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SUMMARY:

As opposed to measurement during free swimming, which presents inherent challenges and
limitations, determination of important parameters of cardiorespiratory function for swimmers
can be made using a more feasible and easier to administer tethered-swimming rapidly
incremented protocol with gas exchange and ventilatory data collection.

ABSTRACT:

Incremental exercise testing is the standard means of assessing cardiorespiratory capacity of
endurance athletes. While the maximal rate of oxygen consumption is typically used as the
criterion measurement in this regard, two metabolic breakpoints that reflect changes in the
dynamics of lactate production/consumption as the work rate is increased are perhaps more
relevant for endurance athletes from a functional standpoint. Exercise economy, which
represents the rate of oxygen consumption relative to performance of submaximal work, is also
an important parameter to measure for endurance-athlete assessment. Ramp incremental tests
comprising a gradual but rapid increase in work rate until the limit of exercise tolerance is
reached are useful for determining these parameters. This type of test is typically performed on
a cycle ergometer or treadmill because there is a need for precision with respect to work-rate
incrementation. However, athletes should be tested while performing the mode of exercise
required for their sport. Consequently, swimmers are typically assessed during free-swimming
incremental tests where such precision is difficult to achieve. We have recently suggested that
stationary swimming against a load that is progressively increased (incremental tethered
swimming) can serve as a “swim ergometer” by allowing sufficient precision to accommodate a
gradual but rapid loading pattern that reveals the aforementioned metabolic breakpoints and
exercise economy. However, the degree to which the peak rate of oxygen consumption
achieved during such a protocol approximates the maximal rate that is measured during free
swimming remains to be determined. In the present article, we explain how this rapidly
incremented tethered-swimming protocol can be employed to assess the cardiorespiratory
capacity of a swimmer. Specifically, we explain how assessment of a short-distance competitive
swimmer using this protocol revealed that his rate of oxygen uptake was 30.3 and 34.8 mL-min-
L.kg'BM at his gas-exchange threshold and respiratory compensation point, respectively.

INTRODUCTION:

An exercise test that involves an incremental increase in work rate (WR) from low to maximal
(i.e., incremental exercise test; INC) provides the gold standard method of cardiorespiratory
assessment for endurance athletes. In addition to the highest WR that the athlete can achieve
(WRpeak), INC also allows for determination of the highest rate at which the individual can
consume oxygen (02) for that form of exercise (VO2peak) if gas exchange and ventilatory data are
collected during the test!. The VOypeak represents the criterion measure of cardiorespiratory
fitness. Moreover, analysis of gas exchange and ventilatory data collected as WR is increased
provides a non-invasive way to identify the point at which blood-lactate concentration (blood
[lactate]) increases above the baseline value (lactate threshold) and the point at which it begins
to accumulate at an accelerated rate (lactate turnpoint)?. These metabolic breakpoints are
estimated by determining the gas-exchange threshold (GET) and respiratory-compensation
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point (RCP), respectively?. Importantly, the GET provides a robust estimate of the point at
which blood [lactate] initially increases whereas the “hyperventilation” that characterizes RCP is
a more complex phenomenon that can be initiated by afferent input other than
chemoreception per se. Consequently, conclusions based on identification of RCP should be
made with caution.

When exercise is maintained at a constant rate of work (CWR), there are markedly different
physiological response profiles based on the “exercise-intensity domain” within which the WR
falls*>. Specifically, achievement of a VO, and blood [lactate] “steady state” is rapid in the
moderate domain, delayed in the heavy domain and unattainable in the severe domain®>. It is
well established that the rate at which O, can be consumed at GET during INC (VOacer) serves as
the metabolic rate that separates the moderate from heavy domain during CWR3®. Although
controversial, a number of recent observations indicate similar equivalence between the rate at
which O, can be consumed at RCP (VOazrcp) and heavy/severe separation’-10. Identification of
VOacer and VOarer from data collected during INC might, therefore, be useful for prescribing
domain-specific training regimens for endurance athletes via metabolic rate with the caveat
that aligning a metabolic rate with a specific work rate is more complex than simply doing so
according to the VO,-work rate relationship derived from the incremental test®*.

When the concept of testing to determine VOamax Was initially explored, researchers had
subjects perform bouts of track running to the limit of exercise tolerance (Tim) at increasing
speeds on separate days’. Research followed which confirmed that VOamax can also be
determined from similar bouts performed to Tim on the same day with rest periods
interspersed?. Eventually, it was shown that a continuous protocol with WR increased in an
incremental manner at specific time intervals (e.g., every 3 min) revealed the same VO2peak as
the discontinuous tests'3. Consequently, these “graded exercise tests” became the standard for
determining this criterion measure of cardiorespiratory fitness. However, in 1981, Whipp and
colleagues published research that indicated that for the purpose of VO2max measurement, INC
could also be performed entirely in the non-steady state; that is, with WR increasing
continuously as a “smooth function of time” (RAMP-INC)!4. Unlike INC with extended stages
and relatively large WR increases per stage, the gradual increase during RAMP-INC ensures that
the “isocapnic buffering region” that separates GET and RCP will be clearly defined?.
Furthermore, much like INC with stages, RAMP-INC can be used to assess “exercise economy”
(i.e., the VO3 required per given WR); however, unlike INC with stages, in this case, it is the
inverse of “delta efficiency” (i.e., the slope of the VO,-WR relationship) that is used for this
purpose!! with consideration given to the fact that due to the complexities of the VO3 response
to work rates across the intensity spectrum, this parameter will not be an immutable feature of
INC per se (e.g., RAMP-INC initiated from different baseline work rates or characterized by
different ramp slopes) or CWR exercise?®.

For general fitness testing, INC is usually performed on a leg ergometer or treadmill because
these modalities are more available and leg cycling and walking/running are familiar to the
average person. Moreover, administration of RAMP-INC requires the ability to increase WR
continuously in small increments (e.g., 1 W every 2 s); hence, an ergometer (typically leg
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cycling) is best suited for this type of testing. However, athlete assessment is more complex
because athletes must be tested while performing the specific mode of exercise required for
their sport. For cyclists and individuals who participate in sports that involve running, this is not
problematic because of the accessibility and applicability of the aforementioned testing
machines. Conversely, ecologically-valid testing with gas exchange and ventilatory data
collection and the gradual WR incrementation required for RAMP-INC is more challenging when
assessing aquatic athletes.

Prior to the advent of automated collection systems, gas-exchange assessment of swimmers
was often performed using Douglas-bag collection following a maximal swim!’. Once
automated systems were developed, “real-time” collection took place, but not under “real-
swimming” conditions (e.g., while swimmers swam in a flume which controlled WR)'’.
Unfortunately, the former method has inherent limitations due to the assumptions of
“backward extrapolation” while the latter raises concerns regarding the degree to which flume
swimming changes technique?’. The current state of the art involves the use of portable breath-
by-breath collection systems which move with the swimmer alongside the pool during free
swimming'’. While this type of measurement improves ecological validity, gradual WR
incrementation is challenging. Indeed, INC during free swimming typically involves intervals of
set distance (e.g., 200 m) at progressively-increasing velocities!**. This means that a test
consists of lengthy stages with large unequal WR increments. It is, therefore, not surprising that
only a single metabolic breakpoint (typically called the “anaerobic threshold”) is reported by
researchers who employ this test®1°, Instead, we have recently shown that both VOager and
VO2rep can be determined from data collected while swimmers performed stationary swimming
in a pool against a load that was increased gradually and rapidly (i.e., incremental tethered
swimming)?°. While the unique breathing pattern that is present during swimming might render
the aforementioned breakpoints harder to identify compared to typical modes of assessment
(personal observation), we believe that this method of testing might be suitable as a “swim
ergometer” that can be used for cardiorespiratory assessment of swimmers in a manner similar
to how a stationary cycle is used for cyclists. Indeed, we have shown that VOager, VO2rcr and
exercise economy (as indicated by the VO,-load slope) can all be determined from the rapidly
incremented tethered-swimming protocol that is described below?°.

PROTOCOL:

Participants in the study from which the representative-subject data presented below were
extracted?® (n = 11) were required to give their written informed consent prior to initiation of testing
after the experimental procedures, associated risks and potential benefits of participation had been
explained. The first visit comprised a familiarization session during which the swimmers were
introduced to the concept of tethered swimming and the measurement techniques that would be in
effect during the actual testing. An all-out tethered-swimming test was performed during the second
visit and the rapidly incremented tethered-swimming protocol was performed on the third visit. Both

tests were done in a semi-Olympic pool (25 m) with water temperature at 28 ° C.

1. Preparation of swimmer
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1.1.  Instruct the swimmer to avoid strenuous exercise for 24 h preceding each testing session.

1.2. Instruct the swimmer to arrive at the pool in a rested and fully hydrated state >3 h
postprandial.

1.3.  Instruct the swimmer to refrain from ingesting stimulant beverages and alcohol for 24 h prior
to each test.

2. All-out tethered-swimming test

2.1.  Prepare the 500 kg load cell that will be used to measure the highest force that the swimmer
can exert during two trials comprising 30 s of all-out swimming??.

2.1.1. Open the N2000PRO Software (Power Din Pro - CEFISE) program on the computer.

2.1.2. Open the Help Menu to verify the communication link between the computer and the load-
cell analyzer.

2.1.2.1. Observe a green signal that indicates that the connection to the RS232 interface is well
established.

2.1.2.2. Set the countdown to start the test depending on circumstances.

2.1.2.3. Set the sampling duration. Set the rest interval. Set the frames per second at 100 Hz.
2.1.2.4. Set the unit of force measurement at N or kg depending on personal preference. Set

the acquisition time in milliseconds.
2.1.3. Calibrate the load cell?? with 0 and 10 kg loads with the swimmer outside pool.

2.1.4. Attach a load cell to the start block via the L-shaped flattened iron bar that is designed by
CEFISE specifically for tethered-swimming measurements.

2.1.5. Attach one end of the inelastic rope to the load cell and the other end to the swimmer by
means of the custom-designed belt (CEFISE), which has ropes attached to both hips such that leg
kicking will not interfere with the force measurement.

2.2. Prepare the swimmer for performance of the two-trial test.
2.2.1. Provide instructions to the swimmer regarding correct performance of all-out front-crawl

swimming (e.g., prevent the head and trunk from rising while swimming as rapidly as possible,
concentrate on kicking at a maximal rate in addition to maximal stroking, etc.).
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2.2.2. |Instruct the swimmer to perform stretching and arm/leg swings at poolside in preparation.
2.2.3. Instruct the swimmer to enter the pool and perform a standard warm-up protocol comprised
of front-crawl swimming for 800 m at a light intensity with care taken to avoid engendering any
lingering effects that could influence the results of the test .

2.2.4. Allow the swimmer to exit the pool and rest at poolside for 10 min.

2.2.5. Secure the belt around swimmer’s waist. Attach the free end of the inelastic rope to the belt.

2.2.6. Determine the load required to maintain the swimmer’s body horizontally with a minimum
amount of tension on the measurement system (loadbase).

2.2.7. Signal the swimmer to begin Trial #1 of the test.

2.3.  Monitor the swimmer during performance of the test.

2.3.1. Provide verbal encouragement to swimmer throughout 30 s test.

2.3.2. Signal the swimmer to end the test. Detach the swimmer from the inelastic rope.

2.3.3. Instruct the swimmer to perform a standard cool-down protocol comprised of front-crawl
swimming at a light intensity.

2.3.4. Allow the swimmer to rest for 30 min at poolside.
2.3.5. Reattach the swimmer to the inelastic rope.

2.3.6. Signal the swimmer to start Trial #2 of the test which is identical to Trial #1 (30 s of all-out
swimming.

2.3.7. Signal the swimmer to end the test.

2.3.8. Instruct the swimmer to perform a standard cool-down protocol comprised of front-crawl
swimming at a light intensity.

2.3.9. Allow the swimmer to exit pool.
2.4.  Analyze the data collected during the two-trial test.
2.4.1. Apply the smoothing process to the data using the N2000PRO software package?3.

2.4.2. Calculate the peaks of the wave-frequency signal from the force-time sinusoidal curve (range,
sine 80 °-100 °) above loadbase for Trials #1 and 2.
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2.4.3. Define the averaged peaks of the force-time wave-frequency signal in the first 5 s and entire
30 s, respectively, as the peak force (Fpeak) and average force (Fayg) for each trial.

2.4.4. Use the higher values for Fpeak and Fayg for further calculations.
3. Incremental tethered-swimming test

3.1.  Calculate the loads that will be used to resist the swimmer’s forward displacement during the
incremental test.

3.1.1. Calculate the starting load as 30% of the Fay above loadpase.

3.1.2. Calculate the increments to be applied per 60-s stage as 5% of Fayz above loadpase.
3.2. Prepare the automated portable metabolic unit for data collection.

3.2.1. Open the unit’s software.

3.2.2. Verify the communication link between the computer and the automated portable metabolic
unit.

3.2.3. Power on unit and allow to warm up for 45 min. Ensure that batteries are fully charged.

3.2.4. Perform calibration of unit for environmental air?*.

3.2.5. Perform calibration of unit for reference 0, (16%), CO2 (5%) and N (balance) concentrations?*.
3.2.6. Perform mask time-delay calibration??.

3.2.7. Perform calibration of turbine with 3 L syringe?*.

3.2.8. Enter the subject data, ambient temperature and humidity.

3.3.  Prepare the swimmer for performance of the incremental test.

3.3.1. Install a facemask and a snorkel on the swimmer.

3.3.2. Instruct the swimmer to rest at poolside for 10 min to collect “baseline” gas exchange and
ventilatory data.

3.3.3. Instruct the swimmer to enter the pool and perform a standard warm-up protocol comprised
of front-crawl swimming at a light intensity.
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3.3.4. Secure a belt around the swimmer’s waist. Attach an inelastic rope to the belt with the other
end of rope attached to the loading system.

3.3.5. Instruct the swimmer that once the test begins to use the two markers on the bottom of the
pool for reference points, which allow them to maintain a relatively-fixed position (e.g., £ 1 m from
the desired position).

3.3.6. Signal the swimmer to begin the test.

3.4.  Monitor the swimmer during performance of the incremental test.

NOTE: A research assistant who is experienced in monitoring this type of testing should hold the gas-
analysis unit at poolside being cognizant to do so without impeding swimmer displacement and/or
elevating the swimmer’s head.

3.4.1. Increase load while timing the 60 s stages.

3.4.2. Terminate the test and record the time to limit of exercise tolerance when the swimmer is no
longer able to maintain the requisite position despite strong verbal encouragement from the testers.

3.4.3. Use the time to limit of exercise tolerance to calculate stages completed.
3.4.4. Record loads for each stage and peak load.
3.4.5. Detach the swimmer from the inelastic rope.

3.4.6. Instruct the swimmer to perform a standard cool-down protocol comprised of front-crawl
swimming at a low-to-moderate intensity.

3.4.7. Allow the swimmer to exit the pool.
3.5. Analyze the data collected during the incremental test.

3.5.1. Smooth breath-by-breath gas-exchange data that were collected before and during test using
the unit’s software program.

3.5.2. Export gas-exchange data in consecutive 9 s bin averages.
3.5.3. Perform three-point rolling average on consecutive 9 s bin averages for VO..

3.5.4. Record highest three-point rolling-average value as the VOzpeak.
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3.5.5. Using final three-point rolling-average value for each completed stage, calculate VO,-load
relationship via linear regression. Exclude data from end stages of test if a VO3 plateau appears to be
present (visual inspection).

3.5.6. Using consecutive 9 s bin averages, determine VOager.

3.5.6.1. Determine the first disproportionate increase in the rate of CO; production (VCO,)
compared to VO,

3.5.6.2. Determine the increase in the ratio of the expired rate of ventilation (Ve) to VO, with
no increase in the ratio of Ve to VCO,.

3.5.6.3. Determine the increase in end-tidal O, tension with no fall in end-tidal CO, tension.
3.5.7. Using consecutive 9-s bin averages, determine VOagcp.

3.5.7.1. Determine the first disproportionate increase in Ve compared to VCO,.

3.5.7.2. Determine the decrease in end-tidal CO,.

3.5.8. Express VOazpeak, VO2ceT, VO2rce and VO,-load slope in both absolute (L-mint) and relative (to
body mass; mL-mint-kg) terms.

3.5.9. Express VOaxgerand VOzrep in relative terms as a percentage of VOzpeak.

REPRESENTATIVE RESULTS:

The data presented in Table 1 and depicted in Figures 1-4 represents the response profiles observed
for a male swimmer (age, 24 years). At the time of data collection, the swimmer had been training for
competitive swimming for 7 years. His specialty was short-distance (i.e., 50 m and 100 m) freestyle
events.

The initial load on INC was set at a load that exceeded that which was required for this swimmer to
maintain body alignment prior to initiation of the all-out swim (Fpase) by 30% of the difference
between the average force measured during the all-out swim and Fpase (AF). For this swimmer, that
load was 4.17 kg. The load was then increased by 0.7 kg for every 60 s stage (Figure 1). The limit of
exercise tolerance for this swimmer occurred at 576 s (stage 10).

When breath-by-breath VO, data collected during the baseline and exercise portions of INC were
averaged into consecutive 9 s bins, the highest three-point rolling average was 3.44 L-min™! (40.6
mL-min-t-kg'BM) (Figure 2) and the VO»-load slope was 261 mL-mint-kg? (3.1 mL-min"t-kg'BM-kg™?)
(Figure 3). Identification of GET and RCP were made by consensus from a panel of independent
reviewers experienced at making these determinations from a cluster of measurements. Being that
GET represents the point during INC at which ventilation changes due to metabolic acidosis and the
increased VCO; that occurs consequent to its buffering (i.e., passage of the “lactate threshold”), it can
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be identified by an increase in the ratio of both VCO, and Ve to VO, that causes end-tidal O, to
increase. However, for data collected during INC with sufficient sensitivity, this change in gas-
exchange and ventilatory response profile will not be accompanied by a decline in end-tidal CO;
because the increase in VCO; and Ve will be in proportion. Consequently, the partial pressure of CO;
in arterial blood (P.CO;) will remain constant (i.e., isocapnic buffering; iso = same, capnic = CO,)
(Figure 4). Indeed, during rapid-incremental INC, the decline in PaCO; and end-tidal CO; that
characterizes “respiratory compensation” in response to metabolic acidosis will not occur for > 2 min
during which work (and metabolic) rate continue to increase (Figure 4)'2. For this swimmer, the
metabolic rates characterizing these distinct changes in gas-exchange and ventilatory response driven
by the increased contribution of the “anaerobic pathway” to energy demand occurred at 75% and
86% of the VO2peak, respectively (Table 1).

FIGURE AND TABLE LEGENDS:

Figure 1: Schematic representation of the rapidly incremented tethered-swimming test that
can be used to determine important parameters of cardiorespiratory fitness for swimmers.
The loading profile and time to limit of exercise tolerance that are depicted are for a
representative subject, a 24-year-old swimmer who competes in short-distance events.

Figure 2: Pulmonary O2 uptake response during the rapidly incremented tethered-swimming
test performed by the representative subject. The vertical dashed line represents the point at
which load incrementation began. The red circles represent the highest three-point rolling-
average rate of O, uptake that was measured during the test. We defined that value as this
swimmer’s VOzpeak for this form of incremental exercise.

Figure 3: The VO:-load coordinates for the representative subject for each completed stage of
the rapidly incremented tethered-swimming test. Linear regression analysis was used to derive
the line of best fit that is depicted. The slope of this line is used as a measure of exercise
economy.

Figure 4: Gas exchange and ventilatory responses for the representative subject during the
rapidly incremented tethered-swimming test. From left to right, vertical dashed lines are
aligned with the gas exchange threshold and respiratory compensation point, respectively.
Horizontal dashed lines are positioned at the nadir (top three graphs) or apex (bottom graph) of
data points. See text for details on how these metabolic breakpoints were determined by visual
inspection. With slight modification, this figure has been reprinted with permission from the
original publishers?°,

Table 1: Cardiorespiratory parameters for the representative subject as measured during the
rapidly incremented tethered-swimming test.

DISCUSSION:
An exercise challenge that involves enduring an incremental increase in WR until Tjim is reached is a
standard testing protocol for assessment of endurance athletes. When such a test is performed with
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gradual, but rapid incrementation, it is particularly useful because in addition to the VO>max, gas
exchange and ventilatory data collected during the test can be used to distinguish the region
bounded by GET and RCP where acidosis is present, but arterial partial pressure of CO; (P.CO3) is
maintained#*!>, The metabolic rates that serve as lower®® and upper’® boundaries of this region
approximate those that partition the heavy-intensity domain during CWR.

Generally speaking, the primary parameter of interest derived from the assessment of endurance
athletes with INC is the VOamax, Which is used to monitor the athlete’s level of cardiorespiratory
fitness. Moreover, VOamax is often used as a way to assign exercise WR when prescribing training
programs (i.e., WR specified as a percentage of VOama). However, a growing body of research
confirms that the pulmonary gas exchange (and, by extension, muscle metabolic) response to a linear
increase in WR is not linear and, importantly, the characteristics of this non-linearity vary for different
individuals (and for the same individual at different levels of conditioning)'!. Normalizing exercise
intensity according to VOamax is, therefore, flawed because it does not guarantee a similar level of
“metabolic strain” for different individuals?¢?’, Conversely, normalizing intensity in relation to the
intensity domains that reflect the nonlinearity across the intensity spectrum ensures that a similar
metabolic challenge will be encountered. As opposed to VO2may, it is, therefore, the metabolic rates
that bound the exercise-intensity domains that are important to consider when the objective is to
prescribe endurance training in a consistent fashion.

During CWR, metabolic rates situated below VO,cer comprise the moderate-intensity domain where a
VO, steady state can be attained rapidly, muscle metabolic perturbation is minimal and exercise is
sustainable for an extended period (e.g., ~4 h)*°. Within this domain, depletion of muscle [glycogen]
and impairment in neuromuscular excitability/transmission have recently been implicated as reasons
for reaching Tim°. For metabolic rates above VO2ger but below what has been termed the “critical
metabolic rate,” a steady state VO is also achievable; however, in this case, attainment is delayed by
the presence of a VO slow component that increases the VO, cost of work above that which would
be predicted by linear extrapolation of the VO3 cost of exercise in the moderate-intensity domain?2.
During exercise within this domain, muscle metabolic perturbation (e.g., decreased
[phosphocreatine], [ATP], [glycogen] and pH; increased [lactate]) is greater and Tim is markedly
reduced (e.g., ~45 minutes). A VO2 slow component is also present during CWR requiring metabolic
rates above the critical metabolic rate (i.e., within the severe-intensity domain); however, in this
case, a steady state cannot be achieved as VO, rises inexorably, VOazpeak intervenes (if exercise is
sustained for a long enough period of time), a critical level of substrate depletion and/or metabolite
accumulation is reached and Tim is imminent in a relatively short period of time (e.g., 2-14 min
depending upon work rate)®.

With respect to endurance training for athletes, it is well accepted in both theory and practice that
time should be devoted to exercise in each of the intensity domains so that positive adaptations
exclusive to work performed in each can be gleaned?®. For example, a typical week for an endurance
athlete might include easy training in the moderate domain, steady training in the heavy domain and
tempo and interval training in the severe domain?°. With respect to prescribing exercise in such a
domain-specific manner, the recognition that VO,cer separates the moderate from heavy domain is
well accepted®®; hence, moderate-intensity exercise can be prescribed in a normalized manner as a
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percentage of VOa,ger as measured on a rapidly incremented RAMP-INC. Alternatively, controversy
exists regarding the critical metabolic rate that establishes the heavy/severe border. Traditionally, the
determination of the highest speed or power output that does not cause a rise of blood [lactate] of >
1 mmol-L'? between 10 and 30 min during a series of CWR bouts (i.e., the “maximal lactate steady
state;” MLSS) has been used for this purpose3%3!l, However, when actual measurements of Tim are
made by expending the finite capacity for work in the severe domain (W’) during a series of CWR
bouts or a single all-out bout, it has recently been suggested that the “critical power” (CP) so revealed
(i.e., the asymptote of the power-Tiim hyperbola for the former testing protocol or the end-test power
for the latter) can be greater than the power output indicated by the MLSS assessment323>, At
present, it is safe to conclude that while both CP and MLSS testing provide reasonable estimates of
the heavy-/severe-intensity boundary, each of these estimates can be influenced by a number of
factors such that congruence between the two is not always present.

In 2017, Keir et al. had subjects perform a multi-bout CP-testing protocol and found that the
metabolic rate at CP was statistically similar to the RAMP-INC-derived measurement of VOarcp’. The
authors concluded that in addition to the metabolic rate at CP, VOzrcp might provide an alternative
way to determine the critical metabolic rate that separates the heavy from severe domain. However,
it is important to recognize that if agreement is present, it is only when the parameters are expressed
as metabolic rates because RCP cannot be linked to a specific work rate3®. Furthermore, given that
respiratory compensation can be driven by both exercise WR (i.e., intensity) and the time for which a
supra-GET WR is sustained, determining GET and RCP as distinct breakpoints (as opposed to a single
“anaerobic threshold” that effectively melds the two) requires INC with relatively rapid
incrementation?°. The clear delineation between the two breakpoints for the representative-subject
data we have presented (see Figure 4) verifies that the rapidly incremented tethered-swimming test
we are advancing satisfies this criterion.

In addition to discrete values for VOacer and VOzrep, we have shown that a rapidly incremented
tethered-swimming test can be used with sufficient caveats (see above regarding how this value will
be specific for a given RAMP-INC protocol and not necessarily indicative of the response that will be
present during CWR exercise) to determine the athlete’s exercise economy as indicated by the VO,-
load slope during the test?°. This is an important attribute to assess because athletes who are more
economical are advantaged during endurance performance. For example, cross-sectional studies
indicate that trained athletes possess better exercise economy3” while longitudinal studies confirm
that exercise economy improves from training38. Consequently, deriving this parameter for swimmers
from a rapidly incremented tethered-swimming test could be useful both for predicting athletic
potential prior to training and monitoring changes that occur as a result of it. However, in addition to
recognition of the specificity of this parameter for RAMP-INC (see above), it is important to recognize
that only data from the linear-rise portion of the VO response should be used for this purpose.
Conversely, any data reflecting an initial lag in the VO response (the VO, “mean response time”)
and/or a VO, plateau preceding Tim should be excluded from the fit.

One important caveat to our contention that the tethered-swimming test we have described can
serve as a “swim ergometer” for measuring cardiorespiratory parameters that are relevant for free
swimming is that the degree to which the tethered methodology alters technique sufficiently to
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dissociate the two requires further elucidation. For example, when reporting the highest VO>
measured during the test'®, we are reticent to refer to it as the VOamax because we did not have
swimmers also perform a free-swimming INC in our study?°. Consequently, we cannot confirm that
the VOzpeak during the tethered test is similar to that which is measured using a free-swimming
protocol. Although a correlation between the two values has been established3°#!, previous research
that compared the two has returned equivocal findings. For example, Bonen et al. reported VO2peak
values for free and tethered swimming that were similar and within the range of variation expected
for repeat measurement of VO.max*® whereas Magel and Faulkner found a lower value for tethered
compared to free swimming*l. The reasons(s) for these disparate findings are unclear but might
reflect the fact that local muscular fatigue and/or ventilatory distress intervened before VOamax was
reached for swimmers who were unaccustomed to tethered swimming in the latter study?®.
Regardless of this distinction, future research should be designed to compare VOazpeak Values for
tethered and free swimming during both INC and supramaximal severe-intensity CWR bouts to Tiim
which are used for confirming that a VOzpeak measured during INC is indeed the maximum VO3 that
can be achieved (i.e., “verification bouts”)*2. Similarly, over the course of the entire test, it is possible
that applying load in an incremental manner might result in different “adaptive strategies” by the
swimmers in response to the increase of intensity compared to increasing velocity during free
swimming. For example, the load might reach a level beyond which biomechanical changes are
required that are unlike those that would allow for a more rapid stroke pattern as velocity is
increased during free swimming. This could influence the VO,-WR slope and/or estimation of VOacer
and VOarcp. More research comparing tethered with free swimming is required to provide insight in
this regard.

Unlike the speed increases that are used to increment WR during free-swimming INC testing, we have
shown that the load increases employed for tethered swimming allow for a gradual, but rapid
increase in WR. Consequently, we advance this type of testing as a “swim ergometer” that can be
used to determine VOacer, VO2rce and exercise economy much like a cycle ergometer is used for
performing a smooth ramp protocol'*. We have also used this test to measure the peak VO
response; however, how this value compares to the VOamax that is typically assessed during free
swimming remains to be resolved.
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Body mass (kg) 84.7
Stature (cm) 184
Time to limit of exercise tolerance (s) 576
Stages completed 9.6

Peak load (kg) 10.5
VOjpear (L'Min™) 3.44
VO,peak (mL-min"-kg 'BM) 40.6
VO,eer (L'min™) 2.57
VO,eer (mL-min™-kg™'BM) 30.3
VOyeer (% VOZpeak) 75

VO,rep (L'min’™) 2.95
VO,pcp (ML-min™ kg BM) 34.8
VOsrc (% VOspeai) 86

VO,-load slope (mL-min"-kg™) 261
VO,-load slope (mL-min™-kg"BM-kg™) 3.1



https://www.editorialmanager.com/jove/download.aspx?id=1117281&guid=465592cf-497e-4fa7-a13c-d1f15903aa15&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1117281&guid=465592cf-497e-4fa7-a13c-d1f15903aa15&scheme=1

Table of Materials

Name of Material/ Equipment

3-L syringe
Aquatrainer
K4b2

N200PRO
Pacer 2 Swim
Tether-system

Tether attachment

Company

Hans Rudolph
COSMED
COSMED
Cefise

Kulzer TEC
Own design

CEFISE

Click here to access/download;Table of Materials;Table of
Materials_Revised.xlsx
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Comments/Description

Calibration device

Snorkel system/gas-exchange measurement

Portable CPET unit/gas-exchange measurement
Software program for analysis of force signal
Swimming velocity management/underwater LED line
Pulley-Rope system/loading management

Bracket for attachment to swimmer
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Dear Dr. Dr. DiMenna,

Your manuscript, JOVE60630 "Maximal Incremental Exercise Testing for
Cardiorespiratory Assessment of Swimmers: A Rapidly-incremented Tethered-swimming
Protocol," has been editorially and peer reviewed, and the following comments need to be
addressed. Note that editorial comments address both requirements for video production
and formatting of the article for publication. Please track the changes within the
manuscript to identify all of the edits.

After revising and uploading your submission, please also upload a separate rebuttal
document that addresses each of the editorial and peer review comments individually.
Please submit each figure as a vector image file to ensure high resolution throughout
production: (.psd, ai, .eps., .svg). Please ensure that the image is 1920 x 1080 pixels or
300 dpi. Additionally, please upload tables as .xlIsx files.

Your revision is due by Sep 19, 2019.

To submit a revision, go to the JOVE submission site and log in as an author. You will
find your submission under the heading "Submission Needing Revision". Please note that
the corresponding author in Editorial Manager refers to the point of contact during the
review and production of the video article.

Best,

Phillip Steindel, Ph.D.

Review Editor

JoVE

617.674.1888

Follow us: Facebook | Twitter | LinkedIn
About JoVE

Dear Dr. Steindel,

Thank you for affording us the opportunity to submit a revised version of our manuscript.
We have attempted to address each of your comments as well as those of the reviewers.
We welcome any additional feedback that you can offer to further improve the
manuscript.

Editorial comments:

General:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there
are no spelling or grammar issues.

We have proofread the manuscript for any spelling or grammar issues that were present.

2. Please rewrite your title to avoid the subtitle.
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We have rewritten the title according to your suggestion.
3. Please ensure you use ‘mL’ instead of ‘ml’, including in the figures.
We have changed “ml” to “mL” throughout the manuscript and on Figure 3.

Protocol:

1. For each protocol step, please ensure you answer the “how” question, i.e., how is the
step performed? Alternatively, add references to published material specifying how to
perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4
sentences per step, please split into separate steps or substeps.

We apologize for our inability to get this aspect of the article correct. We have never
done an article like this before. Hopefully, our protocol steps are now more complete. If
it is still insufficient, please let us know.

Specific Protocol steps:
1. Please rewrite the instructions to swimmers in the beginning of the protocol as
numbered steps in the imperative.

We have made this change.

2.1.3.7-1.3.8: Is this trial 30 s as well?
We have clarified this.

3. 2.2.5-2.2.8: How are these calibrations done? Are these standard procedures for the
instrumentation used?

Yes, this is standard procedure. Depending on the program, you simply click a button
that initiates the process. The unit will sample both ambient air and the gas samples you
provide with the specific concentrations that serve as the reference values. This was
explained in a previous JoVE article so we have added that in as a reference.

Figures:

1. Please obtain explicit copyright permission to reuse any figures from a previous
publication. Explicit permission can be expressed in the form of a letter from the editor or
a link to the editorial policy that allows re-prints. Please upload this information as a .doc
or .docx file to your Editorial Manager account.

We have uploaded an email exchange that | had with Aleksandra Mostowik from the
Editorial Office of Journal of Human Kinetics. Please let me know if this is not sufficient
and why because if so, | will obtain whatever is needed.



Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment
used, especially those mentioned in the Protocol.

Thank you for this suggestion. We have double checked and found one item that was
indeed missing. | believe we have everything covered now.

Reviewers' comments:
Reviewer #1:

Manuscript Summary:

The evaluated work is of good scientific and technical level. Advances in knowledge in
the area by proposing a simpler and faster test for measuring oxygen consumption of
swimmers.

Dear Reviewer #1,

Thank you for taking the time to review our manuscript. We are glad to learn that you
found our work of good scientific and technical level. We have addressed each of your
concerns and look forward to any additional feedback you might be able to provide.

Major Concerns:
The abstract could describe some data obtained from the protocol.

We have added information regarding the metabolic rates at GET and RCP for our
representative subject to the Abstract. Unfortunately, the 300-word limit restricts us from
adding anything more, but these are at least the most important data that this test
reveals.

Minor Concerns:

62/5000
Why is the text marked in yellow from line 170?

In section C of the “Instructions for Authors” for this journal under the heading of
“Protocol length and highlighting,” bullet-point #2 states: “For a protocol section that
exceeds 3 pages, highlight in yellow up to 2.75 pages (no less than 1 page) of protocol
text (including headers and spacing) to be featured in the video. Our scriptwriters will
derive the video script directly from the highlighted texz. ”

Reviewer #2:
Manuscript Summary:

In this paper, the authors provide methodological considerations regarding a novel
method to assess parameters of aerobic function (VO2max, GET, and RCP) during a



rapidly-incremented ramp-test for swimming. The manuscript is well written and it
provides accurate details on how to conduct and interpret such a test. | have few
comments for the authors.

Dear Reviewer#2,

Thank you for taking the time to review our manuscript. We appreciate your detailed
comments and have acted upon each one. We welcome the opportunity to address any
lingering concerns you might have with our revised version.

Comments:

Line 79: "Maximal” relative to the ramp-slope of use

We have added this qualifying statement.

Line 81: "achieve" better than "endure" here.

Change made.

Line 83: | see that the authors are distinguishing between VO2peak and VO2max. |
wouldn't say "based on the assumption that it is the most rapid rate at which the
individual can consume O2 per se". In the majority of cases the highest VO2 recorded at
the end of a RI test is the same - if not higher - than the one recorded during, for instance,
a time-to-exhaustion trial. Thus, | would say that generally a RI test provides the highest
rate at which O2 can be consumed. After all, this was also the original and correct
interpretation of Whipp (1981).

We have removed that parenthetical addendum.

Line 87: 1 would say "non-invasive and indirect"

Addition made.

Line 91: although the occurrence of LT has solidly been linked to lactate changes within
the blood, the authors should be careful when linking the RCP with an irreversible
accumulation of lactate. The RCP is a complex phenomenon that, although strictly linked
to the increasing contribution of the "anaerobic pathway" to the energy demand,
originates because of many different factors.

We have qualified this statement.

Lines 79-91: although the observations described in this paragraph are well established, it
would be good to provide some references. After all, they are all based on other people’s

work...

We have added references to support the statements we have made in that section.



Line 100: another pertinent reference here is lannetta et al., SIMSS 2018.
We have added that reference.

Line 102: as the authors surely know, although the VO2 between the RCP and CP/MLSS
are in most instances the same, the WR is not. Therefore, | would add something like
this: "although attention should be paid when translating ramp-derived WR to CWR™
(Keir et al., APNM 2018; DiMenna et al., JESF 2009).

We have added a statement to clarify this.

Line 119: This is something that | disagree with. The slope of the VO2/WR relationship
cannot be used to calculate delta-efficiency, because it is affected by the Kinetic property
of the muscle pools being recruited. A greater slope not necessarily means a lower
efficiency. Vice-versa a smaller slope not necessarily means an improved efficiency (Keir
et al., JAP 2016; Boone et al., Sport Medicine 2012).

We appreciate the concerns you have voiced about this here and below. One option to
address these concerns would be for us to remove all mentions of the VO2-work rate
slope that can be derived from this test based on the contention that it has no relevance
as a measure of exercise economy. If you believe that this is warranted, we will do so;
however, we would rather not because: 1.) we believe that the parameter does have
relevance in this regard with appropriate interpretation; and 2.) the objective of this
article was to provide instructional video regarding a test that we have previously
documented in a published paper that did indeed include mention of derivation of the
VO2-work rate slope from this protocol
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5504584/). If readers/viewers are doing
so to derive more information about implementing the test they have read about
previously, there will not be congruence between the two publications if we remove it
completely. With these two things in mind, we have chosen to leave it in and qualify the
statements about its usefulness. We welcome your feedback regarding any additional
information we can include for this purpose or, alternatively, if you believe all references
to this parameter should be removed.

Line 157: how many participants?
We have added this information.

Line 282: bike tests usually do not have a warm-up phase. This practice can alter the gas-
exchange profiles by modulating the CO2 stores at ramp-onset. Furthermore, | see that
the pace is not controlled (what is moderate in this case?). Thus, this could potentially
affect the reproducibility of the GET and the slope of VOZ2 increase. Don't the authors
think that this phase should be better controlled? Or avoided?



Unlike cycling, swimming requires acute accommodation to both a more complex
movement pattern and also performing the movement in the water environment. These
were competitive swimmers and they were instructed to swim at a pace that was not
taxing. This is something they are well accustomed to in the competitive arena. We have
changed “moderate” to “light” which is a better description and emphasised that this
should just be done with care taken to avoid engendering any lingering effects that could
influence the results of the test.

Line 427-429: this would be a good place to cite a recent paper from lannetta et al.
(MSSE 2019).

Citation added.

Line 430: "non-linearity for a given person™. I'm not sure this is clear. Consider
rephrasing, perhaps referring specifically to the non-linear behavior of VO2 across the
intensity spectrum.

Rephrased.

Line 440-441: it is important to mention here "above that which would be predicted by
linear extrapolation of the VO2 cost from the moderate-domain®.

Added.

Line 445: not necessarily VO2 attains VO2max. Exhaustion can occur earlier. | would
mention that in most cases, but not all, VO2max is attained.

We have qualified this statement.

Lines 448-450: Well, although agreeing with the authors on the fact that the intensity
domain schema currently provides the best strategy to normalize exercise intensity, |
have some doubts about the fact that this schema is well accepted in training settings.
Uncountable exercise training zones exist out there which have little to do with
physiological boundaries and responses. No need to change anything; this is just a
personal consideration.

Agreed. What we meant was that training at different intensities on different days of a
training regimen is well accepted. Unfortunately, determination of those varied
intensities is often done haphazardly as you suggest. Hopefully, as we continue to spread
the word, this will change.

Lines 459-471: First of all, why do the authors feel the need to discuss the equivalence
between MLSS and CP in this paper? Second, the authors basically affirm that CP is
superior to MLSS in detecting the heavy-to-severe boundary. In support to this
supposition, they list several reasons discrediting MLSS. The result is that the reader is
pushed to think that MLSS is flawed while CP is perfect. Indeed, the issues with the CP



estimation are not mentioned at all. This is important, because the papers cited to support
the lower WR at MLSS compared to CP used different methods and approaches for CP
estimation. Thus, my question to the authors is: can we undoubtedly say that MLSS
underestimates CP if this observation is based on studies that have used different methods
to estimate CP? Furthermore, as the authors partly point out, the accuracy of MLSS is
based on the delta change used from one trial to another. Again, the studies cited (and
others) used different delta changes. Therefore, is it fair to conclude what the authors are
concluding without acknowledging all the issues associated with MLSS and CP
estimations? What I'm trying to say is that both methods (MLSS and CP) give very good
estimations (when measured with gold standard procedures) of the heavy-to-severe
boundary. Each of them have pros and cons. These, | believe, need to be acknowledged
when discussing their equivalence.

There really is no need (or ability) for us to enter into that controversy in this paper so
we have changed that section to simply state that both methods can be used but they do
not always provide the same estimate. If the reader is interested in learning more about
this, they can access the references that have been provided.

Lines 475-477: What do the authors imply with this statement?
Statement removed (See previous comment).

Lines 485: this paragraph finds me is disagreement. Exercise economy cannot be derived
from rapidly-incremented exercise test, for the reason that | have explained before.

See previous comment about this.

Lines 496-513: By looking at figure 2 it seems that the rate of increase is VO2 is not
constant throughout the incremental-test. Don't the authors think that increasing load may
alter the force dynamics applied in the water and change the VO2 cost in a non-linear
way? These potential biomechanical changes should be at least mentioned. This is also
why | don't think the slope of VO2 can be used to calculate efficiency, because this slope
will be affected not only by the kinetic properties, but also by the way each swimmers
adapts from a biomechanical perspective to the increased "load". This might explain the
variability seen in Figure 3.

We have added an explanation about this to the paragraph in the Discussion within
which we speak about how increasing load during tethered swimming in an incremental
manner might result in different adaptations to the increase of intensity compared to
increased velocity during free swimming.

Figure 4. | see in figure 4 that the breakpoints (especially the RCP) are not very marked.
This is somewhat different from what is typically observed when using running or
bicycle ergometers. | think the authors should comment on this. How does this affect the
identification of these breakpoints?

Any physiological reason (muscle mass? Breathing patterns?)?



We have made mention of this in the Introduction.

Also values for end tidal pressures of O2 and CO2 should be expressed in absolute units
(not percentages).

We have changed the units on Figure 4.
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DiMenna, Frederick <DiMenna@exchange.tc.columéa.eutb, 10:00
AM

to Dalton, Journal

Dear Aleksandra,

| hope you are doing well. | am emailing because | was contacted by the Journal
of Video Experiments as they would like us to submit an article and have a video
done about the test we discussed in our article in your journal. We have the
funding available and it should be a good opportunity to raise some interest in the
article. | was hoping that we could get your authorization to use the
representative-subject figure that we used in the article. Please let me know if
this is doable and, if so, what is required on our part. | thank you in advance for
your attention.

Sincerely,
Fred

Journal of Human Kinetics <jhk@awf.katowice.pl> Wed, Jul 17,
4:32 AM

to Frederick

Dear Fred,

Thank you for contacting me and congratulations on the opportunity you mentioned. Absolutely
you may use the Figure from the paper you published in JHK. It would be nice if you could
provide some reference if there is such a possibility, that’s all.

Have a good day and remember about us when choosing a Journal for your future submission ©
All the best,

Aleksandra Mostowik

Editorial Office of Journal of Human Kinetics
Academy of Physical Education in Katowice
e-mail: jhR@awf.katowice.pl

Click here to access/download;Supplemental File (Figures,
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o n | T e gom ARTICLE AND VIDEO LICENSE AGREEMENT
Title of Article: Maximal Incremental Exercise Testing for Cardiorespiratory Assessment of Swimmers: A

Rapidly-incremented Tethered-swimming Protocol

Author(s):

Pessba Filho, Massini, Siqueira, Santos, Vasconcelos, Almeida, Espada, Reis, Alves, DiMenna

Itern 1: The Author elects to have the Materials be made available (as described at

http:/ fwanw. jove.comy/publish) via:
Sla ndard Access

Item 2: Please select one of the following items:

Dﬂpen Access

|X|The Author is NOT a United States government employee.

DTh-& Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

I:IThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1 Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Aricle and
Video License Agreement; “Artide” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein: “Author”
rmeans the author who is 8 signatory to this Agreement;
“Collective Work” means a work, such ac a pericdical issues,
antholagy or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
warks in themsehes, are assembled into a collective whiole;
“CRC License” means the Creative Commons Attribution-
Mon Commercial-Mo Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
hittp:/foreativec ormmons_org/licenses fy-nc-

nd/3.0/legalcode; “Derfivative Work” means a work based
upan the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
drarnatization, fictionalization, motion picture version,
sound  recording,  art  reproduction,  abridgment,
comdensation, of any other form inwhich the Materials may
be recast, transformed, of adapted; “Institution” means
the institution, listed on the last page of this Agreament, by
which the Author was employed at the time of the creation
of the Materials; “JoWE" means Mylowe Corporation, a
Bassachusetts corporation and the publisher of The Jowrnal
of Visualized Experiments; “Materials” means the Article
and f or the Video: “Parties” means the Author and JoVE:
“Widea" means any video|s) made by the Authar, alone or
in conjunction with amy other parties, or by JOVE or its
affiliates or agents, individually or in collaboration with the
Buthor or any other parties, incorporating all or any portion

of the article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissermination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memarialize
in thic Agreement the respective rights of each Party in and
ta the Article and the Wideo.

3 Grant of Rights in Article. In consideration of JoVE
agresing to publish the Article, the Author hereby grants to
JoWE, subject to Sections 4 and 7 below, the exclusie,
royalty-fres, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reprodece, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including withouwt limitation in print,
digital and electronic form) throughowt the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
o Collective Warks based on all or ary portion of the Articke
and exercise all of the rights set forth in |a) above in such
translations, adaptations, sumrmaries, extracts, Derivative
wWiorks or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make swch madifications
&5 are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in ltem 1 above, 10VE and the Author hereby grant
1o the public all such rights in the Article as provided in, but
subject to all limitations and reguirernents set forth in, the
CRC Licansa.

6125426  For questions, please contact us at submissions@ jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
author shall, with respect to the Article, retain the non-
exclusive right 1 use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article an the
Institution’s website or the Author's personal website, in
each case provided that @ link to the Article on the JoVE
website s provided and notice of JoWE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Artiche, such as patent rights, shall
refmain with the Author.
5 Grant of Rights in Video - Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in ltem 1 above or if no box has been checked in
Itern 1 abowve. In consideration of JoVE agreeing to produce,
display of otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, withouwt limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the futwre, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all swch rights and transfers all such rights
to JoVE.
6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Dpen Aocess” box has been
checked in ltem 1 above. In consideration of JoVE agreeing
1o produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reprodece, distribute, display and
store the Vides in all forms, formats and media whether
now known of hereafter dewveloped (including without
limitation in print, digital and electronic form) throughowt
the world, [b) to translate the Video inta other langueages,
create adaptations, surmmaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
farth in [a) abowe in such translations, adapiations,
summaries, extracts, Derivative Works or Collective Works
and [c) to license others to do any or all of the above. The
faregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For aivy Video tawhich this Section 6 is applicable, 10VE and
the Author hereby grant to the public all swch rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.
7. Government Employees. |f the Author is a United
States govermment employes and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
amy of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. W such case, all
prowisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to MVE the
maximurn rights permissible within such statute.

8. Protection af the Wark. The Author|s) authorize
1oVE to take steps in the Author(s) narme and on their behatf
if JVE believes some third party could be infringing or
rright infringe the copyright of either the Author's Article
andfor Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereaf. The Author hefeby waives avy and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
fasthor [or, if more tham one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
authoris) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the vop of this Agreement and if any such author has not
entered into a separate MArticle and Video License
Agreament with JoVE relating to the Materials, the Author
represents and warrants that the Awthor has been
authorized by each of the other such authors to execute this
sgreament on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author wanrants
that the use, reproduction, distribution, public or private
performance of display, and/or modification of all or amy
portion of the Materiale does not and will not violate,
infringe andfor misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continee to comply with all govermment, institutional and
other regulations, including, withowt limitation all
institutional, laboratory, hospital, ethical, human and
animal treatrment, privacy, and all ather rules, regulations,
laws, protedures of guidelings, applicable to the Materials,
and that all research involwing human and animal subjects
has been approved by the Author's relevant institutional
review board.

11 JoVE Diseretion. If the Author reguests the
assistance of 1oVE in producing the Video in the Author's
facility, the Author shall enswre that the presence of JoVE
employees, agents of independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agresment, JoWE may, in its sole

6125426  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreemments frorm each such
author. JoWE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. J0VE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
incleding, withowt limitation, to all decisions regarding
editing, Nighting, filming, timing of publication, if ary,
length, guality, content and the like.

12. Indesmnification. The Author agreec ta indemnify
1oVE andfor its successors and assigns from and against any
and all clairms, costs, and expenses, indluding attormey’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
apgainst any and all claims, costs, and expenses, including
attarmey's fees, resulting from the breach by the Author of
ary representation or warranty contained herein or from
allegations or instances of wiolation of intellectual property
rights, damage to the Author's or the Author's institution’s
facilities, frawd, libel, defamation, research, equipment,
experiments, property damage, persanal injury, vislations
of institutional, laboratory, hospital, ethical, hurman and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way 1o the submission of work to
18VE, making of videos by JoVE, or publication in JoVE or
elsewherne by JoVE. The Author shall be responsible for, and
shall hold JovE harmless from, darmages caused by lack of
sterilization, lack of cleanlimess or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents of
independent contractors. All sterilization, cleanliness or
decontamination procedures  shall be solely  the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoWE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall inclede such losses or damages incurred by,
or in connection with, acts or omissions of JoWE, its
employees, agents or inde pendent contractors.

13 Fees, To cover the cost incwrred far publication,
JoVE must receive payment before prodection and
publication the Materials. Payment is due in 21 days of
inwoice. Should the Materials not be published due to an
editarial or production decision, thess funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in & US51,200 fee to cover pre-production expenses
incurred by JoWE. If payment is not received by the
cormpletion of filming, praduction and publication of the
Baterials will be sspended until payment is recaived.

14. Transfer, Gowerning Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoWE's successors and assigness. This Agreement shall be
governed and construed by the internal laws of the
Commanwealth of Massachusetts without giving effect to
any conflict of law provision theresnder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which togsther shall be
deemed to me one and the same agresment. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is reguired per submission.

CORRESPONDING AUTHOR
Name: )
Fred J. DiMenna
Department:
Department of Biobehavioral Sciences
Institution:
Teachers College Columbia University
Thie: Adjunct Assistant Professor of Movement Science and Education
Slgnature: FM (]- p/%/(/(d Date: 7/27/2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE f Attn: JloVE Editorial / 1 Alewife Center 200 / Cambridge, MA 02140

6125426  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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VISUALIZED EXPERIM:

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: | A Rapidly-incremented Tethered-swimming Maximal Protocol for
Cardiorespiratory Assessment of Swimmers

Author(s): Pessda Filho, Massini, Siqueira, Santos, Vasconcelos, Aimeida, Espada, Reis,

Alves, DiMenna

ltem 1: The Author elects to have the Materials be made available (as described at
http://www.jove.com/publish) via:

Standard Access Open Access

Item 2: Please select one of the following items:
The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video of the Article, and in which the Author may or may not
License Agreement, the following terms shall have the appear.

following meanings: “Agreement” means this Article and 2. Background. The Author, who is the author of the
Video License Agreement; “Article” means the article Article, in order to ensure the dissemination and protection
specified on the last page of this Agreement, including any of the Article, desires to have the JoVE publish the Article
associated materials such as texts, figures, tables, artwork, and create and transmit videos based on the Article. In
abstracts, or summaries contained therein; “Author” furtherance of such goals, the Parties desire to memorialize
means the author who is a signatory to this Agreement; in this Agreement the respective rights of each Party in and
“Collective Work” means a work, such as a periodical issue, to the Article and the Video.

anthology or encyclopedia, in which the Materials in their 3. Grant of Rights in Article. In consideration of JoVE
entirety in unmodified form, along with a number of other agreeing to publish the Article, the Author hereby grants to
contributions, constituting separate and independent JoVE, subject to Sections 4 and 7 below, the exclusive,
works in themselves, are assembled into a collective whole; royalty-free, perpetual (for the full term of copyright in the
“CRC License” means the Creative Commons Attribution- Article, including any extensions thereto) license (a) to
Non Commercial-No Derivs 3.0 Unported Agreement, the publish, reproduce, distribute, display and store the Article
terms and conditions of which can be found at: in all forms, formats and media whether now known or
http://creativecommons.org/licenses/by-nc- hereafter developed (including without limitation in print,
nd/3.0/legalcode; “Derivative Work” means a work based digital and electronic form) throughout the world, (b) to
upon the Materials or upon the Materials and other pre- translate the Article into other languages, create
existing works, such as a translation, musical arrangement, adaptations, summaries or extracts of the Article or other
dramatization, fictionalization, motion picture version, Derivative Works (including, without limitation, the Video)
sound recording, art reproduction, abridgment, or Collective Works based on all or any portion of the Article
condensation, or any other form in which the Materials may and exercise all of the rights set forth in (a) above in such
be recast, transformed, or adapted; “Institution” means translations, adaptations, summaries, extracts, Derivative
the institution, listed on the last page of this Agreement, by Works or Collective Works and(c) to license others to do any
which the Author was employed at the time of the creation or all of the above. The foregoing rights may be exercised in
of the Materials; “JoVE” means Mylove Corporation, a all media and formats, whether now known or hereafter
Massachusetts corporation and the publisher of The Journal devised, and include the right to make such modifications
of Visualized Experiments; “Materials” means the Article as are technically necessary to exercise the rights in other
and / or the Video; “Parties” means the Author and JoVE; media and formats. If the “Open Access” box has been
“Video” means any video(s) made by the Author, alone or checked in Item 1 above, JoVE and the Author hereby grant
in conjunction with any other parties, or by JoVE or its to the public all such rights in the Article as provided in, but
affiliates or agents, individually or in collaboration with the subject to all limitations and requirements set forth in, the
Author or any other parties, incorporating all or any portion CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR

Name: Fred DiMenna

Department:  'nepartment of Biobehavioral Sciences

Institution: Teachers College, Columbia University

Title: PhD

Signature: P 2o Date: 09/28/2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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