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1. Impact of Respiratory Muscle Power, Exercise Intensity
(Critical Velocity/Speed) on Load Carriage Performance.

2. Types of occupational personal protective equipment could
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e Does increased scaling-
weight of combat
equipment have an impact
on RMP?
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Work of Breathing Respiratory Muscle Power

e Work of Breath (W,) ? » Power of Breathing (P,)*

O A quantitative measurement of O Rate of W, expressed per unit
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e Respiratory muscle fatigability is
a significant limiting factor to
performance during
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Table 2. Cardiorespiratory Values @ Maximal Exercise
(Modified)

Parameter Men (n=9) Women (n=9)
Table 1. Anthropometric and Spirometric Group Values
(Modified) VO, (L'min?) 4.4+0.2 2.8 £0.2%

Characteristic Men (n=9) Women (n=9)
Age (Years) 29+3 23 £ 1%

VO, (ml-kg™ -min7t) 58.7+1.9 48.1 2.1
VCO, (L:min~t) 4.8+0.2 3.0£0.1%

Height (cm) 167 + 2% VT (L) 3.1+0.1 1.9+0.1%

Mass (kg) + 58 + 2

VE (L'mint) 173+ 10 114 + 4%
FVC (L) 8+0. 4.0 +0.2% APy (cmH,0) 54 +4 46 + 1x
FVC (% Predicted) 9542 WOB (J:min-?) 605 + 59 354 + 19%
FEV1 (L) 7+0. 3.4+0.1x PTPy: (cmH,0 st min-1) 606 + 35 500 + 30+

FEV1 (% Predicted) 94 + 2

PTPy, (cmH,0 57 min) 457 + 44 406 + 75

+
FEVI/RVC B 851 PTPoe/PTPp, 0.77 £0.07 0.84 £0.11

FEV1/FVC (% Predicted) 100 £ 2 992 VE Cap (L:min~%) 220+ 15 164 + 9%

Abbreviations: FEV1, forced expired volume in 1 s; and FVC,
forced vital capacity. *Significantly different frommen (P <
0.05). Values in this and subsequent tables are means +
SEM.

VE / VE Cap (%) 80+3 72+5

Abbreviations: AP, Oesophageal Pressure Swing; PTP,
Oesophageal Pressure—-Time Product; PTPy, Diaphragmatic
Pressure-Time Product; VCO, , Carbon Dioxide

output; VE, Expired Minute Ventilation; VE Cap, Ventilatory
Capacity; VO, , Oxygen Uptake; VT, Tidal Volume; and WOB,
Work of Breathing. *Significantly different (P < 0.05).
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Physiological System

Central
Perception of Breathing

Morphological
Lung size & # of Alveoli

Surface Gas Exchange
Central Airway Size

Functional
Work of Breathing
02 Cost of Breathing
Exercise Diaphragmatic Fatigue
Activation of extra-diaphragmatic muscles
Respiratory muscle metaboreflex
Peripheral muscle sympathetic activity
Susceptibility to exercise induced arterial hypoxemia
Locomotor muscle fatigue
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Fig. 1. The chest wall-restrictive device. A Inside view showing pads, air attachments and fastening. Front (B) and
rear (C) views showing method of placement. Refer to text for specific details.
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SCUBA

(DoD, Public domain, via
Wikimedia Commons, FILE:
https://commons.wikimedia.org/w
iki/File:SEALS_wearing_diving_gea
rJPG)

CBRNE

(DoD, Public domain, via Wikimedia
Commons, FILE:
https://commons.wikimedia.org/wi
ki/File:2nd_Maintenance_Battalion
_competes_to_find_its_best_1305
03-M-AR522-038.jpg)

SCBA

(Public Domain, Self-contained
breathing apparatus,
https://upload.wikimedia.org/wikip
edia/commons/0/02/TFS_SCBA_ge
ar.jpg)

Occupational / Operational Use-Cases

AFE

(DoD, Public domain, via
Wikimedia Commons, File:U.S. Air

Force Major Kevin Hall, a test pilot,

performs a preflight inspection on
a F-35A Lightning Il aircraft March
14, 2014, before departing from

Hill Air Force Base, Utah 140314-F-

UT482-113.jpg)

HAM

(DoD, Public domain, via
Wikimedia Commons, File:U-2 new
cockpit 2006-06-20 F-8409K-
001.jpg — Wikimedia Commons,
File:U-2 new cockpit 2006-06-20 F-
8409K-001.jpg - Wikimedia
Commons)
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Filter Breathing Performance

Re-breathed CO,

Mask Only:  Mask & Filters:

30 L/Min 2 mm WG 10 mm WG
Inhalation resistance

95 L/Min 8 mm WG 30 mm WG
160 L/Min = 12 mm WG 64 mm WG
85 L/Min 7 mm WG

Exhalation Resistance at:
160 L/Min 12 mm WG
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http://www.marines.mil/_layouts/imagemeta.aspx?image=http://www.marines.mil/unit/mcbhawaii/PublishingImages/2009/091202-M-1558F-195.jpg

% 02 Kinetic Responses - Extreme

Upper: GET >4 Two components; steady state achieved within 3 i
min in healthy individuals 3500 -

Moderate

Severe

Lower: GET Up to Three components; slow component evident
Heavy Upper: CP/S ~3-4h after primary phase; steady state delayed by 10-
20 min; elevated V' 02

VO, (ml.min™")
o
S

~ LGEY | T
Lower: CP/S Up to Two/three components; slow component evident 2000
~30-45 that develops continuously if power below V' i
Upper: highest min 0O2max; no steady state; V' O2max attained if 1500
Severe power that sustained . MOderate
elicits VO2max 1000 -
before fatigue — T T 77— T
Lower: highest <120s Two components; no slow component evident; -50 0 50 100 150 200 250 300 350 400
Extreme power eliciting VO2max not attained .
VO2max Time (sec

(NOTE: GET = Gas Exchange Threshold ; CP = Critical Power/Speed)
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e Confirm P, increases equally with e Evidence that 25 kg thoracic load
Slow Component (VO2¢.) during carriage induces Inspiratory &

strenuous, constant work. Expiratory muscle fatigue during

. : . sustainment and assault walking.1>
e First report showing VO2..rise :

severe-

heavy-intensity
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 Inspiratory Muscle Training (IMT) attenuated cardiovascular and
perceptual responses to steady-state exercise and improved high-
intensity time-trial performance when wearing a 25 kg backpack.!’

e Attribute in part to reduced relative work intensity of the inspiratory muscles
due to improved inspiratory muscle strength.
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Inspiratory Muscle
Training (IMT) Control IMT (IMTCO_N)

INTENSITY: 50% of Ply « INTENSITY: 50% of Pl,,, :
VOLUME: 30 reps (IE, Inspiratory : .
Efforts) « VOLUME: 30 reps IE

FREQUENCY: 2x daily; 7-days per « FREQUENCY: 2x daily, 3x per :
week week

DURATION: 4-weeks

Function IMT (IMT;)

INTENSITY: 50% of Pl

VOLUME: Week 1 =12 IE reps per
exercise in week 1; Week 4 =18 IE
reps (increase 2-breaths per week)

FREQUENCY: 3x sessions weekly
DURATION: 4-weeks
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Load Carriage Performance Factor?
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CS=4m/s,D’=180 m If the athlete runs at 5 m/s (+ 1 m/s above
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CS), they will expend the D’ of 180 m in 180
seconds.

At which point, VO,,,., will be achieved. The
result will be the need to stop or slow down
to a speed below CS
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Last 30 sec

-
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Time (sec)

Speed [m/s)

300 450 600
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Original Speed-Inverse Time Model
= (D’/time) + CS

Interval Equation
= (D ’%/tlme) + CS
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Sample subject: CS=4m/s, D’= 180 m

Original Equation
Time (s)=(D—-D")/CS
2055 =(1000m—-180 m)/4 m/s

Interval Equation
Time (s) = [D— (D’-0.60)]/CS
223's = [(1000 m—(180 m-0.60)]/4 m/s
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Continuous %D’
Training Goal Interval Interval Time o b %vVO,, ...
. Depletion
Distance ®
T™TTCS,
\l/ , 800-1000m 180-300s 60-80% 90-99%
D

TCS,
) 120s 60-80% 100-129%
—D
(S,
’l\ ) <400 m <90s >80% >130%
D

?Shuttle runs proportionately shorter
b60% depletion = 4 intervals; 80 = 3 intervals
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e Examined CS and D’ from unloaded and loaded trials of the 3MT

e 14 males, various occupational backgrounds (i.e., fire, military, LE)

e Unloaded 3-min all-out running test

CS (ms1): 3.721£0.38
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Percentage of Body Mass (expressed as whole percent)
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y =-0.0638x + 0.6582
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Heart Rate (bpm)
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Heart Rate (bpm)

600 200 2 : 2 . 600 200

Time (s) Time (s)

4 x 2.5 min Intervals at 60% D’
21% BM LC (16.7kg)/ 12.71 kph

4 x 3 min Intervals at 60% D’
15% BM LC (12.3 kg) / 12.87 kph
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e Open access (aka FREE) article in the journal Sports

e Optimization of the Critical Speed Concept for Tactical Professionals: A
Brief Review by Nathan Dicks and Robert Pettitt

Mark T White, MS, CSCS, TSAC-F & Robert W Pettitt, PhD, CSCS

Respiratory Muscle Power and Critical Speed: Underappreciated Factors
that Influence Load Carriage Performance


https://www.mdpi.com/2075-4663/9/8/106

Learning Objectives

1. Impact of Respiratory Muscle Power, Exercise Intensity
(Critical Velocity/Speed) on Load Carriage Performance.
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