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Exercise responses to running and in-line
skating at self-selected paces
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STEPHEN JUNGBLUTH, and NATALIE KOZLOWSKI

Department of Exercise Science,
University of Massachusetts,
Amherst, MA 01003

ABSTRACT

MELANSON, E. L., P. S. FREEDSON, R, WEBB, S. JUNGBLUTH,
and N. KOZLOWSKI. Exercise responses to running and in-line
skating at self-selected paces. Med. Sci. Sports Exerc., Vol. 28, No. 2,
pp- 247-250, 1996. The purpose of this investigation was to compare
physiological responses to in-line skating and running at preferred
levels of exertion. Ten males and ten females performed 15 min of
in-line skating or running on two separate days. Subjects were in-
structed to exercise at an intensity that represented an effective car-
diovascular workout. Heart rate (HR) and oxygen consumption (VO,)
were monitored continuously using a portable, telemetric, open-circuit
spirometry system. Subjects maintained steady rate VO, over minutes
1115 of in-line skatinlg and running at speeds (X = SD) of 21.7 £ 2.4
and 12.2 % 2.3 kmrh ™', respectively. A significantly higher (P = 0.03)
VO, (X * SEM, 44.0 * 1.7 mikg 'min~") was observed during
running compared with in-line skating (42.0 * 2.0 mikg™ "min™"),
but there were no differences in ventilation, HR, or rating of perceived
exertion. Consistent with the results of previous investigations, we
conclude that in-line skating is an appropriate form of exercise for
improving cardiorespiratory fitness. Future studies should compare the
cardiovascular training effects of in-line skating and running in indi-
viduals of varying levels of fitness and skating ability.

ENERGY EXPENDITURE, PREFERRED EXERTION,
PERCEIVED EXERTION

field study has been undertaken which directly

compares the physiological demands of in-line
skating with running. However, several investigations
have used laboratory measures to compare in-line skating
with other forms of exercise. Snyder et al. (14) reported
that in-line skating elicited higher heart rate responses in
nine trained subjects than treadmill running or stationary

Despitc its popularity as a form of exercise, no

cycling at the same level of VO, Although it was con-

cluded that in-line skating is an effective mode of aerobic
exercise, a leftward shift was observed in the HR/VO,
curve for in-line skating compared with other forms of
exercise. These results suggested that training adapta-

0195-9131/96/2802-024753.00/0
MEDICINE AND SCIENCE IN SPORTS AND EXERCISEg
Copyright € 1996 by the American College of Sports Medicine

Submitted for publication January 1993.
Accepted for publication June 1995,

NOTICE: THIS MATERIAL MAY BE PROTECTE®
BY COPYRIGHT LAW (THILE 17 U.8. COQE)

tions for in-line skating may be less than running at a
given heart rate (HR). In contrast, Wallick et al. (15)
found no difference between the HR/VO, curves of 16
“active males” during in-line skating and treadmill
running.

The hypothesis that training adaptations resulting from
in-line skating may be less than running is supported by
Hoffman et al. (7). Based on extrapolation of VO, mea-
sured in 10 competitive male cross-country skiers during
in-line skating at speeds between 14.6 and 18 kmh ™, it
was ‘suggested that highly fit individuals may need to
travel at unsafe and technically difficult speeds to achieve
appropriate training benefits from in-line skating. How-
ever, Fedel et al. (5) reported that 12 male competitive
in-line skaters were capable of safely skating at speeds
sufficient enough to elicit an adequate cardiovascular
training stimulus. At speeds of 22.5 and 27.4 kmh ™', HR
was 74% and 85% of peak, and VO, was 51% and 72%
of peak. Similar results were reported by Wallick et al.
(15) in 16 “active males.” They showed that between
17.7 and 20.9 kmh™?, VO, and HR were 60-75% and
75-90% of peak, respectively.

Although the HR/VO, relationship between running
and in-line skating may be different (7,14), the interpre-
tation that in-line skating does not provide the same
aerobic training benefit as running may be premature.
Doing so ignores the possibility that participants may
naturally self-select intensities that would provide similar
cardiovascular overloads independent of exercise mode.
Selection of exercise intensity is probably dependent

-.opona multitude of metabolic responses (e.g., HR, blood
-+ *lactate, ventilation, respiratory rate). As recreational ex-

“ ercisers would find it impractical to measure these vari-
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ables, and given the surge in popularity of in-line skating
as a form of exercise, data are needed that directly com-
pare the demands of running and in-line skating at pre-
ferred exercise intensities. Therefore, the purpose of this
study was to compare the physiological demands of in-
line skating and running at self-selected exercise intensity
levels.
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METHODS
Subjects

Ten males (24.7 * 4.5 yr, 72.5 * 5.6 kg, 179.2 £ 6.0
cm) and 10 females (25.7 + 4.6 yr, 60.7 = 8.2 kg, 167.8

+ 6.9 cm) provided informed written consent in accor-
dance with the university Human Subjects Review Com-+.
mittee Guidelines. Subjects were required to demonstratg -
proficient in-line skating technique and reported previous -

experiences with in-line skates ranging from a few times
(3 or 4) up to several years of experience. None of the
subjects were considered novice in-line skaters. Several
subjects reported in-line skating as a regular form of
exercise during summer months, but none of the subjects
were training as competitive in-line skaters. Although
maximal aerobic capacity was not determined, subjects
reported various forms and levels of regular physical
activity.

Experimental Design

Testing was conducted on two separate days during the
months of July and August. On each day, subjects per-
formed either 15 min of in-line skating or running. Tests
were separated by at least 1 but no more than 7 d. The
order of running and in-line skating trials was balanced
across subjects. Testing was conducted outdoors over a
rectangular course that measured 0.48 km (0.3 miles) on
a smooth and level asphalt parking lot. Subjects were
instructed to select an exercise intensity that would rep-
resent a cardiovascular or acrobic workout (an intensity
high enough so that they would get a good workout), and
to maintain a steady pace throughout the 15 min of
exercise. Average speed over each 15-min trial was mon-
itored by a cyclocomputer-equipped bicycle ridden ap-
proximately 3-5 m behind the subject. Subjects wore
their own running shoes during the running trials, but the
same model of in-line skates (Rollerblade® Macroblade
Equipe™, Rollerblade, Inc., Minnetonka, MN) was used
during skating trials. On at least one occasion before
testing, subjects practiced skating while wearing the
Macroblades. During in-line skating trials, subjects were
provided a pair of knee, wrist, and elbow guards but were
not given any instructions regarding skating technique.

Metabolic Measurements

During each trial, heart rate and VO, were monitored
continuously via telemetry using a portable open-circuit
spirometry system (Cosmed K2, Vacumetrics, Inc., Ven-
tura, CA). The specifications and validity of the Cosmed
K2 have been previously reported (8,9,11). The K2 was
turned on at least 60 min before intended use and was
calibrated prior to each trial. The K2 is not equipped with
a carbon dioxide analyzer; therefore, an estimate of ca-
loric expenditure was obtained by multiplying VO,
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(I'min~*) by 5.05, which represents the caloric equivalent
of a respiratory exchange ratio of 1.0 (10).

Before each trial standardized instructions for rating of
perceived exertion (RPE) were read to each subject. After
each trial, subjects were again read the instructions, and
were asked to provide an overall rating of perceived
effort during the exercise trial. The Borg 6-20 RPE scale
was used to estimate perception of effort, with perceptual
scale anchors established as previously reported (2).

Data Analysis

One-factor analysis of variance (ANOVA) with re-
peated measures was used to detect differences in VO,
over minutes 11-15. Paired r-tests were performed on
selected dependent measures to determine differences
between running and in-line skating. Pearson product-
moment correlation coefficients were used to compare
running and in-line skating responses. All comparisons
were considered significant at P < 0.05.

RESULTS

There were no differences in VO, over minutes 11-15
during either in-line skating (P = 0.41) or running (P =
0.71). Therefore, HR, VO,, and energy expenditure for
each subject were calculated as the mean values observed
over the last 5 min of each trial.

Average speeds observed during the in-line skating and
running trials are presented in Table 1, and mean values
for dependent measures are presented in Table 2. No
significant differences in Ve (P = 0.72), HR (P = 0.69),
or RPE (P = 0.91) were observed between in-line skating
and running. However, VO, and energy expenditure were
significantly higher during running (P = 0.03).

DISCUSSION

Consistent with previous investigations (5,7,14,15),
we conclude that in-line skating is an appropriate mode
of exercise for improving cardiovascular fitness. Pre-
ferred level of exertion corresponded to an intensity
that was 73-98% of age-predicted maximal heart rate
(HR,,,,) during in-line skating, and 66-97% HR ,,,, dur-
ing running (Fig. 1). These levels are considered suffi-
cient to promote a cardiovascular training effect (1). The
short duration of the trials (15 min) probably contributed
to selection of an intensity higher than would be chosen
for a longer (30—60 min) exercise bout. However, in-
spection of Figure 1 suggests that subjects could reduce
intensity and still be within the suggested range for
improving cardiovascular fitness (1). Although pace was
not controlled, maintenance of steady rate VO, suggests
that subjects were in a physiological steady state during
the last 5 min of both running and in-line skating.

RES

TABI
exer:

stu
(12

du
14
no
dur
Dis
ten
dw
en¢
dw

grc

of 1
dif
(tre
wit
spe
be

of

fec
cis

ska
ska
affi
for
for
out
shc
ha

&)



ISE
:nt

of
ter
nd
ed
ile
1al

re-

on
€8
ct-
re

15

‘or
ed

nd
1es
No
9,
ng
e

de
re-
ity
ite
-
.ﬁ_
he
ed
en

ice

or

sts
ng

RESPONSES TO RUNNING AND IN-LINE SKATING

TABLE 1. Running and in-line skating speeds (km - h=") at preferred intenstties of
exertion (mean = SD).
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TABLE 2. Comparison of sfeady state values for running and in-line skating at pre-
ferred intensities of exertion (mean =+ SE).

Al In-line
Subjects Males Females Running Skating % Ditf r

_ Ve {1 - min™") 880=x38 902 £53 +15  0.76
Running 122+23 38+19 108 £ 17 HR (beats - min—") 1761 27 176.7 £ 2.7 +0.3 060
In-line skating 217+£24 9 +18 195+ 1.8 V0, (I - min~") 3001 28=x02" -71 092
VO, (ml - kg~ - min~") 4017 420+ 20" -48 089

keal - min ™! 149+07 141 £08* =57 042

RPE 143 =05 142 +05 -07 080

In the present study, subjects perceived no differences
in exercise intensity during self-selected speed running
and skating although steady rate VO, and energy expen-
diture were significantly lower during in-line skating
(Table 2). However, because the magnitude of these
differences in steady rate responses was small (0.2

min~! (2.0 ml*kg™"min""), 0.7 kcal'min) we conclude
that the intensity of exercise was equivalent during run-
ning and in-line skating.

The conclusion that intensity of exercise was equiva-
lent during the in-line skating and running bouts assumes
that RPE is a valid marker of relative exercise intensity
independent of variations in ambient conditions, mode of
exercise, or fitness level. Results from several published
studies support this assumption. Potteiger and Weber
(12) investigated the influence of temperature on HR and
RPE and found no significant differences in HR or RPE
during constant load cycle ergometry work performed at
14°, 22°, and 33°C. In the present study, there were also
no differences in RPE and HR, and ambient temperature
during testing varied within a narrow range (21-32°C).
Dishman et al. (4) compared responses to preferred in-
tensities of exertion by high-active and low-active men
during 20 min of cycle ergometry. There were no differ-
ences in exercise intepsity (%VO,,..;) between groups
during the last 10 min, and RPE was identical between
groups for the entire 20 min. These results suggest that
RPE is a valid indicator of exercise intensity independent
of fitness levels. Finally, Robertson et al. (13) reported no
differences in RPE during several modes of exercise
(treadmill running, cycle ergometry, and bench stepping
with hand weights) performed at 70% of the exercise-
specific relative VO,,.,.. Thus, it appears that RPE can
be used to equate exercise intensity during various modes
of exercise.

There have been conflicting results regarding the ef-

fectiveness of in-line skating as a form of acrobic exer-
cise when compared with other exercises. Leftward shifts -

in the HR/VO, curves have been reported when in-line
skating was compared with treadmill running (14) and
skate skiing (7). However, these results may have been
affected by the environments in which testing was per-
formed (5). In previous studies, in-line skating was per-
formed on an indoor, 200-m Tartan track (14) or an
outdoor, 432-m rubberized track (7). These relatively
short courses resulted in more frequent turning and may
have affetted the achievement of a steady-state response
(5), particularly in recreational or inexperienced skaters.

* Significant difference between running and in-line skating values (P < 0.05). % Diff =
percentage difference between in-line skating and running responses.
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Figure 1—Preferred exercise intensity classified as a percentage of
age-predicted maximal heart rate. Dashed lines correspond to recom-
mended limits for improving cardiovascular fitness.

In addition, in-line skating on these surfaces may have
produced a higher coefficient of rolling resistance (5). In
contrast to Snyder et al. (14) and Hoffman et al. (7),
Wallick et 3. (15) reported no difference in the HR/VO,

“curves of treadmill running and in-line skating when
. in-line skating was performed over a straight, level, as-
“phalt surface.

The present study was unique in that it compared the
physiological responses to running and in-line skating in
the environment in which they are normally performed,
e.g., outdoors on an asphalt surface at preferred levels of
exertion. Snyder et al. (14) reported that at 30
mlkg " "min~" HR elicited by in-line skating was 14
beats'min~ " higher than running, and it appeared that this






