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Background and Purpose. People with spinal cord injuries (SCIs), particu-
larly those with injuries causing tetraplegia, are at risk for cardiovascular illnesses.
There is a compelling need to address poor cardiovascular health as early as possible
after cervical SCI. The purpose of this case report is to illustrate the process of aerobic
exercise prescription during inpatient rehabilitation for cervical SCI.

Case Description. The patient was a 22-year-old man who had sustained a
complete C5 SCI during a swimming accident 12 weeks before he participated in an
aerobic exercise program. The program was developed to facilitate aerobic capacity
while minimizing muscular fatigue. The patient attended 18 sessions over a 2-month
period.

Outcomes. The patient’s exercise tolerance increased in terms of both exercise
duration and exercise intensity. Measurements of cardiovascular health, taken before
and after training, revealed substantial increases in peak oxygen uptake (20%) and
orthostatic tolerance over the course of the program.

Discussion. The patient experienced typical complications associated with acute
SCI (eg, orthostatic hypotension, urinary tract infections). He exhibited several signs
of improved exercise tolerance and wheelchair mobility during the 2-month pro-
gram, indicating potential cardiovascular and functional improvements from the
exercise training.
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Cervical spinal cord injuries
(SCI) significantly disrupt con-
nections in the spinal cord,

causing severe muscle paralysis, loss
of sensation, and autonomic dysfunc-
tion. People with cervical SCI are
likely to become inactive1 and ex-
hibit low levels of cardiovascular fit-
ness.2 The latter significantly in-
creases the risk of cardiovascular
disease. Cardiovascular disease is the
leading cause of death in both peo-
ple who are able-bodied and people
with SCI.3 However, the disease oc-
curs earlier and is more prevalent in
the latter population, and tetraplegic
injuries are associated with a 16%
higher risk of developing the disease
than paraplegic injuries.4 Although
reduced muscle mass is a fundamen-
tal factor contributing to inactivity,
autonomic dysfunction compounds
this problem. The failure of sympa-
thetically driven cardiac acceleration
and contractility mechanisms, com-
bined with venous pooling, results in
severely decreased cardiac output
and therefore a reduction in the
overall ability to transport oxygen to
the exercising muscle. These factors
lead to a vicious cycle of further de-
cline because they can result in re-
duced functional capacity and, there-
fore, threaten the ability to live
independently.

Physical inactivity directly predis-
poses people to metabolic syn-
drome.5 Metabolic syndrome, a pre-
diabetic state characterized by a
group of metabolic risk factors (obe-
sity, high blood pressure, insulin re-
sistance, and atherogenic dyslipide-

mia6), is considered to be a major
risk factor for heart disease7; its pres-
ence approximately doubles the risk
of cardiovascular disease mortality.4

Metabolic syndrome has been shown
to be present in 23% of people with
SCI (approximately double its pres-
ence in people who are able-bodied
and of similar ages6); the highest in-
cidence of the disease is apparent in
people with tetraplegia.4 The in-
creased risk for metabolic syndrome
in the latter population is likely mul-
tifactorial. A loss of muscle mass at-
tributable to paralysis causes a shift
in body composition from lean mass
(composed of skeletal muscle and
bone) to fat mass, thus promoting
insulin resistance and physical inac-
tivity.4 Another cardiovascular dys-
function observed in people with
SCI is orthostatic hypotension (OH),
which is prevelant in both the acute8

and the chronic9 stages of SCI. Or-
thostatic hypotension can signifi-
cantly complicate and delay rehabil-
itation for cervical SCI because
58.9% of patients experience symp-
tomatic OH with mobilization.10 It
has even been suggested that OH can
lead to neurological deterioration in
people who may otherwise have sta-
ble SCI.11 Because prolonged bed
rest and cardiac insufficiency are 2
primary causes of OH in people who
are able-bodied,12,13 it is assumed
that severe cardiovascular decondi-
tioning in the initial months after
SCI increases the risk of OH and,
therefore, threatens efficient
rehabilitation.

It is critical to address cardiovascular
function as early as possible after
newly sustained SCI. People with
acute, motor-complete cervical SCI
can spend up to 4 weeks in bed dur-
ing acute care.10 The negative cardio-
vascular consequences of such pro-
longed bed rest have been well
documented for people who are
able-bodied14 and are particularly
detrimental for people with cervical
SCI. Thus, cardiovascular training, in

addition to increasing sitting toler-
ance and functional ability, during
subacute rehabilitation may halt the
cardiovascular deterioration that re-
sults from prolonged immobility and
reduce OH symptoms. Cardiovascu-
lar training is needed if people with
SCI are to reach and maintain the
level of cardiovascular fitness that is
desirable for functioning in daily life.
Thus, the effort to achieve optimal
levels of fitness through sustained
aerobic activity should start during
primary rehabilitation.

Despite the compelling rationale to
optimize physical fitness levels in
people with SCI, research investigat-
ing conventional aerobic exercise
(eg, sustained wheelchair propul-
sion [wheeling], arm ergometry) dur-
ing subacute rehabilitation is scarce.
There are currently no guidelines for
prescribing aerobic exercise for peo-
ple with cervical SCI, nor is it an
integral part of subacute rehabilita-
tion. To our knowledge, only 2 stud-
ies have explored the use of aerobic
exercise as an adjunct to primary re-
habilitation.15,16 These studies aimed
to maintain an exercise frequency of
3 to 5 days per week at an intensity
of 70% to 80% of heart rate reserve
(HRR). However, the 2003 study by
De Groot et al15 (n�6) included only
1 individual with cervical SCI, sus-
tained more than 6 months before
participation in the program, and the
2005 study by Bizzarini et al16 did not
include any people with complete
cervical SCI and did not involve any
cardiovascular assessments.

Although previous studies17–19 dem-
onstrated the beneficial effects of
upper-extremity training on cardio-
vascular status in people with cervi-
cal injuries, no study has assessed the
feasibility (or the effects) of an aero-
bic exercise program designed spe-
cifically for people with tetraplegia
during inpatient rehabilitation. Be-
cause people with cervical SCI are
severely limited by autonomic ner-
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vous system impairments and paral-
ysis, they are not always able to par-
ticipate in programs designed for
people with full upper-body strength
(force-generating capacity) and in-
tact autonomic control of the cardio-
vascular system. The purpose of this
case report is to outline the process
used to develop an exercise program
to enhance cardiovascular fitness in
a patient undergoing primary reha-
bilitation for a motor-complete
C5-C6 SCI. We used a novel upper-
extremity circuit training program
that aimed to minimize muscular fa-
tigue to facilitate gains in aerobic ca-
pacity. Secondary outcomes in-
cluded measures of OH, lipids,
functional wheeling, and program
satisfaction.

Patient History and
Review of Systems
The patient was a 22-year-old man
(weight�62 kg, height�188 cm) ad-
mitted for inpatient rehabilitation af-
ter a traumatic SCI sustained during a
swimming accident. He spent 50
days in acute care before being trans-
ferred to the inpatient rehabilitation
center.

Clinical Impression
The patient appeared to be a poten-
tial candidate for our novel treat-
ment because he was highly moti-
vated to work on his cardiovascular
fitness. An American Spinal Injury As-
sociation Impairment Scale (AIS) ex-
amination20 was planned to clarify
the completeness and severity of the
injury.

Examination
The patient rated his activity level
before the injury as “very active.”
The AIS examination revealed a C5
sensory-C6 motor AIS-A SCI. The pa-
tient had full passive shoulder range
of motion, with an overall motor
score of 20/100, and was able to per-
form some activities of daily living
(eg, brushing teeth, upper-body
dressing) with assistance. He could

tolerate a full day in his manual
wheelchair and expressed no com-
plaints of pain, shortness of breath,
or cough. He was managing occa-
sional OH with abdominal binders
and thromboembolism deterrent
stockings. He was participating in
standard-of-care physical therapy (1
hour per day) and occupational ther-
apy (1 hour per day), which ad-
dressed range of motion, functional
mobility, activities of daily living, and
wheelchair skills training.

Clinical Impression
The patient was diagnosed with
motor-complete tetraplegia. He was
a good candidate for our novel treat-
ment because his motor function
and strength were such that he was
able to perform all exercises in the
proposed aerobic exercise program
(outlined below). Measurements of
cardiovascular health (peak oxygen
uptake [V̇O2], 6-minute arm ergome-
ter test, lipid profile, sit-up test, and
timed functional wheeling) were to
be taken before the commencement
of the exercise program, at the mid-
point of the program, and at pro-
gram completion. Because of the
medical management of the patient’s
injury (cervical collar) and the devel-
opment of deep vein thrombosis,
baseline assessments for the case re-
port were completed 6 weeks after
admission to the rehabilitation cen-
ter, and the exercise regimen com-
menced 3 months after the patient
sustained his injury. The patient pro-
vided informed consent for the treat-
ment program.

Intervention
The American College of Sports Med-
icine (ACSM) recommends a mini-
mum exercise frequency of 3 times
per week and a minimum duration of
20 to 30 minutes.21 The ACSM sug-
gests that an exercise intensity of
70% to 80% of HRR is necessary to
produce training effects in decondi-
tioned people.21 Designing an effec-
tive aerobic exercise program for

people with tetraplegia is challeng-
ing because of physiological and
musculoskeletal considerations.

Cervical SCIs disrupt sympathetic
outflow to the heart, resulting in a
blunted chronotropic response to
exercise. Normally, the adrenal me-
dulla, which is innervated by cholin-
ergic preganglionic sympathetic neu-
rons originating between T5 and
T9,22 releases epinephrine and nor-
epinephrine into the blood in re-
sponse to stress or exercise, causing
an increase in both heart rate (HR)
and blood pressure as well as blood
vessel constriction. Whereas people
who are able-bodied will show expo-
nential increases in free plasma epi-
nephrine and norepinephrine levels
during maximal effort, people with
tetraplegia will exhibit only small in-
creases in the levels of these same
catecholamines, indicating no con-
siderable stimulation of the sympa-
thetic nervous system.22 This loss of
sympathetic outflow to the heart and
adrenal glands results in bradycar-
dia.23 Consequently, people with tet-
raplegia show a blunted chrono-
tropic response to exercise and are
unable to attain their age-predicted
maximal HR; the peak HR in people
with cervical injuries rarely exceeds
120 bpm.24 Thus, exercise intensity
in this population cannot be moni-
tored solely with HR and must in-
clude ratings of perceived exertion.

Because arm exercises involve a rel-
atively small muscle mass, the pri-
mary factors limiting performance
may be peripheral in nature; thus,
local fatigue of the highly stressed
arm musculature may occur despite
sufficient systemic oxygen availabili-
ty.15 Accordingly, we used interval
training to facilitate longer cumula-
tive exercise durations and incorpo-
rated several activities to minimize
muscle fatigue and boredom.

We developed a circuit that included
4 activities (arm ergometry, boxing,
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sliding motion, and wheeling), 2 of
which were repeated, for a total of 6
timed stations. The patient chose
which 2 stations to repeat; these of-
ten were the boxing and sliding sta-
tions. Emphasis was placed on
proper technique during all stations
to minimize the risk of shoulder
pain. The patient could perform all
of the activities independently. Five
minutes was allotted to each station,
for a total session duration of 30 min-
utes. The patient began and finished
each session with 2 minutes on the
arm ergometer against no resistance.
The circuit was to be performed 3
times per week. The exercise proto-
col was made more challenging
throughout the treatment.

Arm ergometry was performed on an
arm cycle ergometer (Monark Rehab
Trainer 881E*) against 2 to 5 W of
resistance. Upright hand cuffs were
used so that the hand was placed
with the thumb pointing upward,
and the ergometer was positioned so
that the arm never exceeded the
height of the shoulder. A small box-
ing bag was positioned at shoulder
height on the wall. The patient was

encouraged to punch the bag with
the thumb pointing upward to miti-
gate any potential shoulder impinge-
ment.25 A VitaGlide wheelchair fit-
ness machine† with Tri-Post
Adaptors was used for sliding. The
Tri-Post Adaptors provided support
for the patient’s limited gripping
ability. Wheeling was performed for-
ward and backward along a 20-m
hallway.

Exercise intensity was monitored
with an HR monitor and as perceived
exertion. Both exercise duration and
intensity progressed over the course
of the program in accordance with
the ACSM guidelines for exercise
progression for individuals with
chronic conditions21: (1) duration:
stations initially consisted of 3 min-
utes of exercise followed by 2 min-
utes of rest (18 cumulative minutes
of exercise) and gradually increased
to 4.5 minutes of exercise followed
by 30 seconds of rest (27 cumulative
minutes of exercise); (2) intensity:
target work rates (HR as determined
from initial peak V̇O2 tests and corre-
sponding values on the Borg Rating
of Perceived Exertion [RPE]26) were

initially set to 50% of HRR and then
gradually increased to 70% to 80% of
HRR. The HRR was calculated from a
resting HR of 73 bpm and a maximal
HR of 109 bpm. Progression guide-
lines are shown in Table 1.

Outcome
All assessments were performed at 3
time points: baseline (before the ex-
ercise program), midpoint (40 days
after the first training session, the
point at which the patient could
complete level 3 of the exercise pro-
gram [Tab. 1]), and endpoint (80
days after the first training session).
The patient did not wear thrombo-
embolism deterrent stockings for
any of the tests.

Primary Outcome Measure
Cardiopulmonary status: peak
V̇O2. A maximal graded exercise
test was performed before the initi-
ation of training to assess cardiopul-
monary status. The protocol for as-
sessing peak V̇O2 in people with SCI
is well established27 and document-
ed.28 In brief, the test consisted of 1
minute of arm cycling against no re-
sistance at a comfortable cadence
(generally 50–70 rpm) and subse-
quent work load increases of 5
W/min29 until volitional exhaustion.
The test was performed on an elec-
tronically braked arm ergometer (Ex-
caliber‡). Cardiovascular and meta-
bolic measurements were collected
with a 12-lead electrocardiograph
(Quark C12§) and a non-rebreathing
face mask (K4b2§). The patient rated
his perceived exertion by using the
Borg RPE immediately after the test.

Secondary Outcome Measures
Functional capacity: 6-minute
submaximal arm ergometer task.
As a measure of functional capacity,
the patient completed a single-stage,

* Monark, Kroons väg 1, Vansbro, Sweden 780
50.

† RehaMed International, LCC, 522 W Mowry
Dr, Homestead, FL 33030

‡ Lode BV Medical Technology, Zernikepark
16, Groningen, the Netherlands 9747AN.
§ COSMED Srl, Via dei Piani di Mt Savello 37,
Pavona di Albano, Rome I-00041, Italy.

Table 1.
Guidelines for Progression of Intermittent Exercisea

Level

Value on Borg Rating of
Perceived Exertion

(RPE)

Total Minutes at
Indicated Value on

Borg RPE
Minutes

of Exercise
Minutes
of Rest

1 12–14 18 3 2

2 12–14 21 3.5 1.5

3 12–14 24 4 1

4 14–16 24 4 1

5 14–16 27 4.5 0.5

6 14–18 ([1 min at RPE value
of 14 � 1 min at RPE value
of 18] � 2)

24 4 1

a Six repetitions were performed at each level. The patient was considered to be able to progress to
the next level of exercise when both of the following criteria were met: first, the patient was able to
complete the time goal (exercise minutes) at the current level without pain or overbearing fatigue
(fatigue that interferes with activities of daily living or regular therapy, as reported by the patient), and
second, the patient was able to complete the exertion goal at the current level without pain or
overbearing fatigue.
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6-minute submaximal arm ergometer
task shown to be valid and reliable in
people with SCI.28 He cycled against
5 W of resistance at a comfortable
cadence (50–70 rpm) for 6 minutes
on the arm cycle ergometer used in
the training circuit. During arm cy-
cling, the patient wore an HR moni-
tor (Polar A3�) and the non-
rebreathing face mask used in the
peak V̇O2 test. The HR was recorded
every 5 seconds. An average HR over
a 30-second period during the last
minute of this test was used to de-
termine functional capacity. Immedi-
ately after the test, the patient rated
his perceived exertion by using the
Borg RPE.

Lipid profile. Levels of total cho-
lesterol, high-density lipoprotein
(HDL), low-density lipoprotein
(LDL), and triglycerides in serum
were analyzed by use of fasting
blood samples.

Orthostatic tolerance: sit-up test.
The presence of OH was assessed
with a sit-up test.9 In the supine po-
sition, the patient was fitted with a
12-lead electrocardiograph. Systolic
blood pressure, diastolic blood
pressure, and mean blood pressure
were measured with a calibrated
DINAMAP 300 monitor.# This moni-
tor accurately measures blood pres-
sure (mean error��5 mm Hg,
SD�8) and HR (�3.5%).30 A cuff was
placed on the patient’s right bicep,
and an oximeter was placed on his
left index finger. Baseline HR and
blood pressure recordings were
made during a 10-minute supine rest
period. The patient then was pas-
sively moved into an upright seated
position by raising the head of the
plinth by 90 degrees and dropping
the base of the plinth by 90 degrees
from the knees. This “sit-up” posi-

tion is essentially the same as that of
a patient seated in a wheelchair. The
patient was informed about the im-
portance of the sit-up maneuver be-
ing passive and was instructed not to
assist during the procedure. The up-
right seated position was maintained
for 10 minutes, during which HR and
blood pressure recordings were con-
tinued. Values from minute 3 after
the patient was moved into an up-
right posture are reported. Ortho-
static hypotension was defined as a
decrease in systolic blood pressure
of �20 mm Hg or in diastolic blood
pressure of �10 mm Hg in the
upright position, whether or not
symptoms occurred.31 Visual signs of
OH (eg, yawning, pallor) and patient-
reported symptoms (eg, light-
headedness, dizziness) also were re-
corded.

Timed functional wheeling. The
patient completed 2 items from the
Functional Tasks for Persons Who
Self-Propel a Manual Wheelchair.32

Because the reliability of this mea-
sure is reported for each task individ-
ually (ie, single-item results can be
used32), we used the timed forward
wheeling (distance�23 m) and ramp
ascent (10-m ramp, 1:12 grade) tasks
in the treatment program.

Patient perception of the pro-
gram. At 1 week after exercise
completion, the patient completed a
7-item questionnaire regarding his
satisfaction with the program (Ap-
pendix). We designed the question-
naire on the basis of a literature re-
view of satisfaction criteria and input
from 2 SCI rehabilitation research-
ers. The items in each category were
rated on an ordinal scale from 1 to 5.
A rating of 5 indicated that the pa-
tient was extremely satisfied with
the program, and a rating of 1 indi-
cated that he was not satisfied. We
calculated a total score from this
questionnaire; a higher score indi-
cated a greater degree of satisfaction.

Training intervention. The pa-
tient had expressed interest in par-
ticipating in the exercise program at
admission to the rehabilitation cen-
ter. Although he eagerly attended 18
of 35 scheduled exercise sessions
over a 2-month period (average at-
tendance�2 sessions per week), his
participation in the program (and re-
quired assessment sessions) was dis-
rupted by several common medical
setbacks (Fig. 1). Seventeen sessions
were rescheduled because of statu-
tory holidays or recreational day
trips outside the center (n�5), spe-
cialist appointments outside the cen-
ter (n�4), illness (n�5), or fatigue
associated with illness (n�3). Dur-
ing the course of the exercise pro-
gram, the patient contracted 3 uri-
nary tract infections (UTIs;
confirmed by urine cultures), devel-
oped heterotopic ossification over
his right hip (confirmed on radio-
graphs and bone scans), and sus-
tained a shear wound on his left is-
chial tuberosity. Although every
effort was made to reschedule ses-
sions when possible (eg, to compen-
sate for recreational programs, holi-
days, or specialist appointments),
rescheduling was not always feasible
because the patient was very active
in his rehabilitation program (he par-
ticipated in most recreational oppor-
tunities) and enjoyed spending time
with family and friends.

The progression of the exercise pro-
gram with regard to percent of HRR
and value on the Borg RPE is shown
in Figure 1. During the program, ex-
ercise duration increased by 6 min-
utes (from 18 to 24 minutes), and
exercise intensity increased in terms
of both the average value on the
Borg RPE (values of 10 [“light ef-
fort”]–18 [“very hard effort”]) and
the average HRR (56%–106%). The
average value on the Borg RPE in the
first half of the program was 12
(“moderately hard”), and the average
HRR was 65%. In the second half of
the program, the average value on

� Polar Electro Inc, 1111 Marcus Ave, Suite
M15, Lake Success, NY 11042-1034
# Critikon Inc, 4110 George Rd, Tampa, FL
33634.

Aerobic Exercise in Spinal Cord Injury Rehabilitation

March 2010 Volume 90 Number 3 Physical Therapy f 431



the Borg RPE was 15 (“hard”), and
the average HRR was 85%.

Cardiovascular Assessments
The results of the cardiovascular as-
sessments are shown in Table 2.

Cardiopulmonary status: peak
V̇O2. Peak HR increased from 109
bpm (baseline evaluation) to 117
bpm (endpoint evaluation). Peak
V̇O2 increased from 11.78 mL/kg/
min (baseline) to 13.72 mL/kg/min
(endpoint). Power output, mea-
sured during the peak cardiovascu-
lar stress test, increased from 20 W
(baseline) to 30 W (endpoint) dur-
ing the 2-month period.

Functional capacity: 6-minute
submaximal arm ergometer task.
The V̇O2 and HR values were lower at
the endpoint evaluation (V̇O2�7.59
mL/kg/min, HR�99 bpm) than at the
baseline evaluation (V̇O2�8.47 mL/
kg/min, HR�110 bpm); however,

Table 2.
Results of Cardiovascular Assessments

Assessment

Value at:

Baseline Midpoint Endpoint

Stress test (peak values)

V̇O2 (mL/kg/min) 11.78 14.16 13.72

Heart rate (bpm) 109 115 117

Power output (W) 20 20 30

Value on Borg Rating of Perceived Exertion 19 19 19

Six-minute submaximal arm ergometer task
(average values)

V̇O2 (mL/kg/min) 8.47 8.68 7.59

Heart rate (bpm) 110 114 99

Value on Borg Rating of Perceived Exertion 11 16 11

Lipid profile, mmol/L (mg/dL)

Triglycerides 0.41 (36.49) 0.50 (44.50) 0.41 (36.49)

High-density lipoprotein cholesterol 1.08 (42.12) 1.11 (43.29) 1.30 (50.70)

Low-density lipoprotein cholesterol 0.87 (33.93) 0.75 (29.25) 1.05 (40.95)

Ratio of triglycerides to low-density lipoprotein 1.98 1.88 1.95

Figure 1.
Exercise program progression. The time course of the exercise program shows exercise intensity (HR reserve [HRR] and Borg Rating
of Perceived Exertion [RPE]) over time. Two endpoint assessments were conducted because the patient felt too ill to continue with
testing on day 182 (subsequent testing confirmed a urinary tract infection). Thus, the assessments were readministered once the
patient felt well enough to perform the tests, and the results of this second endpoint evaluation (final evaluation 2) were analyzed.
HO�heterotopic ossification (confirmed by radiography), SCI�spinal cord injury, UTI�urinary tract infection (confirmed by urine
culture).
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the values on the Borg RPE remained
the same (ie, 11).

Lipid profile. Lipid changes were
minimal. The patient’s HDL values
increased from the baseline evalua-
tion (1.08 mmol/L, 42.12 mg/dL) to
the endpoint evaluation (1.30
mmol/L, 50.70 mg/dL), whereas the
ratio of total cholesterol to HDL de-
creased by 0.03 (baseline�1.98, end-
point�1.95) during the course of the
exercise program.

Orthostatic tolerance: sit-up test.
The patient’s response to an ortho-
static challenge improved from the
baseline evaluation to the midpoint
evaluation (Tab. 3, Fig. 2). During
the baseline evaluation, at 3 minutes
after passive movement of the pa-
tient from a supine position to a sit-
ting position, his systolic blood pres-
sure decreased from 107.3 mm Hg to
75 mm Hg and his diastolic blood
pressure decreased from 58.2 mm
Hg to 37 mm Hg, confirming the
presence of OH. These decreases in
blood pressure were accompanied
by feelings of dizziness and light-
headedness. During the midpoint
evaluation, blood pressure did not
show a large decrease at the
3-minute mark (like that observed
during the baseline evaluation), and
the patient had no complaints of ad-
verse symptoms. Because of an acute
UTI, however, these improvements
were not apparent during the end-
point evaluation. Two endpoint as-

sessments were required because
the patient felt too ill to continue
with testing on day 182 (subsequent
testing confirmed a UTI). Thus, the
assessments were readministered
once the patient felt well enough to
perform the tests. The results of this
second endpoint evaluation were an-
alyzed and are presented in Table 3
and Figure 2. Dehydration and fa-
tigue (common consequences of a
UTI) likely impaired orthostatic tol-
erance.12 However, the patient’s HR
at 3 minutes after the sit-up maneu-
ver during the endpoint evaluation
(101 bpm) was 14 beats higher than

that at the baseline evaluation (87
bpm), suggesting an improvement in
chronotropic compensation during
the orthostatic challenge.

Timed functional wheeling. The
patient showed improvements on
the 2 wheeling tests during the
course of the exercise program, with
substantially faster times to cover the
flat distance (from 19 seconds at the
baseline to 12 seconds at the end-
point) and the ramp (from 23 sec-
onds [with 4 rest breaks] at the base-
line to 12 seconds [without
stopping] at the endpoint).

Table 3.
Patient’s Response to Orthostatic Challengea

Evaluation

Supine Values
(Average of First 10 Minutes) Values at 3-Minute Mark

Final Values
(Average of Last 3 Minutes)

SBP
(mm Hg)

DBP
(mm Hg)

HR
(bpm)

SBP
(mm Hg)

DBP
(mm Hg)

HR
(bpm)

SBP
(mm Hg)

DBP
(mm Hg)

HR
(bpm)

Before program 107.3 58.2 72.8 75 37 87 86.7 49.3 90.7

Midpoint 124 75.6 59.6 112 72 67 98 66.7 87.7

After program 111.1 57.8 76.9 62 32 101 67.7 32 98.3

a Average values from 10-minute supine rest period at beginning of challenge, values at 3 minutes after sit-up maneuver, and average values from final 18
to 20 minutes of challenge are shown for systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR). bpm�beats per minute.

Figure 2.
Sit-up test. Minute-by-minute measurements of mean arterial blood pressure in re-
sponse to an orthostatic challenge test before the program, at the midpoint, and after
the program are shown. Two endpoint assessments were conducted because the
patient felt too ill to continue with testing on day 182 (subsequent testing confirmed
a urinary tract infection). Thus, the assessments were readministered once the patient
felt well enough to perform the tests. The results of this second endpoint evaluation
were analyzed and are shown in Table 3.
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Patient perception of the pro-
gram. The patient rated the pro-
gram 31 out of a possible 35 points,
with a score of 3 on items 3 and 5
(satisfaction with content and man-
ageability of the program) and a
score of 5 (extremely satisfied) on all
other items. He stated that each sta-
tion had its own unique challenges
and functional outcomes. For exam-
ple, he noticed and appreciated in-
creases in hand-eye coordination,
balance, and body awareness from
practicing the boxing station. He
also believed that using the arm er-
gometer was instrumental in alleviat-
ing some mild shoulder pain, stating
that this was likely attributable to
balanced strengthening from the
push-pull motion. He also com-
mented on the psychological bene-
fits of exercise, reporting that the
“biggest thing” about the program
was that the exercise increased his
mood, stating that “it [the exercise]
is good for the body and, even more
importantly, good for the mind.”

Discussion
The aerobic exercise program ap-
peared to be a feasible addition to
the patient’s inpatient rehabilitation
schedule because he was able to par-
ticipate without adverse effects, was
able to increase his exercise toler-
ance, and reported that he enjoyed
the program. The upper-extremity
circuit that we developed is a unique
alternative to a standard arm ergom-
etry exercise program. It provides
the opportunity to increase aerobic
capacity while minimizing muscular
fatigue and boredom. Increased ex-
ercise tolerance, evident during both
training and testing sessions, sug-
gested gains in aerobic capacity, and
orthostatic testing indicated in-
creased orthostatic tolerance. The
patient also commented on the psy-
chological benefits of aerobic
exercise.

The activities and intensity used in
our program were modified to con-

tinually challenge the patient’s in-
creasing capacity for exercise (as
measured by changes in HR and
value on the Borg RPE). Careful ad-
justment of exercise prescription is
of utmost importance in people with
SCI because training intensities must
not compromise the muscles re-
quired for wheeling and transferring
yet must be high enough to induce
training effects.33 The patient was
able to sustain a relatively high level
of physical effort during inpatient re-
habilitation without compromising
standard therapy or experiencing
overbearing fatigue (fatigue that
would consistently prohibit partici-
pation in regular therapy). Although
the protocol of sessions on 3 days
per week seemed to be relatively
manageable at the outset of the pro-
gram, participating in 3 sessions per
week was often difficult. Medical
complications and numerous special-
ist appointments outside the center
impeded regular adherence to the
program. These disturbances are
commonly encountered during SCI
rehabilitation34 and need to be rec-
ognized and accounted for to
achieve the realistic implementation
of any program. Thus, although a fre-
quency of 3 sessions per week often
is thought to be optimal for exercise
training, it has been noted that
twice-weekly programs may be more
suitable for people with SCI because
they offer benefits similar to those of
more frequent training yet provide a
prescription to which it is easier to
adhere.33

The patient exhibited several signs
of increased exercise tolerance (eg,
sustained increases in exercise dura-
tion and intensity) throughout the
program, indicating potential cardiac
or peripheral skeletal muscle adapta-
tions to the exercise training. Aero-
bic changes during exercise (sus-
tained elevation of HRR and values
on the Borg RPE) seemed to occur
during the second half of the pro-
gram. This result was likely attribut-

able to the fact that the patient was
accustomed to the exercises and,
therefore, could challenge himself
with respect to intensity and his abil-
ity to sustain longer exercise dura-
tions. His peak V̇O2 changed by 2
mL/kg/min (with a corresponding
10-W increase in power output)
from the baseline evaluation to the
endpoint evaluation. Functionally,
this result was previously shown to
positively relate to wheeling perfor-
mance; a change in the peak V̇O2 of 2
mL/kg/min was sufficient to increase
the ability and decrease the time to
complete a wheelchair circuit in 74
people with SCI.35 Similarly, our pa-
tient showed improvements on the 2
wheeling tests, indicating a concom-
itant increase in functional wheeling
ability.

We found that orthostatic tolerance
in our patient improved after 6
weeks of aerobic exercise. Heart rate
responses to orthostatic stress nor-
mally are attributable to baroreflex-
mediated parasympathetic (vagal)
withdrawal and sympathetic activa-
tion.12 However, because of our pa-
tient’s cardiovascular sympathetic in-
sufficiency, it is likely that any
increase in HR during the orthostatic
challenge was predominantly attrib-
utable to baroreceptor reflex–
mediated reductions in vagal tone.
Although there is some evidence to
support the role of exercise in in-
creasing baroreceptor activity in
people who are able-bodied,36 simi-
lar research in people with SCI is
scarce, although Engelke et al sug-
gested that it may play a similar role
in people with SCI.37 They found
that exercise induced a 4-fold in-
crease in the cardiac baroreceptor
reflex response, increased the sensi-
tivity of the aortic baroreceptor re-
flex control of HR, and ultimately
eliminated OH.37

The deterioration of the patient’s or-
thostatic tolerance after an episode
of UTI was likely multifactorial. On
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the one hand is the effect of decon-
ditioning because the patient likely
experienced a decrease in activity
level subsequent to more time spent
in bed as a result of increased spas-
ticity (reflex activity) and discom-
fort. In fact, it was previously shown
that 48 hours of bed rest can impair
orthostatic tolerance in people dur-
ing hospitalization.38 On the other
hand, increased sweating (because
of the high temperature associated
with a UTI) may have contributed to
a loss of intravascular volume and
dehydration, thereby resulting in de-
creased orthostatic tolerance.

Previous researchers reported unfa-
vorable lipid profiles in people with
SCI and suggested that low levels of
HDL are mainly attributable to low
physical activity secondary to wheel-
chair dependency.39 Thus, HDL cor-
relates positively with physical activ-
ity and negatively with the risk of
cardiovascular disease.15 Although
De Groot et al15 demonstrated that a
physical activity program enhanced
the lipid profiles of people undergo-
ing primary rehabilitation for SCI,15

Solomonow et al40 found that people
with normal cholesterol levels did
not exhibit changes in HDL or LDL
after a 14-week exercise program.40

Because our patient’s lipid profile
was within normal guidelines,41 min-
imal changes were observed. Like
those of previously published
work,15 the results of this case report
suggested that being physically ac-
tive can increase HDL and that this
mechanism may have decreased the
risk for cardiovascular disease in our
patient with tetraplegia.

The medical complications men-
tioned in this case report are com-
mon occurrences during inpatient
rehabilitation for cervical SCI.34 Cli-
nicians and scientists performing
research with inpatients who have
SCI need to be aware of the typical
interruptions during rehabilitation.
Although participation in our exer-

cise program was complicated by
various medical setbacks, our pa-
tient was able to tolerate the train-
ing sessions, suggesting that this
program is a feasible addition to
standard therapy. Thus, it would
appear, from the results of this case
report, that a patient with a motor-
complete C5 SCI is able to sustain a
relatively high level of physical ef-
fort during initial rehabilitation
without compromising standard
therapy or experiencing overbear-
ing fatigue. Early aerobic training
has the potential to mitigate cardio-
vascular deterioration and meta-
bolic alterations, thereby decreas-
ing cardiovascular risk factors and
achieving optimal physical fitness
for function in daily life.

Limitations
The findings described in this case
report have limitations that must
be taken into consideration. First,
our patient was a recently injured
individual undergoing subacute re-
habilitation; thus, physiologic
changes may have been influenced
by the typical rehabilitation pro-
gram and natural processes of ad-
aptation, recovery, or both. Adding
elements of a controlled experi-
ment is necessary to address inter-
nal validity concerns about the ef-
fects of history or maturation.
Second, the difficulty in accurately
measuring exercise intensity in
people with tetraplegia cannot be
overlooked. Although the Borg RPE
is commonly used as an index of
the physiologic response to exer-
cise in people with SCI, no corre-
lations have been found between
workloads and HR or V̇O2 at high
exercise intensities in people with
tetraplegia.42 However, HRR gener-
ally mirrored values on the Borg
RPE throughout the program, indi-
cating that the Borg RPE provided a
reflection of our patient’s exertion.
Third, because we did not do any
follow-up on exercise behavior af-

ter the termination of the program,
we could not examine long-term ex-
ercise adherence after discharge
from inpatient rehabilitation.
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Appendix.
Patient Satisfaction Scale

I am interested in how you feel about the exercise program you participated in over the past 2 months. Please
tell me how you would rate the following (response categories: 1�not at all satisfied, 2�somewhat satisfied,
3�satisfied, 4�very satisfied, 5�extremely satisfied).

1. How satisfied were you with the frequency of the program (3 times per week)?

2. How satisfied were you with the duration of the program (30 minutes)?

3. How satisfied were you with the content of the program (6 stations)?

4. How satisfied were you with the intensity of the program (12–16 on the Borg Rating of Perceived Exertion)?

For each of the following statements, please tell me how manageable/beneficial/enjoyable you found the exercise
program (response categories [eg, for question 1]: 1�not at all manageable, 2�somewhat manageable, 3�
manageable, 4�very manageable, 5�extremely manageable).

1. How manageable is the program given an inpatient rehabilitation schedule?

2. How beneficial did you find the program?

3. How enjoyable did you find the program?
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