Abstract

The purpose of the present study was to investigate the effects of upper body strength training on
work economy and muscle Oz saturation (SmO2) during prolonged double poling exercise.
Twentynine national level cross-country skiers were assigned to either a group with added strength
training (STR; n=19) or a control group (CON; n=8). Strength tests consisted of 1 RM in lat
pulldown, bench pulls and triceps press. Conditioning tests were split into 4 days of testing (2 pre,
and 2 post), where day 1 and 3 consisted of a strength test, lactate profile test and VO2max test,
while day 2 and 4 consisted of a 90-minute continuous double poling test, a lactate profile test and
VOomax test. During all tests, measurements of VO2, HR, La, RER, and RPE was tested. NIRS
was measured on 3 muscles simultaneously (m. triceps brachii, m. latissimus dorsi and m. vastus
lateralis), and was mounted directly on top of the muscles, attached with adhesive cloth and a
bandage. The strength training performed by STR consisted of three upper body exercises, lat
pulldown, latissimus pulls and triceps press, executed periodically over 8 weeks or a total of 19-24
sessions. STR increased in all three exercises (all p<0.01), while no change occurred in CON. Both
STR and CON showed a reduction in oxygen consumption during the 90 min test from pre to post
(p<0.05), while only CON had an increase in RER from pre to post test (p<0.05). No changes in
La, HR and RPE was found. NIRS showed no significant changes from pre to post test. However,
STR group showed a stable development in SmO; during the 90-minute test from pre to post, while
the CON group had a more negative development from pre to post test, reflecting the RER results to
some degree.

The study concluded that strength training had no positive effect on any endurance related
variables during prolonged double poling, but also no negative effect either. Only the CON group
had a increase in RER, which indicates an increase in effort even when all other variables in the test
stayed the same. SmO» showed similar tendencies, although not significant, that the CON group had
more negative development in SmO> from pre to post test. This study showed that added strength
training not always gives an increase in work economy during prolonged double poling at moderate
intensity, and that strength training might participate in preventing negative effects to RER and

SmO:> caused by endurance training alone.
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This study has been a part of larger project conducted at Hogskolen i Lillehammer. The whole
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physiologic variables in these subjects. The study also included EMG measurement during test day
2 and 4. A strength test for testing explosive properties was conducted before the 1RM strength test,
but due to inconsistent measurements, the data could not be used. The study was supervised by 1
professors, and 1 Phd student, while 2 master thesis students and 3 bachelor thesis students were
included in the study. I was involved shortly before the testing period, and was therefore not

included in the planning phase of the project.



Acknowledgement

I would like to thank my supervisor Mireille van Beekvelt for her excellent advisory, great
knowledge and help with forming this thesis. Further I would like to thank Bent Rennestad, Daniel
Hammarstrem and Hegskolen in Lillehammer for making this project possible, together with lab
assistants Joar Hansen and Torstein Eriksen. I would also send a confirmed thanks to my coworkers
during the project, master student Sjur @fsteng and bachelor students Sylvi Sommer, Hékon
Raaness and Marius Aastad. Furthermore I would like to thank my mother and father for the support
during a difficult time, and my girlfriend Dina Berg for having persevered with me during this

process.



Table of contents

Introduction
Methods

Subjects

Pre and post testing
Strength tests

Lactate profile test
VO2max test

90 minute prolonged double poling test
Intervention period
Measurements
Statistics

Results

Strength

VO2 measurements
HR measurements
RER measurements
La- measurements
RPE measurements
NIRS measurements
Triceps Brachii (TB)
Latissimus dorsi (LD)
Vastus Lateralis (VL)
Discusion

References

© O OV oo N NN W

10
10
11
12

13
13
14
15
15
16
16
18
18
18
18

20

24



Introduction

Long distance cross country skiing has been getting an increasingly higher interest amongst athletes
and in media, both in the international, and national arena. With the establishment of the FIS
marathon cup, it has been a blooming of private teams and cross country skiers who choose to
compete at a professional level, due to the increased interest. In contrast to traditional cross country
races, where the race time is usually less then 60 minutes, the duration of a long distance cross
country race is that the racing time is rather long, somewhere between 2,5-4 hours. Additionally, in
many of the races much more of the distance is performed with the double poling technique
compared to traditional races. This has lead to an increase in specific double poling training, which
also emphasize the importance of work economy. Because of the relatively new focus on the long
distance part of the sport, few of the physiological properties of these athletes have been mapped.

In recent years, studying the effect of combined strength and endurance training has been a
popular research topic in general. Research found that by increasing 1 repetition maximum (1RM)
in various leg exercises, had a positive effect on work economy in both running and cycling
endurance, without any change in VO,max, nor any change in muscle circumference (Hickson et
al., 1988). Other researchers have also found similar results, and not only by increasing 1RM in the
legs, but also that increased 1RM in upper body muscles, can lead to an increase in work economy
in double poling (Hoff et al., 1999, Millet et al., 2002, Osteras et al., 2002, Rennestad et al., 2011,
Ronnestad et al., 2012b). Although most studies showed a positive effect of strength training on
work economy, other studies showed a lack of increase in work economy due to strength training. In
the mid 90" some researchers found substantial increases in strength, but no changes in any
endurance parameters (Nakao et al., 1995, Bishop et al., 1999). It was also found that endurance
training was inhibiting or interfered with strength development, nevertheless strength training did
not affect any endurance parameters (Hennessy and Watson, 1994, Kraemer et al., 1995). This
indicates that an increase in endurance performance due to strength training is not likely to occur in
every occasion.

Cross-country skiing, and especially long distance, seems to be more dependent on upper
body power, and Hoff et al. (2002), showed that by increasing 1RM strength in upper body specific
exercises directed towards cross country skiing, increased performance and work economy. Time to
peak force in a series of 24 pulldowns at 60 % of 1RM was reduced by as much as 50-60 % at this

sub maximal workload, indicating a change in explosive properties, and that it might be a



contributing factor to increased work economy. This is also supported by (Hoff et al., 1999, Osteras
et al., 2002, Losnegard et al., 2011)

Prior to this study, Issuring and Tenenbaum (1999), found that by adding vibration to a
strength exercise (bilateral biceps curl), significantly increased the immediate effect in both mean
power and max power produced by a muscle in a strength exercise, both in elite power sport
athletes and amateur level power sport athletes. This was supported by Rennestad, et al. (2012a),
who found that whole body vibration increased peak power, but had no effect on 1RM strength in
powerlifters. The effects of added vibration to strength training seems to be related to the explosive
properties of the muscle, when studies often show results in these parameters (Rennestad, 2004,
Cormie et al., 2006). The explosive properties of a muscle due to its neuromuscular characteristics
seem to have a influence on work economy, since by implementing explosive strength training to
endurance training led to increased running economy (Paavolainen et al., 1999). This statement is
supported by Spurrs et al. (2003), who studied the effect of plyometric training on distance running,
and reported an improved performance in 3km running, and Mikkola et al. (2007), whom also found
increased work economy due to added explosive strength training. This information indicates that
by adding vibration to heavy strength training it might be possible to get increases in explosive
abilities and therefore alter the work economy even more. In a review by Nordlund and
Thorstensson (2007), it was reported that adding vibration to strength training gave minor to no
additional effects, but even so the report show that the potential effects of added vibration was
situated around the explosive properties of the muscle, and that even if the effect might be small, it
could be significant for top level athletes.

The assumption is that work economy improves due to increased 1RM, and that by adding
vibration there could also be an alteration in the explosive abilities in the muscles to further improve
work economy. In addition, by measuring local Oz saturation (SmO: (%)), we investigate how this
work economy improvement relates to changes in upper and lower body muscle saturation. This can
be done with a non invasive technique called near infrared spectroscopy (NIRS). In this study,
hence the focus on long distance double poling, to investigate local oxygenation in the upper body.

The aim of the study, was therefore to investigate the effect of upper body strength training
on work economy and muscle Oz saturation during prolonged double poling exercise. In addition,
we will investigate if there is a superior effect of adding vibration to strength training on work

economy and muscle O> saturation during prolonged double poling exercise.



Methods

Subjects

Twentynine male national level cross-country skiers participated in this study. The study was

carried out prior to the competition season. The study consisted of 4 test days, 2 prior to the

intervention period (pre-test) and 2 following (post-test). The intervention period was set to eight

weeks of training. The subjects were informed about the project, both content and timespan, but did

not receive any information about the different hypotheses of the study. All subjects signed an

informed consent, approved by the Human Research Review Committee before study start. A main

selection criteria was that the subjects were national level cross-country skiers or long distance

experts. Since these subjects are national level skiers, previous strength training experience was not

taken in to account. The subjects were counterbalanced into three training groups, a traditional

resistance training group (ST), a resistance training group with added vibration (ST+), and a control

group (CON). Criteria for exclusions were that the subjects participating, had to undergo 80 % of

the scheduled training sessions, and participate on both pre and post tests. This resulted in the

exclusion of two subjects in the ST+ group, who did not part in the post test due to illness. The

physical character of the subjects are presented in table 1.

Table 1. Anthropometric data of test subjects. ST being traditional strength, ST+ being strength
group with added vibration, and CON the control group.Values are presented as means + SD

ST (10) ST+ (9) CON (8) p-value
Age mean (years) 223 +2,1 23,8 5,8 26,8 £6,5 0,214
Hight mean (cm) 183,9 + 8,1 181,9+7,0 183 +6,9 0,915
Weight pre mean (kg) 78,32 +7,6 77,64 + 8,03 76,54 +7,48 0,852
Vo2 max 69,64 + 5,95 67,63 + 4,23 66,35 + 7,55 0,508
HRmax 192,7 £ 11,40 193,7£7,12 183,13 £ 8,89 0,068
Weight post mean (kg) 78,16 + 7,43 77,91 £ 8,25 76,66 + 7,39 0,914
training hours last year 647 +153,99 631,55 + 104,34 530,5 +202,2 0,334
Strength training last year 31,63 £17,52 26,6 +£ 19,81 24,4 + 20,8 0,766




Pre and post testing

As shown in figure 1 (only showing test day 1 and 2), all subjects went through 4 days of testing,
which included 3 strength exercise tests and 2 double poling conditioning tests on day one, and 3
double poling conditioning tests on day two. Test day 3 and 4 were identical to test day 1 and 2. All
subjects used the same type of roller skis (Swenor fiberglass, Sport import AS, Sarpsborg, Norway),
with the same type of wheels (Swenor wheels type 2, Sport import AS, Sarpsborg, Norway),
delivered by us. All subjects could use their own poles and shoes. Day 1 (pre) consisted of 1 RM
strength tests followed by 1 hour pause before a lactate (La’) profile test and VOomax test. Day 2
(pre) consisted of a 10-minute warmup before a 90-minute long distance test, La™ test and a
VO2max test. Day 3 (post) consisted of the same tests as in day 1, and day 4 (post) the same as day
2. During the tests measurements of VO, La-, RER, HR, RPE (Borg, 1982) and SmO> was done.
VO, La, RER, HR and SmO: were measured during, activity, while La- and RPE were measured

standing still.
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Figure 1. Schematic representation of the protocols on day 1 and day 2 of both pre- and post-
lests.



Strength tests

Strength was tested prior and following the strength training program on day 1 (pre-test) and day 3
(post-test). Prior to the strength tests all subjects underwent a standardized warmup, which
consisted of 5 min on a spinning cycle (Body bike classic, Body bike International AS,
Fredrikshavn, Denmark) at moderate intensity, followed by 1x10 reps in four different bodyweight
exercises, which included vertical jumps, sit-ups, push-ups and back extensions. This was followed
by a strength specific part that included 3 sets of 10, 6, and 3 repetitions with sub max weigths in
the lat pulldown exercise (Gym2000 lat pulldown 125kg, Gym2000 AS, Vikersund, Norway). The
actual strength tests consisted of three exercises; a lat pulldown, a bench pull and a triceps press, all
which were conducted in a standard manner, with no excessive movement in the body. All athletes
were given up to 6 attempts in each exercise in above mentioned order, to reach their IRM. The

percentage change in 1IRM (AIRM (%)) from pre- to post-test was used for data analysis.

Lactate profile test

A lactate profile test was done on all test days, but only the one on day 1 was used in this study,
because it was related to the speed in the 90-minute test. The lactate profile test was done on a
special treadmill (Rodby RL2500E x 1000, Rodby, Sodertalje, Sweden), which was extra wide, and
long to support double poling. The treadmill was set to an inclination of 6 %, and the starting pace
was 10 km/h, and was increased with 2 km/h for every block, which lasted for 5 minutes. During
this test, SmO2, VO2, La", HR and RPE were measured. SmO; was measured continuously
throughout the whole test, while VO, was measured between minute 2-5 of each work rate. La-, HR
and RPE was measured between the work blocks, which gave the subject approximately 1 minute
break. The test was over when the subject reached or passed 4 mmol/l of La-. This test was used to

find each subjects anaerobic threshold and the onset blood lactate accumulation (OBLA).

VO2max test

In order to define maximum speed and VO during double poling, an incremental test was done on
the treadmill. The test was performed with a 6 % inclination on the treadmill, and with a starting
speed of 10 km/h, increasing with 1 km/h every minute until exhaustion. During the whole test VO2
and SmO; was measured, whilst La-, HR and RPE were taken at the end of the test. Criteria for this
test was a flattening of the VO; curve and HR curve, while a high as possible result in both La- and
RPE was preferable. In this study VO2max was used as a part of setting the pace for the 90-minute

test.
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90 minute prolonged double poling test

This was a prolonged test done on the 2. day pre and post, where the subjects had to double pole for
90 minutes. The treadmill was set to 6 % inclination and the pace was determined by the subjects
results on day one. A linear relationship between sub maximal VO> and sub maximal speeds from
lactate profile test were created, and the point where 65 % of VO,max crossed the line was the pace
we used. VO, measurements were measured between 2-5 minutes, 16-20 minutes, 36-40 minutes,
56-60 minutes, 76-80 minutes and 86-90 minutes. SmO> and HR was measured continuously
throughout the test, and mean values were calculated from the last minute in these measurement
blocks. After each measurement block the subjects were stopped for approximately 1 minute and
measurements of La- and RPE were taken. The change (A) in VO, La-, RER, HR, RPE and SmO;
variables from pre- to post-test was used in statistics. During the test, the subjects were given a

random quiz to keep his motivation up.

Intervention period

The intervention period consisted of 8 weeks of periodized double poling specific strength training.
The prescribed training was a supplement to their regular training regiment, without decreasing the
regular training hours. The strength exercises that were used were lat pulldowns, straight arm lat
pulls (with a added bench in front for support) and triceps press, all conducted with a specific
handle with attached loops, to simulate the poling feeling as much as possible. Both strength groups
had the same exercises, apart from the ST+ group whom had added vibration to these exercises, and
conducted their training on a modified lat pulldown apparatus, with an attached motor that stood for
the vibration. The intervention protocol is described in table 2. The subjects had to perform at least
80 % of the training sessions with, preferably 3 sessions a week and 19-24 sessions in total.

Furthermore, the instructions was to perform each exercise explosively and controlled without too

Table 2. Schematic representation of the 8 week intervention protocol showing the periodic
progression model from day to day, and week to week.

Day 1 Day 2 Day 3
week 1-3 3 sets x 10 reps (RM weight) 2 3 sets x 12 reps (90% of RM) 1 3 sets x 6 reps (RM weight) 3
min. break between sets minute break between sets min. break between sets
week 4-6 3 sets x 8 reps (RM weight) 2 3 sets x 10 reps (90% of RM) 45 3 sets x 5 reps (RM weight) 3
min. break between sets seconds break between sets min. break between sets
week 7-8 3 sets x 6 reps (RM weight) 2 3 sets x 8 reps (90% of RM) 2 4 sets x 4 reps (RM weight) 3
min. break between sets minute break between sets min. break between sets
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much compensatory movement in the rest of the body. The CON group continued with their regular

training program.

Measurements

Respiratory parameters were measured by indirect calorimetry (Jeager oxycon pro, Jacger
Instrument, Hoechberg, Germany) prior to each test day, the system was calibrated, against certified
calibration gases of known concentrations. The flow turbine (Triple V, Erich Jaeger) was calibrated
using a manual 3L- calibration syringe (Hans Rudolph, Kansas City, Missouri, USA). Data
collected from VO was measured in I/min and converted to ml/kg/min. Capillary blood lactate was
analyzed from a small blood sample (20 ml) from the finger using enzymatic analysis (Biosen C-
line, EKF-diagnostic GmbH, Barleben/Magdeburg, Germany). Heart rate was measured with a
heart rate monitor (RS 800, Polar, Kempele, Finland), which was placed just beneath m. pectoralis
major in standard manner.

Near infrared spectroscopy (NIRS) equipment was used to continuously measure the
changes in local tissue saturation during all conditioning tests. NIRS is based on the tissue
transparency for light in the near infrared region, and can detect changes in O> saturation in both
hemoglobin and myoglobin, by measuring the amount of infrared light passed through tissue. It is
not possible to distinguish between hemo- and myoglobin due to identical spectral characteristics.
The changes in absorbed light is converted into concentration changes by using an algorithm
described by Livera et al. (1991). Further the sum of both oxygenated hemoglobin and
deoxygenated hemoglobin reflects the total amount of hemoglobin in the tissue (tHb), and what this
study looks at is the changes in tHb during the 90-minute test, to give an impression of muscle O>
saturation (SmO2). The NIRS system is further described in detail elsewhere (Van Beekvelt et al.,
2001). Three portable NIRS devices (Artinis Medical systems, Elst, The Netherlands) were used,
and placed directly on top of the skin on top of m. triceps brachii, m. latissimus dorsi and m. vastus
lateralis. All devices were attached using adhesive tape and covered with bandage. All devices
generated light at 845 and 761 nm, and consisted of three LED transmitters and one receiver which
is aligned on a straight line. The transmitters have a distance of 30, 35 and 40 mm from the receiver.
NIRS measurements were collected using one operating system, and data sample rate was 10 Hz.
Adipose tissue thickness (ATT) was measured after each test in between transmitters and receivers
using a skin fold caliper (Holtain Ltd, Crym- mych, UK) to ensure that ATT was not a confounding
factor. Arm and leg circumference together with weight and height were also measured. NIRS

measurements was checked using MatLab_R2014b, and A-value calculations for SmO, were
11



derived from the measurements, and further used in statistics. Furthermore VO, La-, RER, HR and
RPE data was compared from pre to post test, and the change in the respective variable from pre to

post (A-values), was used in statistics.

Statistics

NIRS data was checked through several steps using Matlab R2014b. Some data had to be removed
due to low quality, especially from the device that was on top of the m. latissimus dorsi. Extreme
values were checked and accounted for if considered as an abnormal measurement, to ensure
normality. Statistics was done on A-values, using SPSS 21.0 for mac. The strength variables were
tested with a standard ANOVA test. A post-hoc test within the initial anova test was used to identify
if there were any significant differences between the two strength groups. VO2, RER, La-, HR, RPE
and SmO: were tested using GLE repeated measurement. If Mauchly's test showed that sphericity
was violated a Greenhouse-Geisser test was used. A paired t-test was used to determine r differences
within the groups when only one variable was tested. Results were accepted as significant at

P<0.05, and are presented as means and standard deviation.

12



Results

In total, 29 subjects participated in this study. Two subjects in the ST+ group dropped out of the
study due to sickness, and one additional subject missed scores in the strength tests (pre) due to
missing data, but participated in all other tests, and all other data was used, ending up with 26
complete strength test sets, and 27 complete endurance tests. All of the 27 remaining subjects

participated in at least 80 % of the training intervention.

Strength

At baseline there were no differences between any of the groups in 1RM strength in any of the three
exercises (all p>0.918). Statistics are based on percentage change in A1RM in the three different
strength exercises. The ANOVA test showed that there was a significant difference in strength
improvement between the three groups for all three exercises (all p<0.05). Post-hoc tests showed
that ST had a significant increase in strength over the CON group in all 3 exercises (all p<0.05),
while ST+ had significant increases in lat pulldown and triceps press (all p<0.05), while in no
difference between ST+ and CON was found in the bench pull exercise (p=0.137) As shown in
figure 2, compared from pre to post, IRM strength in ST and ST+ significantly improved in all
three strength exercises during the 8 week training period (all p<0.01), while no improvements were

seen in the control group (all p>0.140).

A B C ’—‘
40 - 40 " 40 =
< 29 I X 29 ’—l < 2
= = =
Z 18 I Z 18 Z 18
< 7 ﬁ 1 97 I S |
4 L 4 L ~4
ST+ ST CON ST+ ST CON ST+ ST CON

Figure 2. A1 RM comparison of all 3 groups. A = lat pull, B = bench pull and C = triceps press. Percentage strength
changes in 1 RM after eight weeks of strength training (ST), strength training with added vibration (ST+), or normal
training (CON). Values are means + SD, **all p>0.01.

The increase in strength was similar for both the ST and ST+ group and there were no
significant differences between the 2 groups in either of the 3 exercises (all p=1.0). Since the
original purpose of this study was to investigate if added vibration had a superior effect over regular

strength training, and since both groups showed similar improvements in strength in all three
13



exercises, we decided to merge the two groups, and focus on the evaluation of the effect of strength
training in general on prolonged endurance performance. In addition, we checked for differences in
VO: between the two groups, but neither here found a difference for VO2 (p=0.260). The remaining
analysis was therefore done on both strength groups as one (STR) and one control group (CON).
After merging the groups, the STR group consisted of 19 subjects and the CON group of 8
subjects. There were no significant differences between the two groups either in age (p=0,09),
height (p=0.95) or weight (p=0.68). Nor were there any significant differences in training status
between both groups, neither in training hours over the last year (p=0,14), nor in hours pr. week
after their competition season ended (p=0,86), even when comparing the last 4 days, there were no
difference (p=0.83). The hours doing heavy strength training were not different either between both
groups, within the same categories as mentioned above (p=0.57, p=0.09, p=0.63). Strength results at
baseline showed no differences between the STR group and CON group (all p>0.511). While the
results show that the STR group had a significantly larger improvement in strength than compared
to the CON group in all 3 strength exercises (all p<0.01) (figure 3). Most improvement was shown

in triceps press, then lat pulldowns, then bench pulls.
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Figure 3. A1RM comparison after merging ST and ST+. A = lat pull, B = bench pull and C = triceps press. Percentage
strength changes in 1 RM after eight weeks of strength training (STR) or normal training (CON). Values are means +
SD, **all p>0.01.

VO; measurements

The mean group response in VO; during the 90 min prolonged double poling test for both pre and
post and the A-values for VO for both groups are shown in figure 4. Both groups showed a similar
response in VO2 consumption during the test, where both groups had a steady increase in O2
consumption throughout the 90-minute test. No main effect of group was found for AVO; from pre
to post (p=0.998), indicating that the change in VO consumption from pre to post was similar in
both groups. A main effect was found for time (p<0.01), indicating that AVO; decreased during the

90-minute test. The difference between pre-post becomes more pronounced during the 90 min test.
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Post-hoc tests showed a decrease in AVO: between 20-40min (p<0.05) and 60-80min (p=0.068). No
interaction effect between time and group was found (p=0.797), indicating that both groups showed

similar response in VO consumption from pre to post during the test.

HR measurements

On average HR was 130 = 11 BPM in STR and 132 + 13 BPM in CON at baseline, and 162 + 14
BPM in STR and 155 = 7 BPM in CON at the end of the 90 min prolonged double poling pretest.
This was respectively 117 = 12 BPM in STR and 117 = 16 BPM in CON at baseline post test, and
150 £ 13 BPM in STR and 142 £+ 12 BPM in CON at the end of 90-minute post test. Both groups
showed a similar development in HR throughout the test, with a rapid increase in HR in the
beginning, which flattens towards the end (figure 4). Figure 4 also shows AHR. No main effect of
group was found for AHR (p=0.305), nor any effect of time (p=0.495), and no interaction effect
between group and time in AHR (p=0.772). This indicates that AHR was similar in both groups and

did not change/remained stable during the 90-minute test.

RER measurements

In figure 4, the mean group response for RER during the 90-minute prolonged double poling test
are presented. Both groups seems to show a similar response in RER during the test, with a
declining pattern throughout the 90 minutes of double poling. Whereas the STR group stayed
unchanged from pre-post, the CON group did not. The CON group showed a less declining pattern
at post test, while also RER being significantly increased from pre to post test (figure 4). Evaluating
ARER from pre to post, a main effect of group was found (p<0.05), indicating that there were a
difference in ARER response between groups. Post-hoc tests showed that a main effect of time was
found (p<0.05), indicating a change in ARER during the test. Post-hoc testing showed changes at
60-80min (p<0.05) and a tendency of change at 20-40 min (p=0.086). Also an interaction effect was
found between time and group (p<0.05). Post-hoc tests showed that the STR group had no change,
while an increase in RER in the CON group from pre to post during the test was showed. Post-hoc
test also shows that the increase in ARER seems to be situated in the timespan between 20-40 min

(p<0.05) and a tendency of increase in ARER at 60-80 min (p=0.08).
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La  measurements

On average La- was 1.51 £ 0.75/1.9 = 0.5 mmol/l at baseline in group STR/CON, and 1.78 +
0.7/1.67 = 0.4 mmol/l at the end of the 90 min prolonged double poling pretest, while respectively
1.31 £0.31/1.54 + 0.5 mmol/l at baseline post test, and 1.31 £ 0.37/1.27 + 0.3 mmol/l in STR/CON
at the end of the test. Both groups showed a similar development in La- throughout the test, with a
rapid increase in the beginning, and a steady descending pattern throughout the 90-minute test, as
shown in figure 4 together with ALa". No main effect of group was found (p=0.874), indicating that
the change in lactate from pre to post was similar in both groups. Also no effect of time was found
(p=0.76), indicating no change in ALa" during the 90-minute test. Interaction between group and
time in ALa" was also insignificant (p=0.976), indicating that the effect of group and time was

similar for both groups.

RPE measurements

Similar results where found for RPE during the 90-minute prolonged double poling test for both
groups, with a rather stable flat development throughout the test. STR started at 12 + 1.2 and ended
the 90 min test pre at 14.5 + 1.15, while CON started with 12 £1.3 and ended at 14 + 2 at pre test.
At post test STR started at 10.5 + 1.95 and ended at 13 + 1.5, while CON started at 12 + 1.3 and
ended the 90-minute post test at 13.5 £ 1.7. The development in RPE throughout the test showed
that no main effect of group was found (p=0.542), nor any effect of time (p=0.294), nor any
interaction effect between group and time (p=0.299), indicating that both groups had no change in

RPE from pre to post during the test.
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NIRS measurements

NIRS measurements was done in 3 muscles simultaneously, m. triceps brachii, m. latissimus dorsi
and m. vastus lateralis. Local tissue saturation was measured in SmO2 (%). ATT was measured after
the 90-minute test, and was respectively 7.8 + 2.9 mm pre- and 6.6 + 2.4 mm post-test in TB, 8.1 +
1.5 mm pre- and 6.9 £ 1.1 mm post-test in LD and 11.2 + 4.3 mm pre- and 7.9 = 2.7 mm in VL. The

ATT was less than half the distance between the emitter and the detector in every case.

Triceps Brachii (TB)

The mean group response in SmOz (%) for TB during the 90 minute prolonged double poling test
are shown in figure 5. Both groups showed similar response in SmO; during the 90 minute test.
Evaluation of the ASmO: from pre to post, are shown in figure 5, with a drop in SmOz in the
beginning for then to steadily increase throughout the test. No main effect of group (p=0.498), nor
time (p=0.457), nor an interaction effect in SmO: between group and time was either found

(p=0.126). This indicating similar effect for both groups during the 90-minute test.

Latissimus dorsi (LD)

The measurement on LD was most viable for measurement problems (noise, cross-talk, mounting
problems), so it has to be noted that 10 full test measurements, to 10 subjects, had to be discarded
due to poor quality. This might further influence the result from this device. However, the mean
group response in SmO2 (%) for LD during the 90 min prolonged double poling test are shown in
figure 5, and shows roughly similar response as for TB, with some alteration in the

beginning. Evaluating the ASmO, from pre to post (figure 5), show that no main effect of group was
found (p=0.378), nor any effect of time (p=0.650). The interaction effect between group and time in
SmO; was also not significant (p=0.310), which indicates no changes in SmO: in either groups from

pre to post in the 90-minute test.

Vastus Lateralis (VL)

On VL, the mean group response in SmO2 (%) during the 90 min prolonged double poling test are
shown in figure 5, and both groups showed a rather similar response in SmO> during the test, with
very little desaturation. Both groups shows a rather straight line in development, but while STR
group show a more stable variation, the CON group has a more unstable variation. Evaluation of the
ASmO; from pre to post are shown in figure 5, and no main effect of group was found (p=0.905).

However a main effect of time was found (p<0.05), and post-hoc test shows that the changes seems
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to be situated between 20-40 min (p<0.05), 40-60 min (p<0.05) and 80-90 min (p<0.05). Further

looking at the interaction of group and time in SmO> an effect was found (p<0.05), this indicating

that both groups have different response in SmO> from pre to post during the test. The changes

seems to occur between 20-40 min (p<0.05) and 80-90 min (p=0.056). Although an effect was

found, figure 5 shows that the reason might be due to how the two groups had different

developments throughout the 90-minute test.
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Values are means + SD.
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Discusion

The purpose of this study was to investigate the effect of upper body strength training on work
economy and muscle O2 saturation (SmO2 (%)) during prolonged double poling exercise. In
addition, see if vibration gave a superior effect over regular strength training in both work economy
and SmO». The main findings of this study were that heavy strength training increased 1RM in all
three exercises, and no negative effect on the systemic variables VO2, RER, La-, HR and RPE, nor
on SmO». An increase from pre- to post-test in RER in the CON group was found, indicating a
change in energy consumption in the CON group, towards a higher anaerobic energy release, and a
increased use of carbohydrates during the 90-minute test as a result.

The second aim of the study was to see if adding vibration to strength training gave a
superior effect on both work economy and SmO-, and in order to test this we used 3 groups; 2
strength groups and 1 control group. One traditional strength group (ST) and one with added
vibration (ST+). When comparing the two strength groups, both strength groups had an increase in
1RM strength in all three exercises over the CON group, but no differences was found between the
two strength groups. Hoff et al. (2002) and Osteras et al. (2002) found that by increasing 1RM
strength in male cross-country skiers, an increase in work economy occurred. Increased work
economy was also found when increasing 1RM in female cross-country skiers (Hoff et al., 1999).
This is also supported from other sports such as cycling and running (Millet et al., 2002, Rennestad
et al., 2011). Furthermore, by adding vibration to strength training, a superior effect on work
economy might occur, because of the neurological effects it imposes on the muscle (Issurin and
Tenenbaum, 1999). Unfortunately we could not find any superior effects of adding vibration to
strength training on 1RM strength, and when comparing VO> consumption during the 90-minute
test between the two strength groups, we also found no differences. When no differences in IRM
strength, nor work economy was found between the strength groups, no effect was to be expected
on a local level. Possible explanations that vibration had no effect could be due to the equipment.
The transfer of vibration through a cable could have reduced the force of the vibration and hence
the effect. Another explanation could be that the upper body is not that sensitive to vibration
stimulus and that a more powerful vibration is needed. Anyhow, due to these circumstances we
decided to merge the two groups into one strength group (STR).

After the merge it was clear that the new STR group had significant increase in strength in

all three exercises, no change was found in the CON group. The increase in strength was

20



respectively 9,1 4,9 % in lat pulldown, 5,8 = 5 % for bench pull and 20,9 + 10,6 % in triceps
press. Normally a 40 % increase in 1RM is observed in untrained subjects in a 12 week strength
training program (Kraemer et al., 2002). However, large amounts of endurance training might have
an inhibiting effect on strength development, and the expected increase in strength can be reduced
to between 10-40 % due to simultaneous strength and endurance training (Hennessy and Watson,
1994, Kraemer et al., 1995, Bell et al., 2000, Millet et al., 2002, Losnegard et al., 2011). Another
factor is that the intervention period in this study was 8 weeks, and not 12, which reduces training
time, and therefor can affect strength development, and further explain why some of the strength
exercises in this study had lower strength increases.

Although there was an increase in strength, there were no changes between the groups in
any of the endurance variables during the 90-minute test, including VO», La-, HR, RPE, except for
RER. A slight decrease in VO, consumption was found in both groups during the test from pre to
post, indicating that both groups had a positive development in work economy. This was expected
since most research have found a positive relation between strength training and work economy
(Hoff et al., 2002, Osterés et al., 2002, Storen et al., 2008). Although, what we did not expect was
that the CON group had a similar development in work economy as the STR group. This showed
that an increase in work economy can occur with or without added strength training, and that added
strength training not always gives a superior increase in work economy. Further looking at La-, HR,
and RPE, research has shown that added strength training to endurance training has variable
influence on these parameters, with some finding decreases (Rennestad et al., 2011), and some not
(Osteras et al., 2002, Rennestad et al., 2012b). In this study these parameters did not change from
pre to post due to included strength in both groups.

RER showed a stable decline during the 90-minute test in both groups in the pre test,
however, the post test showed that the STR group had a similar declination as in the post test, while
the CON had a higher and less declining development at post test. As can be seen in figure 4, it
seems that most of the change is located in the CON group and that they had an increase from pre to
post. Higher RER values indicates that the CON group had a metabolic change towards a higher
anaerobic energy release, which contributes to a higher use of carbohydrates as energy, which is
related to increased energy expenditure. Also, as mentioned above, that large amounts of endurance
training can inhibit strength development (Hennessy and Watson, 1994, Kraemer et al., 1995, Millet
et al., 2002, Losnegard et al., 2011), it could also mean that without strength training, a decrease in
muscular strength could happen, and that the subjects need to use more force and energy to keep up

with the given intensity. This can indicate that strength training not only increases strength, but
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possibly might prevent other negative effects of endurance training, such as increased RER, and
further keeping a more optimal metabolic environment for prolonged endurance exercise. Although
this is only speculation, this could be subject for future research.

In this study we used the NIRS system to look at SmO; during the 90-minute test. Other
studies have recently used NIRS measurements in both running (Buchheit et al., 2010, Thsan et al.,
2013, Jones et al., 2013, Ufland et al., 2013) and cycling (Racinais et al., 2007, Smith et al., 2012,
Billaut and Buchheit, 2013) studies. There has also been done one study on upper body repeated
sprint in highly trained individuals (Sandbakk et al., 2015). However, this is the first study to
incorporating NIRS to investigate physiological responses in mainly upper body muscles during
prolonged upper body endurance performance. Unfortunately, and unexpectedly there was no effect
of strength training on work economy. Because the lack of effect of strength training, we did not
expect to see any difference in SmO-, and not surprisingly, we did not. Nevertheless this study
shows response during prolonged double poling exercise in 3 simultaneous measured muscles. The
response in both upper body muscles had similar developments, with a decline in SmO> to 20
minutes, and then a steady increase throughout the test. This means that SmO> increases/normalizes
during long term work, and that it might be beneficial with a longer warmup, to avoid a large
decrease in SmO; in the beginning of exercise. Thsan et al. (2013) found similar development in
lower body muscles during 30 min continuous running, with a rapid decline in SmO2 in the
beginning, and then a steady increase throughout the test. Anyhow, the development in SmO>
reflects the development in RER to some degree. In general when RER goes down, the SmO: goes
up, which is natural because RER reflects what kind of metabolic energy system mainly and
partially being used, and further reflect the strain put on the working muscles. Therefor will a lower
RER result in increased SmO> due to lower strain on the muscle. In both the TB and LD
measurements, there were an increase in SmO; when RER went down, with the exception of the
initial phase, where SmO; had a steady decline. Although there were no significant findings, it was
possible to see a difference in the development in SmO: between pre an post testing in the two
groups. The STR group showed a rather similar development throughout the 90-minute test
comparing pre and post test. The CON group on the other hand showed a decrease in SmO: from
pre to post during the test, also reflecting what happens in RER, that there were put a larger strain
on the working muscles, decreasing local blood flow.

The vastus lateralis (VL) had a more stable development throughout the test, with much less
desaturation compared to the upper body muscles, which is natural, due to the nature of the exercise

being upper body dominant. Further the VL measurements show significant differences during the
22



test from pre to post. These differences occur most likely because the STR group have a stable, and
rather flat development in SmO2 throughout the 90-minute tests, while the CON group show a
inconsistent pattern, where the graph has more variation both up and down. However, we consider
this difference mainly to occur because of the inconsistent pattern in SmO; in the CON group.

The development in TB and LD could mean that without supplemental strength training a
decrease in SmO; might occur, and that this could be one of the mechanisms involved in the
increase of work economy due to added strength training. If the training period had a longer
timespan, maybe the differences might have been larger, and possibly significant. Even if the graphs
show tendencies of change from pre to post, most of them are not significant, and only indications
that this should be a topic worth looking into in future research.

In conclusion, the aim of this study was to investigate the effect of upper body strength
training on work economy and SmO; during prolonged double poling, and to see if adding vibration
had an additional effect on I1RM strength, work economy and SmO». We found that adding
vibration to strength training had no effect on 1RM strength, nor any superior effect over regular
strength training on work economy during a long distance endurance test. Also, we found no effect
of strength training on any endurance related variables, both systemic and local, apart from RER.
We found an increase in RER in the CON group in the post test, possibly indicating that strength
training might play a role in preventing negative changes in various endurance parameters. Even if
there were not many findings in this study it is important to notice that all other systemic variables
tended to go in a positive direction in both groups. NIRS showed no statistical significant
differences in either TB, nor LD measurements. However, the graphs showed tendencies towards a
reduced SmO; in the CON group in post test. NIRS data seems to show similar tendencies as found
in RER, and this only being speculations, there might be an effect of strength training that prevents

negative developments in both RER and SmO; during prolonged endurance exercise.
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