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Abstract: This study analyzed muscle activity during the stand-up paddle stroke, considering the
paddling side and the adjacent and opposing muscles relative to the position of the arms during
paddling. Methods: Fourteen male paddleboarders performed three trials covering 195 m in which
surface electromyography of the upper trapezius, biceps brachii, triceps brachii, tibialis anterior,
and gastrocnemius medialis were recorded (four-cycle strokes on each side). The data were
processed according to percentage of maximum voluntary contraction (% MVC). The MVC
activation values (uV) for each muscle were then calculated and presented as percentage MVC (%
MVC). Results: The recovery phase accounted for 60% of the paddle cycle, while the pull phase
represented 39%. During right-side paddling, higher % MVC was found in the opposite-side upper
trapezius (24.35%, p < 0.01) during the pulling phase and in the adjacent biceps brachii (8.36%, p <
0.03) during the recovery phase. In left-side paddling, greater % MVC was found in the opposite-
side upper trapezius (27.60%, p < 0.01) during the pulling phase and in the opposite-side triceps
brachii (42.25%, p < 0.04) during the recovery phase. Furthermore, the pulling phase exhibited
higher MVC in the opposite-side upper trapezius compared to the recovery phase, both in the right-
side (24.35%, p < 0.03) and left-side (27.60%, p < 0.01) paddling. Conclusions: these findings help
establish the muscular activity of both sides of the paddling technique and the differences between
the upper and lower limbs.

Keywords: SUP; paddle sports; muscular activation; EMG; stroke phases

1. Introduction

Stand-up paddle boarding (SUP) is a sport that combines elements of surfing and
rowing, allowing paddlers to practice distance paddling and/or surf waves [1]. It has
become a popular and accessible activity with numerous benefits, including
improvements in body mass index, aerobic and anaerobic fitness, and multidirectional
trunk strength, as well as applications for rehabilitation and fall prevention [2-6]. Despite
its growing popularity, research on SUP remains limited, with few studies investigating
its physiology [7,8], biomechanics [9,10], epidemiology [11,12], and psychology [6] in both
recreational and competitive participants [13-15].

The biomechanics of SUP paddling is similar to dragon boat racing with an entry,
drive, and exit phase [16]. A comparison of paddle stroke mechanics between experienced
and inexperienced SUP participants by Schram et al. [14] revealed that inexperienced
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participants showed higher overall shoulder action and less hip range of motion than
experienced participants. Muscle activation during paddling appears to primarily involve
the upper extremities, trunk, hip stabilizers, and knees [9,17]. During SUP in an ergometer
and at sea, it was demonstrated that muscle activation during the water-based test started
sooner and was maintained longer than that during the ergometer test [17]. Tsai et al. [9]
evaluating different postures, found higher biceps brachii activity when paddling on the
knees on the board and higher activation of the external oblique and triceps brachii in the
standing position.

Analyzing the muscles involved in paddling, the upper trapezius is responsible for
producing clavicle elevation and retraction relative to the thorax due to its attachment to
the distal clavicle [18]. The biceps brachii muscle was found to be primarily activated
during the recovery phase and the late pull phase. Its role in this context involves assisting
in shoulder flexion, aiding the upper hand (the hand opposite to the one holding the
paddle) in lifting the paddle and preparing for the subsequent pull phase [9]. In the case
of the triceps brachii, it was observed to mainly engage from the later stage of the recovery
phase to the middle stage of the pull phase [9]. The tibialis anterior muscle was noted for
its activation in maintaining board balance [19]. Finally, the gastrocnemius medialis
muscle was found to be activated during the pull phase, with significantly higher
activation levels associated with the task of maintaining balance. This heightened
activation can be attributed to the higher center of gravity in the standing position and the
increased sway movements, which demanded additional effort to ensure stability [9].

During SUP, paddlers can alternate between left- and right-hand sides for paddling
[2], involving pushing cycles, controlling the fluid movement of the board and the relative
movements of the paddle and the water, consequently, the paddler has to continuously
change his or her basic attitude to adjust trajectory and balance [20]. Therefore, it is
important to consider different settings such as the sea and lakes [21]. Thus, during
recreational SUP practice, participants often alternate paddling sides based on physical or
natural conditions. To date, the understanding of paddling on both sides remains limited.
Regardless of SUP being described as a full-body activity, understanding the differences
between sides is particularly necessary in groups that comprise most participants in this
sport. This study aimed to analyze muscle activity during the stroke cycle, considering
the paddling side (left and right), comparing the opposite and adjacent muscles to the
paddle stroke, and examining activation in the upper and lower limbs, to better
understand muscle activation patterns during paddling.

2. Materials and Methods
2.1. Sample and Ethical Procedures

Fourteen SUP recreational right-handed male participants (24 +7.1 years, 1.73 + 1.22
m, 58 + 15.5 kg, wingspan 1.79 + 0.87 m, and body mass index 24.2 + 4.9 kg/m2; mean +
SD) volunteered to participate in this study after being instructed on the procedures.
Participants were only included if they met age requirements (>18 years), had at least 6
months of SUP experience with regular weekly practice (1 to 2 times per week), and were
excluded if they had any health risks or conditions that affected paddling performance.

Prior to testing, the participants were informed about the benefits and risks of the
investigation and signed an institutionally approved informed consent document. This
study was approved by the University Ethics Committee (CE-UBI-Pj-2022-042) and all the
procedures were in accordance with the Declaration of Helsinki regarding human research.

2.2. Procedures
2.2.1. Measurements

Muscle activity was assessed on both sides of the body by surface electromyography
(EMG) on a wireless EMG system with built-in accelerometers (Miniwave, Cometa,
Milano, Italy; EMGandMotionsTools software 8.7.6.0) and probes equipped with a 7-g
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memory and a sampling rate of 2000 Hz at 16 bits. For each subject, the skin under the
electrodes was shaved, rubbed with sandpaper, and cleaned with alcohol so that the
interelectrode resistance did not exceed 5 KOhm [22]. Transparent bandages with labels
(Hydrofilm®, 10 cm x 12.5 cm, USA) were used to protect the electrodes to isolate them
from water [23].

Additionally, participants wore custom-made long-sleeved surf suits (Decathlon,
Olaian 3/2 mm, Villeneuve-d’Ascq, France) to protect the electrodes and sensors during
the trials.

The EMG sensors were placed according to the SENIAM recommendations (Kendall
™, ECG electrodes, 57 width mm x 34 length mm, gel area 201 mm?, sensor area 80 mm?,
Dublin, Ohio, USA) and the inter-electrode distance between each pair was 20 mm [24].
The muscles under analysis in this study were the upper trapezius, biceps brachii, triceps
brachii, tibialis anterior, and gastrocnemius medialis according to the importance of these
muscles in paddling [9].

2.2.2. Maximal Voluntary Contraction

The maximum voluntary contraction (MVC) test is one of the most commonly used
methods of the EMG signal normalization [25]. Prior to the paddle assessment, to
determine the MVC, each subject performed three maximal voluntary isometric
contractions on dry land for each muscle analyzed, held for 5 s with a minimum rest
interval of 30 s between repetitions. A minimum 1-min rest period preceded each new test
position. The MVC procedures were conducted with the application of manual resistance
by the examiner, according to positioning guidelines based on the guidelines of both
Surface ElectroMyoGraphy for the Non-Invasive Assessment of Muscles (SENIAM) and
Noraxon (Scottsdale, AZ, USA.) company [24,26]. To ensure isometric conditions, the
examiner made every effort to adjust the counterforce appropriately. For the upper
trapezius muscle assessment, participants were positioned in a standing posture, and the
examiner applied a downward force to their shoulders [27]. Regarding the MVC for the
biceps brachii and triceps brachii, these assessments were carried out with the elbow
flexed at approximately 90 degrees, as described in previous studies [28,29]. The examiner
provided upper arm stabilization to enhance and standardize activation conditions. For
the biceps brachii, the forearm was in a supinated position, while a neutral forearm
position was maintained for the triceps brachii. For the tibialis anterior, the foot was held
in dorsiflexion, and the toes were not extended, maintaining a neutral position of the foot.
For the gastrocnemius medialis, the foot was placed in plantar flexion with an emphasis
on elevating the heel more than pushing the forefoot downward. To achieve maximum
pressure in this position, pressure was applied against both the forefoot and the calcaneus,
ensuring a pointed, plantar-flexed position of the foot. The maximum value of the
resulting EMG envelope was determined, and this was averaged across the trials for each
test [30].

2.2.3. Stand-Up Paddle Stroke Assessment

All conditions were performed with the same SUP board (Itiwit 10'32"”5"), paddle
(Itwit 170-220 cm) and in the same location, and before starting, the height of the paddle
was individually adjusted (range 1.7-2.2 m) [21]. The protocol was performed on an
inland lake without current interference where the participants had to paddle in a straight
line (Figure 1). Before initiating data collection with the subjects, the temperature and
wind were analyzed to assess whether it was possible to perform the trials without
interference from external conditions. All trials were carried out in the direction of the
wind, being recorded daily, obtaining an average of 3.4 m.s™ (gentle breeze) using the
Beaufort Wind Scale [31].
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Figure 1. Schematic overview of the SUP field protocol.

Before initiating the official trials, the participants performed a 5-min warm-up
where they self-selected the frequency and rate of the paddling. Each subject performed 3
trials of stand-up paddling on the water at an individual pace. Then, to maintain the
forward movement when paddling, the participants were instructed to alternate paddle
sides after three strokes [9] during three trials of 65 m, the total distance covered was 195
m in a straight line limited by two floats indicating the beginning and end of the course.

The EMG measurement was synchronized with a digital video camera (Panasonic,
DC-FZ 1000II, Osaka, Japan) fixed on a tripod (Falcon eyes, FT-120, Hoogeveen, The
Netherlands) positioned at a distance of 20 m, perpendicular to the course, to record the
entire procedure. To synchronize the data, the subjects had to stand on the board in a T
position for 5 s and then tap on their arm biceps brachii three times before starting the
trials. The same gesture of tapping the biceps brachii three times occurred when each
subject finished the course.

2.2.4. Data Analysis

Initially, each video was cut according to the trials (Windows, media player) to later
synchronize the data with the EMG software (EMG and Motion Tools, V8, Cometa,
Bareggio Mi, Italy). The video analysis was connected with the event. In this study,
synchronization was processed by identifying visible peaks in the accelerometer signal. In
this way, it was possible to find the final and initial time of a propulsive phase in the EMG
data through the video sequence, with an accuracy of 33.3 ms on a video frame.

The “pulling” phase is the process in which the blade is completely immersed in
water and is swung backward to generate forward power [32]. In the “exit” and
“recovery” phases, the blade is pulled out of the water and returned to the starting
position before starting the next catch phase [9]. Event times were checked by a second
observer to identify errors. After that, four left and right cycle strokes were analyzed. The
first six cycle strokes of both sides were excluded from the analysis, as well as the first
stroke of each cycle, to eliminate the paddle transferring from side to side, which influences
the cycle parameters. After, phase cycle parameters (s) and stroke time parameters (%) were
calculated.

Signal processing was started by applying filters to the MVC file. EMG sensors
received raw EMG data and the first frequencies were removed with the following filters:
(i) a low pass filter with a cutoff frequency of 400 Hz and Butterworth filter with an order
of 4; (ii) a high Pass filter with a cutoff frequency of 20 Hz and Butterworth filter with an
order of 4. The maximum MVC activation values (uV) for each muscle were then
calculated and presented as percentage MVC (% MVC). The last procedure was to apply
the same filters to the signal taken from each trial, as well as to apply the MVC to the trial
file. Finally, the mean cycles were exported to an Excel file.
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2.3. Statistical Analysis

Descriptive statistics were calculated including mean, standard deviation, and
coefficient of variation for each phase and side. The normality plot tests of Shapiro-Wilk
were applied and, therefore, the Student’s t-test was used to compare the two sides, the
right and left sides, relative to the paddling movement. The statistical significance was set
to p < 0.05. The Cohen’s D effect size was calculated as an indicator of the magnitude of
the effect, with D considered a small effect if <0.2; a medium effect if <0.5; and a large effect
if >0.8 [33]. Statistical analysis was carried out using SPSS statistical software (IBM Corp.,
Armonk, NY, USA, version 20.0).

3. Results

Regarding the time in stroke cycle, the participants spend approximately 60% in the
recovery phase and 39% in the pull phase. There were no significant differences in the
stroke cycle parameters between left and right paddle stroke cycles (Table 1).

Table 1. Stroke cycle parameters regarding time (seconds) and percentage (%) of stroke phases
(recovery and pull phases) expressed as mean (mean + SD). p-values and effect sizes are also shown.

95% CI for Cohen’s D
Paddle Side Mean + SD p-Value Cohen’s D TS
Lower Upper
Left 1.50 £0.25
Stroke Time (s) nght . ; 0o 0.93 0.03 ~0.77 0.71
Left 0.92+0.20
Recovery Time (s) Ri;ht 0.91 l 0.19 0.83 0.08 -0.66 0.82
. Left 0.60+£0.11
Pull Time (s) Right 059 + 012 0.85 0.07 -067 0.82
Left 60.04 + 5.62
Recovery Phase (%) Ri;ht 60.97 : 556 0.66 -0.16 -0.91 0.57
Left 39.96 + 5.62
o, —
Pull Phase (%) Right 39.03 + 5.56 0.66 0.16 0.57 0.91

We observed higher muscle activation during the recovery phase for the upper limbs
on the left paddling side in the biceps brachii adjacent (18.6% MVC), upper trapezius
adjacent (18.3% MVC) and opposite (33.1% MVC). During the pull phase, higher
activation was observed in the triceps brachii adjacent (38% MVC) and opposite (51%
MVC) (Figure 2). Regarding the lower limbs, higher muscle activation was observed in
the tibialis anterior for the adjacent and opposite sides of the body, but higher activation
in the pull phase compared with the recovery phase (Figure 2).
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Figure 2. Muscle activity (% MVC) patterns for the left paddling side stroke concerning the stroke
cycle and regarding the muscles of the opposite and adjacent sides of the body.

For the upper limbs on the right paddling side, higher muscle activation was
observed during the recovery phase in the muscles: upper trapezius adjacent (27.4%
MVC) and opposite (20.4% MVC). During the pull phase, higher activation was observed
in the triceps brachii adjacent (39.1% MVC) and opposite (39.49% MVC). The lower limbs
had the same behavior for muscle activity as the left paddling side (Figure 3).

Upper Trapezius - Right Adjacent Triceps Brachii - Right Adjacent Biceps Brachii- Right Adjacent

30
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Figure 3. Muscle activity (%MVC) patterns for the right paddling side stroke concerning the stroke
cycle and regarding the muscles of the opposite and adjacent sides of the body.
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On the right paddling side, in the pull phase, there were significant differences
between the opposite side and the adjacent side in the upper trapezius and, in the recovery
phase, differences were also found in the upper trapezius and biceps brachii (Table 2).
Regarding the left paddling side, there were significant differences in the pull phase
between the opposite side and the adjacent side in the upper trapezius and biceps brachii,
and in the triceps brachii during the recovery phase (Table 3).

Table 2. Mean + SD of the %MVC for the comparison between the pull and recovery phases of a full
stroke cycle, on the right paddling side, on the opposite and adjacent sides of the body during all
five studied muscles. p-values and effect sizes are also shown.

95% CI for

Phases Muscles (Oo/fifs;(t:e) ? /jﬁi]eg; p-Value Cohen’s D Cohen’s D
Lower Upper
Upper trapezius 24.35+8.75 12.28 +6.98 0.01 1.53 0.66 2.36
Triceps brachii 10.67 +5.10 10.02 + 4.50 0.72 0.13 -0.61 0.87
Pull Biceps brachii 7.41+3.86 8.51+2.80 0.40 -0.33 -1.07 0.43
Tibialis anterior 10.18 + 6.36 12.24+7.70 0.45 -0.29 -1.04 0.45
Gastrocnemius medialis ~ 10.98 +4.86 8.45 +4.06 0.15 0.56 -0.19 1.32
Upper trapezius 14.78 + 6.37 10.21 +5.49 0.05 0.77 -0.01 1.53
Triceps brachii 33.57+£17.03 3292 +£16.06 0.92 0.04 -0.71 0.78
Recovery Biceps brachii 4.80+2.17 8.36 £5.11 0.03 -0.91 -1.68 -0.12
Tibialis anterior 1790+11.76  18.70+9.73 0.85 -0.07 -0.82 0.67
Gastrocnemius medialis ~ 10.43 +4.86 10.73 £ 6.85 0.90 -0.05 -0.79 0.69
Table 3. Mean + SD of the %MVC comparison between the pull and recovery phases of a full stroke
cycle, on the left paddling side, on the opposite and adjacent sides of the body during all five studied
muscles. p-values and effect sizes are also shown.
. . 95% CI for
Phases Muscles 22&?2? ﬁ /fﬁifg; p-Value Cohen’s D Cohen’s D
Lower  Upper
Upper trapezius 27.60 £12.65 10.77 +5.68 0.01 1.72 0.83 2.58
Triceps brachii 14.11 + 6.30 11.35+6.63 0.27 0.43 -0.33 1.17
Pull Biceps brachii 6.99 +2.68 9.24+3.20 0.05 -0.76 -1.52 0.02
Tibialis anterior 13.14+7.71 13.56 +7.78 0.89 -0.05 -0.79 0.69
Gastrocnemius medialis  10.43 + 5.00 9.42 +3.37 0.54 0.24 -0.51 0.97
Upper Trapezius 11.85+4.92 10.21 +6.15 0.44 0.29 -0.46 1.04
Triceps brachii 42.25+18.77 29.96 +10.44 0.04 0.81 0.03 1.58
Recovery Biceps brachii 6.09 £4.32 9.67 £7.82 0.15 -0.57 -1.31 0.19
Tibialis anterior 19.59 +£9.89 17.67 +11.09 0.63 0.18 -0.57 0.93
Gastrocnemius medialis  10.12 + 5.52 12.04 £4.91 0.34 -0.37 -1.12 0.38

Differences were found in all muscles of the upper limb and in the tibialis anterior on
the opposite side. On the adjacent side, differences were observed only in the triceps
brachii (Table 4). On the left paddling side, significant differences were found in the upper
trapezius and the biceps brachii on the opposite side, and in the triceps brachii on the
adjacent arm (Table 5).
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Table 4. Mean + SD of muscle activation (%MVC) for the comparison between the pull and recovery
phases on the right paddling side. p-values and effect sizes are also shown.

95% CI for
Body Side Muscles Pull Recovery  p-Value Cohen’s D Cohen’s D
Lower Upper
Upper trapezius 24.35+8.75 14.78 + 6.37 0.03 1.26 0.43 2.05
Triceps brachii 10.67 £5.10 33.57 +17.03 0.01 -1.82 -2.69 -0.92
Opposite (%) Biceps brachii 7.41+3.86 4.80+2.17 0.04 0.83 0.05 1.60
Tibialis anterior 10.18 + 6.36 17.90 + 11.76 0.04 -0.82 -1.58 -0.04
Gastrocnemius medialis ~ 10.98 +4.86 10.43 + 4.86 0.77 0.12 -0.63 0.85
Upper trapezius 12.28 £6.98 10.21 +£5.49 0.39 0.33 -0.42 1.07
Triceps brachii 10.02 + 4.50 32.92 +16.06 0.01 -1.94 -2.84 -1.02
Adjacent (%) Biceps brachii 8.51+2.80 8.36 +5.11 0.93 0.04 -0.71 0.77
Tibialis anterior 12.24+7.70 18.70 +9.73 0.06 -0.74 -1.49 0.04
Gastrocnemius medialis 8.45+4.06 10.73 + 6.85 0.30 -0.41 -1.16 0.35
Table 5. Mean + SD of muscle activation (%MVC) for the comparison between the pull and recovery
phases on the left paddling side. p-values and effect sizes are also shown.
95% CI for
Body Side Muscles Pull Recovery  p-Value Cohen’s D Cohen’s D
Lower Upper

Upper trapezius 27.60 + 12.65 11.85+4.92 0.01 1.64 0.76 2.49
Triceps brachii 14.11+6.30  42.25+18.77 0.01 -2.01 -2.92 -1.08
Opposite (%) Biceps brachii 6.99 +2.68 6.09 +4.32 0.51 0.25 -0.49 0.99
Tibialis anterior 13.14+7.71 19.59 +9.89 0.07 -0.73 -1.48 0.05
Gastrocnemius medialis ~ 10.43 +5.00 10.12 +5.52 0.88 0.06 -0.68 0.79
Upper trapezius 10.77 +5.68 10.21 +6.15 0.80 0.95 -0.64 0.84
Triceps brachii 11.35+6.63 29.96 +10.44 0.01 -2.13 -3.05 -1.17
Adjacent (%) Biceps brachii 9.24+3.20 9.67 +7.82 0.85 -0.07 -0.82 0.67
Tibialis anterior 13.56 £7.78 17.67 £11.09 0.27 -0.43 -1.17 0.33
Gastrocnemius medialis 9.42 +3.37 12.04 +4.91 0.11 -0.63 -1.37 0.14

4. Discussion

The results of this study revealed that the participants spent more time in the
recovery phase than in the pull phase. Furthermore, the muscles with the highest level of
muscle activation were the upper trapezius and triceps brachii muscles of the upper limb,
as well as the tibialis anterior muscle of the lower limb. Lastly, these findings showed that
the muscles on the opposite side of the stroke had more activity than the adjacent muscles
throughout the paddling cycle.

The subjects in this study spent a higher amount of time in the recovery phase (60%)
compared to the pull phase (39%). This contrasts with the findings of a previous study
conducted by Ruess et al. [17], which reported a distribution of 52% for the power phase
exit, and 12.75% for the recovery phase. The differences in these results can be attributed
to variations in the experience levels of the study participants, as well as the fact that Ruess
et al. [17] used an ergometer. This laboratory setup did not consider external conditions
such as water or wind that might introduce additional perturbations and instability to the
paddler [14].

Upon comparing these results regarding muscle activation with those of a study
conducted by Tsai et. al. [9], it was observed that the results concerning the upper
trapezius muscle are similar, especially when the subjects spent more time in the pull
phase. This similarity was also observed in the present study in the opposite arm during
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left and right paddling strokes. For the biceps brachii muscle, the results were similar
when the subjects spent more time in the recovery phase, and in this study, the muscle
showed higher activation in the adjacent arm in the left and right paddling strokes.
Similarly, the results for the gastrocnemius medialis muscles were similar when the
subjects spent more time in the recovery phase and showed higher activation in the
opposite and adjacent arms in the left and right paddling strokes.

However, the present study showed a disagreement regarding the triceps brachii
muscle, which showed higher activation during the recovery phase than the tibialis
anterior muscle, whereas in the study of Tsai et. al. [9], the triceps brachii muscle showed
higher activation during the pull phase. Trevithick et al. [34] conducted an EMG study
using a kayak ergometer and reported that during the pull phase of kayak paddling, a
consistent pattern of activity was observed in the supraspinatus, upper trapezius, and
latissimus dorsi muscles. Specifically, the supraspinatus muscle showed an increase in
activity from 20% to nearly 80% of the average maximum activity during the paddling
cycle.

During the exit phase, a consistent pattern of activity was demonstrated in the
latissimus dorsi, rhomboid major, and serratus anterior muscles, with this short phase of
the paddling cycle oscillating between 15% and 30% of the average maximum activity.
Lastly, during the recovery phase, a consistent pattern of activity was demonstrated in the
supraspinatus and upper trapezius muscles. The muscles showed an initial rapid linear
decrease in activity between 40% and 50% of the average maximum activity, followed by
a short-duration, small increase in activity during the mid-recovery phase. The tibialis
anterior muscle is highly activated when the ankle joint is perturbed and deviates from
the normal trajectory toward plantar flexion, whereas the gastrocnemius is active when
the ankle shows increased dorsiflexion [35].

In the current study, it was observed that the triceps brachii muscle in the pull phase
showed higher activation in the opposite arm, regardless of whether it was during the
right or left paddling stroke. Nevertheless, Tsai et al. [9] observed that the triceps brachii
muscle acted mainly from the later stage of the recovery phase to the middle stage of the
pull phase. The difference in results can be attributed to the fact that Tsai et al. [9]
compared EMG activation in different postures, namely in the standing position, where
they found higher triceps brachii activation.

Previous research analyzing the front crawl stroke in swimming using EMG has
suggested that the scapular rotators are active throughout the paddling stroke, with the
greatest activity occurring during the entry and exit phases and the lowest during the
propulsive phase [36,37]. In the present study, it was found that the upper trapezius
muscle had higher activity during the recovery phase and its behavior varied depending
on the paddling side. Specifically, when paddling on the left side, the upper trapezius
exhibited higher activity in the opposite arm, while when paddling on the right side, the
upper trapezius showed higher activity in the adjacent arm; this could be due to the fact
that all of the participants were right-handed.

The tibialis anterior, during the pull phase, had higher muscle activation than the
gastrocnemius medialis in the lower limbs, which contrasts with Tsai et al. [9] findings
that the gastrocnemius medialis was more activated in the standing position and during
the pull phase, with the tibialis anterior reacting to the instability of the SUP board. When
analyzing the upper and lower limbs together, it appears that the lower limbs act as
stabilizers, helping to balance the board during the pull phase, while the upper limbs act
as propulsors. This suggests that the lower limbs may be more activated during the pull
phase due to their role in stabilizing the movement of the upper limbs and the board.

Significant differences were observed in the muscle activation of all upper limb
muscles during the pull and recovery phases of the paddling stroke, as well as in the
tibialis anterior muscle of the lower limb on the opposite side (right paddling side),
indicating that the muscles on the opposite side play an important role during the
paddling cycle, as mentioned by Dyson et al. [24]. This could be attributed to the
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compensatory mechanism of the opposite side to control the oscillations and wobbling of
the SUP board, as previously reported by Ruess et al. [5].

Several limitations need to be acknowledged in this study. Firstly, the number of
stroke cycles analyzed was relatively small, which may limit the generalizability of the
findings. Future studies with a larger number of stroke cycles may provide a more
comprehensive understanding of the impact of fatigue on paddling mechanics. Secondly,
this study did not analyze the role of core muscles in the paddling stroke cycle, which can
be an important factor in the development of fatigue. Incorporating core muscle analysis
into future studies may provide a more holistic view of the effects of fatigue on paddling
mechanics. Finally, the sample population consisted of recreational paddleboarders,
which may not reflect the experiences of more experienced paddleboarders. It would be
beneficial to recreate this study with a more diverse sample, including both experienced
and inexperienced paddleboarders to better understand the impact of fatigue on paddling
mechanics at different levels of expertise.

A better understanding of the role of upper and lower body muscles during the
paddling stroke can be valuable for paddleboarders looking to improve their conditioning
and technique.

The findings of this study suggest that training programs should be designed
considering that stimulation of opposite and adjacent muscles depends on the side of the
paddling stroke and stroke phases. Taking into account that the development of force
applied in the propulsive and recovery phases can improve muscle recruitment, coaches
and athletes should consider the importance of switching movements between the two
sides of the stroke and in this way, promote balance in muscle recruitment. Therefore,
incorporating these recommendations into a comprehensive training regimen can
potentially improve overall paddling performance.

5. Conclusions

The findings of the current study indicate that the muscles on the opposite side of the
paddle exhibited higher activity compared to the muscles associated with the paddle side.
In SUP, athletes can choose to alternate the paddling side for technical or tactical reasons.
Instructors can observe the performance of SUP practitioners and recommend switching
movements to promote muscle balance and reduce muscle fatigue on the paddling side.
These observations and recommendations can be easily incorporated into SUP training
programs to improve overall paddling efficiency and reduce the risk of injury.
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