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Ventilatary Threshold
Ventilatory threshold corresponds well with the concept of the
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Putting It Together

The benefits of usmg VT'and RLP asa training aid are many.
When collected borh can he used ta establish

Jactate threshold or a rise in blood lactic acid c Tation

greater than 1 mmol-L-" above rest. Typically, this ranges around

-2 mM blood lactate in most people. Meyer eral.! have termed
this phenomenon as the aerobic threshold. VT is obtained by

using the “V-Slope Method,” in which Vo, (L-min) is plotted

‘on the X-axis of a graph :md Ve 0, (L -min 1) is plotted on the
Yeaxis. The underlying phenomcnon surrounding the VT is

thar, at some poine during an increasing exercise warkload, the

ise in blood lactate wnu.nu'ations leads to an overproporrional

increase in CO, as related to oxygen uptake due o bicarbonate
buffering of proron accumulation associated with lactate
dissociation. When this occurs, there is a deflection in the line
obrained from the previous graphing method. This can also be
obrained by examining the first rise in the ventilatory equivalent
for O, (VE/Vo, .) without a concomitant rise in the ventilatory

.be‘qumlent for CO_ (Ve/Vi €o,).

ﬁespiratorv Compensation Point

The respiratory compensation point corresponds well with
the concept of anacrobic threshold or the onser of blood lacric
acid accumulation (OBLA). It is this point that is strongly
associated with 10-km running pace and 40-km cycling time
trial pace. It is also useful for delinearing interval-training

efforts. The underlying phenomenon is an aceumulation

of lactic acid equal to or greater than 4 mmol-L, leading

to the inability to buffer lactic acid via the use of the

bicarbonate system. From a respiratory point of view, RCP
represents the onser of exercise-induced hypervenilation

“due to maduquatl. bicarbonate bufﬂ.rmg, thus causing an

overproportional increase in ventilation (VE) as related to
Vco,. A synonymous rerm. albeit confusing, to describe this
term is ventilatory threshold 2 (Vir,).

basic training zones associatcd with heart rate, running pace,
cycling power output, etc. A synopsis of these training zones
is provided below.
Zone 1: The initiation of exercise through V1
Intensity: Very low to low.
Perceived Exertion: 6-11 on 6-20 and 1—4 on 1—10
Borg scales
Energy Source: Fat and fat/carhahydrare
Functional Pace: Warm-up, cool-down, baseline
and recovery, light aerobic activity
Zone 2: VT throngh RCP
ity: Moderate i ity cardior
high-intensity cardiovascular
Perceived Exertion: 12-16 on 6-20and 5-8 on 1-10
Borg scales
Energy Source: Carbohydrate/fat through glyeolysis
Functional Pace: Race pace
Zone 3: RCP and abme

) Ay
e

1sity cardi lar rhrongh
h:gh-mzensu:v cardsomscu!ar
Perceived Fxertion: 17-20 on 6-20 and 9-10 on
1-10 Borg scales
Energy Source: Muscle glycogen
Functional Pace: Anaerobic threshold, interval
training, attack, and breakaway pace
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@ \entilation is in part controlled by the partial pressure of
carbon dioxide, partial pressure of oxygen, and acidity, all of
which are related to metabolism. As a result, ventilation is
not perfectly related to oxygen consumption.

© Because the ventilatary equivalent of carbon dioxide is
a relatively stable number with increasing workloads, it
indicates that partial pressure of carbon dioxide is a major
factor controlling ventilation.

® Because the ventilatory equivalent of oxygen is a less stable
number with increasing workloads than the ventilatory
equivalent of carbon dioxide, it indicates that the partial
pressure of oxygen exerts less control of ventilation than the
partial pressure of cerbon dioxide,

® Changes in the ventilatory equivalent of carbon dioxide and
ventilatory equivalent of oxygen can be used to determine
ventilatory threshold, an indirect estimate of lactate
threshold.

VENTILATION LIMITS ~

00

As exercise intensity increases, so does VE because of an
increase in both tidal volume and breathing frequency. At
high exercise intensities, tidal volume tends to plarean sa
that the only way to further enhance VE is by increasing
frequency. Corresponding to this, the work of ventilation
is intensified, which in turn resnlts in an increased need for
oxygen by the respiratory muscles. For untrained healthy
adults, the oxygen cost of ventilation is 3% 10 5% of total
oxygen intake (Vo ) during moderare exercise, and i increases
to 8% to 10% of total oxygen intake at Vo, ' As with
other muscles, as exercise intensity increases, venous blood
leaving the respiratory muscles shows increased oxygen de-
saturation, indicating an increase in a-v Q, difference."”
The diaphragm is a highly oxidative musele and
therefore is farigue resistant. Because of the diaphragm’s
resistance to fatigue during low- to moderate-intensity
exercise in healthy adults at sca level, respiratory muscle
farigne does nor appear to limit exercise performance.”
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However, respiratory muscle farigue does occur with some
diseasc states, such as obstructive lung disease, and may
occur at higher exercise intensities in healthy people.

Diaphragm foree output in trained and untrained individuals
is nor decreased during exhaustive exercise at intensities Tess
than 80% of Vo, Towever, during exercisc at intensities
arcater than 80% to 85% of Vo, continued to exhaustion,

7

diaphragm force ourput significantly decreases.™!" Fari
of the diaphragm does nor necessarily mean that the ab
Lo ventilate the lungs is compromised, because some fatig
does not mean thar the diaphragm cannot perform most
its venrilatory function. Additionally, if diaphragin fatigue
present, a greater portion of muscular work performed f
ventilation may be assumed by accessory ventilatory muscl

Box 6-6 DID YOU KNOW?

“The diaphragm does undergo training-induced adaptations
because of the need for increased pulmonary ventilarion
during physical activity, as well as hecause of the increased
work of breathing with diseases such as chronic obstructive
lung discase (COPD). However, the diaphragm also
undergoes training-induced adaprations due to nonrespiratory
maneuvers, such as physical labor and weight training
exercises. During weight training exercises, such as sit-ups,
bicep curls, bench press, and dead lifts, the diaphragm and
abdominal musculature are recruited to help stabilize the
lumbar spine area. Contraction of the abdominal musculature
during weight training exercises results in an increase in intra-
abdominal pressure thar decreases the compressive forces on
the spine and helps to stabilize the spine, ‘The increase in
intra-abdominal pressure also pushes the diaphragm into the
thoracic cavity, resulting in an increase in the intrathoracic
pressure. If the glottis is open due to the increase in
intrathoracic pressure, air will leave the Jungs. However, if
the glottis is closed, a Valsalva maneuver is performed and
blood pressure increases, substantially increasing the force
the lefr ventricle must develop in order to eject blood into

I;iaphmgm Training with Nonrespiratory Maneuvers

the systemic cireulation, "This is why weight trainers are
told not to perform the Valsalva maneuver or at least to
minimize its effect. To decrease the intrathoracic pressure
while performing a Valsalva maneuver, the diaphragm can
be recruited. When active, the diaphragm flarrens, resulting
in an increase in intra-abdominal pressurc and a decrease in
intrathoracic pressure. 1f the diaphragm is recruited while
performing a Valsalva mancuver, it decreases intrathoracic
pressure, minimizing the effect of the Valsalva maneuver
on blood pressure. Performing weight training cxercises
for 16 weeks significantly increases both the thickness of
the diaphragm, indicating hypermrophy, and the maximal
inspiratory pressure at the mouth, indicating an increase in
force capabilities of the diaphragm.' Thus, the diaphragm
not only adapts because of its recruirment during inspiraton,
but also because of recruirment during weight training
exercises,
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Tt is controversial whether respiratory muscle training can
increase vital capacity or toral lung volume. If it is possible to
increase these lung capacitics, however, it would be advantageous
10 swimmers. An increase in vital capacity or total lung volume
would increase the buoyancy of the swimmer, Passive drag while
swimming (resistance to movement) is lower when lung volume
is higher. This in part explains why a large total lung volume is
beneficial for competitive swimmers. So, if respiratory muscle
training would result in un increase in total Jung capacity, it
would be advantageous for the competitive swimmer.
Glossopharyngeal breathing (GPB) is the use of the
alossopharyngeal muscles to assist in lung accommodation
by pistoning or gulping small amounts of air (200 mL.) into
the lungs. ‘This type of ventilation training is used by parients
with nearomuscular disorders that affect respiratory muscles
and can normalize tidal volumes within these patients.
GPB training performed for 6 weeks has been shown
to increase viral capacity of healthy sedentary women by

Box 6-7 APPLYING RESEARCH
Respiratory Muscle Training in Swimmers

39%.! GPB training performed for 3 wecks significantly
increased vital capacity in female swimmers by 2%, but had
no significant effect on viral capacity in male swimmers,
although vital capaciry did increase slightlv.* The increase
in vital capacity resulted in an increase in buoyancy of 0.17
and 0.37 ke in male and female swimmers, respectively. ‘The
authors speculated that GPB training resulting in an increase
in vital capacity of swimmers would have a posirive clfect
on the swimmers' maximal velocity through the water with
filled or partially filled lungs.
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and breathing frequency could also be increased to partially
compensare for a decrease in tidal volume, If respiratory
muscle fatigue does occur, it raises the question of wherher
respiratory muscles undergo training adaptations.

Research has shown that the respiratory muscles can, in
fact, undergo adaptations to physical training. For example,
the oxidative capacity of respiratory muscle increases due to
endurance mairing.” The extra work of breathing required in
those with chronic obstructive pulmonary disease (COPD),
which increases airway resistance, also stimulates increased
oxidarive eapacity of the respiratory muscles.” However, the
concentration of glycolytic enzymes in respiratory muscles
changes little with physical training. The improved oxidative

5. MCASE STUDY

Scenario

Yon are the coach for a Division I men’s cross-country team at a
university locared at sea level. You are traveling ro a comperition
at a university with a course located at 2,300 m in altitude.

Questions

How do you expect performance 10 be affected?

Options

Endurance avents, lasting longer than 2 minutes, ere highly refi-
ant on oxygen delivery 1o tissue. At altitudes above sea laval,
partial pressure of O, is lower, This directly impacts the O, satu-
ration of hemogiodin and oxygen transport. As Po, decreases,
there is a decrease in the amount of O, bound t0 hemaglobin.
Thus, the capacity 10 trenspert oxygen to exercising muscles
is raduced and maximal oxygen consumption is reduced. Even
with acclimatization, encurance performances will be hinderad.
When exgosed te low Po, at altitude, the body's resoonse is
10 produce addmonal red blocd cells to compensate for the ce-
saturation of hemoglodin. Thug, allowing athietes sufficient time
10 acclimatize o the &ltitude may help performance, However, at
altitude, training intensities will be hindered; thus, you may want
your athletes to follow the mode! of “live high and train low.” This
means thet athletes should live and sleep ot eltitude te aliow en-
hanced red blood call preduction, but to return to see level to train
10 allow maintained training intensities. In addition, hypexic masks
nave been used to enhance metabolic and respiratery function
with training while ar sea lavel. However, thasa types cf training
are not at your disposal. So you decide to let your athletes know
this will ke & difficult meet and they should just do their best.

Scenario

You are a road cycling coach and have seen advertisements for
deviees that are supposed to train the muscles of inspiration.
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capacity in the diaphragm of endurance-trained athletes
allows that muscle to avoid indications of fatigue unril
reaching levels of Ve that are higher than those of healthy
sedentary individuals.? Although the diaphragm is largely a
respiratory muscle, it is also recruited during nonrespiratory
mancuvers,” such as physical labor or weight training
activities (see Box 6-6). In response to being recruited during
nonrespiratory maneuvers, the diaphragm does hypertrophy,
as indicated by an increase in diaphragm thickness and force
capabilities.” So, ir appears that respiratory muscles, like any
other muscle, can undergo adaprations o physical mraining.
One unique application of respiratory muscle training is
used by swimmers and is deseribed in Box 6-7.

Several of your athleres have asked you if these devices work or
might improve their cycling performance.

Options

Yeu periorm @ literature search and find several articles related to
endurance performance and use of inspiratery muscle training.
These devices make it more difficult to inspira resulting in the
muscles of inspiration needing to develop more force in orcer w0
partorm therr function. Over & period of time this results in possidly
increased strength and endurance of thase muscles and so less fa-
tigue during en endurance event. This potentially results in greater
puimenary ventilation and so oxygen supply to working muscles,

Several studies o show improved performance after inspira-
tory muscle training in treined athletes. Mean power during 6
minutes of rowing is Increased 2.7%,' whereas 20-, 25- and
40-xm time trial performance is improved by 2.7% to 4.6%.7%
However, other studies also show no significant improvement
in pertormanca. It does seem that inspiratory muscle training
increases strength and endurance on the inspiratory muscies.
For exemple, training iNcreases the inspiratory muscle pressure
2pproximataly 26% in rowars.' It also appears that inspiratory
muscle training results in increased performance with as little as
4-8 weeks of training. With your research and the apparent lack
of negative sida stfacts, you decide to advise your athletes (e try
inspiratory muscle training for a short period of tima.
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@ In healthy individuals at submaximal workloads, respiratory
muscle fatigue does not occur; howaver, at exercise
intensities above 80% of \'Inmw the diaphragm can show
indications of some fatigue.

® The respiratory
to training.

g the diaphragm, do adapt

CHAPTER SUMMARY

/The respiratory and circulatory systems work togecher
Lo supply tissues with oxygen and to expel carhon diox-
ide from the body. Pulmonary ventilation and pulmonary
diffusion arc referred to as pulmonary respiration because
these twa processes oceur ar the alveoli in the lungs. Cel-
lular respiration refers to the use of oxygen m aerobic
metabolism and production of carbon dioxide by tissue.
Partial pressure gradients berween the air and blood (pul-
monary respiration) and blood and tissue (cellular respira-
tion) determine the direction and rate of the exchange of
oxygen and carbon dioxide during respiration. Tn addition
1o gas exchange ar the lungs, the pulmonary system also
humidifics, filters, and warms air ro protect the alveoli and
respiratory membrane from damage. During inspiration,
contraction of the inspiratory muscles, of which the dia-
phragm is the most important, causes a decrease in inrra-
pulmonic pressure, resulting in air rushing into the lungs.
Relaxation of the inspiratory muscles causes an inercase
in intrapulmonic pressure, resulring in expiration. During
physical activity, expiratory muscles contract, thus aiding
expiration.

During light ro moderate physical activity, pulmonary
ventilation is increased due ro both an increase in ridal
volume and frequency of hreathing. At higher intensities of
physical activity, ridal volume platcaus so that the only way
to increase pulmonary ventilaton is to increase frequency
of breathing.

The majority of oxygen is transported bound to
hemoglobin, whereas the majority of carbon dioxide is
transported as bicarbonare. The transport of oxygen and
carbon dioxide, however, is affected by increased acidity.
increasel remperature, and increases in partial pressure
during physical activity, so that more oxygen is delivered
to active tissuc. This is in Jarge part due to shifting of the
oxyhemoglobin disassociation curve so that hemoglabin
decreases it affinity for oxygen at working tissne,

In order to meet the body's needs, pulmonary
ventilation ar rest and during physical activity is conrrolled
by the respiratory center located in the medulla and
pons. The respiratory center receives input from

many sources, including peripheral chemoreceptors,
central chemoreceptors, higher brain centers, muscle
proprioceptors, and muscle chemoreceptors. This input
allows pulmonary ventilation to change to meet the needs
of oxygen delivery to tissuc and carbon dioxide removal.
The major determinants of pulmonary ventilation are
hvdrogen ion concentration, oxygen partial pressure.
and carbon dioxide partial pressure, which are monitored
closely by chemoreeeprors so that pulmonary ventilation
changes to mect the metabolic needs of the body. However,
as workload increases, there are several points ar which
there are alterations in pulmonary ventilation relative to
the amount of oxygen and carbon dioxide exchanged ar
the lungs. These changes in pulmonary ventilarion are
related to performing workloads that are above lactate
threshold.

Respiratory muscles can adapt to physical rraining,
resulting in less respiratory muscle farigue during
physical activity. If it were not for the respiratory system’s
remarkable ability to match pulmonary ventilation with
the merabolic needs of the body at rest and during physical
activity and its ability to adapt to rraining, our ability to
perform hoth aerobic and anaerobic exercise would be
compromised.

REVIEW QUESTIONS

Fill-in-the-Blank

L. aresaclike structures arrached to the respi-
ratory bronchioles and are surrounded by capillaries,
whére gas exchange rakes place.

2. If intrapulmonic pressure is than atmospheric
pressure, air will move into the lungs or will
occurs if intrapulmonic pressure is than atmo-
spheric pressure, air will move out of the lungs or

will occur.

3. The partial pressure of oxygen in the alveoli is
than the parrial pressure of oxygen in the blood, which
allows oxvgen to diffuse into the blood. However, the
partial pressure of oxygen in muscleis _ than the
partial pressure of oxygen in the blaod, which allows
oxygen ro diffuse into the muscle.

4. When oxygen is hound to hemoglobin,
—_is formed, whereas hemoglobin not
bound to oxygenistermed |

5. The _is the workload at which VE in-
creases disproportionatcly relative to Vo, and changes
from proportional increases in Vi relative to workload
to disproportionate increases in Vi relative to work-
load.

c.



