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Featured Application: For SUP participants, switching SUP postures can activate different muscle
groups and achieve full-body or particular training with this sport. For SUP instructors, muscle
activation requirements in different postures can be used as evaluation indicators of training
effectiveness and references for training program design.

Abstract: Background: This study aimed to understand individual muscle use in different paddling
postures in stand-up paddle boarding (SUP). Methods: Sixteen college students were recruited in
this study. Surface electromyography of 16 muscles on the dominant side was recorded. Results: In
the time series, the biceps muscle exhibited a continuous activation pattern in the pull phase when
kneeling, whereas when standing, the muscle contracted considerably in the exit and recovery phases,
implying that it plays different roles in the two postures. The biceps also exhibited significantly higher
muscle activation in the kneeling position than it did in the standing position. The maximum muscle
activity levels of the external oblique abdominis and triceps were significantly higher when standing
than when kneeling. In addition, an unstable SUP board activated the gastrocnemius to help paddlers
maintain stability on a swaying surface. Moreover, additional power from the wrist flexor must be
used in the recovery and catch phases to stabilize paddle control in the standing position. Conclusion:
The knowledge that changes in SUP posture activate different muscle groups can enhance training
efficiency and provide a reference for designing individualized training programs.

Keywords: stand-up paddle; muscle activity; posture

1. Introduction

Stand-up paddle boarding (SUP) is a Hawaiian paddle sport derived from surfing.
Unlike traditional surfing, during which participants sit on a board until a wave arrives, SUP
requires that boarders stand on a board and use a paddle to push themselves on water. The variations
of SUP include flat-water paddling for outdoor recreation, fitness, or sightseeing, paddle-board racing,
and paddle-board yoga. By 2003, the Encyclopedia of Surfing had never reported on SUP [1]; however,
a few years later, according to the SUP industry statistics, the sales revenue of stand-up paddle boards
exceeded US$720 million [2]. SUP has become the world’s fastest growing water leisure activity [3,4].
This water activity can be performed in different environments, such as calm lakes, rivers, or open
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oceans, and people typically participate in SUP for one or more hours. Participants must learn
how to use the power of various body parts to paddle in different environments [5] and maintain
dynamic stability at all times. To maintain ideal paddle posture, muscles in trunks, upper limbs,
and buttocks and knee and ankle joints are activated and coordinated throughout movement and
constantly stimulate balance perceptual receptors to maintain stable paddling when standing on an
unstable board. Continually and correctly performing a correct paddle action when balancing the
interference from the board buoyancy and the blade resistance is challenging. Contracting core muscles
is necessary to establish a stable basis for paddle movements that require constant muscle activation
and sufficient strength to maintain long-term activation. The goal of SUP is using a kinetic train to
transfer the core strength to upper limbs to enhance propulsion power.

Many websites and reports claim that long-term participation in SUP can improve muscle strength,
fitness, core muscle stability, and balance as well as reducing lower back pain. Although SUP is also
generally regarded as an effective full-body workout, few studies are in progress, and little scientific
evidence can confirm these benefits. Studies related to SUP have included only research on topics such
as sports injury epidemiology [6–8], body composition analysis, and respiratory metabolism [9–12].
Other studies have analyzed the effectiveness of exercise training intervention [13,14]. One biomechanics
study [15] used surface electromyography (EMG) to observe muscle activity during SUP on a training
machine and at sea, demonstrating that muscle activation during the water-based test started sooner
and was maintained longer than that during the dynamometer test. They concluded that the training
effect on water was more beneficial than that on the training machine because of longer myoelectric
signal activation [15]. These studies have mostly focused on professional paddle boarders and SUP
competitions rather than recreational paddle boarders or beginners.

During performing long-distance leisure paddling, paddlers must often alternate between kneeling
and standing positions in accordance with personal physical conditions. Until now, the biomechanical
understanding of paddling in these two postures remains limited. Regardless of whether SUP is
considered from the perspective of exercise training or exercise fatigue, understanding the difference
between the two postures is necessary. Therefore, this study examined the muscle group activation in
various parts of the body by using EMG signals during SUP in kneeling and standing positions.

2. Materials and Methods

2.1. Participants

The study enrolled 16 college students, who received 8 weeks of basic SUP training. Their
average age was 23.1 ± 1.8 years. Their average height and weight were 175.22 ± 5.30 cm and 70.83
± 10.58 kg, respectively. Each participant was informed regarding the testing procedure before a
formal test to ensure that they clearly understood the content and purpose of the research before
testing. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of Kaohsiung Medical University Chung-Ho Memorial Hospital
(KMUHIRB-E(I)-20170042).

2.2. Equipment

2.2.1. SUP Board and Paddle

This study used an inflatable SUP board that was 294.6 cm long, 81.3 cm wide, and 11.5 cm thick
and had a weight of 9.4 kg and a maximum load capacity of 95 kg (WILDAIR 11’6", SAFE SUP, Italy).
A two-section carbon fiber paddle was used with an adjustable length from 165 to 220 cm, a weight of
610 g, and a paddle area of 580 cm2. For the standing position, the paddle length was adjusted to be
3–4 cm taller than that of the participant in accordance with the recommendation of Laird Hamilton
(the pioneer of SUP). For the kneeling position, the paddle was adjusted to the shortest length.
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2.2.2. Wireless EMG System (Delsys Trigno)

In this study, the Trigno Wireless Electromyography System (Delsys Inc., Natick, Massachusetts,
USA) was used to collect data with a sampling frequency of 2000 Hz. In addition, a Trigno wireless
sensor’s integrated three-axis accelerometer was used to segment the paddling stages. An EMG
system was used on the following muscles on the dominant side of the body: the upper-body muscle
group included the pectoralis major, latissimus dorsi, lower trapezius, biceps brachii, triceps brachii,
and wrist flexor and extensor; the trunk and lower body muscles included the rectus abdominis,
external oblique muscle, erector spinae, multifidus, gluteus maximus, rectus femoris, biceps femoris,
tibialis anterior, and gastrocnemius. The EMG sensors were placed along the longitudinal midline of
the target muscle in accordance with the recommendations of the Surface Electromyography for the
Noninvasive Assessment of Muscles project (SENIAM) [16].

2.3. Procedure

Before starting the experiment, participants shaved body hair if necessary and lightly abraded
their skin to provide low noise levels for EMG recordings. Wireless EMG sensors were then fixed
longitudinally over the muscle bellies and wrapped with a 3M Tagaderm film (3M Deutschland GmbH)
for waterproofing. In addition, the accelerometer was placed 5 cm below the handle of the paddle.
The positive direction of the acceleration x-axis was upward, the y-axis was toward the inside of the
paddle, and the z-axis was toward the rear (see Figure 1). This setup was used to detect four stroke
phases for signal segmentation.

Figure 1. Accelerometer sensor placement and axis orientation.

The testing site was an outdoor swimming pool that was 25 m long. To maintain the forward
movement when paddling, participants alternated sides after three strokes. Each participant paddled
back and forth twice in a high kneeling position and a standing position in a random order. Participants
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were instructed to paddle at a comfortable speed to simulate a real paddling situation. Generally, data
for 5–6 strokes could be recorded in a 25 m swimming pool. Data in the acceleration and deceleration
periods were discarded. Finally, only one data set captured, when the participants moved just halfway
across the pool, was adopted for analysis. A total of four trips contained four records.

2.4. Data Analysis

First, one SUP stroke movement was separated into four phases: catch, pull, exit, and recovery.
“Catch” refers to the process of placing the paddle blade in water. The “pull” phase is the process, in
which the blade is completely immersed in water and is swung backward to generate the forward
power [17]. In the “exit” and “recovery” phases, the blade is pulled out of water and returned to the
starting position before starting the next catch phase. In this study, accelerometer data were used to
segment the four phases (exit, recovery, catch, and pull) during one stroke. For example, we analyzed
stroke data for right-handed participants when they paddled on the right side. At this moment,
they placed their left hands (grip hands) on top of the paddle and held a shaft with their right hand to
provide propulsion force. Data were treated as a cycle from the beginning of the exit period to the
end of the next pull period. The time for one paddle cycle was normalized to 0%–100%. The EMG
sensors received raw EMG data and first removed frequencies less than 3 Hz and greater than 1000 Hz.
After signal rectification, a 20–450 Hz bandpass filter and a 60 Hz notch filter were used. Finally, a root
mean square (RMS) envelope with a window of 0.125 seconds was used. The average and maximum
EMG activation values (µV) for each muscle were then calculated. The time series analysis of each
muscle activation was based on 50% of the peak activation value. Here, the same peak value was used
for kneeling and standing. The period greater than 50% was defined as the main activation period,
and that less than 50% was the nonactivation period. The starting and termination of activation for
each muscle group were defined using the starting and ending times of the main activation period,
respectively, and all muscle activation and termination times were presented as a percentage of the
paddle cycle (% paddle cycle).

2.5. Statistical Analyses

The SPSS statistical software version 20.0 (IBM Corp., Armonk, NY, USA) was used for statistical
analyses. A paired t test was used to determine differences in the average and maximum EMG
activation values of each muscle group as well as the starting and termination activation times between
the standing and kneeling positions. The statistical significance was set to p < 0.05.

3. Results

Figure 2 illustrates the on–off muscle timing in the two paddling positions, and Table 1 analyzes
the time difference in the activation sequence. A significant EMG difference was observed between
the positions in starting activation times in the biceps, wrist flexor, external oblique abdominis,
erector spinae, gluteus maximus, and rectus femoris and those in the termination times in the biceps,
wrist flexor, rectus femoris, and gastrocnemius.



Appl. Sci. 2020, 10, 2356 5 of 10

Figure 2. Muscle activation sequence in different stages of paddling in different postures. (K): kneeling
position; (S): standing position.
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Table 1. Comparison of the starting and ending activation time for each muscle group in different
paddling positions (unit: % paddle cycle).

Starting Activation Time Ending Activation Time
Kneeling Standing p-Value Kneeling Standing p-Value

Shoulder and
upper limb

muscles

Pectoralis
major 61.25 ± 8.92 54.25 ± 8.93 0.06 83.42 ± 7.22 90.42 ± 3.99 0.05

Lower
trapezius 56.58 ± 8.11 59.08 ± 8.47 0.13 87.75 ± 4.85 92.50 ± 2.91 0.10

Latissimus
dorsi 59.30 ± 3.68 57.20 ± 7.55 0.46 90.30 ± 4.72 93.30 ± 2.87 0.10

Biceps
brachii 64.42 ± 8.98 4.75 ± 3.84 <0.01 92.58 ± 2.91 39.17 ± 5.57 <0.01

Triceps
brachii 39.67 ± 9.61 41.44 ± 11.23 0.63 81.56 ± 5.05 81.33 ± 5.48 0.94

Wrist flexor 58.33 ± 14.33 39.17 ± 10.53 0.01 90.67 ± 6.53 82.42 ± 6.96 0.03
Wrist

extensor 7.33 ± 10.50 6.78 ± 8.03 0.63 41.67 ± 7.87 47.11 ± 6.09 0.07

Trunk muscle
group

Rectus
abdominis 60.73 ± 6.13 56.91 ± 5.17 0.11 90.09 ± 5.01 88.73 ± 3.90 0.38

External
oblique 62.25 ± 7.36 54.92 ± 5.11 0.01 86.58 ± 4.72 90.25 ± 3.93 0.08

Erector
spinae 53.42 ± 12.70 58.42 ± 9.43 0.01 86.50 ± 6.23 88.50 ± 4.77 0.37

Multifidus 8.78 ± 7.10 9.11 ± 5.86 0.66 45.67 ± 5.36 47.89 ± 7.27 0.25

Lower limb
muscles

Gluteus
maximus 22.08 ± 13.84 41.25 ± 7.51 <0.01 78.42 ± 7.50 81.42 ± 4.08 0.26

Rectus
femoris 52.54 ± 7.20 45.54 ± 6.59 <0.01 88.46 ± 5.40 80.31 ± 3.68 0.02

Biceps
femoris 56.91 ± 11.63 61.45 ± 8.34 0.05 89.55 ± 4.25 85.73 ± 6.42 0.06

Tibialis
anterior 53.27 ± 12.78 53.73 ± 12.84 0.79 92.45 ± 3.42 91.73 ± 4.03 0.61

Gastrocnemius 5.70 ± 6.73 5.90 ± 5.74 0.59 68.30 ± 8.99 44.90 ± 6.98 <0.01

Tables 2 and 3 present the average and maximum EMG activation values of each muscle group
in the two positions, respectively. The difference in average EMG activation value for each muscle
group was nonsignificant in different postures. However, the biceps tended to have a larger maximum
EMG activation value in the kneeling position than in the standing position. The maximum EMG
activation values for the triceps, external oblique abdominis, and gastrocnemius were larger in the
standing position than in the kneeling position.

Table 2. Average activation of each muscle in different postures (µV).

Kneeling Standing p-Value

Shoulder and upper limb
muscles

Pectoralis major 2.72 ± 3.06 2.85 ± 3.08 0.57
Lower trapezius 8.16 ± 5.90 9.78 ± 8.06 0.31
Latissimus dorsi 7.33 ± 4.97 7.52 ± 6.12 0.84

Biceps brachii 21.28 ± 17.00 20.17 ± 19.26 0.73
Triceps brachii 6.82 ± 4.91 7.58 ± 5.28 0.61

Wrist flexor 16.62 ± 16.48 14.90 ± 16.18 0.42
Wrist extensor 17.14 ± 9.54 15.03 ± 6.13 0.32

Trunk muscle group

Rectus abdominis 3.43 ± 3.02 2.94 ± 1.66 0.44
External oblique 2.87 ± 1.57 2.59 ± 1.41 0.44
Erector spinae 9.42 ± 14.45 9.30 ± 14.43 0.85

Multifidus 5.57 ± 4.33 4.64 ± 3.07 0.23

Lower limb muscles

Gluteus maximus 1.77 ± 0.72 1.63 ± 0.70 0.11
Rectus femoris 3.38 ± 1.67 5.28 ± 3.66 0.10
Biceps femoris 3.05 ± 1.99 4.23 ± 1.75 0.10

Tibialis anterior 10.16 ± 4.46 10.12 ± 5.65 0.97
Gastrocnemius 2.32 ± 2.00 3.60 ± 2.38 0.06
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Table 3. Maximum activation of each muscle in different postures (µV).

Kneeling Standing p-Value

Shoulder and upper limb
muscles

Pectoralis major 4.26 ± 6.30 4.20 ± 2.94 0.97
Lower trapezius 17.32 ± 10.95 26.43 ± 22.52 0.19
Latissimus dorsi 14.53 ± 14.35 18.21 ± 16.34 0.40

Biceps brachii 59.05 ± 45.98 28.44 ± 24.70 0.02
Triceps brachii 10.61 ± 9.02 25.70 ± 17.57 0.02

Wrist flexor 37.76 ± 33.73 21.38 ± 12.70 0.12
Wrist extensor 52.89 ± 55.29 35.46 ± 15.22 0.24

Trunk muscle group

Rectus abdominis 8.08 ± 10.37 10.69 ± 10.21 0.31
External oblique 2.53 ± 1.47 5.04 ± 2.47 <0.01
Erector spinae 20.93 ± 28.18 14.52 ± 15.55 0.33

Multifidus 9.59 ± 7.25 8.14 ± 5.71 0.33

Lower limb muscles

Gluteus maximus 2.71 ± 1.45 2.34 ± 1.22 0.13
Rectus femoris 5.78 ± 3.11 9.52 ± 6.97 0.10
Biceps femoris 7.01 ± 8.14 10.45 ± 5.12 0.15

Tibialis anterior 22.92 ± 15.33 24.15 ± 17.35 0.81
Gastrocnemius 4.50 ± 3.80 8.90 ± 5.68 0.03

4. Discussion

Although SUP is a recreational activity, the training and fatigue effects on each muscle group
caused by sustained paddling on an unstable water surface should not be underestimated. Although
this study could not directly demonstrate these effects (including training or fatigue effects), the
changes after long-term muscle use were evident. To provide relevant information to practitioners, the
possible effects of different postures on each muscle group are described as follows.

4.1. Trunk Muscle Group

Regarding the activation timing (Figure 2), both the rectus abdominis and external oblique
abdominis muscles were activated in advance in the catch stage when standing. Table 1 indicates that
the rectus abdominis was first activated at 56.91% and the external oblique abdominis initiated muscle
firing at 54.92% of the cycle time. By contrast, in the kneeling position, the two muscles started to
be activated only during the pull period (60.73% in the rectus abdominis and 62.25% in the external
oblique muscle). We inferred that, in a relatively unstable stance, the core must be stabilized in advance
to facilitate the limb strength transmission. According to the study conducted by Ruess et al. (2013),
when a paddling action was performed on an unstable water surface, core muscles were first activated
early in the pull phase to provide posture stability and standing balance, and then thigh and shoulder
muscles continued to be activated late in the pull phase to provide the driving force for propulsion [15].
The core muscle group was located at the body’s center of gravity (COG), affected the functional
efficiency of the kinetic chain and enhanced the transmission and control of the limb strength [18]. By
contrast, erector spine muscles were activated earlier in the kneeling position than in the standing
position (53.42% vs. 58.42%, p < 0.05) and were more likely to be activated in the catch stage (Figure 2).
We inferred that the catch action can be performed using more torso rotation in the standing position
whereas in the kneeling position the paddle can only be inserted into the water by arching the back
and extending the arm, necessitating the recruitment of the erector spinae during the catch phase to
facilitate this action.

As shown in Table 3, the difference in the maximal activation values for the external oblique
abdominis muscle in the kneeling and standing positions was significant (2.53 vs. 5.04 µV, p < 0.05),
and a larger external oblique abdominis muscle firing was observed in the standing position. This
echoes the finding that the catch action can be accomplished using more torso rotation in the standing
position. As a result, during the pull period, torso rotation provided by the external oblique abdominis
muscle can be fully used to enhance the paddling force.
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4.2. Shoulder and Upper Limb Muscles

The maximum activation value of the biceps muscle in the kneeling position was significantly
higher than that in the standing position (59.05 vs. 28.44 µV; Table 3), and the activation time series
were also different between the positions. As illustrated in Figure 2, the biceps muscles mainly acted
during the recovery phase in the standing position and during the pull phase in the kneeling position.
Because the degree of torso rotation was small in the kneeling position, we inferred that the pulling
force mainly originated from the arm. The biceps was activated to help pull the arm from the front to
the ventral side of the body to perform the paddle stroke. By contrast, in the standing position, the
biceps muscle was mainly activated from the late pull phase to the recovery phase. We presumed
that it played a role in shoulder flexion by assisting the opposite-side upper hand to lift the paddle.
The triceps muscle mainly acted from the later stage of the recovery phase to the middle stage of
the pull phase in both positions. A higher maximum activation value was observed in the standing
position than in the kneeling position (25.70 vs. 10.61 µV; Table 3). This is unsurprising, because SUP
players are often trained to straighten their arms and twist their torsos while paddling. This inevitably
increases the activation of the triceps, but this action is difficult to perform while kneeling, thereby
causing this difference. In addition, the difference between the kneeling and standing postures in
movement patterns from the exit to recovery phases may be caused by the length of the paddle. A
longer paddle is harder to control than a shorter paddle, and this influences the wrist flexor muscle
when standing. As shown in Table 1, the starting time of the wrist flexor muscle in the standing
position was 39.17%, whereas that in the kneeling position was 58.33%, indicating that the paddling in
the standing posture required an earlier and more precise wrist movement to operate the paddle in the
later stage of recovery.

4.3. Lower Limb Muscles

As depicted in Table 3, the gastrocnemius muscle activation was higher in the standing position
and must start in the pull phase (Figure 2). We speculated that this is due to the higher COG
accompanied by larger swaying motions [19] in the standing position, which increased the need
of maintaining balance. The gluteus maximus muscle of the single joint muscle group began to be
recruited during the recovery period when kneeling (Figure 2). The causes may be similar to those of
the erector spinae. In this case, the hip joint hyperextended to assist the straight back in extending
the paddle as far as possible in front of the body to facilitate the next step of inserting the paddle into
the water. In the pull phase, in response to the instability of the SUP board, most of the lower limb
muscles, including the gluteus maximus, rectus femoris, biceps femoris, and tibialis anterior muscle,
were activated simultaneously.

4.4. Application in SUP Course Teaching

Although the difference was nonsignificant, the abdominal muscles had higher maximum
activation values, when the participants were in the standing position, and a significant difference was
observed in the external oblique abdominis. Behm et al. (2005) proposed that exercise that effectively
enhances core muscles should be performed on an unstable surface [20]. In this study, the stance
instability substantially increased in the standing position. To maintain stability and balance in an
unstable state, the human body exhibited a higher degree of muscle activation than it did in the steady
state. In other words, the combination of an unstable plane and a muscle strength training can increase
the degree of muscle activation and improve the training effectiveness. The research has confirmed
that six weeks of SUP simulator training significantly improved core muscle group endurance [14]
and that the core muscle group strength significantly increased static and dynamic balance ability [21].
Ruess et al. (2013) demonstrated that dynamic balance ability can be significantly improved after 30
minutes of SUP training on water [10]. Furness et al. [7] also demonstrated that elite stand-up paddlers
had more favorable static balance than recreational paddlers did, indicating that an SUP workout can
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achieve core strengthening after long- or short-term training to improve balance ability. In the kneeling
position, because trunk and lower limb movements are limited, the main source of paddling power
is the upper arm force. Thus, more upper arm muscle group activation is required in the kneeling
position. These results demonstrated that muscle use is adjusted in different postures. SUP participants
can achieve full-body or particular training through this sport. For SUP instructors, muscle activation
requirements in different postures can be used as evaluation indicators of training effectiveness and
references for training program design. The evidence can also be used to develop a common approach
to teaching or coaching standards in paddle sports. For example, for SUP practitioners, who often have
pain or injuries due to incorrect movement in the shoulder and elbow joints when paddling, gaining an
understanding of muscle groups activated in each phase can help instructors adjust excessive arm use
in trainees and recommend the use of the whole body to minimize injury risk during SUP. Moreover,
the evidence in this study suggested that switching SUP postures when fatigued can help paddlers
complete challenges requiring longer distances.

5. Conclusions

The SUP in the kneeling position increased the demand for the biceps, whereas the standing
position increased the demand for the core and lower limb muscles. In various outdoor water
environments, paddlers can switch between postures at any time for amusement. The knowledge that
SUP posture changes can activate different muscle groups can enhance training efficiency and provide
reference for designing individualized training programs.

6. Patents

This section is not mandatory but may be added, if there are patents resulting from the work
reported in this manuscript.
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