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Abstract:

The presence of oxygen in active muscles dictates substrate metabolism which is crucial for sport performance.
However, it’s information in dragon boat races is limited. This study aimed to evaluate muscle oxygenation and
energy substrate utilization during 200-m and 500-m dragon boat races among elite athletes. Ten male dragon
boat athletes participating in international competitions (age 26.60 + 3.20 years, weight 79.54 + 3.36 kg, height
174.80 + 5.67 cm) completed 200-m and 500-m simulated race trials on an ergometer in a randomized, counter-
balance, crossover fashion, with a 2-day separation. Near-infrared spectroscopy (NIRS) monitors were placed on
the biceps brachii (BB) and latissimus dorsi (LD) to investigate tissue saturation index (TSI), oxyhemoglobin
concentration (O2Hb), deoxyhemoglobin concentration (HHb), and total hemoglobin (tHB) during the trials, and
gas analyzer was employed to evaluate energy substrate utilization. The results revealed that during 200-m and
500-m races, TSI, O2Hb, and tHb in the BB significantly decreased (P<0.05), whereas HHb significantly
increased (P<0.05). In the LD, this change was observed only in 200-m race (P<0.05). When comparing between
the distances, all oxygen parameters in the BB were significantly higher in 500-m than 200-m (P<0.05), while in
the LD, TSI, O2HB, and tHb were significantly higher (P<0.05). Total energy and energy from carbohydrate
were also significantly higher in 500-m than 200-m race (P<0.01). The results of this study indicate that there is
difference in muscle oxygenation and energy substrate expenditure during 200-m and 500-m dragon boat races.
This disparity may be resulted from different muscle recruitment patterns, as indicated by difference in oxygen
parameters in the BB and LD during the races. This study provides new knowledge to the area of paddle sports
and offers practical insights that can help coaches and related persons to optimize athletic performance during
training and competitions. More researches are required to clarify the mechanisms underlying the differences in
muscle oxygenation in different dragon boat race distances.

KeyWords:water sport, oxygen saturation, substrate metabolism, power output, endurance performance.

Introduction

Dragon boat is a sport that relies on paddling as a team, using muscle power to transmit force to the
paddle blades, thus propelling the boat across the water from one point to another. The physical activity involves
moving back and forth while paddling over the race distance and working together using multiple muscles to
overcome water resistance with repeated maximum muscle contractions for speed (Sirisinghe, 1995). A study of
the physiology of dragon boats was conducted by analyzing dragon boat skills together with electromyography
(EMG), which found that the main muscles that affect dragon boat performance are the shoulder muscles and the
base muscles, including the front arm and back muscles (Ho et al., 2013; Natthawat, 2016; Paulauskas et al.,
2022; Senakham et al., 2015). Working muscle groups must be efficient in their use of oxygen, ions, and energy
substances to enable rapid contraction and relaxation as well as preparation for repeated contractions. Therefore,
muscle oxygenation is extremely important for muscular endurance and power (Ferrari et al., 2011). The
proportion of oxygen used by active muscle groups will have a higher oxygen demand than inactive muscles
(Verratti et al., 2020).

For muscles to be able to work continuously and efficiently, they need to have a good cardiovascular
system to create a balance between oxygen delivery and muscle oxygen demand (Yoshiko et al., 2020). At
present, the near-infrared spectroscopy (NIRS) technique has been used to assess the oxygen status of muscles in
various parts of the body in real-time, directly measuring the amount of oxygen used by muscles. The instrument
relies on the absorption of infrared radiation through the muscle to measure the difference in arterial oxygen,
reflecting the local muscle oxygen consumption. The distribution of blood flow to the working muscle, tissue
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saturation index, indicates an imbalance in oxygen delivery that will result in decreased muscle performance, an
important parameter used in explaining and predicting exercise limitations (Ferrari et al., 2011; Kirby et al,,
2021; Paulauskas et al., 2022; Verratti et al., 2020).

In dragon boat races, distances of 200 and 500 meters are exercised with a level of intensity close to
maximum (Submaximal), using a competition time of approximately 30 seconds to 2 minutes with energy from
both aerobic and anaerobic systems simultaneously (Ho et al., 2013; Medbg & Tabata, 1989), which results in
high levels of lactic acid. Blood lactate impairs muscle function and remains within the muscles for several
minutes after even short periods of high-intensity paddling (Khamros et al., 2023; Senakham et al., 2020). The
proportion of aerobic energy used will increase depending on the distance of the race (Medbe & Tabata, 1989;
Zamparo et al., 1999).

Previous studies have found that 200- and 500-meter dragon boat races involve high-intensity, short-
duration sprints with similar energy expenditures. However, there has been no study or comparison of the effects
of muscle oxygenation and energy substrate utilization in 200 and 500-meter dragon boats. The results of the
study can be used as information for training planning, nutrition planning, and evaluating the results of the
training program for those interested in studying dragon boats.

Material & methods

This study was experimental research using a randomized, counter-balance, crossover design approach.
The study was approved by the Human Research Committee of Srinakharinwirot University, Thailand, with
research project certification number of SWUEC-661010. All participants signed a declaration of consent on the
anonymous utilization of the collected data prior to the study.
Participants

Ten well-trained athletes from the Rowing and Canoeing association of Thailand (RCAT) were
recruited into the study. Their physical characteristics are shown in Table 1. Inclusion criteria consisted of male
athletes, with at least 2 years of training experience and at least 2 years of competitions in the international level.
The participants must have continuous training for at least 6 months prior to attendance in the study. Exclusion
criteria comprised having injuries or illness during the experiment, and intention to withdraw from the study.
Procedures

The participants reported to a laboratory on 3 occasions for 1 preliminary test and 2 main tests. All tests
were separated by 2 — 3 days and conducted between 7:00 a.m. and 9:00 a.m. under a controlled condition (25°C
+ 2°C and 50% = 10% relative humidity). To standardize the tests, the participants were asked to refrain from
high-intensity exercise for 48 hours before the test, abstain from consuming foods and beverages containing
caffeine and alcohol for 24 hours before the test, get sleep at least 7 hours before the test, and refrain from
consuming any type of foods or drinks providing energy after 8:00 p.m. on the day prior to the test, thus they
were allowed to drink water as needed. Moreover, in the main test stage, they recorded their food intake and
physical activities for 24 hours before the 1% test and replicated these before the 2™ test.

Table 1 Physical characteristics of the participants

Physical Characteristics

Age (year) 26.60 £ 3.20

Body Weight (kg) 79.54 £3.36

Height (cm) 174.80 £5.67

Body Fat (%) 16.82 +4.38

Blood Pressure (mmHg) 134+9.18 /75 £ 6.00
Resting Heart Rate (beat/min) 56.50 +9.40
VO,max (ml/kg/min) 4527 £10.28

Preliminary test

This test comprised physical examination and determination of VO,max of each participant. The
physical examination was measures of body weight (Tania, UM-073, Tokyo, Japan), height (Meterex II D97,
UNICEF, Copenhagen, Denmark), body fat percentage (Maltron BioScan916, Rayleigh, UK), resting blood
pressure (BP), and resting HR (Omron HEM-7130, Kyoto, Japan). The measurement of body fat, BP, and HR
was conducted after the participants relaxed in a supine position for 10 minutes.

To assess VO,max, each participant performed the Step Test 3-minute method (Mekhdieva et al., 2019)
on an ergometer (Kayak ergometer, Weba Sport, Vienna, Austria), using canoe mode with the airbrake resistance
set at level 7. This test consisted of warm-up session at 80 watts for 3 minutes, after which participant paddled at
100 watts for 3 minutes and increased intensity by 30 watts every 3 minutes. Participant was verbally
encouraged to paddle at their maximum effort, and the test was terminated when 3 of the following criteria were
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met (Khamros et al., 2023): (1) an increase in VO, <150 ml/min despite increasing paddling intensity; (2)
respiratory exchange ratio (RER) higher than 1.1; (3) an attainment of 95% of the aged-predicted maximum
heart rate; (4) rating of perceived exertion (RPE) at 18 based on a 6 — 20 scale (Borg, 1982); or (5) inability to
maintain the desired intensity despite strong encouragement. During the test, pulmonary gas exchange was
measured using an automatic gas analyzer (PNOE, Endo Medical, Palo, Alto, CA, USA) with the PNOE
program. The gas analyzer was automatically calibrated for barometric pressure, temperature, and humidity
before each test. The ergometer was also calibrated before each test according to the manufacturer's instructions,
and rope tension was checked regularly.
Main tests

The participants performed 2 trials to investigate muscle oxygenation, energy substrate expenditure, and
mechanical parameters. These trials consisted of resting for 5 minutes, warm-up by stretching for 5 minutes,
resting until HR returned to the baseline, and simulation of 200-m, and 500-m dragon boat race, followed by
cool down by paddling at self-selected stroke on an ergometer (Figure 1). The simulation of dragon boat races
was performed on an ergometer (Kayak ergometer, Weba Sport, Vienna, Austria) using canoe mode at level 7
airbrake resistance. The trial was initiated by having the participant in a preparation position and then paddling
as fast as possible following the verbal signals “Are you ready”, “Attention”, and “Go” from the researcher. The
participants were verbally encouraged to paddle at their maximal effort throughout the race with a technique
typically used during on-water competition.

s Protocol )
Rest ‘Warm-up Rest 200-m / 500-m Recovery

2 R g

5 min 5 min 5 min Race 5 min

Figure 1 Protocol of the main tests to investigate muscle oxygenation, energy substrate expenditure, and
biomechanical parameters during 200-m and 500-m dragon boat races.

Muscle oxygenation measures

Muscle oxygenation variables consisted of tissue saturation index (TSI), deoxyhemoglobin
concentration (HHb), oxyhemoglobin concentration (O2Hb), and total hemoglobin (tHb). These variables were
evaluated on the participant’s dominant side during the trials using NIRS monitor, including muscle oxygen
measuring sensors and Oxysoft software (Portamon; Artinis Medical Systems, BV, Zetten, Netherlands). For
evaluation, three sensors (three infrared light source transmitters with wavelengths of 760 and 850 nm) were
placed on 2 muscles: the BB — middle of the muscle measured from the point of attachment at the coracoid
process of the scapula to the point of attachment at the radial tuberosity of the lower arm or 8 to 12 cm above the
elbow fold (Billaut & Buchheit, 2013) and the LD — middle of the muscle measured from the point of origin in
the spinous processes of the thoracic spine (T7) to the point of attachment at the intertubercular groove of the
humerus or midpoint between the inferior border of the scapula and posterior axillar fold (Borges et al., 2015).
Before installing the sensors, the area of the sensor attachment was shaved and wiped with alcohol to remove
sweat and ensure that the LED status bar of the sensors was closely contacted with the skin. The instrument was
then wrapped tightly with stretchy cloth to prevent movement or loss during testing. Another layer of black cloth
was used to prevent light from interfering with the operation of the instrument, and then the tool was connected
to the Oxysoft program and set up according to the user’s manual. The sensors were installed by one experienced
sports scientist to prevent erroneous data.

Energy substrate expenditure measures

Variables of energy substrate expenditure, including total energy expenditure, carbohydrate energy, and
fat energy, were evaluate before and during the simulated races using a gas analyzer (PNOE, Endo Medical, Palo
Alto, CA, USA) which was connected to a HR monitor (Polar H10, Polar Electro, Kempele, Finland). These
devices were synchronized. The gas analyzer was calibrated for barometric pressure, temperature, and humidity
before each test according to the manufacturer’s instruction.

Mechanical parameter measures

Time to complete the simulated 200-m and 500-m races was recorded. Stroke rate, maximal power, and
average power during the simulated trials were also measured using the ergometer (Kayak ergometer, WEBA
Sport, Vienna, Austria), which was calibrated before each test according to the manufacturer's instructions.
Statistical analysis

Data were presented as mean + standard deviation. Paired samples f-test was used to determine
differences of muscle oxygenation, energy substrate expenditure, and mechanical variables between the trials.
Two-way
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analysis of variance (ANOVA) with repeated measures was used to evaluate the effects of trial distance (200-m
and 500-m) and time (before and during the races) on muscle oxygenation and energy substrate expenditure
variables. Significant interactive effects were followed up with paired samples #-test. Statistical significance was
set at P <0.05.

Results

The results revealed that during 200-m and 500-m races, TSI, O2Hb, and tHb in the BB significantly
decreased (P<0.05), whereas HHb significantly increased (P<0.05). In the LD, this change was observed only in
200-m race (P<0.05). When comparing between the distances, all oxygen parameters in the BB were
significantly higher in 500-m than 200-m (P<0.05) (Figure 2), while in the LD, TSI, O2HB, and tHb were
significantly higher (P<0.05) (Figure 3).

120
100
80
60

Value

40
20

0
TSI (%) O2Hb (%) HHD (%) tHb (g/dL)
Muscle oxygenation variable

m200-m #500-m
Figure 2 Muscle oxygenation variables of the biceps brachii muscle during 200-m and 500-m dragon boat races

Note. *Significant difference when compared with 200-m (P<0.05), TSI; Tissue saturation index, O2Hb;
Oxyhemoglobin concentration, HHb; Deoxyhemoglobin concentration, tHb, Total hemoglobin

160 *
140.47 N

Value

TSI (%) O2Hb (%)  HHb (%)  tHb (g/dL)
Muscle oxygenation variable

H200-m 7% 500-m

Figure 3 Muscle oxygenation variables of the latissimus dorsi muscle during 200-m and 500-m dragon boat

races
Note. *Significant difference when compared with 200-m (P<0.05), TSI; Tissue saturation index, O2Hb;
Oxyhemoglobin concentration, HHb; Deoxyhemoglobin concentration; tHb; Total hemoglobin

When comparing the energy substrate utilization between the races, it was found that total energy and
energy from carbohydrate were significantly higher in the 500-m race than the 200-m race (P<0.01), while
energy from fat was not different (Table 2).

Table 2 Energy substrate utilization during 200-m and 500-m dragon boat races

Energy variables 200-m 500-m P-value
Total energy (kcal) 7.23+1.47 27.60 +4.88 0.001°*
Carbohydrate (kcal) 3.11£1.40 22.14+£595 0.001*
Fat (kcal) 4.12 £1.55 4.12 +1.55 0.169

Note. *Significant difference when compared with 200-m (P<0.05)
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Mechanical parameters during the trials are shown in Table 3. The 500-m race took longer time than the
200-m race (P<0.01), whereas maximal power, average power, and paddling frequency during the former were
significantly lower (P<0.05).

Table 3 Energy substrate utilization during 200-m and 500-m dragon boat races

Mechanical variables 200-m 500-m P-value
Time (Sec) 46.99 = 1.16 126.60 +2.33 0.001*
Maximal power (Watt) 32420 £8.36 274.40 + 18.49 0.04*
Average power (watt) 250.20 £10.75 188.00 + 5.64 0.01*
Paddling frequency (Stroke/min) 79.70 £2.45 57.40+2.17 0.01*

Note. *Significant difference when compared with 200-m (P<0.05)

Discussion

From the results of a comparative study of dragon boat distances of 200 and 500 meters among elite
male dragon boat athletes, it was found that the biceps brachii muscle had a decrease in tissue saturation index
while racing and total hemoglobin in both stages of rowing. Latissimus dorsi had a decrease in tissue saturation
index and total hemoglobin only at a distance of 200 meters. The cause for this decreased is that the 200-meter
distance has a higher rowing frequency than the 500-meter distance. Paddling at a high stroke causes the main
muscles to contract quickly and repeatedly, causing blood vessels to constrict, thus leading to the restriction of
blood flow (Yoshiko et al., 2020) and resulting in poor oxygen transport, which is related to exercise intensity
(Ferrari et al., 2011). Moreover, the arm muscles are small muscles that are constantly moving according to the
stroke length (Gomory, 2018; McDonnell et al., 2013). Force is exerted and acts all the time as an important
factor in propelling the boat forward (Gomes et al., 2022; Sirisinghe, 1995). These factors result in a reduced
ability to deliver oxygen to the muscles (Kirby et al., 2021; Paquette et al., 2018; Paulauskas et al., 2022; Perrey
et al., 2024).

During the test, it was found that the 500-meter distance consumed more energy from carbohydrates
than the 200-meter distance, but there was no difference in the energy expenditure from fat. The higher
proportion of energy demand varies with the duration of the competition (Medbe & Tabata, 1989; Paquette et al.,
2019). While competing, Glycogen is created and stored in muscles (Henderson et al., 2007; Jung et al., 2021,
Kuo et al., 2005) and oxygen stored in the body are used according to the intensity of the activity. Regarding the
amount of oxygen in the muscles in the first 2 minutes of rowing 200 meters, it was found that total hemoglobin
and oxyhemoglobin concentration in the biceps brachii muscle and latissimus dorsi muscle remained low
because blood vessels were still contracted and blood flow was still reduced. If it does not recover, it will begin
to adapt to a steady state after 4 minutes.

The trend of oxygen deficiency increases over time in exercise (Kirby et al., 2021 ). Deoxyhemoglobin
decreases immediately after exercise. However, within 500 meters, the above-mentioned adjustments were found
only in the biceps brachii muscle (Ferrari et al., 2011; Osawa et al., 2017;).

Oxygen deficiency will continue to increase even with short periods of exercise, but it will result in an
increase in oxygen consumption after high-intensity exercise as well if those activities are of high intensity,
because exercising at a high intensity stimulates the metabolism more. This causes stress within the muscles and
increases the activation of the sympathetic nervous system. When entering the initial recovery period after the
test, the physical state will continue to use high levels of carbohydrate energy for the next period of rapid
recovery (Alactacid component). During this period, the body synthesizes adenosine triphosphate and
phosphocreatine, adjusts blood balance, increases the amount of oxygen in the blood, and balances hormones to
a normal level. It takes 30 seconds for the synthesis of phosphocreatine to complete within 3 minutes (Laforgia
et al., 2006), and then there is a slow recovery period (Lactacid component). As the physical gradually adjusts to
its pre-exercise state, it will switch to using fat as its main source of energy and must use a greater amount of
energy to recover to a steady state (Zamparo et al., 1999).

In the 200-meter distance, physical intensity and high-paddling strokes may cause higher fatigue levels,
which may not have a positive effect on the body's oxygen levels when measured from muscle oxygenation,
especially considering the important muscle groups used in paddling.

The muscles work by contracting repeatedly all the time. Paddling continuously at a rapid pace leaves
no period for muscle relaxation, resulting in the blood vessels being unable to transport oxygen to the muscles
for energy metabolism, which may limit performance. This effect of reduced rowing efficiency may only be used
to explain the 200-meter rowing limit. Moreover, carbohydrate fueling is still very important for dragon boat
athletes, although the 500 meters used more energy substrate than the 200 meters with similar levels of fat being
used. The results of the study on energy substances may lead to nutritional planning because the levels of energy
consumption at distances of 200 meters and 500 meters are different.
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Conclusions

Interpretation of the physiological mechanisms from this study may lead to the consideration of
adjustments for athletes' training programs or competition strategies, especially in 200-meter events. It appears
that elite athletes have relatively high levels of physical performance and are different when performing in two
distances of competition. Further studies should consider other factors to account for the physiological factors
affecting the performance of elite dragon boat athletes.
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