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TasLe §. Physiological measures characterizing
the 90-second box jump test (BJ90), which is
designed to simulate the demands of
competitive alpine skiing, compared with those
of actual competition-like ski runs (16-18,22,23).

Ski race
BJ90 (slalom, GS)
Energy turnover 0.38 0.36-0.66
(kcal-kg™'-min~1) (18,22,23)
Aerobic 63 34-45 (18,22)
contribution (%)
Voopeak (%omax) 94 93 (17)

Blood lactate (mmol-L~1) 15 12-15 (16,22)

A 90-Second Box Jump

There was no change in BJ90 in terms of total jumps (pre: 90
* 7, post: 91 % 4, p=0.56, 4= 0.2), and only 3 of 9 subjects
improved performance. During posttesting, BLa was higher
at the onset of BJ90 (pre: 11.4 = 1.7 mmol-L~1, post: 12.6 *
1.7 mmol-L !, p=0.01), but not different at either 2 minutes
(pre: 14.8 + 0.9 mmol-L!, post: 15.5 = 1.0 mmol-L™!, p=
0.12) or 4 minutes after the B[90 (pre: 14.5 + 0.8 mmol-L~},
post: 14.7 = 0.8 mmol-L ™!, p= 0.66). In posttesting, subjects
performed significantly fewer jumps in the first 30 seconds
(pre: 35 = 2, post: 33 = 2, —5.3 * 52%, p = 0.01, /= 1.0),
which tended to be correlated (r = —0.59, p = 0.1) with
somewhat slower VO, mean response times (pre: 14.9 *
2.1, post: 16.3 = 1.9 seconds, p = 0.06, 4 = 0.7). However,
fatigue indices between the first and second 30-second seg-
ments (pre: —16.4 = 7.5%, post: —8.9 * 5.1%, p = 0.03), as
well as Vo,peak (pre: 3,904 * 499 ml -minute!, post:
4,095 *= 558 ml-minute™!, +4.9 = 52%, p = 0.03) were
improved after training. Otherwise, there were no changes
in Vo, response variables (Table 2).

During the BJ90, energy provided from aerobic sources
was unaltered by training and represented 63.3 * 2.8% of
total energy (pooled pre- and post-data from 4-subject sub-
group, see Figure 1). Energy demand corresponded to 126 *
2% of cycling Vo,max (pooled pre- and post-data from
4-subject subgroup, see Figure 2). Peak Vo, attained during
the B]J90, when expressed in relation to cycling Vo,max, was
similar before and after training and corresponded to 92.7 *
3.5% and 94.8 * 5.4% of Vo,max, respectively (z = 9).
Although there were no significant correlations between
physiological measures and performance, there were certain
strong tendencies (» < 0.1) for performance to be related to
some O, consumption parameters (» = 18, Table 2).

Graded Exercise Test
In posttesting, subjects cycled 23 *+ 22 seconds longer (+3.0%,
= 0.01) in the GXT, which produced higher PO, values

(pre: 406 * 33 W, post: 418 * 38 W, +2.8 = 2.7%, p = 0.01,
d = 04). The Vo,max (pre: 588 + 2.0 m!-minute™!-kg~',
post: 61.4 * 2.3 ml-minute™!-kg™!, +4.3 * 3.2%, p = 0.004,
d = 13) and BLa (pre: 11.7 m!-minute~!-kg~!, post: 14.8
mmol-171, 4279 * 172%, p = 0.001, 4 = 2.4) were both
significantly higher after training. Power output at VT,
increased by 20 = 23 W (p = 0.03), whereas PO at VT,
was unchanged.

Countermovement Jump

There was a tendency (p = 0.08) for reduced P,y in CM]
(pre: 54.9 = 5.6 W-kg™!, post: 53.5 = 4.5 W kg™ 1, 4=0.2),
but no change in jump height (pre: 51 * 3.6 cm, post: 50.6 *
3.3 cm, 4 = 0.1) after the training intervention. No changes
occurred in SJ height or £, The effect of prestretch on
jump performance was also reduced from 92 * 72% to
5.7 = 5.0% (p = 0.05) after training.

Countermovement jump height (=42 = 2.1 cm, —84 =
4.2%, p = 0.0002, 4 = 1.2) and Ppay (—2.7 = 2.4 W-kg™},
—4.7 = 4.3%, p=0.007, 4= 0.6, »=5) were reduced acutely
by the BJ90. However, when the fatigue-induced perfor-
mance decrements were compared pre- and post-intervention,
there was no significant effect of training either in terms of CMJ
jump height (Table 3) or CMJ Py, (Table 4). Comparison of
the metabolic character of the BJ90 and references from the
previous publications on actual ski runs are displayed in Table 5.

DiscussioN

The main goal of this study was to assess training-induced
effects of a short HIT block and their consequences on Bj90
performance and metabolism. After an 8-day HIT block,
comprising 10 sessions, cycling Vo,max and POy, were
significantly improved in junior development alpine skiers.
However, in contrast to our hypothesis, we observed neither
an increase in aerobic energy production nor an improve-
ment in performance in the BJ90 after training. Similarly, the
degree of muscular fatigue attributable to the BJ90, assessed
by comparing single CM] immediately before and after the
test, did not appear to be affected by training.

The 4.3% improvement in Vo,max was less than that
observed by Breil et al. (3) after their 15-session, 11-day
HIT block; however, considering to the number of HIT
sessions performed, the effects appear to agree (0.43% per
session in this study, compared with 0.5%). Nonetheless,
unlike subjects in this study, the 9 male subjects in the study
of Breil et al, (3) who increased Voymax by 7.5%, signifi-
cantly improved BJ90 performance (pre 93 * 6 jumps, post
97 * 3 jumps, p = 0.05). Thus, it is possible that the present
intervention was not strong enough to affect aerobic energy
contribution, fatigue, or performance in the BJ90. However,
another explanation for the unchanged aerobic energy con-
tribution, despite improved aerobic capacity, could be the
more conservative even-paced strategy that the athletes
autonomously adopted in posttesting (2 fewer jumps in the
first 30 seconds). Indeed, it has been shown that a fast-start
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or all-out pacing (adopted by the present subjects in pretest-
ing) increases O, consumption in the first 2 minutes of high-
intensity exercise and enhances exercise tolerance (2,13).
Inversely, an even-paced approach, more similar to that
adopted in posttesting in this study, increases the accumu-
lated oxygen deficit (13) and reduces the aerobic contribu-
tion to total energy production (2). Thus, our subjects could
well have inadvertently masked a training-induced improve-
ment in their capacity for aerobic energy provision or indeed
for a performance improvement (instead, both remained the
same) by changing their pacing strategy. It is also possible
that systemic exhaustion after the GXT was greater in post-
testing (indicated by higher maximal BLa).

Regarding the unchanged effects of the BJ90 on CM]
parameters, we recognize that with only the subgroup of 5
subjects, statistical power was low; indeed, the probabilities
of accepting a false null hypothesis were 92 and 75% for
jump height and P,,,,, respectively (analysis performed post
hoc with PASS 11 software; NCSS, LLC, Kaysville, UT,
USA). Thus, relatively small effects, if real, could have easily
been overlooked.

In addition to the main findings, metabolic measures
which characterize the BJ90 were obtained in this study.
These data confirm the test’s practicality for simulating
the physiological demands of ski racing. Indeed, espe-
cially comparable with the technical events, the test
demands good bilateral coordination, explosive leg
power, and large amounts of eccentric leg work, as well
as near maximal aerobic and anaerobic energy produc-
tion. Physiological data from this study compare well
with data gathered elsewhere for the BJ90 (1) and during
actual race-like skiing (Table 5). Although calculations for
energy turnover and the aerobic proportion of energy
production differ from the cited studies, differences are
most likely because of shorter runs and different calcula-
tion methods used elsewhere (18,22,23). Indeed, our data
suggesting that 63 + 3% of energy comes from aerobic
sources in the 90-second test correspond very well to the
expected value for maximal exercise of this duration
(8,14). Moreover, peak Vo, was similar to measurements
during skiing.

PRAcCTICAL APPLICATIONS

This study shows that a compact 8-day training block,
comprising 10 high-intensity 4 X 4-minute interval ses-
sions, improves Vo,max in elite junior alpine skiers with
relatively similar effectiveness as other block concepts.
Considering the many other time-demanding compo-
nents of skiers’ conditioning, this sort of compact and
specific high-intensity training block is a time-efficient
way to improve their aerobic capacity. Additionally, the
study employed a mix of training modes during the inter-
val sessions, which may reduce training monotony during
the block. Moreover, this study provides important phys-
iological data characterizing the BJ90, showing that this
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indoor performance test mimics the metabolic demands
of ski racing quite well.
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