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arm-leg Crgometry as a testing and training modality for the
middle-aged to elderly amputee population.

MATERIALS AND METHODS

The unique construction design of the Schwinn Air Dyne
crgometer made it particularly suitable for studying the acute
and chronic cardiovascular responses to combined arm-leg work
in the amputee population. With arm levers and foot pedals
Interconnected to an air-resistant flywheel, arm work per-
formed as a push-pull movement and leg work performed as
p_eda{ cranking could be conducted independently or in com-
bination.*!3 Minimal coordination was required to perform
arm plus leg work as the arm and leg mechanisms are coupled.
In the combined arm-leg work apparatus of Toner and asso-

ciates,'3-16 for example, the arm and leg ergometers were not
coqpleq and therefore a coordinated effort was required to
maintain equal crank rates on the separate arm and leg ergo-
meters.‘-“Combined bilateral arm-single leg testing was per-
fgrmed with the patients seated in their own wheelchairs at a
d|§tance behind the ergometer that permitted single-leg cycling
without excessive hip-knee flexion or knee hyperextension.
The ‘crgometer was bolted to a specially constructed wooden
pl'attorm (fig) that also supported the patient in the wheelchair
W.hcclchairs were secured with bevelled wooden chocks w i(ﬁ
stippled rubber undersurfaces to prevent sliding. Specially
constructed footplates with kydex heel supports‘and Velcro

—
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The Schwinn Air Dyne ergometer modified for combined bilateral
arm-single leg work from a wheelchair. Inset shows mounting of
workload indicator.

straps facilitated single-leg cycling, while straight canes (in-
terconnected via an elbow piece and a fitted aluminum clamp
to the vertical component of the ergometer’s arm mechanism)
enabled subjects to perform simultaneous push-pull arm work
from their own wheelchairs. The height and length of the cane
attachment were adjustable for a patient’s seated height and
arm length. The workload indicator was mounted on a malle-
able metal support and repositioned at the front of the platform
(down and to the patient’s right or left) to avoid contact with
the clamps (see inset, fig).

Arm crank tests were performed on the Schwinn Air Dyne
adapted for bilateral arm crank ergometry by replacing the foot
pedals with foam-coated hand grips. The arm crank ergometer
was then mounted on a table and secured so that the hand grips
were at a comfortable height and distance (approximately
shoulder level) for subjects to perform bilateral arm work from
their own wheelchair.? Prior to testing, a newly purchased and
unused Schwinn Air Dyne ergometer was calibrated according
to the manufacturer’s specifications.'? It should be noted that
Telford and associates, '* utilizing dynamometer testing, found
that air-braked ergometers were at least as accurately cali-
brated as their mechanically braked counterparts, such as the
standard Monark bicycle ergometer.

Construction of the primary modifications. The clamps were
constructed from a block of aluminum rod 2in in diameter by
2in thick. One inch and %in diameter openings were made in
the block with a drill. The entire block was then cut with a
band saw to create a bivalve configuration. The two halves
were joined together by hexheaded steel screws.

The footplates were constructed from the following mate-
rials: a 4 11in piece of plywood, two pieces of pine block
(4in wide by the pedal thickness high), a kydex heel loop (7in
long by 2in wide), and two 4 X 2in Velcro hooks attached to
the undersurface of the plywood. The two pieces of pine,

attached to the plywood with wood screws, secured the foot-
plate to the sides and upper surface of the ergometer pedal.
An additional piece of plywood was cut to secure the remain-
ing free surface of the pedal. This plywood support was fas-
tened to the pine supports with T-nuts and thumb screws to
make it removable.

The elbow pieces were constructed from a 20-in length of
¥sin aluminum tubing. Using a tube bender a 90° elbow bend
was made 10in from one end. A hole was drilled in the op-
posite end to accommodate the spring clip from the adjustable
straight cane.

Test protocols. The arm crank and combined arm-leg ex-
ercise tests were performed with intermittent protocols to limit
the effects of local muscular fatigue and facilitate the recording
of diagnostic quality ECGs without compromising the achieve-
ment of maximal responses.'?-18:19 Four-minute work stages
were followed by 12-minute rest periods. After an initial work-
load of 25W the workloads were increased by 25W each ex-
ercise stage to maximum. Predetermined endpoints for testing
during both tests included moderate to severe angina pectoris
or dyspnea, complex ventricular dysrhythmias, or more than
3mm of ST depression on monitoring ECG. The actual tests
were terminated when subjects failed to maintain the desired
power output despite what appeared to the investigators to be
a maximal volitional effort. These endpoints corresponded to
106% and 109% of age-predicted maximal heart rate in case
3, 87% and 92% in case 2, and 74% and 80% in case 1 for
the arm crank and combined arm-leg tests, respectively. It
should be noted that case 1 had a 15-year history of diabetes
mellitus (only recently under good control) and evidence of
neuropathy when evaluating his heart rate response. (See Hilsted®
for a discussion of these factors.) The respiratory quotients
were well above unity for all subjects at their respective end-
points indicating true maximal volitional efforts.>*-10

A 12-lead ECG was obtained at rest, following Valsalva
maneuver, after hyperventilation, and immediately after ter-
mination of each exercise stage, as well as several times during
the postexercise recovery period. The ECG rhythm was con-
tinuously monitored throughout the rest, exercise, and recov-
ery periods via a lead V5 placement. To obtain blood pressure
during the exercise tests, the subject continued arm work with
the left arm while one investigator recorded the blood pressure
in the momentarily still right arm.'® During this brief period,
another investigator assisted the subject in maintaining the de-
sired power output. These indirect brachial blood pressures
were obtained at two minutes into each exercise stage using a
mercury column sphygmomanometer. Blood pressure was also
measured immediately after exercise and at several intervals
during the postexercise recovery period.

One subject (case 3) participated in a 14-week training pro-
gram of combined bilateral arm-single leg work on the mod-

Table 1: Peak Values for Arm-Leg and Arm Crank Tests

PO peak
Peak Vo, (watts, total HR peak BP peak
Case (mL-kg-'-min-') duration) (beats-min-!) (mmHg)
I Arm-leg test 14.0 100, 2 min 140 150/80
Arm test 10.3 75, 2 min 130 130/80
2 Armn-leg test 14.3 50, 4 min 132 180190
Arm test 10.8 40, 3 min 125 200/100
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L | Table 2: Peak Values for Tests, Befor
L Case Peak Vo; =0 Alter 1;: Weeks of Arm-Leg Trainin total power output to the arms and leg that mollify the exces- 6. Hrubec Z, Ryder RA: Traumatic limb amputations and subse-
= (mL-kg-'-min-1) boiia t(l)tal;e;:mtlo ; HR peak BP peak sive heart rates and oxygen uptakes associated with pure arm quent mortality from cardiovascular disease and other causes. J
Arm-leg test (initial) 15.3 - = Gostymie) (muig) work. Such guidelines could facilitate safer, more efficient Chronic Dis 33:239-250, 1980 : :
= Arm test (initial) 14.9 75, 4 min 160 194/96 . b" ditionine of amputees 7. James U, Nordgren B: Physical work capacity measured by bi-
Arm-leg test : 75, 2.5 min 155 2107110 e confﬂll gk pr ¥ 3 i BROCIR M b Pl en cycle ergometry (one leg) and prosthetic treadmill walking in
(after training) 19.1 . In llght‘o f ERAR T S L ST o £ healthy active unilateral above-knee amputee. Scand J Rehabil
Arm test 14.0 100, 4 min 155 210/90 and associates,” our preliminary findings may have important Med 5-81-87. 1973
:\ = (after training) 75, 4 min 145 194/90 clinical applications to the amputee population. Cpmbmed arm- 8. Kavanagh T, Shephard RJ: Application of exercise testing to
:g ase 3 had five weeks of arm crank training immediately prior to initial tests leg ergometry may provide: (1) a mode of CardlovaS'CUIM en- elderly amputee. Can Med Assoc J 108:314-317, 1973
J ws durance training that imposes less cardiovascular strain at sub- 9. Kerstein MD, Zimmer H, Dugdale FE, et al: Associated diag-
" ified maximal workloads, (2) a testing modality that activates the noses complicating rehabilitation after major lower extremity
“W tied ergometer. No specific arm crank training took place largest available muscle mass and elicits the greatest oxygen amputation. Angiology 25:536-547, 1974
during the 14 weeks of the study. Case 3 engaged in It)h RESULTS uptake, and (3) simultaneous aerobic conditioning of the arms 10. McArdle WD, Katch Fl, Pechar GS: Comparison of continuous
i and discontinuous treadmill and bicycle tests for max VO,. Med

" g”gl:;:m% us::ssnons_ per week. The training corresponded to 75%— As shown in table 1, cases | and 2 achieved greater peak and leg, improving function in both wheelchair propulsion and g gl v
‘ Ot the maximal heart rate achieved on the injt; % oXygen uptakes, power outputs : g rosthetic ambulation. e I ; ¢
g test, ie, 120 to 132 beats-min-! The initial lm-tlal arm-leg bined bil alt)eral a;mpo : l( tputs, and heart rates during com- P 11. Nagle FJ, Richie JP, Giese MD: VO, ..., responses in separate
5 8 g >4 g L ” & A
r was as follows: three minutes of warm-up at ;g(\?;flse o g on the modified er: (ing)c t“{}nlg- vS bilateral arm crank testing Acknowledgments: We thank Dr. Michael Toner for his advice and sup- and combined arm and leg air-braked ergometer exercise. Med
. utes stimulus phase at 45W and fi B » Seven ml.n- st e gometer. Unlike cases 1 and 2, case 3 had port. Recognition is also due to Keith Monse who prepared the illustration. Sci Sports Exerc 16:563-566, 1984 ;
ks i ( s Ve minutes recovery, ie, ; On an arm crank apparatus for the five weeks imme- 12. Sawka MN, Glaser RM, Laubach LL, Al-Samkari O, Suryapra-
\ e € (at or near warmup power output) and 2.5 diately prior to this investigation. He evidenced similar re- ADDRESS REPRINT REQUEST TO: sad AG: Wheelchair exercise performance of young, middle-
t Dur{n p S“;f: . Sponses to both the arm-leg and arm crank tests performed Andrew G. Bostom, MS, PT aged, and elderly. J Appl Physiol 50:824-828, 1981
t following-wt‘fs s 11-14, the exercise program consisted of the initially (table 2). Following 14 weeks of combined bilateral gcuggmén;l()f e i 13. Schwinn, Air-Dyne Owners Operating and Maintenance Manual.
it g: ; € minutes warmup at 35-40W, 25-30 minutes arm-single leg training (exclusive of arm crank training), case 6;_,,0;“2&:563 ki) Chicago, Schwinn Bicycle Company, 1985 A
d i at 50-65W, and ten minutes recovery, approximately 3 demonstrated clearly differing responses to those two, forms Flushing, NY 11367 1%, Teihad B, Baopce LA, Chepicls MUD. Catioation sd coot-
¢ wz asactlvi and 7;3 passive. For the first three sessions, case 3 of work when retested. While the peak responses to arm crank s g i mechamcally(—)braked i
continuously monitored for rh i Bt ing (V ; s % ters. Aust J Sports Med 12:40-46, 198
\ TS : . or rhythm disturbances by hard- ng (Vo, peak, power output, heart rate. and s References - e : :
J  Wire ECG using a modified Vs lead placement, Rhythn); mon.  Temained similar to the prStrainjng - 1A Cogﬁﬁdedpge;;:re) 1. Clark GS, Blue B, Bearer JB: Rehabiliation of the lderly am- 15. Toner MM, MeArdle WD, Glickman EL: Cardiovascular ad-
d ltoring thereafter was performed at three-week intervals duri peak Vo, and peak power ont > ecfé putee. J Am Geriatr Soc 31:439-448, 1983 justments to exercise distributed between upper and lower body
P : : § during P output increased by 20% 2. Cummins TD, Gladden LB: Responses to submaximal and max- (abstract). Med Sci Sports Exerc 17:225-226, 1985
16. Toner MM, Sawka MN, Levine L, Pandolf KB: Cardiorespira-

the course of the inve§t1gat10n as the intensity and duration of

and blood pressures as previous]| i
. s y described were recorded
;c;\s(;, f((i)l;;;l)t:f waxgllxlp, several times during the stimulus pl‘:as:t
in, th acti i i ’
g sessﬁ) A 1ve and passive recovery during each
Subjects. Three subjects ici in thi i
participated in this preliminary tri;
Case 1 Was a 45-year-old man with a 15-year histo:ydrgf di‘::

who was placed on insulin 2/85 to i

; improve control. He h
left below-kr_xee amputation 1/85 secondary to an infece'tedaclilla-1
ce:r. The patient had a long history of alcohol abuse, and he
Was a one pack per day smoker for an undetermined’number

of years. He had evidence of peri
. ; peripheral neu -
amputation hospital course was uneventful.ropathy. eI

: » 50mg per day. Her hospital ¢ i
alir:putanon was uneventful. Case 3 wgs da ;g?;;lel?ﬁg
wano had a .ng!n above—knqe amputation 9/84 secondary to
gangrene resulting from peripheral vascular disease. The pz
tient also underwent successful debridement of g | ble

(+3.8mL-kg"min') and 33% (+25W) respectively (table 2).

DISCUSSION

Base.d on our preliminary trial, it appears reasonable to test
and train a larger amputec population utilizing the modified
arm-leg ergometer. The two subjects who had no previous arm
crank training achieved greater peak oXygen uptakes and power
outputs during arm-leg vs arm crank testing. The one subject
who trained for 14 weeks on the arm-leg ergometer evidenced
clea}r gains in both peak power output and peak oxygen uptake
during ‘the performance of arm-leg work.

Previous Investigators have examined the cardiovascular re-
Sponses to separate and combined arm and leg work on an air-
braked ergometer,4-11 Subjects achieved greater maximal power
outputs and oxygen uptake values during combined arm plus
leg work versus leg work or arm work alone. 411 At submax-
Imal power outputs, arm work, performed independently as a
push-pull movement, elicited significantly higher heart rate
and Vo, Tresponses compared to both independent leg cycling
and combined arm push-pull, leg cycling work.* Future non-
nvasive studies that evaluate cardiac output (eg, CO, re-
breathing) may further elucidate the differences bet’ween‘arm
ergometry and combined single leg-bilateral arm ergometry in
amputees. Nagle and colleagues'! devised a strain gauge and
optlca} Sensing system for the Schwinn Air Dyne ergometer
that displayed the S€parate power output contribution of the
arms and legs. for both investigator and subject. Use of a sim-
ilar system with the modified ergometer described here c;)uld
eyalugte the cardiovascular responses to different specific dis-
tnl?utlf)ns of total power output to the arms and leg. Ultimatei\'
guidelines might be established for specific distributions of

imal arm cycling, above, at, and below heart level. Med Sci
Sports Exerc 15:295-298, 1983

3. Glaser RM, Sawka MN, Laubach LL, Suryaprasad AG: Meta-
bolic and cardiopulmonary responses to wheelchair and bicycle
ergometry. J Appl Physiol 46:1066-1070, 1979

4. Hagan RD, Gettman LR, Upton SJ, Duncan JJ, Cummings JM:
Cardiorespiratory responses to arm, leg, and combined arm and
leg work on air-braked ergometer. J Cardiac Rehabil 3:689-695,
1983

5. Hilsted J: Pathophysiology in diabetic autonomic neuropathy:
cardiovascular, hormonal, and metabolic studies. Diabetes 31:730—
737, 1982

tory responses to exercise distributed between upper and lower
body. J Appl Physiol 54:1403-1407, 1983

17. Wahren J, Bygdeman S: Onset of angina pectoris in relation to
circulatory adaptation during arm and leg exercise. Circulation
44:432-441, 1971

18. Washburn RA, Seals DR: Comparison of continuous and dis-
continuous protocols for determination of peak oxygen uptake in
arm cranking. Eur J Applied Physiol 51:3-6, 1983
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