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Featured Application: Rowing on an air seat cushion with pressure set to 140 mmHg and using a
low rowing cadence is suitable for beginners to increase the muscle oxygenation of the low back.
If the purpose is to increase the cardiopulmonary function and muscle oxygenation, fast rowing
on an air seat cushion with pressure set to 80 mmHg is recommended.

Abstract: This study investigated the effects of rowing with different seat cushion and cadence
conditions on oxyhemoglobin (O2Hb) and total hemoglobin (tHb) levels of the erector spinae (ES) as
well as the effects on heart rate (HR) and ratings of perceived exertion (RPE). Thirty healthy adults
completed tests under three unstable air seat cushion pressure levels (0, 80, and 140 mmHg) and
three rowing cadences (slow: 18 bpm, medium: 30 bpm, and fast: 36 bpm) on a rowing machine, for a
total of nine test conditions. During the exercise period, rowing on cushions set to 80 mmHg resulted
in greater O2Hb and tHb changes than did rowing at 0 mmHg (p < 0.05). When rowing cadence
increased, the O2Hb and tHb decreased during the exercise period, whereas HR and RPE increased
(p < 0.05). During the recovery period, O2Hb and tHb on cushions set to 140 mmHg during slow
rowing were higher than those at 0 mmHg during slow rowing and 140 mmHg during fast rowing
(p < 0.05). Rowing on an appropriate pressure of seat cushion and using a slow cadence contribute to
increasing muscle oxygenation of low back during exercise.

Keywords: unstable surface; stroke rate; blood volume; near-infrared spectroscopy; core muscles

1. Introduction

Sedentary behavior is defined as “any waking behavior characterized by an energy
expenditure ≤1.5 METs (metabolic equivalent of task) while in a sitting or reclining pos-
ture” [1]. According to statistics, adults engage in sedentary behavior for approximately
8.65 h per day [2], and sitting for more than 7 h per day increases the risk of low back pain
(LBP) [3]. Additionally, an immobile or inactive lifestyle can cause abnormal metabolism
and an increased risk of cardiovascular disease in young people [4], adults, and older
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adults [5], and it may also decrease cardiopulmonary aerobic capacity [6]. Poor cardiopul-
monary function is an independent risk factor for cardiovascular-related mortality [7].

Core muscles help control the position and motion of the trunk over the pelvis and
legs to allow optimal production, transfer, and control of force and motion to the terminal
segment during integrated kinetic chain activities [8], and the erector spinae is responsible
for the extension and lateral flexion of the spine. Research has indicated that trunk muscle
endurance (Biering–Sorenson and prone plank test) decreases after the age of 30 years [9],
and the core muscle strength and endurance of people with LBP are lower than those of
people without LBP [10]. Adequate blood perfusion provides sufficient oxygen and nutri-
ents to muscle tissue and facilitates the removal of metabolites. Studies have demonstrated
that fatigue occurs later when the body maintains a higher muscle tissue oxygenation
concentration [11]. In certain studies, during dynamic exercise tests, healthy individuals
experienced a lower decline in oxygen concentration in the back muscles than did patients
with LBP [12,13], which means that less oxygen was consumed by the healthy individu-
als [14]. Tissue oxygenation in the lumbar extensor musculature was reduced as a function
of contraction intensity (2% to 30% of maximal voluntary contraction) [12]. When the
amount of blood that reaches the muscles is insufficient and blood volume is reduced,
the aerobic exercise capacity of muscle fibers may decrease [15]. Studies have confirmed
that exercise training can partially improve oxygen transport in the erector spinae [15,16].
Increasing the capacity of trunk muscles can not only reduce the symptoms of back muscle
fatigue [17] but also alleviate LBP during physical activity [18].

The mechanical rowing machine is a dynamic and non-weight-bearing piece of equip-
ment that combines muscle strength and cardiopulmonary training. It not only reduces the
joint load of the lower limbs but also involves 70% of the body’s muscles, including the
thighs, upper arms, and core muscles [19]. Rowing exercises target the back muscles, espe-
cially in the drive phase. Therefore, rowing is considered an excellent means of training the
core and thigh muscles [20], and its cardio training intensity can reach 7–12 METs [21]. As
rowing movement velocity (i.e., cadence or stroke frequency) increases, the power output
and the activity of the erector spinae increase accordingly [22]. However, individuals must
pay attention to muscle fatigue and excessive load on the lower back caused by the spine
curve being involved in repeated full and fast strokes [23]. Therefore, determining the
appropriate rowing cadence that benefits lower back muscles is crucial. Moreover, many
studies have confirmed that spine movement helps to improve fluid transport in interver-
tebral discs and has beneficial effects against the shrinkage of the spine and compression
of intervertebral discs [24–26]. Sitting on an unstable seat cushion has been proven to
increase lumbar spine activity without increasing trunk muscle activity [27]. A previous
study found that adding an unstable seat cushion to the rowing machine increased lower
back sway during rowing [28]. Thus, rowing on an unstable seat cushion may be a suitable
exercise means to improve oxygen transport in the erector spinae through adding spine
movement. A hemodynamic study related to rowing mainly investigated the legs and
hands [29]. To the best of our knowledge, there is a lack of relevant research on the erector
spinae. In the present study, it was hypothesized that the instability of seat cushions and
different rowing cadences affect muscle tissue oxygenation and blood volume of the erector
spinae as well as heart rate (HR) and ratings of perceived exertion (RPE). The results of
the present study can provide recommendations for rowing exercises that increase blood
volume and oxygen in back muscles and increase cardiopulmonary stimulation.

2. Materials and Methods
2.1. Study Design

We used a randomized repeated measurements design. All participants completed
tests under 3 unstable air seat cushion pressure levels (0, 80, and 140 mmHg), and 3 rowing
cadences characterized by different stroke rates (slow: 18 bpm, medium: 30 bpm, and fast:
36 bpm), for a total of 9 test conditions. The order of the test conditions was randomly
determined. All participants performed 10 strokes under each condition and followed the
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cadence of the metronome. Each condition test had at least a 2 min interval, and all 9 tests
were completed on the same day.

2.2. Participants

Thirty healthy adults participated in this study. For inclusion, participants were re-
quired to have (1) no injuries, fractures, dislocations, tendinitis, or neuromuscular disease
within 1 year prior to the experiment; (2) no LBP symptoms (their score on the Chinese
version of the Oswestry LBP disability questionnaire was 0 points). Participant’s mass,
body fat (%), and skeletal muscle (%) were measured by a body composition monitor
(HBF-702T; Omron Healthcare Co. Ltd., Kyoto, Japan). The valid data of 5 participants
could not be obtained because near-infrared spectroscopy (NIRS) data were lost for one
or more tests. Therefore, only 25 participants’ data (age: 22.4 ± 5.8 years; Table 1) were
included in the analysis for the physiological parameter. A total of 12 of the 30 partici-
pants (age: 24.6 ± 11.5 years, age range: 18–24 years) were randomly selected to partici-
pate in an additional session to record their pulling force during rowing with the same
experimental conditions.

Table 1. Participant characteristics.

Physiological Measurement Pull Force Measurement

All (n = 25) Male (n = 13) Female (n = 12) All (n = 12) Male (n = 6) Female (n = 6)

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

Age (yrs) 22.4 1.17 20.5 0.21 24.5 2.32 26.4 3.33 20.2 0.17 32.7 5.76
Body mass index (kg/m2) 23.1 0.84 25.1 1.19 21.0 0.86 23.3 0.88 25.0 1.15 21.7 1.01
Body fat (%) 23.6 0.86 21.5 1.11 25.9 0.99 23.8 1.47 20.7 1.57 27.0 1.76
Skeletal muscle (%) 31.0 0.69 33.9 0.52 27.8 0.36 30.7 1.13 34.0 0.84 27.5 0.85

2.3. Procedures

Before experiments, participants attended an orientation session to familiarize them-
selves with the rowing technique and the different rowing stroke rates. Participants
practiced rowing until they could maintain the indicated rowing cadence and perform
the correct rowing movement. A professional rowing instructor taught each participant
the rowing technique and confirmed the correction of movements. The rowing strokes
can be divided by a drive phase and a recovery phase. Participants were taught to follow
several principles: (1) the drive phase is initiated with a push from the legs, followed by
the hips beginning to open, and finally the arms begin to draw the handle to the body
once the legs are fully extended and the back is vertical. (2) The handle finishes about half
way up the body and the elbows follow the line of the handle and the wrists stay in line
with the forearm. (3) The recovery is initiated with the arms straightening, followed by the
body pivoting from the hips before the legs bend, and finally the legs flex until the shins
are vertical. (4) Throughout the co-ordination of the drive and recovery phases, the back
should remain in a neutral position.

In the orientation session, the rowing instructor observed that some participants
could not keep up with the fast cadence (36 bpm) after 10 consecutive strokes, resulting
in incorrect and inconsistent movements, even though they had been trained. Thus, this
study selected the number of strokes in each rowing test as 10 strokes to ensure that all the
participants’ movements during the rowing were cadenced, correct, and consistent.

On the day of the experiment, participants first performed a 7-min warm-up, including
2 min of shoulder, ankle, and wrist activities and 5 min of full body stretches. After
participants finished warming up, the wireless NIRS device was attached to the L4 part of
the right erector spinae and the HR monitor was worn (Forerunner 920XT GPS; Garmin,
Taiwan). The order of the rowing tests was then randomly determined. Before each test,
the air seat cushion pressure was adjusted in accordance with the test condition. The
pre-exercise period began with the rowing test; during this period, the participant sat static
on the rowing machine (Oxford II, Horizon Fitness, Inc., Taiwan) for 1 min. Next, in the
exercise period, the participant performed 10 strokes in accordance with the cadence of the
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metronome and then rested for 1 min (recovery period). NIRS, HR, and RPE data were
collected during the tests. During the experiment, the resistance of the rowing machine
was set to the lightest setting.

2.4. Pressure Biofeedback Unit

A pressure biofeedback unit (PBU; Stabilizer, Chattanooga, United Kingdom; Figure 1)
was used in the present study as an unstable air seat cushion. The PBU is a simple
pressure transducer that consists of a 3-chamber air-filled pressure bag, a catheter, and
a sphygmomanometer. The pressure bag was 16.7 × 24 cm2 in size and composed of
inelastic material. The sphygmomanometer had a range of 0–200 mmHg (2-mmHg scale
intervals). A previous study indicated that sitting on an air seat cushion (PBU) with high
air pressure (140 mmHg) to perform rowing machine exercises increased lower back sway
during rowing [28]. As in the previous setting [28], we set the air pressure of the PUB
while the participant was sitting on it to 0% (0 mmHg, stable surface), 40% (80 mmHg),
and 70% (140 mmHg) of the sphygmomanometer measurable range, i.e., the pressure
testing conditions.
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Figure 1. Pressure biofeedback unit.

2.5. NIRS Measurement

We used a wireless PortaMon continuous near-infrared spectrometer to determine
muscle blood volume and tissue oxygenation (PortaMon, Artinis Medical System BV, The
Netherlands). The device was secured to the right erector spinae muscle corresponding to
the right side of the fourth section of the lumbar spine, and it was fixed using nonwoven
fabric tape. NIRS wavelengths were set to 760 and 850 nm, and the sampling rate was
10 Hz. The data acquisition systems and stopwatches were activated synchronistically by
an experienced researcher to record the signals. The parameters of NIRS responses are
displayed in Figure 2a,b.
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OxySoft analysis software was used to download and export NIRS data and analyze
oxyhemoglobin (O2Hb) and total hemoglobin (tHb) information. Changes to O2Hb and
tHb during each cadence and pressure condition in the seated participants were used as
indicators in the present study. The resting data were at least 10 s of data obtained when
participants were seated and stationary in the initial pre-exercise period. The average of
peak high values of each rowing during the exercise period presented the exercise phase
response. The average of the peak high values of each rowing during 1 min recovery
presented the recovery phase response. The response of the exercise phase was the average
of the 10 peak high value during exercise period minus the average of the resting data. The
response of the recovery phase was the average of the peak high value during recovery
period minus the average of the resting data.

2.6. Heart Rate Measurement

We used the heart rate monitors (Forerunner 920XT GPS; Garmin, Taiwan) during
the experiment to monitor HR. HR measurements were conducted 10 s before the exercise
(resting), immediately after exercise (post exercise), and at the end of the recovery period
(recovery). Changes in HR were represented as heart rate response (HRR) and calculated
using the following formulas:

HRRexe = (HR post exercise) − (HR resting) (1)

HRR recovery = (HR recovery) − (HR post exercise) (2)
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2.7. Rate of PER

The category-ratio (0–10) RPE scale (BORG-CR10) developed by Borg [30] was used to
evaluate participants’ effort during the exercise and recovery periods. RPE was measured
at resting, post exercise, and recovery. Changes to the two RPE measures were presented
as the rate of PER (RPER), which was calculated using the following formulas:

RPERexe = (RPE post exercise) − (RPE resting) (3)

RPER recovery = (RPE recovery) − (RPE post exercise) (4)

2.8. Pull Force Measurement

An additional session was held in this study to record the pulling force during rowing
with the same experimental conditions (3 unstable air seat cushion pressure levels and
3 rowing cadences). The pull force was measured by a load cell (MLP-300, Transducer Tech-
niques, CA, USA) mounted between the handle and the cable and recorded at 1000 Hz by
a data acquisition system (Biopac MP150, Biopac Systems, Inc., Goleta, CA, USA). A 10-Hz
low-pass filter was used to eliminate high-frequency noises. The maximal pull forces for
each stroke were analyzed and the average of 10 strokes was taken for statistical analysis.

2.9. Statistical Analyses

IBM SPSS statistics 20 software was used for analysis of the effects of seated pressure
and rowing cadence. A two-factor (cushion pressure × rowing cadence) repeated measures
analysis of variance (ANOVA) was used to assess the effects of different cadences and
pressure as well as their interaction effects on NIRS parameters, HR, RPE, and pull force. An
LSD post hoc analysis was conducted. The alpha level for declaring statistical significance
was set at p ≤ 0.05. Data are presented as mean ± standard error. We performed G Power
software (Heinrich–Heine–Univer sität Düsseldorf, Düsseldorf, Germany) to calculate the
effect size and data power. In the exercise period, the effect size were from 0.21 to 1.53
and the power were from 0.60 to 0.99 with O2Hb, RPE, tHb, and HR. During the recovery
period, the HR effect size of cadences main effect was 1.47, and power was 0.99. The
cadences effect size of RPE were from 0.24 to 0.25, and power were from 0.70 to 0.72. The
cadences effect size of O2Hb under 140 mmHg PBU was 0.52, and power was 0.99. The
pressure effect size of O2Hb under fast and low cadence were 0.3 and 0.2, respectively. The
power were 0.88 and 0.53, respectively. The cadences effect size of tHb under 140 mmHg
PBU was 0.54, and power was 0.99. The pressure effect size of tHb under low cadence was
0.3 and power was 0.87. The pull force effect size of cadences main effect was 1.79 and
power was 0.99.

3. Results
3.1. Exercise Period

All outcomes in the exercise period were related to the main effects of cushion pressure
or rowing cadence (Table 2). For different cushion pressure levels, increments of O2Hb
and tHb in the exercise period under 80 mmHg were significantly higher than those at
0 mmHg (p = 0.039). No main effects of different cushion pressures on HR were observed.
The increments of RPE in the exercise period under 140 mmHg tended to be higher than
those under 0 mmHg (p = 0.083). As for different rowing cadences, the increments of O2Hb
and tHb at high rowing cadences during the exercise period tended to be lower than those
at low rowing cadences (p = 0.067; p = 0.097). HR and RPE increased with rowing cadence;
they were significantly higher at high rowing cadences than at low (p < 0.001; p = 0.001)
and medium rowing cadences (p = 0.004; p = 0.021), and HR and RPE increments were
higher at medium cadences than at low cadences (p < 0.001; p = 0.026).
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Table 2. Main effects of exercise under different seat pressure and rowing cadence conditions (Mean ± SE).

Under Different Pressure and Speed Exercise Main Effect
Under Different Seated Pressure

Exercise Main Effect
Under Different Rowing Cadence

0 S 0 M 0 F 80 S 80 M 80 F 140 S 140 M 140 F 0 80 140 S M F

O2Hb
(µM) 10.6 ± 1.6 9.5 ± 1.6 7.6 ± 1.1 10.3 ± 1.4 10.2 ± 1.6 9.0 ± 1.2 10.9 ± 1.5 10.1 ± 1.8 7.4 ± 0.9 9.2 ± 0.2 9.9 ± 0.2 *

p = 0.039 9.4 ± 0.2 10.9 ± 0.3 9.7 ± 0.3 7.9 ± 0.2 c

p = 0.067
tHb

(µM) 12.3 ± 1.8 11.5 ± 1.8 9.4 ± 1.2 12.4 ± 1.6 12.2 ± 1.9 11.0 ± 1.3 12.7 ± 1.7 11.8 ± 2.1 8.5 ± 1.2 11.1 ± 0.2 12.0 ± 0.2 *
p = 0.015 11.1 ± 0.3 12.9 ± 0.3 11.7 ± 0.4 9.5 ± 0.2 c

p = 0.097

HR
(beat/min) 18.3 ± 1.7 26.3 ± 2.2 30.8 ± 2.1 20.9 ± 1.8 28.5 ± 1.7 31.0 ± 2.6 21.3 ± 1.7 26.8 ± 1.7 31.1 ± 2.2 25.1 ± 1.6 26.6 ± 1.6 26.4 ± 1.5 20.2 ± 1.5 27.0 ± 1.6 a

p < 0.001

31.0 ± 2.2 ab

p < 0.001
p = 0.004

RPE 0.38 ± 0.2 0.67 ± 0.2 1.04 ± 0.3 0.50 ± 0.2 0.80 ± 0.2 0.96 ± 0.2 0.50 ± 0.1 0.79 ± 0.2 1.17 ± 0.3 0.69 ± 0.2 0.75 ± 0.2 0.82 ± 0.2 #

p = 0.083 0.46 ± 0.1 0.75 ± 0.2 a

p = 0.026

1.06 ± 0.25 ab

p < 0.001
p = 0.021

Pull force
(kgf) 35.4 ± 3.2 44.4 ± 2.5 48.3 ± 2.2 34.2 ± 2.6 44.7 ± 2.6 47.2 ± 2.6 36.3 ± 2.8 43.9 ± 2.5 48.0 ± 2.1 42.7 ± 1.8 42.0 ± 1.7 42.7 ± 1.6 35.3 ± 1.6 44.3 ± 1.4 a

p < 0.001

47.8 ± 1.3 ab

p < 0.001
p = 0.006

S, slow; M, medium; F, fast; HR, heart rate; and RPE, rate of perceived exertion. * Significantly different from 0 mmHg (p < 0.05), # significantly different from 0 mmHg (p < 0.1); a significantly different from a low
cadence (p < 0.05), b significantly different from a medium cadence (p < 0.05); and c difference from a low cadence approaching significance (p < 0.1).



Appl. Sci. 2021, 11, 10621 8 of 15

3.2. Recovery Period

The results of O2Hb and tHb in the recovery period indicated the presence of inter-
action effects (Figure 3). The increments of O2Hb under 80 mmHg during fast rowing
were significantly higher than those under 140 mmHg during fast rowing (p = 0.005). The
increments of O2Hb under 140 mmHg during slow rowing were also significantly higher
than those under 140 mmHg during fast rowing (p = 0.045) and under 0 mmHg during
slow rowing (p = 0.039). The increments of tHb under 140 mmHg during slow rowing
were significantly higher than those under 140 mmHg during fast rowing (p = 0.041) and
under 0 mmHg during slow rowing (p = 0.045, Figure 4). Moreover, the increments of tHb
under 80 mmHg at medium and high rowing cadences tended to be higher than those
under 140 mmHg at the same cadences (p = 0.091). Decreases in HR indicated the main
effects of rowing cadence (Figure 5); decreases in HR during medium and fast rowing
were significantly larger than those during slow rowing (p < 0.001). The decreases in RPE
indicated interaction effects as follows (Figure 6): decreases in RPE under 0 mmHg during
medium and fast rowing were significantly larger than those during slow rowing under
the same pressure (p = 0.018; p = 0.002), RPE decreases under 80 and 140 mmHg during fast
rowing were significantly larger than those during slow rowing under the same pressure
(p = 0.015; p = 0.006), and RPE decreases under 140 mmHg during medium rowing were
significantly larger than those under 0 and 80 mmHg at the same rowing cadence (p < 0.001;
p = 0.004).
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3.3. Pull Force

The result showed the main effects of rowing cadence on the pull force (p < 0.001,
Table 2). The average of maximal pull force all significantly increase with rowing cadence
(p < 0.01).

4. Discussion

We determined the best rowing seat cushion pressure and rowing cadence conditions
that increased tissue oxygenation and blood volume of the erector spinae muscle, increased
cardiopulmonary stimulation, and reduced effort during exercise and recovery periods.
The present study confirmed that rowing on cushion pressure under 80 mmHg can increase
O2Hb and tHb during the exercise period, whereas fast rowing can result in a higher HR.
Moreover, we also determined that a cushion pressure of 140 mmHg is suitable for slow
rowing and can increase O2Hb and tHb in the recovery period and reduce effort.

In the present study, we determined that the tissue oxygenation and blood volume
of the erector spinae under different seat cushion pressure levels increased during the
exercise period. The increments of O2Hb and tHb at 80 mmHg were higher than those
at 0 mmHg. This may have been caused by a slight increase in the sway of the lower
back in the sagittal plane under 80 mmHg pressure, but the sway did not cause instability.
However, it increased the flexion–extension activity of the lumbar spine and even reduced
the contraction of the erector spinae. In a previous study, which used the same rowing
conditions (i.e., same rowing machine, seat cushion, and cadence) as the present study,
researchers determined that the seat cushion pressure of 80 mmHg increased sagittal sway
in the lower back (about + 4%) during rowing but slightly reduced erector spinae activa-
tion (reduced from 10.89% to 10.11% maximum voluntary isometric contraction (MVIC))
compared with stable surface erector spinae activation [28]. Movement of the spine helps
improve fluid transport in intervertebral discs and has beneficial effects against shrink-
age of the spine and compression of intervertebral discs [24–26]. However, if isometric
contraction intensity is greater than 20% MVIC, tissue oxygen levels and blood volume
decrease with increases in contraction time and intensity [31]. Therefore, blood and oxygen
reperfusion during the rowing recovery phase (which occurred as the participant returned
to the catch position for the next stroke) could be increased by increasing lumbar activity
(including muscle contraction and relaxation), but the intensity of muscle contractions
should be maintained under low activation. For example, in the present study, rowing on
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the seat cushion under 80 mmHg with light resistance increased the tissue oxygenation
and blood volume of the erector spinae by slightly increasing potential lumbar activity.
However, the tissue oxygenation and of the erector spinae under 140 mmHg were not
greater than those under 0 mmHg. The RPE results indicated a significant increase com-
pared with 0 mmHg (p = 0.083; Table 2). The increased difficulty related to the unstable
surface may have caused greater stress, thereby increasing RPE and obstructing tissue
oxygenation and blood volume. The previous study also determined that a seat cushion
with 140 mmHg of pressure significantly increased lower back sway in the frontal and
horizontal planes during rowing but also had a trend intended to increase erector spinae
activation (an increase from 10.89% to 12.02% MVC) compared with that under stable
surface conditions [28]. Therefore, according to the results of the present study, higher
cushion pressure does not always lead to increased muscle oxygenation and blood volume.
A proper cushion pressure range is required to increase tissue oxygenation and blood
volume in the back muscles.

In the present study, the increases in O2Hb and tHb during fast rowing tended to
be lower than those during slow rowing (p = 0.067). This indicated that faster stroke
rates are not conducive to tissue oxygenation and of the erector spinae muscle. Muscle
contraction type and exercise intensity affected the oxygen concentration of muscle tissue
and blood volume responses. A previous study revealed that regarding isometric con-
traction, whether the contraction was 20%, 40%, 60% or 80% of MVIC, tissue oxygenation
and blood volume decreased with contraction time and intensity increases [31]. During
the dynamic exercise mode test, oxygen saturation decreased as action cadence increased
when participants performed dynamic knee extension exercises with added weights of
2.4 kg. Blood volume was higher at knee extension frequencies of 30 and 50 bpm than
blood volume before exercise, but blood volume was lower than before exercise at action
frequencies of >50 bpm [32]. That previous study showed that the oxygen saturation of
muscle tissue decreased with an increase in treadmill load, but when speed was increased
and load decreased, the oxygen saturation in the muscles increased [33]. According to
the aforementioned research, exercise load has marked effects on the oxygen saturation
of muscle tissue. Oxygen consumption increases as exercise load increases, and oxygen
consumption decreases as exercise load decreases. If exercise load is reduced, blood vol-
ume increases even though speed increases, but blood volume decreases if the load is
increased alongside a speed increase. In the present study, the pull force during rowing
increased with stroke rate (cadence). Therefore, in the present study, the increases in tissue
oxygenation and blood volume of the erector spinae during exercise were lower during fast
rowing than that during slow rowing because rowing load increased with speed (cadence).

Another finding in the present study was the critical influence of cadence on HR
and RPE responses to exercise. HR and RPE increased as the rowing cadence increased,
which meant that a stronger cardiopulmonary stimulation occurred. To our knowledge,
only one study investigated HR responses to rowing on an unstable surface [34]. That
study compared the 2000 m rowing performance and HRs measured by a traditional
stable ergometer, a transversally compliant ergometer, and a frontally compliant ergometer
(FCE) attached to a tilt-board underneath. The study indicated that the FCE resulted in
a higher HR response and poorer participant performance in 2000 m rowing racing, and
this was potentially due to issues with balance maintenance [34]. In the present study,
HR increased by approximately 30 bpm during fast rowing, and the average intensity of
exercise (65–67% HRmax) was moderate (64–76% HRmax), as classified by the ACSM [35].
Because rowing exercises involve approximately 70% of the body’s muscles [19], the
fast rowing demonstrated in the present study can be a favorable means of performing
cardiopulmonary exercise when paired with the movement of the whole body’s large
muscle groups. However, the different seat cushion pressure levels in the present study
had no effect on HR and RPE, which suggested that the difficulty related to the use of
unstable surfaces did not change the exercise intensity.
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In the present study, increases in O2Hb in the recovery period under 80 mmHg during
fast rowing were higher than those under 140 mmHg at the same cadence (Figure 3). The
increases in O2Hb during the recovery period were calculated through the subtraction
of O2Hb before exercise, which reflects increases in O2Hb during the recovery period
compared with the rest period. We determined that fast rowing could prevent large
increases in tissue oxygenation and blood volume of the erector spinae. Moreover, sitting
on cushions with pressure 140 mmHg increased instability and RPE; these increases were
obstructive to increases in tissue oxygenation and blood volume of the erector spinae.
Therefore, increases in O2Hb and tHb in the recovery period under 140 mmHg during fast
rowing were significantly lower than under 80 mmHg with fast rowing. We also determined
that increases in O2Hb during slow rowing under 140 mmHg were significantly higher
than those during fast rowing under the same cushion pressure, and increases in O2Hb
tended to be higher under 140 mmHg than under 0 mmHg and 80 mmHg during slow
rowing (p = 0.095). As mentioned, cushion pressure of 140 mmHg resulted in a relatively
unstable surface, and fast rowing was not conducive to tissue oxygenation and blood
volume of the erector spinae. Therefore, as displayed in Figures 3 and 4, the increases in
tissue oxygenation and blood volume were lowest under 140 mmHg during fast rowing.
Additionally, Figure 3 indicates that slow rowing under three different seat cushion pressure
levels better maintained blood volume and tissue oxygenation than medium and high
rowing cadences did. Therefore, slow rowing was more conducive to tissue oxygenation
and blood volume of the erector spinae during the recovery period because it helped
maintain oxygen concentration and increase blood volume. The different pressure levels
were also important factors.

In the present study, the magnitude of HR decrease during fast and medium rowing
were significantly larger than those during slow rowing. The previous study demonstrated
that larger decreases in HR during the recovery period after exercise were associated with
higher exercise intensity [36]. Increased HR during the exercise period was significantly
larger during fast and medium rowing than during slow rowing; therefore, decreases in
HR during the recovery period were also greater. RPE had similar trends; decreases in RPE
during the recovery period under all pressure levels were significantly higher during fast
rowing than during slow rowing. At a medium rowing cadence, decreases in RPE during
the recovery period were significantly greater under 140 mmHg than under 0 mmHg or
80 mmHg. This could be because at the same rowing cadence, the RPE under 140 mmHg
tended to increase more during exercise, thus leading to a greater decrease in recovery.

The results of the present study can be used to provide exercise suggestions related to
nonresistance rowing exercises to enhance blood volume to the back muscles and improve
cardiopulmonary workouts. Because a beginner’s movement familiarity, muscle strength,
muscular endurance, and cardiorespiratory fitness are poor, we suggest that beginners
use slow rowing to develop movement skills and physical fitness. If the purpose of
the exercise is to effectively increase the tissue oxygenation and blood volume of back
muscles, we recommend using seat cushion pressure under 140 mmHg with a low rowing
cadence (stroke rate: 18 bpm). If an individual is familiar with the related movements,
has an adequate level of physical fitness, and seeks to strengthen their cardiopulmonary
function and increase their tissue oxygenation and blood volume of the back muscles, we
recommend using seat cushion pressure under 80 mmHg with a high rowing cadence
(stroke rate: 36 bpm). Recreational boating is a popular leisure activity in western countries
(ex: USA) Recreation boats include several types of power boats (ex: pontoon boats, PWCs,
open power boats), canoe, kayaks, paddleboards, row boats, and so on [37]. The present
study demonstrated that rowing cadence affects the tissue oxygenation and blood volume
of the erector spinal muscle, HR, and RPE during exercise and recovery period. Therefore,
the present study results do not apply to recreation boating except rowed boats with
controlled rowing cadences.

The present study had three limitations. First, it only analyzed changes in tissue
oxygenation and blood volume of the erector spinae and several physiological parameters
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during 10 strokes, which did not meet the requirement of at least 10 min of cardiopulmonary
stimulation [38]. The second limitation is that the present study did not investigate rowing
ergometer resistance load. In the present study, HR increased by 20–30 bpm during
exercise and RPE increased by 0.38–1.17, which indicates that this was a relatively effortless
rowing test. Therefore, the present study could not provide a reference for responses of
tissue oxygenation, blood volume, and physiological parameters to rowing exercises with
different resistance and exhaustion levels. Moreover, the different responses between sports
rowers and untrained rowers was not well known. The present study did not compare the
responses between sports rowers and uninitiated people. In the future, researchers can
further investigate the three aforementioned conditions.

5. Conclusions

Rowing cadence affects the tissue oxygenation and blood volume of the erector spinae
muscle, HR, and RPE during exercise. When rowing cadence increased, blood volume
decreased, whereas HR and subjective effort increased. During the recovery period, the
increases in O2Hb and tHb were higher after rowing exercises under 80 mmHg during
fast rowing (stroke rate: 36 bpm) and under 140 mmHg during slow rowing (stroke rate:
18 bpm). Therefore, slow rowing was suitable for seat cushion pressure under 140 mmHg,
and fast rowing was suitable for seat cushion pressure under 80 mmHg.
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