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Obtaining CME Credit

ÅIf you would like to receive CME credit 

for this activity, please visit:

http://www.pesgce.com/PVAsummit2011/

ÅThis information can also be found in the Summit 

2011 Program on page 8.

http://www.pesgce.com/PVAsummit2011/


Learning Objectives

1)Define the key components of an arm ergometry 
exercise stress test; 

2)Interpret the results relative to physical fitness; 

3)Use the arm ergometry exercise test results to 
recommend exercise training workloads;

4)Identify corollaries to peak exercise performance; 
and

5)Identify the magnitude of body composition 
changes from spinal cord injury.



Arm exercise is the predominant mode of aerobic physical activity 
for persons with paraplegia (Para).    Fitness levels and peak 
performance can be determined from maximal arm ergometry 
exercise stress testing.

²ƘŜŜƭŎƘŀƛǊ wŀŎƛƴƎ ƛƴ ǘƘŜ мфулΩǎ



Outline of Presentation

ÅBasic principles and 
physiology arm
ergometry

ÅExercise Rx fromarm 
exercise stress test

ÅBody composition

ïAcute SCI, longitudinal 
study

ïChronic SCI, cross-
sectional studies





Arm Exercise Stress Testing 
Χ¢ƘŜ άмлмέ .ŀǎƛŎǎ

ÅArm ergometer
ï Stabilized to handle lots of torque

ï Measurable increments in Watts

ï Minimal increments of <15 watts

ÅExercise protocol
ï Ramp is ideal

ï One minute increments

ÅHeart rate monitor
ï 3 lead ECG

ï Polar pacer monitor

ÅMetabolic cart
ï FIO2, FICO2, FEO2, FECO2

ÅO2 uptake, CO2 production 

ï RR, TV, VE

ï Calculation of derivatives



Phases of the Exercise Test

Pre-exerciseData collected during baseline, just prior to 
initiation of the exercise protocol.

Sub-maximal  From onset of arm cranking to peak 
performance.

Anaerobic Threshold (AT)The highest oxygen uptake attained 
without sustained increase in blood lactate concentration. 

Ventilatory Threshold (VT)Determined by the V-slope 
technique, the point during exercise that CO2 (VCO2) is 
produced more than O2 (VO2) is taken up (Wasserman, 
1986).  The VT closely correlates with anaerobic threshold.

Peak ExerciseThe highest attained O2 uptake during a 
maximal ergometry exercise test.

RecoveryThe phase of rest after termination of exercise.



Ambient and Exhaled Gas 
Concentrations

Variable/
Parameter

FIO2 (%)

FEO2 (%)

FICO2 (%)

FECO2 (%)

FETCO2 (%)

Pre Exercise/
Resting
20.93

16.00 ς19.00

0.03

2.50 ς4.00

5.60 ± 0.07

Max/Peak
Exercise
20.93

15.00 ς18.00

0.03

4.60 ς6.80



VO2 = (1-FEO2-FECO2)

(1-FIO2-FICO2)

[Haldane 
Transformation]

x FIO2ςFEO2 (100) x 10 x VE (STPD)

[Conzolazio, 1963]



Pulmonary and Gas Exchange 

Variable/
Parameter
VE (L/min)

TV (ml)

RR (f)

VO2(ml/min)

VCO2(ml/min)

RER (VCO2/VO2)

VEO2(L/1L VO2)

VECO2(L/1L VCO2)

Pre Exercise/
Resting
6 ς12

200 ς700

10 ς15

180 ς400

150 ς350

0.80 ς0.85

20 ς40

25 ς50

Max/Peak
Exercise
30 ς280

<ICmax

20 ς50

500 ς6000

400 ς6200

0.98 ς1.40

20 ς40

25 ς50



Hemodynamic and Gas Exchange 

Variable/
Parameter
SaO2(%)

HR (bpm)

O2 Pulse (ml/beat)

HR Slope

SBP (mmHg)

DBP (mmHg)

RPE (6-20)

Pre Exercise/
Resting
94 ς99

50 ς90

3.0 ς7.8

n/a

90 ς120

60 ς90

6

Max/Peak
Exercise
94 ς99

120 ς220

8 ς40

3.5 ς7.0

150 ς200

70 ς100

15 ς20



Anaerobic Threshold (AT)
ÅThe AT occurs when the O2 required by the 

exercising muscles cannotbe totally supported by 
the O2 delivery system. 

ÅEnergy demands are supplemented by the 
anaerobic mechanism of the conversion of pyruvate
to lactate.

ÅAT is the VO2 threshold,above which the anaerobic 
mechanisms supplement the aerobic ones and 
yields >VCO2 relative to VO2.

ÅContinued work above the AT is not sustainable.
Principles of Exercise Testing and Interpretation
Wasserman, K. et al. 1986, Lea &FebigerPublishers, Philadelphia, PA



Principles of Exercise Testing and Interpretation
Wasserman, K. et al. 1986, Lea &Febiger
Publishers, Philadelphia, PA,  Pg 12.

άLǎƻŎŀǇƴƛŎ ōǳŦŦŜǊƛƴƎέ 
refers to curvilinear 
increase in VE and VCO2.

AT occurs when lactate 
increases.

άwŜǎǇƛǊŀǘƻǊȅ /ƻƳǇŜƴǎŀǘƛƻƴέ 
occurs after isocapnic
buffering because of the 
metabolic acidosis of 
exercise.

!¢ Ғмул ² όсо҈ ƻŦ Pk)
Pk=285 W (Leg Ergometry)



Peak versus Maximum Arm Exercise 
Performance

Å/ǊƛǘŜǊƛŀ ŦƻǊ ŀ άaŀȄέ ¢Ŝǎǘ

ïVO2 ceases to rise with continued increases in 
work

Å/ǊƛǘŜǊƛŀ ŦƻǊ ŀ άtŜŀƪέ ¢Ŝǎǘ

ïRER >1.10

ïHR >80% predicted max

ïVE >60% predicted max or MVV

ïVO2>60% predicted for Leg



Maximal Arm Ergometry Exercise 
Testing in Monozygotic Twins 

Discordant for Paraplegia



Arm and Leg Exercise Stress Testing

VArm PWC was tested in both 
sets of twins 
VLeg PWC was tested in the 

NonPara twins

VArm:  Para vs. NonPara

VPara Arm and NonPara Arm 

vs. NonParaLeg 



Methods:  Twin DNA Testing
ÅBlood was collected for 

restriction fragment length 
polymorphism (RFLP) analysis 
of PstI digested DNA for twin 
zygosity.  

ÅThe results of the analyses 
were obtained with six probes 
which detect independent, 
highly polymorphic loci.

ÅThe chance of two non-
identical twins having identical 
DNA patterns at six loci was 1 
in 4,096 (LifecodesCorp, Stamford, CT)



Methods
ÅA prospective study was performed in 10 pairs of 

monozygotic twins.

ÅArm and leg: lean and fat tissue masses were 
determined by dual energy x-ray absorptiometry
(DXA).

ÅPaired t-tests were used for comparisons within twin 
pairs.  

ÅUnpaired t-tests and ANOVAs were used for 
comparisons between the gender (male vs. female) 
and activity level (active vs. inactive) subgroups.



Methods:  Arm and Leg Ergometry

Heart rate
Polar Pacer Heart Monitor, Polar USA Inc., Port Washington, NY

Gas exchange and ventilation 
System 2900 Metabolic Measurement Cart, SensorMedicsCorp., Yorba Linda, CA

VO2 and VCO2 were calculated from mixed expired O2 and CO2 concentrations.

Venous plasma lactate 
2200 Stat, YSI Inc., Yellow Springs, OH

The following were obtained:

Work (watts) VO2 (ml/min) VCO2 (ml/min)

VE (L/min) RR (f) TV (ml)

HR (bpm) LA (mmole/L)

Their derivatives were calculated.



Arm and Leg Exercise Protocols

Mode:

Ergometer:

Work units:

RPMs:

Protocol:

Increments:

Initial wkld:

Arm 

Ergometry

arm cycle

Fleisch

Ergostat

Switzerland

watts

60

incremental

12 watts/min

12 watts

Leg 

Ergometry

leg cycle

Ergoline

Ergometrics

Germany

watts

60

ramp

25 watts/min

0 watts



Exercise Test Termination Criteria 

Subject wished to 
stop. 

Subject unable to 
maintain 60 rpmsat 
specified wkld. 

Iw җур҈ ƻŦ ƳŀȄ ǇǊŜŘΦ 
heart rate

w9w җмΦмл

VO2 plateau


