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ABSTRACT

We examined the development of performance adaptations resulting from an uphill-downbhill
training program and monitored the decline of adaptations during detraining. Twenty-eight
males were randomly assigned to one of two sprint training groups who trained three times
per week for six weeks, and a control group (C). The Uphill-downhill group (U+D) trained on
an 80-m platform with 3° slopes whereas the Horizontal (H) group trained on flat track.
Participants were tested for maximal running speed (MRS), associated kinematics and leg
strength pre- and post-training, with U+D participants also tested after weeks 2 and 4 of
training, and after a 3-week detraining period. The U+D group increased their MRS by 3.7%
(from 8.75 £ 0.72 t0 9.07 + 0.64 m-s, P < 0.05), their stride rate by 3.1% (from 4.21 £ 0.21
to 4.34 + 0.18 Hz, P< 0.05) and their knee extensors” maximum isometric force by 21% (from
2242 + 489 to 2712 + 498 N, P < 0.05) after training. The time course of changes showed
declines for weeks 1-4 (1.4-5.1%) but an ascending trend of improvement compensated all
losses by the end of week 6 (P < 0.05). During detraining, no decreases occurred. No changes
were observed for the H and C groups. The minimum period to produce positive effects was
six weeks, with a very good standard of performance maintained three weeks post-training.
U+D training will prove useful for all athletes requiring fast adaptations and it can fit into

training mesocycles due to its low time demands.
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INTRODUCTION

The capabilities of athletes to generate varied forceful movements and run explosively play a
decisive role in many sports and can influence game outcomes (21). Therefore, the quest for

designing effective sprint training programs is always relevant. Humans are able to achieve



supramaximal speeds (5.6 - 8.4% greater than their maximal sprinting capacity) while
sprinting on downhill slopes, whereas sprinting on uphill slopes reduces the maximal
achievable speed by 2.9 - 5.6% (19,35). Training under such conditions over a 6-week period
can result in improvements in maximal running speed (MRS) by 1.1% and step rate by 2.3%
(36). However, when uphill and downhill stimuli have been combined in a single run (Figure
1), the beneficial effects have been greater. Furthermore, training for six to eight weeks on 3°
uphill and downhill sloping surfaces produced improvements for both MRS (from 3.5% -
5.9%) and step rate (from 3.4% - 7.4%) (32,34,36). These changes in MRS and step rate were
linked to improvements in the maximal bilateral isometric force (7.1%) and the force
production rate (24.7%) of the knee flexor muscles (33). Taken together, these results
suggested that the combined uphill and downbhill training method (U+D) was more effective
in improving MRS and the associated kinematic and Kinetic characteristics of sprint running

than an equivalent volume of horizontal or downhill training.

Despite these promising findings, the time course of mechanical and performance adaptations
during uphill-downhill sprint training has not been monitored. Therefore, a chronological
mapping of the progression rate of these changes will be extremely useful for scientific and
training purposes. This will enable the determination of a timescale that could be used to
identify the minimum training period needed for positive training adaptations. Moreover,
monitoring of progression of the mechanical and performance adaptations during training
could also provide an indication of the time course of the underlying neuromuscular
adaptations. There is a great deal of evidence that supports neural mechanisms as the primary
cause for the development of strength and power during the very initial stages of strength
training (< 4-6 weeks) and muscular (mainly hypertrophic) mechanisms responsible for

subsequent changes (7,10,27,40).

Additionally, and of equal importance, the effects of detraining on the maintenance of the
training adaptations and the degree of decline of the performance and mechanical changes

achieved during training are relevant to understand the quality of the training stimulus. This is



something that is of paramount importance for coaches and athletes planning training cycles
and rest periods before competitions. Previous studies on strength training have shown that
detraining periods equal to 50% of the training period display a time course of changes that is
similar to but in the opposite direction to training, and that they result in losses in strength
that are mainly explained by reductions in the neutral adaptation gained through training
(9-11, 15, 29). However, the reduced values observed at the end of selected detraining
periods for all the different variables across past studies are still higher than the pre-training
values and, in many cases, they remain somewhat higher than values measured during the
initial stages of training (10-12,29,39). To date, there has not been a systematic monitoring

study focused on the time course of adaptations and the effects of detraining after
specialized sprint training programs. This is a considerable gap in the sprinting literature
that the current study aims to address. This original contribution will be a point of

reference for future short- to mid-term sprint training programs.

Therefore, the aims of this study were twofold: first, to monitor and approximate
the minimum time needed to stimulate improvements in kinematic and strength
characteristics during an uphill-downhill sprint training program; and second, to evaluate
the effects of a detraining period on the same characteristics to establish the rate of
decline and the maintenance period of the adaptations gained during training. The planned
observations might also provide an insight into the contribution of different underlying

mechanisms to the training adaptations.

METHODS

Experimental Approach to the Problem

Three training and one control group formed the sample population for this
study. Participants were tested before and after a 6-week training period to measure
kinematic characteristics of a 35 m horizontal sprint (MRS) and the mechanical

characteristics of a 4 maximum voluntary contraction (MVC) for knee extensor



and flexor muscle groups. Additionally, to evaluate the progressive adaptations to the
U+D sprint training over the training period, a progressive U+D group was also tested after
two and four weeks of training. Finally, to evaluate the magnitude of detraining adaptations, a
training-detraining U+D group was tested once more after 3-weeks of detraining. The
decision to have two separate U+D groups rather than a single group was based on the need
to keep the two time-related variables (progression and maintenance) independent from each
other and minimize any influence of each upon the dependent variables of the other. The
only instance where the two groups have been combined and referred as just U+D group
was when comparing the basic pre-post training effects (Tables 1, 2) with the other two
groups (H and C). All training and testing procedures were identical throughout the study

and were supervised by the same research team.

Subjects

Twenty-eight physical education and sports science students participated in this study
(age: 23.9 + 3.3 years; height: 1.76 + 0.07 m; mass: 74.96 + 11.20 kg). All subjects were
active in different sports, but none were sprinters; their mean maximum running speed was
8.77 £ 0.68 m-st. All subjects were asked to terminate any other systematic sport
activity during the study, including resistance training. The study received ethical
approval from the Carnegie Faculty Research Ethics Committee of Leeds Beckett
University, who approved the details of the study, including consent documentation
and information to subjects before commencement. In accordance with the
Carnegie Faculty Research Ethics Committee’s policies for use of human subjects in
research, all subjects were informed of the benefits and possible risks associated with
participation before taking part and informed of their right to withdraw at any point. All
subjects were over the age of 18 and gave written informed consent to indicate their
voluntary participation. Three training groups and a control group were formed in a

random order through recruitment: the progressive uphill and downhill



group (P_U+D, n = 7), the training-detraining uphill-downhill group (TD_U+D, n = 7), the

horizontal group (H, n = 7) and the control group (C, n=7).

Procedures

Training: A wooden uphill-downhill platform was used for training, 80 m long and 1.20 m
wide, and was covered with a synthetic track surface. The platform consisted of 5 sections,
arranged in the following order: (a) a 10-m horizontal section; (b) a 20-m uphill section at a
3° slope; (c) a 10-m horizontal section; (d) a 20-m downhill section at a 3° slope; and (e) a
20-m horizontal section (Figure 1). The three groups were trained as follows: (a) U+D was
trained on the uphill-downhill platform; (b) H was trained on the horizontal; and (c) C did not
perform any training. After completion of a 20-min warm-up, both training groups performed
6 x 80 m sprints at maximal intensity per session, three times a week, where the time between
repetitions (4-6 min) was sufficient for the subjects to recover fully. This training program
continued until the fourth week, after which 1 repetition was added for both training groups
for each of the remaining weeks (34). During the 3-week detraining period, both U+D groups
(P_U+D and TD_U+D) stopped all sprint training, maintained their normal activities but did

not engage in any other form of training.

Testing: To assess the effects of training on the kinematic characteristics, a 35-m horizontal
maximal sprint running test was used to measure MRS, step rate (SR), step length (SL),
contact time (CT) and flight time (FT). The maximal bilateral isometric forces (MBIF) of the
knee extensor and flexor muscles during an MVC were measured using a Universal leg

extension machine connected to a force plate (9865, Kistler, Winterthur, Switzerland).

35 m Sprint Testing: After completing a 20-min warm-up, the subjects performed 3 sprint
runs over the 35 m distance using a standing start with a 6-8 min recovery period between
repetitions along a 60 m indoor runway covered with a synthetic track surface (2.5 m wide).
All testing was carried out under the same laboratory conditions at a similar time of day for

each participant. The corridor was well lit, and the ambient temperature was 22°C. The best



of the three trials (based on MRS values) was selected for further analysis. A Kodak EktaPro
digital 1000 Hi-Spec Motion Analyser System, sampling at 125 Hz, was used to record
sagittal plane movements during a full stride (two consecutive steps). Filming was performed
with the camera placed at the end of the runway and 7.5 m from the performance plane such
that its optical axis formed an angle of 90° with the sagittal plane of running. Running speed
should be near to its maximum 35 m after the start of a maximal sprint, as evidence from the
literature has shown that MRS for non-elite sprinters is achieved between 30-40 m (8). For
the digitization process, a metal calibration frame was filmed such that the x-axis was parallel

to the horizontal and the y-axis was perpendicular to the horizontal.

Analysis of the video data: The video data were manually digitized to obtain kinematic data
using motion analysis software (SIMI Motion, Munich). Seventeen segment endpoints were
digitized for each subject and de Leva’s (20) 14-segment body segment parameter model used
to obtain data for the whole body center of mass (CM) and limb segments. Surface markers
were used in the process of digitization when clearly visible. When the markers were not
clearly visible, the operator identified the points for digitization based on superficial
anatomical landmarks and an understanding of axes of rotation at the joints (3). The
magnification tool in SIMI Motion was set at 400% to aid identification of the markers. The
14 segments were the head, trunk, upper arms, forearms, hands, thighs, lower legs and feet.
For each running sequence, digitizing started five frames before the touchdown of the one
foot and ended five frames after the touchdown of the opposite foot. This provided sufficient
redundant data for smoothing. Touchdown and take-off were defined as the time instant at
which the subject made and broke contact with the ground, respectively. The touchdown and
take-off frames were identified through visual inspection by the Same researcher who

digitized all trials.

The step cycle had a starting point as the touchdown of one foot, continued through the flight
phase and terminated at touchdown of the opposite foot. MRS corresponded to the mean CM

horizontal velocity during one step whereas CT, FT, SL, SR were calculated according to the



methods of Paradisis and Cooke (35). The video recordings were smoothed using a cross-

validated quintic spline (9).

To ensure reliability of the digitizing process, repeated digitizing (2 trials) of 1 sprinting step
sequence at the same sampling frequency was performed by the same operator with
an intervening period of 48 hours. The ICC (3,1) values for the right upper arm y-coordinate,
for the left foot x-coordinate and for CM x-velocity were 0.998, 0.998 and 0.952,

respectively.

Maximal isometric force - knee extensors: Three MVCs were performed by each
subject where the best trial (based on peak force values) was selected for further
analysis. Specifically, the subjects were seated on a leg extension machine, and were
stabilized at the pelvis by a belt to restrict the movements to the lower extremity and
avoid any assistance from the trunk muscles (hip angle = 110°, knee angle = 107°)
(17,22). The leg extension machine was connected to the force plate by means of an
adjustable chain. The subjects were instructed to react to an auditory signal by attempting
to extend their knees as forcefully as possible and to maintain the maximal force for 2.5 s.
The force platform measured the vertical and the shear force production and consequently the
MBIF for the knee extensors was defined as the highest value of the resultant force recorded

during the MVC.

Maximal isometric force - leg flexors: For the measurement of the MBIF of the knee flexors,
the subjects lay prone on the leg extension machine and were stabilized at the pelvis
and ipsilateral thigh (hip angle = 180°, knee angle = 140°) (26) to prevent excessive
movements of the lower extremity and avoid any assistance from the back muscles. The ICC
(3,1) values of the MBIF for extensors and flexors, obtained from a 48-h test-retest MVC

measurement, were 0.988 and 0.985 respectively.



Statistical analyses

Two-way mixed (time [pre-post] x group) repeated measures analysis of variance (ANOVA)
was used to establish whether there were any significant differences between the pre- and
post-training tests, the training groups and any interaction effects for each variable.
Additionally, 1-way repeated-measures ANOVA was used to establish whether there were
any significant differences between the pre-, week 2, week 4, post-training, and detraining
period in the P_U+D and TD_U+D groups. In the event of significant main effects or
interactions, post-hoc Tukey’s HSD or Tukey-Kramer (for uneven groups / variances) tests
were used to test all pairwise comparisons. The significance level for all tests was set at P <
0.05. In addition, effect sizes using Cohen’s d (4) (effect sizes defined as either small: d =
0.20 — 0.49, medium: d = 0.50 — 0.79, large: d = 0.80 — 1.19, very large: d = 1.20 — 1.99, or
huge: d > 2.0), the magnitude of the mean * 1 standard deviation (SD) differences between
testing sessions (MA) and the 95% confidence intervals (95% CI) and power estimation were

used for data interpretation.

RESULTS

Effects of different training methods

Kinematic characteristics: The statistical analysis for the MRS revealed a significant time
effect (F = 4.586, P < 0.05, ny? = 0.155, power = 0.539) and an interaction effect between
time and training group (F = 9.124, P < 0.05, n,®> = 0.422, power = 0.958). The post-hoc
Tukey’s HSD comparisons showed pre-post training differences at the 0.05 level for the U+D
group (MA = 0.32 + 0.24 m-s?, 95% CI = 0.042 to 0.272 m.s?, d = 0.48). All other
comparisons showed no differences. After U+D training, 13 of the 14 subjects increased MRS

(range = 0.09 - 0.89 m-st). The overall findings are presented in Table 1.

The analysis for SR revealed a significant interaction effect between time and training group

(F = 3.579, P < 0.05, ny? = 0.223, power = 0.609). The post-hoc Tukey’s HSD comparisons



showed pre-post training differences at the 0.05 level for the U+D group (MA = 0.13 + 0.18
Hz, 95% CI = 0.006 to 0.126 Hz, d = 0.67). All other comparisons showed no differences.
After U+D training, 10 of the 14 subjects increased SR (range = 0.11 - 0.43 Hz). CT and FT
did not change. Finally, SL remained unaltered for the U+D group, and all the analyzed

variables for the H and C groups did not change (Table 1).

Kinetic characteristics: The statistical analysis for the MBIF of leg extensors revealed a
significant time effect (F = 7.550, P < 0.05, np? = 0.232, power = 0.752) and an interaction
effect between time and training group (F = 7.007, P < 0.05, n,? = 0.359, power = 0.893). The
post-hoc Tukey-Kramer comparisons showed pre-post training differences at the 0.05 level
for the U+D group (MA = 470 + 432 N, 95% CI = 221 to 719 N, d = 0.95). All other
comparisons showed no differences. After U+D training, 12 of the 14 subjects increased the
MIF of the knee extensors (range = 106 - 1293 N). The overall findings are presented in Table
2. Finally, the statistical analysis for the MBIF of the knee flexors revealed no significant

main or interaction effects (Table 1).

Progressive adaptations of the U+D training

Kinematic Variables: The statistical analysis for MRS revealed a significant main effect for
time (F = 9.894, P < 0.05, n,> = 0.623, power = 0.990). The post-hoc Tukey’s HSD
comparisons showed that the post-training MRS was higher than the pre-training value (4.6%,
P <0.05, MA = 0.40 + 0.25 m-s*, 95% CI = 0.171 to 0.634 m-s*, d = 1.61), week 2 (7.3%, P
< 0.05, MA = 0.62 + 0.32 m-s?, 95% CI = 0.326 t0 0.917 m-s%, d = 1.93) and week 4 (6.2%,
P < 0.05, MA = 0.53 + 0.15 m-s!, 95% CI = 0.396 to 0.667 m-s?, d = 3.58) values (Table 2,
Figure 2E). Regarding SR (Table 2), repeated measures ANOVA revealed a significant time
effect (F = 5.925, P < 0.05, n,® = 0.497, power = 0.902) with the post-hoc Tukey’s HSD
comparisons showing a difference between the week 4 and post-training tests (9.1%, P <

0.05, MA = 0.36 = 0.28 Hz, 95% CI = 0.095 to 0.616 Hz, d = 1.27) (Figure 2C). Differences

10



were also noted for the CT changes (F = 5.905, P < 0.05, ny? = 0.498, power = 0.903); the
post-hoc tests showed that CT for week 4 was higher than the pre-training (9.9%, P < 0.05,
MA =12 + 7 ms, 95% CI =5 to 19 ms, d = 1.68) and post-training values (13.4%, P < 0.05,
MA =16 £ 9 ms, 95% Cl = 7 to 24 ms, d = 1.61). Finally, the statistical analysis did not

reveal any changes for SL and FT (Table 2).

Kinetic Variables: The statistical analysis for the MBIF of the knee extensors revealed a
significant main effect for time (F = 4.346, P < 0.05, n,> = 0.420, power = 0.782). The
Tukey’s HSD post-hoc tests showed that the post-training MBIF of the knee extensors was
higher than pre-training (20.4%, P < 0.05, MA = 468 £ 545 N, 95% Cl = -36t0 972 N, d =
0.86) and week 2 values (21.8%, P < 0.05, MA =495 + 388 N, 95% CI = 136 to 854 N, d =
1.28) (Table 2, Figure 3). Finally, the statistical analysis for the MBIF of the knee flexors

revealed no significant main effects (Table 2, Figure 3).

Detraining effects of the U+D training

Kinematic Variables: The statistical analysis for MRS revealed a significant main effect for
time (F = 6.560, P < 0.05, np? = 0.522, power = 0.820). The Tukey’s HSD post-hoc
comparisons showed that the post-training MRS was higher than the pre-training values
(2.8%, P < 0.05, MA = 0.25 + 0.23 m-s™, 95% CI = -0.020 to 0.250 m-s*, d = 1.10) but not
different from the detraining scores (Figure 2F). Finally, the statistical analysis did not reveal

any changes for all the other variables (Table 3, Figure 2).

Kinetic Variables: The statistical analysis for the MBIF of the knee extensors revealed a
significant main effect for time (F = 9.280, P < 0.05, np,? = 0.607, power = 0.932). The
Tukey’s HSD post-hoc tests showed that the post-training (21.6%, P < 0.05, MA = 472 + 327
N, 95% CI =170 to 775 N, d = 1.45) and detraining values (12.3%, P < 0.05, MA = 269 +

231 N, 95% CI =55 to 482 N, d = 1.16) for the MBIF of the knee extensors were higher than

11



the pre-training scores (Table 3, Figure 3). Finally, the statistical analysis for the MBIF of leg

flexors revealed no significant main effects (Table 3, Figure 3).

DISCUSSION

Overall, the cross-group results emphasize the efficacy and superiority of the uphill-downbhill
sprint training as six weeks of training on slopes of 3° improved key kinematic characteristics,
whereas no changes were observed for the H and C groups. In particular, the 3.7% increase in
MRS for the U+D training group was accompanied by increases in SR (3.1%), which can be
attributed to decreases in the two time-dependent variables, CT (2.5%) and FT (3.4%). A
main difference between this study and our previous studies using the same training regimen
(32,33) is its shorter duration (six weeks instead of eight), which interestingly still provided a
sufficient period for performance adaptations to emerge. This is an important finding mainly
from a coaching perspective as it promises a more time-efficient management of sprint

training mesocycles.

The rationale for the superiority of the U+D training against a range of other training
methods, including horizontal sprinting, has been well documented previously and so will not
be discussed at length here (33,34,36). In short, the combined effect of submaximal
and supramaximal sprinting in a single run appears to instigate unique mechanical stimuli
which over time support leg muscles to become more effective when performing
sprinting movements on horizontal surfaces. However, there is a need to discuss the leg
strength data, as an additional training benefit, observed in this study. In particular, the
U+D training increased maximum strength of the knee extensor muscles by 21%, as
measured through an MVC bilateral test. Additionally, a group trend for a 3.4% non-
significant change was observed for the maximum strength of the knee flexors after the U
+D training, with 10 out of 14 subjects showing improvements of 12.2 + 10.6%. It is
therefore evident that six weeks of uphill-downhill sprint training had beneficial effects

on maximum strength for the knee
12



extensor muscles. Although our previous study (33) showed an increase (10.6%) in the
bilateral isometric force of the knee flexors after eight weeks of U+D training, the increase in
isometric knee extensor strength measured here is a new observation, providing additional

insight into the range of adaptation mechanisms related to U+D training.

The lack of U+D group changes for the knee flexors during training, after training and during
detraining is interesting given the main role of the hamstrings in sprinting (16). However, this
observation should not be considered as a failure of the training regimen to condition the
hamstring muscles, but rather as a limitation of the testing tool to detect positive conditioning
consistently for all participants. This also applies to our previous studies where the reverse
had occurred, i.e., detecting changes in knee flexors but not knee extensors. Although
isometric testing has been correlated strongly with sprinting performance (2) and has detected
strength changes derived from sprint training (14), employing an isometric test to measure
limb strength has some advantages but also some limitations in assessing strength in a holistic
and representative manner, as research has shown greater relationships between explosive
performance and dynamic strength tests against isometric strength assessments (31). The
force exerted on the dynamometer is a function of a number of fundamental internal and
external factors, which also vary between individuals. So, although an isometric test is a
robust and reproducible way to measure strength specific to a single joint position, it does on
the other hand not represent the expression of joint movement patterns specific to the
competitive activity, in this case sprint running where for example in competitive sprinting
the hip knee joint extends at speeds over 1000 -°s** (1). Results from such an isometric test are
also affected by how individuals express their strength during the MVC because of
differences in internal neuro-mechanical properties between participants, with some
individuals responding to the isometric conditions more favorably than others. Apart from
between-participant variability, there is also within-participant variability when performing
MVC tests, and both types of variability are affected by the different contributions of the

adjacent joints and the individual strategies adopted during a test with intra-trial differences

13



(23,30). An additional factor that might have prevented the detection of possible strength
changes for flexors could be the testing posture used for the hamstrings, mainly testing their
flexor capacity but not their functional role as hip extensors in sprinting. By contrast, though
not ideal, the set-up for the knee extensors provided a better basis to test the quadriceps
femoris given their extensor role during sprinting and at angles (hip and knee) within the
range of those observed during the late recovery phase of sprinting, where most of the
electrical activity of this muscle group has been recorded (18,25,41). Despite the limitations
of the isometric testing acknowledged above, there is no doubt that training on the platform
provides strong stimuli for adaptation processes that result in the beneficial conditioning of
key leg muscles, with the knee extensors benefiting in this particular study. Albeit speculative
at this stage, these adaptations should be related with the positive changes in the sprinting
performance. Indeed, the pre-post improvements in MRS for the U+D group (n=14) were

correlated with improvements in the MBIF for the knee extensors (r = 0.49, P < 0.05).

In terms of the time course changes for the U+D training group, the results from all tested
parameters indicate that the beneficial effects of the uphill-downhill sprint training become
apparent after six weeks of training. The data revealed a non-significant decline in MRS in
week 2 due to shifts in other related variables (e.g. increases in CT). This initial decline can
be explained as a result of adjustments to the new training stimulus which was unique for all
participants as they had not previously experienced a similar type of exercise pattern, i.e. high
intensity sprinting on slopes. Following that time point, the group MRS showed reached a
significant improvement by week 6. In particular, the group MRS values at week 6 were
higher than all previous measurements (pre-training, weeks 2 and 4) (Figure 2E). Some group
changes were also observed for SR and CT, with post-training values showing improvements
compared with those of week 4, but it would be arbitrary to attribute the whole group MRS
alterations throughout the training period to a particular pattern of kinematic changes given
the variability of responses shown across the participants in the U+D groups. Although group

analyses provide an understanding of some common denominators for training adaptations, it

14



should be acknowledged that individuals might experience different magnitudes and types of
adaptations, unique to them, which on occasion are not fully aligned with group changes. In
this study, although all participants improved their sprinting performance by week 6, there
was some Vvariability in the changes in kinematics leading to these improvements, as for a
small subgroup the primary change associated with these improvements was an increase in SL
rather than changes in temporal characteristics. However, the greatest individual velocity
improvements within the whole U+D group (n = 14) were achieved only when SR and SL
improved concurrently. For instance, there were six participants who improved both SR and
SL by a mean of 4.1% and 2.5%, respectively, and as a result achieved a mean 6.3% increase
in MRS. On the other hand, the remaining seven participants improved either SR or SL, but
not both, achieved only a 2.5% increase in MRS post-training. Undeniably, the results of the
present study show that the minimum period to improve sprinting speed through U+D training
in a group of young and active adults is six weeks or 18 high intensity training sessions
spaced apart with at least 48-h intervals. This spacing seems appropriate to allow recovery for
the key muscles involved in training, whereas shorter intervals (< 48-h) might have had a
detrimental effect on performance because of fatigue (37). This is the key message to
specialists wishing to employ the same training technique. It is also a useful finding for all
those interested in the changes occurring during the early stages of sprint training for similar

populations, irrespective of the use of slopes in the training program.

The time MBIF data series for the knee extensors followed a very similar pattern to the one
for MRS with strength at week 6 exceeding the group strength for pre-training and week 2
(Figure 3). This parallel trend in the knee extensor strength data (pre-post MRS-MBIF
changes correlated strongly: r = 0.88, P < 0.05), which corroborates the notion of the
beneficial conditioning of this muscle group as a result of the U+D training and their
important function in sprint running. Although most of the attention in literature and practice
has been placed historically on the hamstring-sprinting relationship, it should be

acknowledged that the quadriceps femoris play a crucial role in sprinting performance both
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from an energy absorption and generation perspective (13). These parallel changes in
maximum strength and MRS imply the influence of the same neuromuscular mechanisms in
both cases (knee extension and sprinting), with respect to the knee extensor muscles. The
exact origin and nature of these mechanisms of adaptation are beyond the scope of the present
study. However, taking into account the type of training (anisometric with high-velocity
muscle actions), its duration, the changes in the temporal characteristics, and knowledge of
time-course adaptations alongside evidence of associations between fast motor units and
explosive movements (24), we hypothesize that an increased neural input to the muscles,
perhaps supported by other non-hypertrophic muscular adaptations, was the primary

mechanism for the training adaptations (6,7,10,38).

Regarding the detraining period, it seems that the sprinting performance improvements due to
a 6-week training program were by and large maintained for the U+D group as the kinematic
data obtained at the end of the 3-week detraining period did not display any changes
compared with the post-training values. Obviously, some individuals exhibited a slightly
varied pattern as with the pre-post and time-course data series, but group findings indicate
clearly that a detraining period equal in length to 50% of the training duration on the uphill-
downhill platform produced no changes in running speed. The rate of decline in MRS (1.3%)
is considered as moderate and its maintenance (98.7%) as adequate given the pre-training
values (Figure 2F). A retraining period after detraining could have probably provided a better
picture of the maintenance of adaptations. It seems that the absence of a decline in running
speed observed during detraining was due to an equally small decline in SR (0.7%) for four of
the eight participants. As with the pre-post and time-course changes the group detraining
values for the MBIF of the knee extensors followed a similar pattern to the MRS values. In
particular, the MBIF values were not different from the post training values but were higher
(12.3%) than the pre-training values (Figure 3). It seems that the detraining period caused
only a moderate decline in the maximum knee strength extensors that allowed the

maintenance of strength values higher than the pre-training values.
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These findings are in agreement with past studies that showed a detraining duration equal to
50% of the training period, as in the current study, caused a progressive decline in strength at
a similar rate to the increase in strength with training. On many occasions in past research, the
values observed at the end of selected detraining periods for several strength and power
parameters were still higher than the pre-training ones (10-12,29,39). In addition, the losses
due to the termination of training were smaller when the training program included eccentric
actions (5). The latter applies appropriately to the current findings since uphill-downhill sprint
running is a combination of powerful concentric and eccentric actions, with the downhill
segment instigating high eccentric stretching velocities because of supramaximal sprinting on
the 3° slope. In previous studies, the losses in strength had been accompanied by losses in
cross-sectional area, muscle fiber area and decreased electromyographic activity
(10,11,15,28). Without similar measurements in the present study it is not possible to
characterize the specific effects of detraining but, as has been speculated above, the
assumption is that neural adaptations were gradually lost during the 3-week detraining period.
However, the unique finding here is that the positive strength and more importantly sprint
performance changes after training were maintained to a considerable extent during the
detraining period. This information is extremely valuable as, to our knowledge, this is the first
study examining the effects of detraining on sprint running performance. Finally, the modest
changes in the detraining period suggest that detraining values could easily reach post-
training values again with a short period of retraining, although this remains to be established

empirically.

In conclusion, the findings of the study demonstrate clearly the beneficial effects of uphill-
downhill sprint training on kinematic parameters that are linked with sprinting performance.
The increases in MRS were supported by improvements in SR, with increases in SL as a
secondary mechanism of MRS increases for a small number of participants. The
improvements in running speed were accompanied by improvements in the absolute strength

of the knee extensor muscles. The minimum period needed to produce positive group effects
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on the kinematic parameters and knee extensor strength is six weeks with 3 training sessions
per week. The rate of decline in sprinting performance and leg strength during three weeks of
detraining was moderate with a very good standard of performance maintained nine weeks
after the commencement of training. Evidence from the literature would support the
assumption that the kinematic and strength changes observed during the course of the training
and detraining imply the influence of the same neuromuscular mechanisms on both
movements with the neural component being possibly the key contributing factor. Finally, it
was observed that the training and detraining effects on all tested variables also depend on the

individual responses to the training and detraining stimuli.

PRACTICAL APPLICATIONS

The study offers original and pragmatic guidance to coaches and athletes. First, it showcases
the advantages of uphill-downhill training against more conventional sprint running training
methods. The results show that short duration programs of six weeks can make a difference in
sprinting performance in populations who regularly take part in a range of sports.
Such training programs have multiple applications beyond track and field for the
strength and conditioning professional as, for example, it can a serve as a main component
during a pre-competition mesocycle for college soccer, American football or other
games involving multiple sprints. Because of its low demand in terms of time (each
training sessions is anticipated to last about 1 hour) and commitment (three times per week),
such training can be used alongside other ongoing training practices and sessions.
However, participants in the current study refrained from any other systematic training.
The beneficial effects of training can be maintained for a reasonable time with the
potential to be regained fully during succeeding mesocycles of duration of up to three
weeks, where the focus might need to be on other physical qualities or technique and tactics.
The appeal of this training method is based not only on the fact that improvements in

sprinting performance can take place within a short
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period of time, but also on the general conditioning that is provided to key leg muscles
through a composite stimulus incorporating concentric and eccentric loading in single

supramaximal sprints.
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Table 1. Pre and post training values (Mean + SD and % differences) of the kinematic
characteristics and the maximum bilateral isometric force for the leg extensor and

flexor muscles of all groups (N = 28).

Table 2. Mean + SD of the kinematic characteristics and the maximum bilateral isometric
force for the leg extensor and flexor muscles in pre-, week 2, week 4, and post-tests of

the progressive uphill-downhill group (N=7).

Table 3. Mean + SD of the kinematic characteristics and the maximum bilateral isometric
force for the leg extensor and flexor muscles in pre-, post-training and after the

detraining period of the training-detraining uphill-downhill group (N=7).
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Figure 1. The uphill-downhill platform: 10-m horizontal, 20-m uphill at 3°, 10-m horizontal,

20-m downhill at 3°, 20-m horizontal.

Figure 2. Time series kinematic data of relative changes for the Progressive (left column) and
Training-Detraining (right column) U+D groups with the 100% values corresponding
to pre-training values. “Significantly different from pre-training (P < 0.05) and
Ssignificantly different from post-training (P < 0.05) as determined by repeated-

measures analysis of variance and Tukey’s HSD post-hoc tests.

Figure 3. Time series strength data of relative MBIF changes for the Progressive (left column)
and Training-Detraining (right column) U+D groups with the 100% values
corresponding to pre-training values. “Significantly different from pre-training (P <
0.05) and Ssignificantly different from post-training (P < 0.05) as determined by

repeated-measures analysis of variance and Tukey’s HSD post-hoc tests.
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Table 1. Pre and post training values (Mean + SD and % differences) of the kinematic characteristics and the maximum bilateral isometric force

for the leg extensor and flexor muscles of all groups (N = 28).

MRS (ms?) SR (Hz) SL (m) CT (ms) FT(ms) MBIF_LEM(N)  MBIF_LFM (N)

Pre 8754072 4.21+021 208+017 121+12  117+13  2241.75+488.92  1341.93 +274.69

U+D  Post  907+064" 434+0.18" 210+0.14 118+9 113+ 13  2711.81 £497.56" 1387.69 + 263.65
A% 3.7 3.1 1.0 2.5 3.4 21 3.4

Pre  880+023 425+011 207+0.05 116+8 120+10  2420.34+510.64  1247.87 +296.97

H Post  891+033 430+0.16 2.07+005 11347 120+ 11  2461.18 +541.01  1270.26 +295.08
A% 1.3 1.2 0 2.6 0 1.7 1.8

Pre  877+094 4434019 198+0.16 115+5 110+8  232554+177.74  1233.13+309.98

C Post  864+096 438+021 197+017 117+6 111+10  2332.93+160.56  1226.90 + 304.29
A% -15 -1.1 0.5 1.7 -0.9 0.3 -0.5

“Significantly different from pre-training (P <0.05) as determined by repeated-measures analysis of variance and Tukey’s HSD and Tukey-Kramer
post-hoc tests. Abbreviations: U+D = combined uphill and downhill training group (n=14) , H = horizontal training group (n=7), C = control group
(n=7), A % = percentage difference between pre and post training values, MRS = maximum running speed, SR = step rate, SL = step length, CT =
contact time, FT = flight time, MBIF_LEM = maximal bilateral isometric force for the leg extensor muscles, MBIF_LFM = maximal bilateral

isometric force for the leg flexor muscles.



Table 2. Mean + SD of the kinematic characteristics and the maximum bilateral isometric force for the leg extensor and flexor muscles in pre-,
week 2, week 4, and post-tests of the progressive uphill-downhill group (N=7).

MRS (m-s?) SR (Hz) SL(m)  CT(ms) FT(ms) MBIF LEM(N)  MBIF_LFM (N)

Pre [869+0.71% 415+020 210+0.22 119+11* 123+14  2296.31+626.75%°  1420.48 + 302.28
Week 2 | 847 £0.76° 4.06+021 209+0.15 126+12 118+13  2268.84+336.20%° 1336.92+274.84
Week4 | 856 +0.74% 394+0.16° 2.18+0.23 131+11 123+14  2559.08+580.68  1328.33+347.02

Post | 909+068 430+019 213+0.17 115+10% 118+13  2763.98+546.15 1477.46+275.23

$Significantly different from post-training (P <0.05) and *significantly different from Week 4 (P < 0.01) as determined by repeated-measures analysis
of variance and Tukey’s HSD post-hoc tests. Abbreviations: MRS = maximum running speed, SR = step rate, SL = step length, CT = contact time,
MBIF_LEM = maximal bilateral isometric force for the leg extensor muscles, MBIF_LFM = maximal bilateral isometric force for the leg flexor

muscles.



Table 3. Mean + SD of the kinematic characteristics and the maximum bilateral isometric force for the leg extensor and flexor muscles in pre-,

post-training and after the detraining period of the training-detraining uphill-downhill group (N=7).

MRS (ms?) SR(Hz) SL(m) CT(ms) FT(ms) MBIF_LEM(N) MBIF_LFM(N)

Pre | 881+£0.78 4.27+021 2.06+0.11 123+14 112+10 2187.19+343.74 1263.88 +240.24

Post | 9.06 +0.65° 4.38+0.17 207+0.12 120+8 108+11 2659.64 +481.43" 1297.92+236.74

Dtrain| 8.94+0.66 4.33+015 2.07+0.10 120+11 111+11 245592 +251.09 1356.86+218.35

“Significantly different from pre-training (P < 0.05) as determined by repeated-measures analysis of variance and Tukey’s HSD post-hoc tests.
Abbreviations: Dtrain = after the detraining period, MRS = maximum running speed, SR = step rate, SL = step length, CT = contact time,

MBIF_LEM = maximal bilateral isometric force for the leg extensor muscles, MBIF_LFM = maximal bilateral isometric force for the leg flexor

muscles.
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