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ABSTRACT

STÖGGL, T., P. BISHOP, M. HÖÖK, S. WILLIS, and H. HOLMBERG. Effect of Carrying a Rifle on Physiology and Biomechanical

Responses in Biathletes. Med. Sci. Sports Exerc., Vol. 47, No. 3, pp. 617–624, 2015. Purpose: This study aimed to assess the effect of

carrying a rifle on the physiological and biomechanical responses of well-trained biathletes. Methods: Ten elite biathletes (five men and

five women) performed ski skating with (R) or without a rifle (NR) on a treadmill using the V2 (5- incline) and V1 techniques (8-) at 8 and

6 kmIhj1, respectively, as well as at racing intensity (approximately 95% of peak oxygen uptake (V̇O2peak), 10.7 T 0.8 and 7.7 T 0.9 kmIhj1,

respectively). V̇O2, ventilation (V̇E), HR, blood lactate concentration (BLa), and cycle characteristics as well as pole and leg kinetics were

evaluated during these trials. Results: Metabolic data were all higher for R than for NR, as follows: V̇O2, +2.5%; V̇E, +8.1%; RER, +4.2%;

all P G 0.001; HR, +1.7%; and BLa, +15.1%; both P G 0.05. Biomechanically, carrying a rifle reduced cycle time and length, poling and arm

swing times, and leg ground contact time and increased cycle rate, the peak and impulse of leg force, average cycle force, and impulse of

forefoot force (all P G 0.05). With the exception of elevated pole forces when V2 skating at racing velocity, there were no differences

between the peak and impulse of pole force. The difference in V̇E between R and NR was greater for the women than that for men (P G 0.05),

and the difference in BLa also tended to be larger for the women (P G 0.1). Conclusions: Carrying a rifle elevated physiological responses,

accelerated cycle rate, and involved greater leg work, with no differences between the V1 and V2 techniques. Key Words: CROSS-

COUNTRY SKIING, SKATING, ECONOMY, ENERGY COST, RIFLE CARRIAGE

T
he biathlon is an Olympic winter sport involving
high-intensity cross-country skiing using the skating
technique interspersed with 2–4 sessions of rapid and

accurate shooting (4,13). On the basis of shooting perfor-
mance, extra distance or time is added and the biathlete who
finishes in the shortest total time wins. Thus, a successful
biathlete is a good marksman and an endurance athlete who
can ski rapidly using different skating techniques with a rifle
on his/her back.

In contrast to the large number of investigations on cross-
country skiing, research concerning the biathlon is scarce.
The majority of such studies have focused on shooting per-
formance (2,8–11,16,17,30), and there has been minimal
examination of the physiological and biomechanical aspects
of skiing.

When using the skating technique, competitive skiers use
four main subtechniques, as follows: V1 involves asymmetrical
poling on every second leg stroke; V2 is performed on level
terrain and moderate uphill inclines and is characterized by
single poling on every leg stroke; V2 alternate for use on level
terrain, involves symmetrical poling on every second leg
stroke; and leg skating, adopted mainly on downhill slopes,
involves skating without poling (1).

One fundamental difference between biathlon and cross-
country skiing is the extra load of the rifle that must be
carried in the biathlon. Fredrick (6) modeled the additional
cost of a 4- to 5-kg rifle as approximately 7%. Later, Rundell
and Szmedra (20) reported a 4%–8% higher oxygen cost,
6%–11% greater ventilation (V̇E), and more pronounced
lactate response while carrying a rifle weighing 3.5 kg dur-
ing treadmill roller skiing (V2 alternate) on a moderate in-
cline (4.6-) at submaximal velocities (8.9–10.5 kmIhj1).
Moreover, the difference in oxygen cost was greater for
women, which was proposed by investigators to be due to
the higher proportional weight of the rifle.

From a more general perspective, early work on the en-
ergy costs of load carriage by Taylor et al. (29) found that
the energy costs of load carriage were related directly to the
mass of the supported load. In contrast, Heglund et al. (12)
found that experienced East African load carriers actually
reduced the load-specific mechanical work of load carriage
and the reduction increased with an increase in load. More
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specifically, the increase in mechanical work when carrying
a load was found to be related to the ‘‘experience’’ of the
carrier; for inexperienced load carriers, the load-specific
mechanical work increased with the mass of the load
whereas the experienced load carriers used a ‘‘I pendulum-
like transfer of energy during each step I’’ to achieve the
increase in efficiency. In biathletes, the load is quite small
(approximately 4 kg) in relation to body weight, suggesting
minimal increase in energy costs. Furthermore, a small in-
crease in energy cost when carrying a rifle could also be
expected in elite biathletes because they are ‘‘quite experi-
enced’’ in this specific motor task.

The only available report on biomechanical parameters
during the biathlon documented reduction in cycle length
and increased cycle rate when skiing with a rifle (20).
Moreover, this increase in cycle length was associated with
greater rise in the blood concentration of lactate and higher
oxygen cost for women. To date, the only skating technique
investigated in connection with the biathlon has been the V2
alternate, performed at an incline of 4.6-, even though the
most common techniques in this event are V1 and V2 and
these are performed at various inclines (25). Furthermore,
the combined physiological and biomechanical responses
(including both kinetics and kinematics) during a biathlon
have not yet been examined.

Therefore, the present investigation was designed to char-
acterize physiological and biomechanical parameters and the
effect of carrying a rifle on these responses in well-trained
biathletes skiing at different intensities with the V1 and V2
skating techniques. Our hypothesis was that carrying a rifle
has a greater effect on physiological and biomechanical re-
sponses when using the V1 than the V2 technique because
the gravitational component acting against the direction of
skiing is higher in the former case.

METHODS

Subjects. Well-trained Swedish biathletes (five men and
five women), including members of the Swedish National
Team, volunteered to participate (Table 1) and were all fully
informed of the nature of this investigation before providing
their written consent to participate. This study was preap-
proved by the regional ethical review board of Umeå Uni-
versity, Umeå, Sweden (#2012-171-31 M).

Design. On the first day, V̇O2peak using the V2 and V1
skating techniques (in that order) was determined. On the
second day, at least 48 h after the first testing session, the
participants performed counterbalanced repeated-measures
trials using these two different techniques (in the same order)
with (R) or without (NR) a rifle (in a randomized counter-
balanced order) at submaximal (80% T 6.4% V̇O2peak) and
racing (approximately 95% T 1.2% V̇O2peak) intensities (the
independent variables), during which physiological and bio-
mechanical parameters (the dependent variables) were moni-
tored. These speeds and inclines were chosen to represent
typical competitive conditions.

Roller skis, treadmill, and rifle. For all testing, the
same pair of roller skis (Pro-Ski S2; Sterners, Nyhammar,
Sweden) with a rolling resistance friction coefficient of KR =
0.013 (measured on the treadmill surface in a similar setup
by Stöggl et al. (28)) was used. All tests were performed on
a ski treadmill (Rodby, Sodertalje, Sweden) large enough
(belt dimension, 3.3 � 2.5 m), so that the roller skis could be
maneuvered easily and with and without his/her own rifle
(4.0 T 0.2 kg) on the back. Each subject was accustomed to
roller skiing on the treadmill at high speeds as part of both
his/her training and testing. Throughout the entire testing
session, the athletes were secured with a safety harness, which
was connected to an emergency brake suspended from a metal
bracket above the treadmill.

V̇O2peak measurements. For the V̇O2peak measure-
ments, the biathletes first warmed up for 10 min with V2
skiing on a 5- incline and at an intensity of 70% of HRmax.
Then, after being fitted with a mouthpiece and noseclip,
each roller-skied at this same incline, initially at 9 kmIhj1

for 1 min, after which the speed was increased by 1 kmIhj1

each 60 s until volitional exhaustion.
For determination of blood lactate (BLa), a blood sample

was taken from the fingertip and analyzed in an automated
system (Biosen 5140; EKF Diagnostic GmbH, Magdeburg,
Germany). The maximal level of effort was considered to
have been attained when V̇O2 reached a constant level, even
with increasing intensity of exercise, and the maximal
posttest BLa value was 98 mM (3). The same process was
repeated 60 min later using the V1 technique on an incline of
8- and an initial speed of 6 kmqhj1.

On the basis of these measurements, test speeds for de-
termination of approximately 95% of V̇O2peak (racing speed)
with each technique were established. The open-circuit

TABLE 1. Descriptive characteristics (means T SD) of the 10 (five men and five women) biathlon athletes who participated.

V2 Skating V1 Skating

Age (yr)
Body

Height (m)
Body

Mass (kg)
V̇O2peak

(LIminj1)
V̇E

(LIminj1)
Bf

(minj1) RER
Vrace

(kmIhj1)
V̇O2peak

(LIminj1)
V̇E

(LIminj1)
Bf

(minj1) RER
Vrace

(kmIhj1)

Men 21.6 T 2.6 1.74 T 0.05 75.3 T 6.5 4.6 T 0.3 175 T 20 69 T 3 1.14 T 0.05 11.2 T 0.8 4.6 T 0.4 168 T 9 65 T 9 1.11 T 0.03 8.2 T 1.0
Women 26.4 T 3.6* 1.70 T 0.06 65.0 T 3.0* 3.5 T 0.4*** 136 T 14** 65 T 5 1.18 T 0.07 10.2 T 0.6* 3.5 T 0.4*** 132 T 14*** 54 T 3* 1.13 T 0.04 7.2 T 0.4*
Combined 24.0 T 3.9 1.72 T 0.06 70.2 T 7.2 4.1 T 0.7 155 T 27 67 T 4 1.16 T 0.05 10.7 T 0.8 4.0 T 0.7 150 T 22 60 T 8 1.12 T 0.04 7.7 T 0.9

*P G 0.05, in comparison with the corresponding value for the men.
**P G 0.01, in comparison with the corresponding value for the men.
***P G 0.001, in comparison with the corresponding value for the men.
Vrace, skiing velocity at 95% V̇O2peak of the respective technique.
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metabolic system used (AMIS 2001 model C; Innovision A/S,
Odense, Denmark) was calibrated before each test, in accor-
dance with the specifications of the manufacturer, using a 3-L
syringe (Hans Rudolph, Kansas City, KS) and a certified
mixture of 16% O2 and 4.5% CO2. HR was measured using
an HR monitor (S610; Polar Electro Oy, Kempele, Finland).

Measurements of physiological and biomechan-
ical variables. After a 10-min warm-up at 60% of HRmax,
each biathlete performed the test protocol as shown in Figure 1.
During the sessions, physiological and biomechanical mea-
surements were made, as will be described later. Before ski-
ing and immediately after completing each test condition,
BLa was determined.

Physiological parameters (V̇O2, HR, RER, V̇E, breathing
frequency (Bf), and metabolic rate) were monitored during
the final 90 s of all trials. The metabolic rate (W) was cal-
culated as the sum of the rates of aerobic work (i.e., the
product of absolute V̇O2 and the energetic equivalent of
oxygen, using the associated RER and standard conversion
tables (19)) and anaerobic work (calculated from the BLa
values after each trial, with 1-mM BLa being equivalent to
3 mLIkgj1 O2 consumed with an RER of 1.0 (5)). This
calculation of metabolic rate was performed according to
Sandbakk et al. (24), who studied V2 skating by sprint cross-
country skiers. Furthermore, the proportional increase of the
energy cost with respect to the increased system mass by rifle
carriage was calculated using the equation of Taylor et al.
(29), as follows:

VO
2�R

=VO
2�NR

systemjmassR=systemjmassNR

The minimum external work rate was calculated as the
sum of the power exerted against gravity (system mass� sine
of the incline � skiing speed) and against friction (system
mass� cosine of the incline� KR � skiing speed), where the
system mass was equal to the mass of the skier (including
equipment) plus the rifle. Gross efficiency was calculated as
the ratio between minimum external work and metabolic rate
(24). Finally, the metabolic cost of the task was calculated
as metabolic power normalized to system mass and skiing
speed. This represents the metabolic work required to move
1 kg of system mass 1 m (JIkgj1Imj1).

Kinematic and kinetic measurements. Cycle char-
acteristics (time, rate, and length) and phases within the
poling and leg push-off phases (ground contact times, swing
times, etc.) were calculated from the pole and plantar force
data. All of the athletes used carbon fiber racing poles ad-
justed individually to the length normally used and specially

constructed for force measurements. The ground reaction
force of the pole, directed along the length of the pole, was
measured by a strain gauge force transducer mounted directly
below the pole grip (Hottinger–Baldwin Messtechnik GmbH,
Darmstadt, Germany). This transducer weighed 60 g and was
installed in a lightweight (75 g) aluminum tube. Plantar ski
reaction forces were recorded at 100 Hz by a mobile system
(Pedar; Novel GmbH, Munich, Germany). These systems for
measuring pole and plantar forces were validated and cali-
brated as described elsewhere (14).

Pole forces were recorded by a telemetric system (TeleMyo
2400 T G2; Noraxon, Scottsdale, AZ) and simultaneously at a
sampling rate of 1500 Hz by a computer via an analog-to-
digital converter card. Synchronization between the pole
force and Pedar mobile system was achieved with a signal
generated as soon as the system was started. Poling time, arm
swing time, leg ground contact time, leg swing time, peak
pole and peak leg forces, and impulse of forces for the legs
and arms were calculated separately for each side of the body,
and the mean of the values for both sides was analyzed.

The entire measuring equipment weighed 1.5 kg and was
installed on a hip belt. For each trial, the mean values of
10 successive cycles during the final 30 s of each phase were
analyzed. All data were processed with the IKE-master
software (IKE-Software Solutions, Salzburg, Austria).

Statistical analyses. As a first step, a four-way
ANOVA with repeated measures (two speeds, two tech-
niques, R vs NR, gender) was conducted to look for global
differences between individual conditions. In a second step,
the data for each individual technique were analyzed, ap-
plying a two-way repeated-measures ANOVA (two speeds,
R vs NR). When main effects were observed for carrying a
rifle and/or speed, paired t-tests were performed. In addition,
the values obtained were evaluated further by calculating the
effect size (pG

2). A value of > G 0.05 was considered sta-
tistically significant, and all statistical tests were performed
using the Statistical Package for the Social Sciences (version
20.0; SPSS Inc., Chicago, IL).

RESULTS

For the preliminary testing, V̇O2peak and V̇E were equal
between V2 and V1 skating (P 9 0.05) whereas RER, Bf,
and HRmax were greater during the V2 test (all P G 0.05).
Gender comparison revealed greater V̇O2peak (V1 and V2,
P G 0.001), V̇E (V1, P G 0.001; V2, P G 0.01), and time to
exhaustion (V1 and V2, P G 0.05) for the men compared
with those for women (Table 1).

FIGURE 1—Overview of the measurement protocol. WU, warm-up; LA, sampling of BLa; RACE, racing speed at 95% of the respective V̇O2peak;
Rec, recovery; SUB, absolute submaximal speed.
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With respect to overall physiological parameters, the
main effects (both speeds and pooled R and NR) of carrying
a rifle were elevations in V̇O2 (from 3.50 to 3.59 LIminj1,
+2.5%), V̇E (from 99 to 107 LIminj1, +8.1%), RER (from
0.91 to 1.05, +4.2%) (all P G 0.001), HR (from 176 to
179 bpm, +1.7%), BLa (from 4.3 to 4.9 mM, +15.1%) (both
P G 0.05), and metabolic work rate (from 1318 to 1374 W,
+4.2%, P G 0.001) (Tables 2 and 3). The ratio of V̇O2_R/
V̇O2_NR to system-mass_RIsystem-mass_NRj1 was 0.97 and
equal at all four testing situations (V1 submaximal, V1 race,
V2 submaximal, V2 race). Skiing with a rifle also led to an
increase in external work rate (from 212 T 51 to 222 T 49 W,
P G 0.001), with more pronounced increases in the case of V1
than those in V2 (11.5 T 2.0 vs 10.4 T 1.8 W, P G 0.001) and
when skiing at racing than at submaximal speed (9.5 T 0.8 vs
12.4 T 1.7 W, P G 0.001), demonstrating a lack of any in-
teraction between technique and speed. The gross efficiency
and metabolic cost of the task (approximately 16% and
7.7 JIkgj1Imj1, respectively) were not influenced by either
carrying a rifle or skiing speed.

From a biomechanical perspective, the main effects of
carrying a rifle were reductions in the cycle time and length

and duration of pole and leg ground contact and of arm
swing (all P G 0.01), along with an accelerated cycle rate
(P G 0.001). Furthermore, the peak leg force (P G 0.001),
impulse of leg force (P G 0.05), average cycle force (P G 0.01),
impulse of forefoot force (P G 0.05), and mechanical work
rate (P G 0.001) were all elevated (Tables 4 and 5). With the
exception of increased peak pole force with the V2 technique
at racing velocity, no differences with respect to the peak and
impulse of pole force were observed between R and NR.

The physiological and biomechanical variables examined
demonstrated no interaction effects between the technique
used and carrying a rifle. The rates of metabolic and me-
chanical work, gross efficiency, and metabolic cost of the
task were greater with the V1 (8-) than those with the V2
(5-) technique (1368 vs 1325 W, P G 0.01; 230 vs 204 W,
P G 0.001; 16.9% vs 15.5%, P G 0.001; and 8.9 vs
6.4 JIkgj1Imj1, respectively).

Comparison of the male and female athletes revealed
main effects for V̇O2 (men, 29% higher, 4.0 vs 3.1 LIminj1,
P G 0.001), the rates of metabolic work (men, 29% greater,
1517 vs 1174 W, P G 0.01) and mechanical work (men, 25%
greater, 241 vs 193 W, P G 0.01), cycle length (men, 11%

TABLE 3. Physiological responses and work rates (mean T SD) while V1 skating at an absolute submaximal speed (6 kmIhj1) or racing speed (7.7 kmIhj1, 95% V̇O2peak) and an incline of
8- with or without a rifle (n = 10).

Submaximal Speed Racing Speed

NR R NR R ANOVA (P Value, pG
2)

V̇O2 (LIminj1) 3.19 T 0.43 3.30 T 0.41*** 3.89 T 0.78 3.96 T 0.78* G0.001, 0.74a G0.001, 0.72b NS, 0.19c

HR (bpm) 171 T 14 174 T 15*** 186 T 1 187 T 10* G0.001, 0.74a G0.001, 0.73b G0.05, 0.41c

V̇E (LIminj1) 82 T 14 88 T 13** 117 T 28 127 T 36* G0.001, 0.76a G0.01, 0.69b NS, 0.04c

Bf (minj1) 40 T 5 42 T 5 46 T 4 46 T 18 NS, 0.21a NS, 0.01b NS, 0.01c

RER 0.89 T 0.05 0.92 T 0.06** 1.03 T 0.05 1.07 T 0.06* G0.001, 0.75a G0.05, 0.62b NS, 0.01c

BLa concentration (mM) 3.2 T 1.7 3.7 T 2.1 5.9 T 2.2 7.0 T 2.4** G0.001, 0.83a G0.05, 0.51b NS, 0.23c

Mechanical work rate (W) 190 T 18 200 T 18 258 T 52 270 T 54 G0.001, 0.79a G0.001, 0.98b G0.001, 0.65c

Metabolic rate (W) 1140 T 160 1200 T 150 1530 T 330 1600 T 330 G0.001, 0.79a G0.001, 0.80b NS, 0.01c

Gross efficiency (%) 16.8 T 1.3 16.7 T 1.3 17.0 T 1.0 17.0 T 1.3 NS, 0.25a NS, 0.00b NS, 0.02c

Metabolic task cost (JIkgj1Imj1) 8.9 T 0.7 9.0 T 0.7 8.9 T 0.5 8.8 T 0.7 NS, 0.24a NS, 0.01b NS, 0.04c

aGlobal effect of speed.
bGlobal effect of rifle.
cInteraction effect, speed–rifle.
*P G 0.05, in comparison with the corresponding value without a rifle.
**P G 0.01, in comparison with the corresponding value without a rifle.
***P G 0.001, in comparison with the corresponding value without a rifle.
NS, not statistically significant.

TABLE 2. Physiological responses and work rates (mean T SD) while V2 skating at an absolute submaximal speed (8 kmIhj1) or racing speed (10.7 kmIhj1, 95% V̇O2peak) and an incline
of 5- with or without a rifle (n = 10).

Submaximal Speed Racing Speed

NR R NR R ANOVA (P Value, pG
2)

V̇O2 (LIminj1) 3.10 T 0.41 3.18 T 0.38 3.81 T 0.66 3.90 T 0.67* G0.001, 0.92a G0.05, 0.43b NS, 0.01c

HR (bpm) 166 T 16 169 T 14 182 T 13 185 T 10 G0.001, 0.89a NS, 0.22b NS, 0.12c

V̇E (LIminj1) 83 T 18 88 T 9 114 T 26 128 T 22** G0.001, 0.93a G0.001, 0.78b G0.05, 0.51c

Bf (minj1) 45 T 9 45 T 12 52 T 8 55 T 10 G0.01, 0.72a NS, 0.11b NS, 0.15c

RER 0.91 T 0.03 0.94 T 0.05 1.02 T 0.04 1.06 T 0.05* G0.001, 0.92a G0.01, 0.57b NS, 0.16c

BLa concentration (mM) 2.7 T 1.5 2.7 T 1.2 5.4 T 2.2 6.3 T 1.9 G0.001, 0.73a NS, 0.13b NS, 0.06c

Mechanical work rate (W) 168 T 16 176 T 16 231 T 38 242 T 40 G0.001, 0.89a G0.001, 0.99b G0.001, 0.82c

Metabolic rate (W) 1110 T 160 1150 T 140 1490 T 270 1550 T 270 G0.001, 0.89a G0.01, 0.56b G0.05, 0.39c

Gross efficiency (%) 15.2 T 1.3 15.4 T 1.3 15.6 T 1.0 15.6 T 1.1 G0.1, 0.30a NS, 0.04b NS, 0.08c

Metabolic task cost (JIkgj1Imj1) 6.5 T 0.6 6.4 T 0.5 6.4 T 0.4 6.3 T 0.4 G0.1, 0.30a NS, 0.13b NS, 0.10c

aGlobal effect of speed.
bGlobal effect of rifle.
cInteraction effect, speed–rifle.
*P G 0.01, in comparison with the corresponding value without a rifle.
**P G 0.001, in comparison with the corresponding value without a rifle.
NS, not statistically significant.
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longer, 4.3 vs 3.9 m, P G 0.05), impulse of pole force (men,
50% more, 120 vs 80 NIs, P G 0.01), and peak pole force
(men, 50% larger, 187 vs 125 N, P G 0.05). No gender dif-
ferences were observed with respect to gross efficiency and
the metabolic cost of the task. While the absolute weight of the
rifle was the same, there was a trend toward greater propor-
tional rifle weight for the women (P G 0.1). An interaction
effect between carrying a rifle and gender on V̇E was found
(P G 0.05), with greater differences in women than those in
men, while there was a trend toward a larger difference
between R and NR with respect to BLa in our women bi-
athletes (P G 0.1).

DISCUSSION

The major novel findings of the present investigation
were as follows: 1) V̇O2, V̇E, RER, HR, and BLa were

higher (pG
2 9 0.72) when carrying a rifle than when not; 2)

cycle rate and leg forces were also higher when carrying a
rifle (pG

2 9 0.76), whereas pole force was only higher at
racing speed and when using the V2 technique; 3) in dis-
agreement with our hypothesis, no differences between the two
skating techniques tested with respect to the influence
of carrying a rifle were observed, even though V1 was per-
formed at a greater incline (8 vs 5-); 4) except for greater V̇E in
women, carrying a rifle exerts a similar effect on physiolog-
ical and biomechanical parameters in women and men; 5)
men demonstrated 25%–29% larger V̇O2 and rates of meta-
bolic and mechanical work, 11% longer cycle length, and
50% greater pole forces but the same gross efficiency and
metabolic cost of the task as those of women; and, finally, 6)
the rates of metabolic and mechanical work rate, gross effi-
ciency, and metabolic cost of the task were higher with the
V1 than those with the V2 technique.

TABLE 5. Kinematic and kinetic variables (mean T SD) while V1 skating at an absolute submaximal speed (6 kmIhj1) or racing speed (7.7 kmIhj1, 95% V̇O2peak) and an incline of 8- with
or without a rifle (n = 10).

Submaximal Speed Racing Speed

NR R NR R ANOVA (P Value, pG
2)

Cycle characteristics Cycle time (s) 1.52 T 0.14 1.50 T 0.11 1.36 T 0.13 1.33 T 0.11* G0.001, 0.82a G0.05, 0.40b NS, 0.03c

Cycle rate (Hz) 0.66 T 0.06 0.67 T 0.05 0.74 T 0.07 0.76 T 0.06** G0.001, 0.81a G0.05, 0.47b NS, 0.08c

Cycle length (m) 2.54 T 0.23 2.50 T 0.19 3.03 T 0.33 2.96 T 0.33* G0.001, 0.84a G0.05, 0.44b NS, 0.08c

Pole ground contact time (s) 0.81 T 0.07 0.80 T 0.08 0.67 T 0.08 0.66 T 0.07 G0.001, 0.83a G0.1, 0.35b NS, 0.02c

Arm swing time (s) 0.71 T 0.09 0.71 T 0.09 0.69 T 0.08 0.67 T 0.06 G0.05, 0.38a NS, 0.17b NS, 0.09c

Leg ground contact time (s) 0.92 T 0.07 0.92 T 0.07 0.83 T 0.08 0.81 T 0.07* G0.001, 0.87a G0.05, 0.47b NS, 0.19c

Leg swing time (s) 0.60 T 0.08 0.59 T 0.06 0.53 T 0.06 0.53 T 0.05 G0.001, 0.77a G0.1, 0.28b NS, 0.02c

Leg and arm kinetics Peak pole force (N) 110 T 20 108 T 17 137 T 40 137 T 24 G0.001, 0.72a NS, 0.01b NS, 0.03c

Peak leg force (N) 703 T 126 737 T 132* 754 T 134 793 T 146** G0.001, 0.79a G0.01, 0.60b NS, 0.05c

Impulse of pole force (NIs) 97 T 20 92 T 15 94 T 16 96 T 18 NS, 0.00a NS, 0.03b NS, 0.22c

Impulse of leg force (NIs) 800 T 235 828 T 234 726 T 209 751 T 206 G0.001, 0.78a NS, 0.14b NS, 0.00c

Average cycle force (NIsj1) 605 T 138 629 T 147 619 T 139 652 T 144* G0.1, 0.35a G0.1, 0.36b NS, 0.07c

Impulse forefoot force (NIs) 545 T 153 548 T 154 525 T 148 527 T 153 G0.5, 0.44a NS, 0.01b NS, 0.00c

Relative impulse forefoot force (%) 69 T 10 67 T 9 73 T 9 71 T 9 G0.01, 0.57a G0.05, 0.37b NS, 0.00c

aMain effect of speed.
bMain effect of carrying a rifle.
cInteraction effect, speed–rifle.
*P G 0.05 in comparison with the corresponding value without a rifle.
**P G 0.01, in comparison with the corresponding value without a rifle.
NS, not statistically significant.

TABLE 4. Kinematic and kinetic variables (mean T SD) while V2 skating at an absolute submaximal speed (8 kmIhj1) or racing speed (10.7 kmIhj1, 95% V̇O2peak) and an incline of 5- with
or without a rifle (n = 10).

Submaximal Speed Racing Speed

NR R NR R ANOVA (P Value, pG
2)

Cycle characteristics Cycle time (s) 2.20 T 0.16 2.16 T 0.13* 2.04 T 0.12 2.00 T 0.12* G0.001, 0.84a G0.01, 0.55b NS, 0.01c

Cycle rate (Hz) 0.46 T 0.04 0.47 T 0.03* 0.49 T 0.03 0.50 T 0.03* G0.001, 0.84a G0.01, 0.59b NS, 0.00c

Cycle length (m) 4.90 T 0.36 4.80 T 0.28* 6.14 T 0.47 6.03 T 0.48* G0.001, 0.92a G0.01, 0.59b NS, 0.00c

Pole ground contact time (s) 0.54 T 0.05 0.53 T 0.04 0.45 T 0.04 0.45 T 0.05 G0.001, 0.92a NS, 0.11b NS, 0.01c

Arm swing time (s) 0.56 T 0.06 0.55 T 0.05 0.57 T 0.05 0.55 T 0.04* NS, 0.08a G0.05, 0.38b NS, 0.01c

Leg ground contact time (s) 1.25 T 0.09 1.25 T 0.08 1.16 T 0.07 1.16 T 0.10 G0.001, 0.83a NS, 0.01b NS, 0.00c

Leg swing time (s) 0.95 T 0.09 0.94 T 0.13 0.88 T 0.07 0.85 T 0.05 G0.01, 0.62a NS, 0.1b NS, 0.03c

Leg and arm kinetics Peak pole force (N) 172 T 79 178 T 98 188 T 92 198 T 103* G0.01, 0.60a NS, 0.20b NS, 0.31c

Peak leg force (N) 683 T 139 742 T 99* 791 T 139 826 T 115* G0.001, 0.82a G0.05, 0.42b G0.05, 0.42c

Impulse of pole force (NIs) 110 T 51 113 T 63 95 T 40 96 T 37 G0.05, 0.40a NS, 0.10b NS, 0.01c

Impulse of leg force (NIs) 1080 T 300 1160 T 250 1020 T 270 1090 T 220 G0.001, 0.76a NS, 0.24b NS, 0.30c

Average cycle force (NIsj1) 601 T 148 651 T 117* 575 T 157 655 T 106* NS, 0.14a G0.05, 0.41b NS, 0.38c

Impulse of forefoot force (NIs) 698 T 217 760 T 201* 696 T 241 718 T 200 G0.1, 0.35a NS, 0.28b G0.1, 0.31c

Relative impulse of forefoot
force (%)

63 T 10 64 T 13 67 T 12 67 T 12 G0.01, 0.54a NS, 0.08b NS, 0.02c

aMain effect of speed.
bMain effect of carrying a rifle.
cInteraction effect, speed–rifle.
*P G 0.05, in comparison with the corresponding value without a rifle.
NS, not statistically significant.
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Our biathletes exhibited greater cardiopulmonary re-
sponse, higher RER, more pronounced increase in BLa, and
higher rate of metabolic work when skiing with a rifle than
without. However, the higher oxygen cost observed here
was only about half of that reported by Rundell and Szmedra
(20), a difference that might be explained by differences in
the performance level of the subjects (our senior vs their
junior skiers), developments in skiing equipment (roller skis
and poles) and improvements in the geometry of and strap
system for mounting the rifle and in training status (i.e.,
more specific training, increased proportion of roller ski
training, altered regimens for training strength, etc.) that
have occurred in the 15 years since their report. It is im-
portant to note that our subjects were all current or former
members of the Swedish Senior National Team. Further-
more, the smaller differences found in the current study
might reflect the different skiing techniques used (V2 alter-
nate earlier vs V1 and V2 here), although future research
should address this possibility.

The mean rifle weight was 4.0 T 0.2 kg (in comparison
with the minimum weight of 3.5 kg allowed in biathlon).
Previous characterizations of load carrying have generally
involved walking rather than skiing and typically much
heavier loads (7,15,18). The equation proposed by Pandolf
et al. (18) to estimate the energy expenditure of carrying a
load as a function of the walking speed and the road incline
predicts that, for a 4-kg load at 8 kmIhj1 on an asphalt road
with an incline of 5-, the metabolic power requirement is
931 W, which is equivalent to a V̇O2 of 3.33 LIminj1 at an
RER of 0.9. This is only slightly higher than the observed
V̇O2 of 3.18 T 0.38 LIminj1 while skiing with R using the
V2 technique on the same incline and at the same speed, a
difference of j5% that is surprisingly small in light of the
differences between walking and skiing, especially at the
high skiing speed tested. For skiing at 6 kmIhj1 on an in-
cline of 8- (14.1%), the values provided by this equation
differed a bit more, predicting a V̇O2 of 2.93 LIminj1 at an
RER of 0.92, compared with our observed 3.30 LIminj1,
i.e., 11% higher for skiing. It seems, therefore, that in
cross-country skiing, slope has a more pronounced effect
on metabolic cost than in walking (with an added mass) at
the same speed. Finally, the increase in energy cost of rifle
carriage was not directly related (ratio, 1.0) to the mass of
the supported load (as indicated by Taylor et al. (29) in
small and large animals) but revealed a slightly lower in-
crease in V̇O2 compared with the increase in extra load
(ratio, 0.97).

The additional weight of the rifle led to an increase in the
power output against gravity and friction of approximately
11 W (212 vs 222 W). The skiers were forced to adapt to the
enhanced system mass and consequent requirement for ele-
vated power output by accelerating the cycle rate and pro-
ducing larger peak leg and average cycle forces. Only when
skiing with the V2 technique at racing speed was carrying a
rifle associated with an enhanced contribution of pole forces.
This observation might reflect the more extensive contribution

of pole forces to propulsion during V2 than V1 skating (25)
but could also be due to differences between these techniques
with respect to trunk motion. To be noted here, only the
minimum external work as work against gravity and friction
was calculated. Therefore, the potential effects of carrying a
rifle on whole body motion and their consequences for in-
ternal work (of body segments with respect to the center of
mass) and external work (motion of the center of mass with
respect to the surroundings) need to be analyzed more fully
using three-dimensional kinematics.

Accordingly, the greater metabolic and cardiorespiratory
responses when carrying a rifle might be attributed to the
larger power output required and achieved mainly by in-
creasing leg work and cycle rate (which is a less economic
situation associated with lower peak performance, as shown
previously (26,28)). Perhaps, not only the additional weight
but also carrying the rifle and wearing its harness might
contribute to these alterations in skiing technique and
physiological responses. These findings highlight that skiing
with a rifle with either skating technique places special de-
mands on the lower body and, during V2, on the upper-body
as well, factors that should be considered when designing
training regimens for biathletes.

Even though carrying a rifle enhanced the rates of me-
chanical and metabolic work, gross efficiency remained
unaltered at approximately 16%. Under all conditions, this
gross efficiency was greater with the V1 (8-) than that with
the V2 (5-) skating technique, in line with a recent report by
Sandbakk et al. (23,24) on cross-country skiers. Furthermore,
it was assumed that the differences in skiing techniques
between V1 and V2 might have affected the physiological
and biomechanical response because of the asymmetric
characteristics with slight rotational components in the
trunk motion in V1 (27) when compared with those in V2.
However, in contrast to what we expected, there were no
differences between the two skating techniques with respect
to the effect of carrying a rifle on physiological and bio-
mechanical variables, even though V1 was performed on a
steeper incline (8- vs 5-) that required greater vertical work,
and the rates of mechanical work and metabolic work were
more pronounced (+11%) with the rifle. Thus, the influence
of carrying a rifle seemed to be independent of technique
and grade in the present study.

Our male biathletes skied with 11% longer cycles than the
women, with no difference in cycle rate, partly agreeing with
the findings of Sandbakk et al. (22) in cross-country skiing.
These investigators demonstrated that when V2 skating at
the same absolute speed, men used 11% longer cycles at
lower rates and 21% longer cycle lengths at peak speed
when using V2. Although there were no differences in leg or
average cycle forces in our current trials, the men applied
50% greater peak pole forces along with 50% higher im-
pulse of pole force, with no interaction between techniques.
Sandbakk et al. (21) found more pronounced gender dif-
ferences in association with modes of exercise in which
the upper body is more involved. This reveals considerable

http://www.acsm-msse.org622 Official Journal of the American College of Sports Medicine

A
PP

LI
ED

SC
IE
N
C
ES

Copyright © 2015 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



potential for development of upper body performance of
women that should be taken into special consideration when
designing training regimens for all cross-country skiing dis-
ciplines, including the biathlon. With respect to the gross ef-
ficiency and metabolic cost of the task (which reflect the
energy cost per kilogram per meter), no gender differences
were observed, confirming the findings of Sandbakk et al. (23).

Moreover, we also observed no difference between men
and women with respect to the influence of carrying a rifle
on biomechanical variables. This is somewhat in contrast to
the report by Rundell and Szemdra (20) that when skiing at a
speed of 2.91 mIsj1 using the V2 alternate technique at an
incline of 4.6- (8%), carrying a rifle reduced the cycle length
used by men but not that used by women. However, this
difference might also have been related to the fact that their
female biathletes were members of the Women’s Senior
National Team whereas the men belonged to the Junior
National Team.

The absence of any gender differences in the effects of
carrying a rifle observed here might reflect the different
racing speeds of the men and women as well as differences
in body weight and the greater rifle mass relative to body
mass in women. However, even when the rate of metabolic
work was expressed relative to body mass and skiing ve-
locity (metabolic cost of the task), no interaction between
gender and carrying a rifle was found.

CONCLUSIONS

These findings indicate that from a physiological and bio-
mechanical perspective, training with a rifle is more demand-
ing. Comparison with earlier studies suggests that more and
more effective training (involving more specific biathlon train-
ing), developments in skiing equipment, and improvements in
rifle construction can reduce the extra energy costs of carrying a
rifle, emphasizing the need to devote more training time to
skiing with a rifle. The greater load on the lower body when
carrying a rifle and the considerable potential for development
of upper body performance of female biathletes should be given
special consideration when designing training regimens. In
conclusion, our current findings reveal that carrying a rifle en-
hances physiological and biomechanical demands, requiring
significantly more leg work and an increase of cycle rate. These
effects were not dependent on skiing technique and were
dependent on gender only to a minor extent.
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28. Stöggl T, Müller E, Ainegren M, Holmberg HC. General strength
and kinetics: fundamental to sprinting faster in cross country ski-
ing? Scand J Med Sci Sports. 2011;21(6):791–803.

29. Taylor CR, Heglund NC, Mcmahon TA, Looney TR. Energetic
cost of generating muscular force during running—a comparison
of large and small animals. J Exp Biol. 1980;86:9–18.

30. Vickers JN, Williams AM. Performing under pressure: the effects
of physiological arousal, cognitive anxiety, and gaze control in
biathlon. J Mot Behav. 2007;39(5):381–94.

http://www.acsm-msse.org624 Official Journal of the American College of Sports Medicine

A
PP

LI
ED

SC
IE
N
C
ES

Copyright © 2015 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.


