B oy 4 2l oay] Sllllao 1395 D e iayad (sloaslyy ST angi )3 5 (imes ol )3 g

3y (S5 (60,es s aSls ST Sl 5 (i ped deby loj e

2 (35 doxiS

mls iy colinwlans (BLe SwlanS b iy » 2 Vb ) cpyed liste e w3l oy 4 ol adllas
Colitalios (39> (Sl 4l S Shs (S inte Sl (@Tlp b 5 e & 3 Gl iy
W5 glacad )3 o394 «SL ¢ SR el b (VMAX) diuis sy 53 dgute it b3 )3 90 Cas pus iSlis L aS )l
rlnls $89d 0 (o (uyed Gyl 4 oxie 2Vl D (npeT BliSte Slacad oSty o Hla 4 S Sy
dnlod & Sloj 09 (S cBay jIK55)0 1 (63,8 slacudgioe g b llgs (85 s 3 b sl 2Vl ) (0 pe
d9:8et 42 Bl oo (e a3 B 1) @Yl Sliy a3 )l 5 i 45 LS (128 DI oo (5 W90 bl oyt ) (g
b VL Gilon o cad )b 4 o culitulaes (B9 lp Sy cnyed g9 cnl 98 e IS (St o Sy
3 Wlg B a8 a5 (e Jeall pSie sy o)k 51 1) (oYL olyy b )55 cul &2 28l 50 9 03,018 1>
e FSVsb lacdlus (sly Slg5 oo bawgle sl S oolitul (yomen (F0) B9 YU Copo b chawgie clacdlus
O Ll sl cage (g5l ) g ddpo 5 (N> SHe g b g A Sl 68 (295 Oly 4 ST il
oSl 5 Fhe (uped Pl S plgisar ) @Vl Gl )3 cnped b OSES55 5 Gleye ccales 0 (FF) 90

55 a5 Conlitldag (509 SilarsS la S s d9sge (sl 151 Ll5

‘;Wlé-, OlbaYe
osgi M Jeol 51 (59

oS’ Loy 3uio0 5k b el sl (59 » Glg b badye (U] gl g b Jeallygies JolS cule) L adllbe ol
b opdlly .cd,8 )15 ali 5)90 (IRERC 05/2024 : [Sig 0)led) o9 pole 0aSitily o)l punly olKiisly M8 sl
oST o Jlazs| (5 )lse g Aslae conle il adlas ST 51 iy (BASES 10 363 izman 9 EALSES 15 (J sy oo

20,8 Laal |y 6T asbicols, pyb g b

S o

o cgles ) sl 005 el )15 el o8l (g5 5l anllae ol plsl gl o culos a5 w5 o Yl Bt

ol 03,5 U] 3 4138 3,0 )3 ok 1S

OB Nwn o a..S)l...we

Coliiuwlaon g3 (SuilaisS S S35 32 ¥ s o (iam ;3 oy 305 55l 3], K0 g 9ol




)9 SWogas dloxo ¥ o o VY 0,95 VFF b

53,8 gyglaen 1y odly 5 03,8 Tal 1) b yiulojl ZB g YA isls plboil |y adlllas lib 5 g5 ol ZB oTT YA
wd)S pul ZB g TT YA Loy o dlie ol a5ws (5,5 .08 plosl ZB oTT YA Lug ey Judoga joo
Aile3,S a0l g oles |y Alie S aiung olos

0,8
D) @il 55le5 Alde cpl (Baiuns b1 plo

Reference

1. Trowell D, Phillips E, Saunders P, Bonacci J. The relationship between performance and biomechanics in middle-
distance runners. Sports Biomechanics. 2021;20(8):974-84. [DOI:10.1080/14763141.2019.1630478] [PMID]

2. Hayes P, Caplan N. Foot strike patterns and ground contact times during high-calibre middle-distance races. Journal
of sports sciences. 2012;30(12):1275-83. [DOI:10.1080/02640414.2012.707326] [PMID]

3. Brandon LJ. Physiological factors associated with middle distance running performance. Sports medicine.
1995;19:268-77. [DOI:10.2165/00007256-199519040-00004] [PMID]

4. Padilla S, Bourdin M, Barthelemy J, Lacour J. Physiological correlates of middle-distance running performance: A
comparative study between men and women. European journal of applied physiology and occupational
physiology. 1992;65(6):561-6. [DOI:10.1007/BF00602366] [PMID]

5. Thompson MA. Physiological and Biomechanical Mechanisms of Distance Specific Human Running Performance.
Integr Comp Biol. 2017;57(2):293-300. [DOI:10.1093/ich/icx069] [PMID]

6. Padulo J, Degortes N, Migliaccio G, Attene G, Smith L, Salernitano G, et al. Footstep manipulation during uphill
running. International journal of sports medicine. 2012:244-7. [DOI:10.1055/s-0032-1323724] [PMID]

7. Padulo J, Annino G, Smith L, Migliaccio G, Camino R, Tihanyi J, et al. Uphill running at iso-efficiency speed.
International journal of sports medicine. 2012:819-23. [DOI:10.1055/s-0032-1311588] [PMID]

8. Novacheck TF. The biomechanics of running. Gait Posture. 1998;7(1):77-95. [DOI:10.1016/S0966-6362(97)00038-
6] [PMID]

9. Seidl T, Linke D, Lames M. Estimation and validation of spatio-temporal parameters for sprint running using a radio-
based tracking system. Journal of Biomechanics. 2017;65:89-95. [DOI1:10.1016/j.jbiomech.2017.10.003] [PMID]

10. Padulo J, Annino G, Smith L, Migliaccio GM, Camino R, Tihanyi J, et al. Uphill running at iso-efficiency speed.
Int J Sports Med. 2012;33(10):819-23. [DOI:10.1055/5-0032-1311588] [PMID]

11. Garcia-Pinillos F, Latorre-Roman PA, Ramirez-Campillo R, Parraga-Montilla JA, Roche-Seruendo LE. How does
the slope gradient affect spatiotemporal parameters during running? Influence of athletic level and vertical and

leg stiffness. Gait & posture. 2019;68:72-7. [DOI:10.1016/j.gaitpost.2018.11.008] [PMID]

12. Lussiana T, Fabre N, Hébert-Losier K, Mourot L. Effect of slope and footwear on running economy and kinematics.
Scandinavian Journal of Medicine & Science in Sports. 2013;23(4):e246-e53. [DOI:10.1111/sms.12057] [PMID]

Cooliiwlaoy (193  SuilonS B S59 32 (7Y pw Ao (lbiansd 40 (g0 il ¢y, K0 g 9ol



https://doi.org/10.1080/14763141.2019.1630478
https://www.ncbi.nlm.nih.gov/pubmed/31364954
https://doi.org/10.1080/02640414.2012.707326
https://www.ncbi.nlm.nih.gov/pubmed/22857152
https://doi.org/10.2165/00007256-199519040-00004
https://www.ncbi.nlm.nih.gov/pubmed/7604199
https://doi.org/10.1007/BF00602366
https://www.ncbi.nlm.nih.gov/pubmed/1483447
https://doi.org/10.1093/icb/icx069
https://www.ncbi.nlm.nih.gov/pubmed/28859414
https://doi.org/10.1055/s-0032-1323724
https://www.ncbi.nlm.nih.gov/pubmed/22972239
https://doi.org/10.1055/s-0032-1311588
https://www.ncbi.nlm.nih.gov/pubmed/22562739
https://doi.org/10.1016/S0966-6362(97)00038-6
https://doi.org/10.1016/S0966-6362(97)00038-6
https://www.ncbi.nlm.nih.gov/pubmed/10200378
https://doi.org/10.1016/j.jbiomech.2017.10.003
https://www.ncbi.nlm.nih.gov/pubmed/29106897
https://doi.org/10.1055/s-0032-1311588
https://www.ncbi.nlm.nih.gov/pubmed/22562739
https://doi.org/10.1016/j.gaitpost.2018.11.008
https://www.ncbi.nlm.nih.gov/pubmed/30465944
https://doi.org/10.1111/sms.12057
https://www.ncbi.nlm.nih.gov/pubmed/23438190

¥ oylon <)) 2,93 V¥ w0l 999 SwWo g dlxo

- 0

13. Swinnen W, Mylle I, Hoogkamer W, F DEG, Vanwanseele B. Changing Stride Frequency Alters Average Joint
Power and Power Distributions during Ground Contact and Leg Swing in Running. Med Sci Sports Exerc.
2021;53(10):2111-8. [DOI:10.1249/MSS.0000000000002692] [PMID]

14. Van Hooren B, Jukic I, Cox M, Frenken KG, Bautista I, Moore IS. The Relationship Between Running
Biomechanics and Running Economy: A Systematic Review and Meta-Analysis of Observational Studies. Sports
Med. 2024;54(5):1269-316. [DOI:10.1007/s40279-024-01997-3] [PMID]

15. Hunter I, Lee K, Ward J, Tracy J. Self-optimization of Stride Length Among Experienced and Inexperienced
Runners. Int J Exerc Sci. 2017;10(3):446-53. [DOI:10.70252/LSDP6161] [PMID]

16. Santos-Concejero J, Granados C, lrazusta J, Bidaurrazaga-Letona |, Zabala-Lili J, Tam N, et al. Differences in
ground contact time explain the less efficient running economy in north african runners. Biol Sport.
2013;30(3):181-7. [DOI:10.5604/20831862.1059170] [PMID]

17. Almasi J, Shabazbigian MM. The Effect of Six Weeks of High-Intensity Interval Training with and without
Coenzyme Q10 Supplementation on Bench Press and Squat Strength in Competitive Male Bodybuilders. Journal
of Sport Biomechanics. 2025;11(1):80-92. [DOI:10.61186/JSportBiomech.11.1.80]

18. Hashim H, Mohammed SA, Mohammed Ali B, Ismaeel SA, Nasir M. Biceps and Triceps Muscle Activation Under
Progressive Loads: A Study on Functional Symmetry of the Upper Limbs. Journal of Sport Biomechanics.
2025;11(1):64-78. [DOI:10.61186/JSportBiomech.11.1.64]

19. Padulo J, Annino G, Migliaccio GM, D'Ottavio S, Tihanyi J. Kinematics of Running at Different Slopes and Speeds.
The Journal of Strength & Conditioning Research. 2012;26(5):1331-9. [DOI:10.1519/JSC.0b013e318231aafa]
[PMID]

20. Padulo J, Powell D, Milia R, Ardigdo LP. A paradigm of uphill running. PloS one. 2013;8(7):e69006.
[DOI:10.1371/journal.pone.0069006] [PMID]

21. Paradisis GP, Cooke CB. Kinematic and postural characteristics of sprint running on sloping surfaces. Journal of
Sports Sciences. 2001;19(2):149-59. [DOI:10.1080/026404101300036370] [PMID]

22. Vernillo G, Giandolini M, Edwards WB, Morin J-B, Samozino P, Horvais N, et al. Biomechanics and physiology
of uphill and downhill running. Sports Medicine. 2017;47(4):615-29. [DOI:10.1007/s40279-016-0605-y] [PMID]

23. Gomez-Molina J, Ogueta-Alday A, Stickley C, Camara J, Cabrejas-Ugartondo J, Garcia-Lopez J. Differences in
spatiotemporal parameters between trained runners and untrained participants. The Journal of Strength &
Conditioning Research. 2017;31(8):2169-75. [DOI:10.1519/JSC.0000000000001679] [PMID]

24. Padulo J, Powell D, Milia R, Ardigo LP. A paradigm of uphill running. PLoS One. 2013;8(7):e69006.
[DOI:10.1371/journal.pone.0069006] [PMID]

25. Vernillo G, Giandolini M, Edwards WB, Morin JB, Samozino P, Horvais N, et al. Biomechanics and Physiology of
Uphill and Downhill Running. Sports Med. 2017;47(4):615-29. [DOI:10.1007/s40279-016-0605-y] [PMID]

26. Heiderscheit BC, Chumanov ES, Michalski MP, Wille CM, Ryan MB. Effects of step rate manipulation on joint
mechanics during running. Medicine and science in sports and exercise. 2011;43(2):296.
[DOI:10.1249/MSS.0b013e3181ebedf4] [PMID]

27. Daoud Al, Geissler GJ, Wang F, Saretsky J, Daoud YA, Lieberman DE. Foot strike and injury rates in endurance

runners: a retrospective study. Med Sci Sports Exerc. 2012;44(7):1325-34.
[DOI:10.1249/MSS.0b013e3182465115] [PMID]

Coliiuwlaon g3 (SuilaisS S S35 32 ¥ s o (iam ;3 oy 305 55l 3], K0 g 9ol



https://doi.org/10.1249/MSS.0000000000002692
https://www.ncbi.nlm.nih.gov/pubmed/33935233
https://doi.org/10.1007/s40279-024-01997-3
https://www.ncbi.nlm.nih.gov/pubmed/38446400
https://doi.org/10.70252/LSDP6161
https://www.ncbi.nlm.nih.gov/pubmed/28515840
https://doi.org/10.5604/20831862.1059170
https://www.ncbi.nlm.nih.gov/pubmed/24744486
https://doi.org/10.61186/JSportBiomech.11.1.80
https://doi.org/10.61186/JSportBiomech.11.1.64
https://doi.org/10.1519/JSC.0b013e318231aafa
https://www.ncbi.nlm.nih.gov/pubmed/22126973
https://doi.org/10.1371/journal.pone.0069006
https://www.ncbi.nlm.nih.gov/pubmed/23874850
https://doi.org/10.1080/026404101300036370
https://www.ncbi.nlm.nih.gov/pubmed/11217013
https://doi.org/10.1007/s40279-016-0605-y
https://www.ncbi.nlm.nih.gov/pubmed/27501719
https://doi.org/10.1519/JSC.0000000000001679
https://www.ncbi.nlm.nih.gov/pubmed/28731978
https://doi.org/10.1371/journal.pone.0069006
https://www.ncbi.nlm.nih.gov/pubmed/23874850
https://doi.org/10.1007/s40279-016-0605-y
https://www.ncbi.nlm.nih.gov/pubmed/27501719
https://doi.org/10.1249/MSS.0b013e3181ebedf4
https://www.ncbi.nlm.nih.gov/pubmed/20581720
https://doi.org/10.1249/MSS.0b013e3182465115
https://www.ncbi.nlm.nih.gov/pubmed/22217561

)9 SWogas dloxo ¥ o o VY 0,95 VFF b

28. Dutto DJ, Smith GA. Changes in spring-mass characteristics during treadmill running to exhaustion. Medicine &
Science in Sports & Exercise. 2002;34(8):1324-31. [DOI:10.1097/00005768-200208000-00014] [PMID]

29. Lemire, Falbriard, Aminian, Millet, Meyer. Level, Uphill, and Downhill Running Economy Values Are Correlated
Except on Steep Slopes. Front Physiol. 2021;12:697315. [DOI:10.3389/fphys.2021.697315] [PMID]

30. S& Filho AS, Machado S. Acute effect of uphill running: current scenario and future hypotheses. MedicalExpress.
2018;5. [DOI:10.5935/MedicalExpress.2018.mr.001]

31. Roussos T, Smirniotoy A, Philippou A, Galanos A, Triantafyllopoulos I. Effect of Running Environment and Slope
Gradient on Lower Limb Muscle Activation. American Journal of Sports Science. 2019;7:20-5.
[DOI:10.11648/j.ajss.20190701.14]

32. Paradisis GP, Bissas A, Cooke CB. Combined uphill and downhill sprint running training is more efficacious than
horizontal. Int J Sports Physiol Perform. 2009;4(2):229-43. [DOI:10.1123/ijspp.4.2.229] [PMID]

33. Paradisis GP, Bissas A, Cooke CB. Effect of combined uphill-downhill sprint training on kinematics and maximum
running speed in experienced sprinters. International Journal of Sports Science & Coaching. 2015;10(5):887-97.
[DOI:10.1260/1747-9541.10.5.887]

34. Bissas A, Paradisis GP, Nicholson G, Walker J, Hanley B, Havenetidis K, et al. Development and Maintenance of
Sprint  Training Adaptations: An Uphill-Downhill Study. J Strength Cond Res. 2022;36(1):90-8.
[DOI:10.1519/JSC.0000000000003409] [PMID]

35. Granata K, Padua D, Wilson S. Gender differences in active musculoskeletal stiffness. Part I1. Quantification of leg
stiffness during functional hopping tasks. Journal of Electromyography and Kinesiology. 2002;12(2):127-35.
[DOI:10.1016/S1050-6411(02)00003-2] [PMID]

36. Gottschall JS, Kram R. Ground reaction forces during downhill and uphill running. Journal of biomechanics.
2005;38(3):445-52. [DOI:10.1016/j.jbiomech.2004.04.023] [PMID]

37. Lazzer S, Salvadego D, Taboga P, Rejc E, Giovanelli N, di Prampero PE. Effects of the Etna uphill ultramarathon
on energy cost and mechanics of running. Int J Sports Physiol Perform. 2015;10(2):238-47.
[DOI:10.1123/ijspp.2014-0057] [PMID]

38. Snyder KL, Farley CT. Energetically optimal stride frequency in running: the effects of incline and decline. Journal
of Experimental Biology. 2011;214(12):2089-95. [DOI:10.1242/jeb.053157] [PMID]

39. Davey RC, Hayes M, Norman JM. Speed, Gradient and Workrate in Uphill Running. The Journal of the Operational
Research Society. 1995;46(1):43-9. [DOI:10.1057/jors.1995.5]

40. Neef Md. Gradients and cycling: an introduction: The Climbing Cyclist; 2013 [Available from:
https://theclimbingcyclist.com/gradients-and-cycling-an-introduction/?form=MGO0AV 3.

41. Ward A. WHAT IS THE BEST GRADIENT FOR HILL REPS? : Tri Training Harder; 2023 [Available from:
https://tritrainingharder.com/blog/2022/06/what-is-the-best-gradient-for-hill-reps.

42. Moher D, Hopewell S, Schulz KF, Montori V, Ggtzsche PC, Devereaux PJ, et al. CONSORT 2010 explanation and
elaboration: updated guidelines for reporting parallel group randomised trials. Bmj. 2010;340:c869.
[DOI:10.1136/bmj.c869] [PMID]

Yyy

Cooliiwlaoy (193  SuilonS B S59 32 (7Y pw Ao (lbiansd 40 (g0 il ¢y, K0 g 9ol



https://doi.org/10.1097/00005768-200208000-00014
https://www.ncbi.nlm.nih.gov/pubmed/12165688
https://doi.org/10.3389/fphys.2021.697315
https://www.ncbi.nlm.nih.gov/pubmed/34276417
https://doi.org/10.5935/MedicalExpress.2018.mr.001
https://doi.org/10.11648/j.ajss.20190701.14
https://doi.org/10.1123/ijspp.4.2.229
https://www.ncbi.nlm.nih.gov/pubmed/19567926
https://doi.org/10.1260/1747-9541.10.5.887
https://doi.org/10.1519/JSC.0000000000003409
https://www.ncbi.nlm.nih.gov/pubmed/32032229
https://doi.org/10.1016/S1050-6411(02)00003-2
https://www.ncbi.nlm.nih.gov/pubmed/11955985
https://doi.org/10.1016/j.jbiomech.2004.04.023
https://www.ncbi.nlm.nih.gov/pubmed/15652542
https://doi.org/10.1123/ijspp.2014-0057
https://www.ncbi.nlm.nih.gov/pubmed/25117400
https://doi.org/10.1242/jeb.053157
https://www.ncbi.nlm.nih.gov/pubmed/21613526
https://doi.org/10.1057/jors.1995.5
https://doi.org/10.1136/bmj.c869
https://www.ncbi.nlm.nih.gov/pubmed/20332511

Y oylowd VY 2,93 VFe ¥ 5ul 999 SwWo g dlxo

43. Faul F, Erdfelder E, Lang A-G, Buchner A. G* Power 3: A flexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behavior research methods. 2007;39(2):175-91.
[DOI:10.3758/BF03193146] [PMID]

44, Moran J, Sandercock G, Rumpf MC, Parry DA. Variation in responses to sprint training in male youth athletes: a
meta-analysis. International Journal of Sports Medicine. 2017;38(01):1-11. [DOI:10.1055/s-0042-111439]
[PMID]

45. Blondel N, Berthoin S, Billat V, Lensel G. Relationship between run times to exhaustion at 90, 100, 120, and 140%
of vWO2max and velocity expressed relatively to critical velocity and maximal velocity. Int J Sports Med.
2001;22(1):27-33. [DOI:10.1055/5-2001-11357] [PMID]

46. Buchheit M, Haydar B, Ahmaidi S. Repeated sprints with directional changes: do angles matter? J Sports Sci.
2012;30(6):555-62. [DOI:10.1080/02640414.2012.658079] [PMID]

47. Celik MA, Ozdal M, Vural M. The effect of inspiratory muscle warm-up protocol on acceleration and maximal
speed in 12-14 years old children. European Journal of Physical Education and Sport Science. 2021;6(11).
[DOI:10.46827/ejpe.v6il1.3642]

48. Lesinski M, Muehlbauer T, Blsch D, Granacher U. Effects of complex training on strength and speed performance
in athletes : a systematic review ; effects of complex training on athletic performance. Sports injury, sports
damage. 2014;28(02):85-107.

49. Barnes, Hopkins W, McGuigan M, Kilding A. Effects of different uphill interval-training programs on running
economy and performance. Int J Sports Physiol Perform. 2013;8(6):639-47. [DOI:10.1123/ijspp.8.6.639] [PMID]

50. Batterham AM, Hopkins WG. Making meaningful inferences about magnitudes. Int J Sports Physiol Perform.
2006;1(1):50-7. [DOI:10.1123/ijspp.1.1.50]

51. Tziortzis S. Effects of training methods in sprinting performance (Doctoral dissertation, Doctoral Dissertation.
University of Athens, Dept. of Physical Education and Sport Science, Athens, Greece); 1991.

52. Paradisis GP, Cooke CB. The effects of sprint running training on sloping surfaces. J Strength Cond Res.
2006;20(4):767-77. [DOI:10.1519/00124278-200611000-00008] [PMID]

53. Antono M, Nugroho R. Pengaruh Latihan Uphill Dan Downhill Running Terhadap Power Tungkai Siswa Ssh
Artajusi Lampung Utara. Journal Of Physical Education. 2022;3:19-25. [DOI:10.33365/joupe.v3i2.1902]

54. Paradisis G, Cooke C, Bissas A. Changes in Leg Strength and Kinematics with Uphill - Downhill Sprint Training.
International Journal of Sports Science & Coaching. 2013;8:543-56. [DOI1:10.1260/1747-9541.8.3.543]

55. Zoran Paji¢, Dusko Ili¢, Vladimir Mrdakovi¢, Nenad Jankovi¢, Rajkovi¢ 7. Influence of training with inertional
load on ability of force development and maximal running velocity. Journal of sport scieneses and physical

education. 2008(62):29-65.

56. Paradisis GP, Bissas A, Cooke CB. Changes in leg strength and kinematics with uphill-downhill sprint training.
International Journal of Sports Science & Coaching. 2013;8(3):543-56. [DOI:10.1260/1747-9541.8.3.543]

57. Lata K, Dubey R. The Biomechanical Effects of Uphill Training on Acceleration on Under 17 Yr Male and Female
Athletes. Imperial journal of interdisciplinary research 2016;2(11).

Coliiuwlaon g3 (SuilaisS S S35 32 ¥ s o (iam ;3 oy 305 55l 3], K0 g 9ol



https://doi.org/10.3758/BF03193146
https://www.ncbi.nlm.nih.gov/pubmed/17695343
https://doi.org/10.1055/s-0042-111439
https://www.ncbi.nlm.nih.gov/pubmed/27793062
https://doi.org/10.1055/s-2001-11357
https://www.ncbi.nlm.nih.gov/pubmed/11258638
https://doi.org/10.1080/02640414.2012.658079
https://www.ncbi.nlm.nih.gov/pubmed/22335343
https://doi.org/10.46827/ejpe.v6i11.3642
https://doi.org/10.1123/ijspp.8.6.639
https://www.ncbi.nlm.nih.gov/pubmed/23538293
https://doi.org/10.1123/ijspp.1.1.50
https://doi.org/10.1519/00124278-200611000-00008
https://www.ncbi.nlm.nih.gov/pubmed/17194229
https://doi.org/10.33365/joupe.v3i2.1902
https://doi.org/10.1260/1747-9541.8.3.543
https://doi.org/10.1260/1747-9541.8.3.543

)9 SWogas dloxo ¥ o o VY 0,95 VFF b

58. Swanson SC, Caldwell GE. An integrated biomechanical analysis of high speed incline and level treadmill running.
Medicine and science in sports and exercise. 2000;32(6):1146-55. [DOI:10.1097/00005768-200006000-00018]
[PMID]

59. Miller RH, Umberger BR, Caldwell GE. Limitations to maximum sprinting speed imposed by muscle mechanical
properties. J Biomech. 2012;45(6):1092-7. [DOI:10.1016/j.jbiomech.2011.04.040] [PMID]

60. Lata K, Rakesh. The Relationship of Hill Training With Stride Rate among Under 17 Year Athletics Trainees.
Imperial journal of interdisciplinary research. 2016;2.

61. Vermand S, Ferrari FJ, Cherdo F, Garson C, Lavenant M, Alex MC, et al. Running biomechanical alterations during
a 40-km mountain race. The journal of sports medicine and physical fitness. 2022;62(10):1323-8.
[DOI:10.23736/S0022-4707.22.13049-5] [PMID]

62. Hardin EC, van den Bogert AJ, Hamill J. Kinematic adaptations during running: effects of footwear, surface, and
duration. Med Sci Sports Exerc. 2004;36(5):838-44. [DOI:10.1249/01.MSS.0000126605.65966.40] [PMID]

63. Myrvang S, van den Tillaar R. The Longitudinal Effects of Resisted and Assisted Sprint Training on Sprint
Kinematics, Acceleration, and Maximum Velocity: A Systematic Review and Meta-analysis. Sports Medicine -
Open. 2024;10(1):110. [DOI:10.1186/s40798-024-00777-7] [PMID]

64. Myrvang S, van den Tillaar R. The Longitudinal Effects of Resisted and Assisted Sprint Training on Sprint
Kinematics, Acceleration, and Maximum Velocity: A Systematic Review and Meta-analysis. Sports Med Open.
2024;10(1):110. [DOI:10.1186/540798-024-00777-7] [PMID]

65. Thompson MA. Physiological and Biomechanical Mechanisms of Distance Specific Human Running Performance.
Integrative and Comparative Biology. 2017;57(2):293-300. [DOI:10.1093/icb/icx069] [PMID]

66. Weston AR, Mbambo Z, Myburgh KH. Running economy of African and Caucasian distance runners. Med Sci
Sports Exerc. 2000;32(6):1130-4. [DOI:10.1097/00005768-200006000-00015] [PMID]

YYf

Cooliiwlaoy (193  SuilonS B S59 32 (7Y pw Ao (lbiansd 40 (g0 il ¢y, K0 g 9ol



https://doi.org/10.1097/00005768-200006000-00018
https://www.ncbi.nlm.nih.gov/pubmed/10862544
https://doi.org/10.1016/j.jbiomech.2011.04.040
https://www.ncbi.nlm.nih.gov/pubmed/22035638
https://doi.org/10.23736/S0022-4707.22.13049-5
https://www.ncbi.nlm.nih.gov/pubmed/35084165
https://doi.org/10.1249/01.MSS.0000126605.65966.40
https://www.ncbi.nlm.nih.gov/pubmed/15126719
https://doi.org/10.1186/s40798-024-00777-7
https://www.ncbi.nlm.nih.gov/pubmed/39392558
https://doi.org/10.1186/s40798-024-00777-7
https://www.ncbi.nlm.nih.gov/pubmed/39392558
https://doi.org/10.1093/icb/icx069
https://www.ncbi.nlm.nih.gov/pubmed/28859414
https://doi.org/10.1097/00005768-200006000-00015
https://www.ncbi.nlm.nih.gov/pubmed/10862541

