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To describe physical strain during activities of daily living (ADL), 44 men with
spinal cord injuries (C4-L5) performed a set of standardised tasks. The physical
strain was defined as the highest heart rate response expressed as a percentage
of the individual heart rate reserve (% HRR). The physical strain averaged
over the subjects who performed all tasks (n =24) was (mean * SD):
20.2 =+ 7.2 % HRR (washing hands), 20.4 + 7.3 % HRR (passing a side-hung
door), 28.8 + 10.8 % HRR (transfer to a toilet), 31.2 = 13.1 %HRR (ascending
an 8cm curb), 33.9+12.0%HRR (transfer to a shower seat),
35.1£10.5%HRR (transfer to bed), 36.4 + 13.3 %HRR (preparing lunch),
37.1 £ 12.0 % HRR (washing up), 38.7 +14.9 % HRR (ascending a ramp),
39.8 + 15.6 %9 HRR (transfer to a shower wheelchair), 41.4 = 12.1 % HRR (chan-
ging sheets), and 45.9 = 10.4 % HRR (entering a car). Physical strain could be
notably high, but large variations among subjects were present. During all tasks,
subjects with tetraplegia had significantly higher levels of strain than subjects
with low (T6-L5) lesions. Physical strain was inversely related to parameters of
physical capacity: isometric strength (r: —0.34 to —0.72), sprint power (r: —0.34
to —0.69), peak oxygen uptake (r: —0.41 to —0.81) and maximal power output
(r: —0.52 to —0.82). Parameters of physical capacity were better predictors of
physical strain than was the lesion level, and explained 37-71% of the variance
in strain during ADL. It was also concluded that the method used in this study
provides a quantitative and objective estimation of physical strain and may
therefore be a useful tool to identify task difficulty during rehabilitation and to
evaluate the results of task and physical training on the physical strain during
ADL.
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Introduction

It has been suggested that wheelchair users
with spinal cord injuries (SCI) lead a rela-
tively sedentary life as a result of the loss of
motor function.! In previous studies it was
shown that physical strain during daily life is
in general low in individuals with SCI, >3 but
that individuals with cervical (and high-
thoracic) lesions have higher levels of phys-
ical strain throughout the day.’ Although
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the physical strain during activities of daily
living (ADL) was not of a magnitude and
duration that it potentially could maintain
or improve physical capacity, periods of
peak strain frequently occurred, especially
in subjects with high lesions. Periods of peak
strain not only occurred during wheelchair
ambulation, but also during activities such
as making transfers, entering a car, house-
hold activities and personal care.

Although heart rate monitoring during
daily life is suitable to reflect changing levels
of strain throughout the day and to indicate
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strenuous activities, this method is not
proficient to quantify physical strain during
isolated tasks, since ADL are often per-
formed simultaneously or successively with-
out rest between activities, which makes it
difficult to identify the physical strain pro-
voked by separate activities. In addition,
subjects perform ADL in various manners,
using different assistive devices in buildings
differently adjusted and under various
environmental conditions. Environmental
and situational factors, such as ambient
temperature and humidity, and the inges-
tion of for example caffeine, tobacco or
alcohol, may influence heart rate responses.
Hence, in order to quantify physical strain
during isolated daily tasks, standardised
measurements are indispensable. For maxi-
mal wheelchair propulsion and for walking
the physical strain has already been investi-
gated in persons with SCI,*3 but not for
other ADL.

In various studies concerning able-bodied
individuals it was suggested that individuals
with higher levels of physical capacity to
perform work have lower strain levels dur-
ing all ADL.%7 It has been suggested that
this relationship also holds for individuals
with SCI.! The relationship between phys-
ical capacity and physiological responses
during standardised forms of submaximal
cyclic arm work has often been investigated.
In many cases the performed task was
arm cranking®!’ or propelling a wheel-
chair.>!12 Subjects with a higher physical
capacity had relatively lower physical strain
during the same absolute submaximal work
load. Arm cranking, however, is not a daily
activity for persons with SCI. Although
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wheelchair ambulation is an essential activ-
ity of this group and has been shown to
provoke high levels of physical strain,'>!*
other ADL such as making transfers,
negotiating environmental barriers, or
household activities might provoke even
higher levels of strain.?? So far, the relation-
ship between physical strain during daily
activities other than wheelchair ambulation
and physical capacity has never been investi-
gated.

The purpose of this study was: (1) to
quantify and compare the physical strain
during standardised ADL among indi-
viduals with SCI and (2) to examine the
relationship among physical strain, lesion
level and parameters for physical capacity
(peak oxygen uptake, maximal power out-
put, isometric strength and sprint power).

Methods

Subjects

Forty-four men with long-standing SCI
volunteered in this study after having signed
an informed consent statement. All subjects
used a hand-rim wheelchair and lived
more or less independently at home.
An interviewer-administered questionnaire
assessed age, lesion level, the years after
injury, and the hours of weekly sport partici-
pation. Subjects were grouped into four
groups according to the level of their lesion
(Table I).

Body mass was determined with the
subjects sitting in light clothing on a Berkel
scale. Skinfolds were determined with a
Harpender calliper at the triceps, biceps,
subscapular, and suprailiac sites.

Table I Subject characteristics. No significant differences were established among groups. The n
between brackets denotes the number of subjects with complete lesions

1: C4-C8 2: T1-TS 3: T6-T10 4: T11-LS
n=9 n==6 n =15 n =14

(n=35) (n =5) (n=29) (n=38)
Age (yrs) 329 £9.4 38.8 £ 9.0 334124 339 £ 155
Time since injury (yrs) 14.6 £ 8.8 15.3 £ 8.5 10.8 + 8.4 7.3 +£6.2
Body mass (kg) 81.2 £ 14.9 82.8 = 10.6 78.6 £ 16.0 77.4 £ 20.6
Sum of 4 skinfolds (mm) 542 £21.5 61.9 +24.0 49.4 + 20.1 523+ 313
Sports activities (h week=1) 1.9+25 1.7+ 1.4 3.0+ 3.0 3.0+ 3.6
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Protocol

Tests were conducted between 10.00 and
17.00h and were conducted in the fixed
sequence as described below. The subjects
started with a subset of standardised ADL
(transfer to a bed, changing sheets, passing
a side-hung door, transfer to a toilet, wash-
ing hands). At 11.00 h an isometric-strength
test was conducted followed by a 30 s all-out
sprint test in a wheelchair ergometer. After
a 30 min rest period the subjects performed
a second subset of ADL (transfer to a
shower wheelchair and a shower seat, pre-
paring lunch). After the lunch, subjects
performed the tasks: washing up, negotiat-
ing a ramp and a curb, and entering a car. A
discontinuous graded maximal wheelchair
exercise test was conducted at 15.00-
16.00 h, at least 2 h after a light meal and
after at least 1 h of rest.

Standardised ADL

The tasks included (1) making transfers to a
bed, a (corbel) toilet, a shower seat, and
shower wheelchair. The heights of the bed,
toilet seat and shower seat were adjusted to
the individual wheelchair seat height. Dur-
ing these three transfers the subjects were
free to use hinged support rails (toilet and
shower seat), grab rails (shower seat and
bed) and stirrup grips (all three); (2) negoti-
ating environmental obstacles: a side-hung
door (width 0.9m) with a normal lever
handle, an 0.08 m curb and a 6.25% graded,
8 m long ramp (recommended by the Dutch
Council of Disabled"); (3) household tasks:
changing sheets ( a pillow-case, a quilt cover
and a fitted sheet), preparing a standard
lunch (tea and a farmer’s omelette on
bread) and washing up in a wheelchair-
accessible kitchen with an individually ad-
justed (height of the thighs plus 0.14 m)
kitchen-dresser; (4) entering a car, which
took place outside and consisted of a trans-
fer to the car and placement of the wheel-
chair in the car using an electric hoisting
device; (5) washing hands using a single
lever action tap and a basin with an adjusted
height (height of the thighs plus 0.14 m).

To let the subjects return to the resting
state and to obtain a HR response exclus-
ively due to the task, the subjects were
instructed to sit quietly in their own wheel-
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chairs or on the transfer objects for approxi-
mately 2 min before and after each task.
During all tasks the subjects were free to
chose the speed of task performance.

Physical strain

Physical strain was estimated by the highest
HR response (HRtask), expressed as a
percentage of the heart rate reserve
(% HRR), provoked by the standardised
tasks:

Physical strain (% HRR)
— HRtask - HRresI
HRpeak - Hchst

It was shown in a recent study" that HR
responses to non-steady-state tasks (trans-
fers, curb ascents) can be reliably deter-
mined in wheelchair users with SCI. Several
measures of the HR response were calcul-
ated in that study and it appeared that the
highest HR during (or just after) the task, in
contrast to a mean HR or an integrated HR
(reflecting the total strain), was always
easily identified, suggesting that the highest
HR provoked by a task is the most useful
parameter of the HR response to short-
lasting non-steady-state tasks. The HR re-
sponse was expressed relative to the heart
rate reserve in order to be able to compare
among subjects. The heart rate reserve,
which is the functional range of HR, was
defined as the difference between the lowest
HR recorded during the day (HRrest) and
the maximal HR (HRpeak) determined in a
maximal exercise test, described in the next
section.

HR was monitored continually through-
out the day with a Sport Tester PE3000
(Polar Electro Inc., Finland), which stores
every 5s an average HR based on a pulse-
to-pulse time-averaging algorithm, using the
last 15 R-R intervals of the ECG. Since the
memory capacity of the Sport Tester is
limited to approximately 80 min at a record-
ing interval of S5s, the receivers were
changed every 60—80 min.

x 100%

Physical capacity
To assess physical capacity, determinants of
isometric strength, sprint power, aerobic
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power and maximum power output were
obtained as described previously.! Iso-
metric strength and sprint power measure-
ments were carried out on a stationary
wheelchair ergometer.!” The isometric-
strength test consisted of 5s maximal iso-
metric force exertions on five different
positions on the blocked hand rims of the
ergometer (—15°, 0°, 15°, 30° and 60° with
respect to top dead centre) in random order
with a 2 min rest period between each force
exertion. The effective force, which is the
applied force tangent to the rim, was calcul-
ated by dividing the measured effective
torque (mean of left and right side) by the
radius of the rims. Maximal isometric
strength (F,,,) was determined by averaging
the maximum effective force values of the
five trials and denotes a wheelchair-specific
strength.

The sprint test consisted of a 30s all-out
effort. Since subjects varied considerably in
age, level of lesion and activity level, the
group was divided into three subgroups
according to their functional ability, based
on the forementioned variables. Older sub-
jects with high lesions were grouped into a
low-level ability group and young active
subjects with low lesions were grouped into
a high-level ability group. The remaining
subjects (e.g. inactive middle-aged subjects)
formed the mid-level ability group. During
the all-out effort the resistance level was
normalised at 0.25, 0.50 or 0.75 N kg™! body
mass for the three groups. The mean power
during the 30 s test period (P30) was deter-
mined from the product of angular velocity
and effective torque and taken as a measure
of sprint power. )

To determine aerobic power (VO,peak)
and maximum power output (POmax), each
subject performed a graded exercise test in
his own daily-use wheelchair on a motor-
driven treadmill (Enraf Nonius, model
3446, belt width 1.25m, length 3.0m)
following a discontinuous protocol. Each of
the above mentioned groups used a slightly
different protocol to prevent too large PO
increments or to avoid excessive test time.
The protocol consisted of 3 min exercise
bouts at a constant velocity of 0.83, 1.11 or
1.39 ms™! (for the three groups), separated
by 2 min relative test intervals, during which
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the velocity was reduced to 0.56, 0.83 or
1.11 ms™!, respectively. The initial PO was
equal to the drag of the wheelchair-user
combination (determined in a drag test
according to Woude et al'®) times the belt
velocity. Every subsequent exercise bout
PO was increased with 0.05, 0.10, or 0.15
(for the three groups, respectively) W per
kg total mass (subject + wheelchair) by im-
posing an additional resisting force upon the
wheelchair through a pulley system. A test
was ended when the subject could no longer
maintain his position on the belt.

During the exercise bouts VO, was
measured with an Oxycon Ox4 (Mijnhardt)
with sampling periods of 30s. Calibration
was performed prior to each test with
reference gases. VO,peak was the highest
value recorded during the test and POmax
was the PO when VO,peak was achieved.
HR was recorded continuously using a Sport
Tester PE3000 with a 5s storage interval.
HRpeak was the highest HR recorded
during the test. A mean HR (expressed as
%HRR) and VO, were calculated during
the third minute of each exercise period in
order to investigate the relationships be-
tween % HRR and %POmax (PO expressed
as a percentage of POmax) and between
%HRR and % VO,peak.

Statistics

Differences in physical strain during the
tasks and in physical capacity among lesion
groups were analysed with a two-way
ANOVA (factors: lesion level (groups 1-4)
and completeness of lesion) (p <0.05).
When appropriate, a Tukey multiple range
test was applied for identification of signifi-
cant differences among groups. Differences
in physical strain among the various tasks
were investigated with a repeated measures
MANOVA. Using multiple dependent ¢-
tests, employing the Bonferroni inequality
to keep overall « at 0.05, significant
(p <0.001) differences among tasks were
identified. Pearson correlations determined
the relationship between physical capacity
and strain during the tasks. A multiple
regression procedure, with parameters of
physical capacity (VO,peak, POmax, F,,,
P30), lesion level, years after injury, age,
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body mass, sum of four skinfolds and hours
of sports activities as independent variables,
determined the most important factors in
predicting physical strain. For this purpose,
each lesion level was assigned an arbitrary
number from 1 to 22, C4 being 1 and LS
being 22. If a lesion concerned more than
one segment, an intermediate number was
given (e.g. C4/5 was given the number 1.5).
Inclusion level was set at p < 0.05. Pearson
correlations determined the relationship be-
tween %HRR, %POmax and % VO,peak
for each subject and for each group of
subjects.

Results

Physical strain
The Sport Tester appeared to be a reliable
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were lost. In addition, no interference from
electromagnetic sources was observed dur-
ing the day. Not all subjects were able to
perform all tasks independently leading to
drop-outs during transfer to bed (n = 4),
transfer to toilet (n = 1), transfer to shower
wheelchair (n = 6), transfer to shower seat
(n = 2), changing sheets (n = 1), ascending
curb (n =5), and entering car (n =7). In
addition, since some subjects arrived late or
had to leave in time, some tasks (especially
preparing lunch, washing up, ascending
ramp and curb) were not performed by all
subjects which reduced the number of sub-
jects who performed all tasks to 24, the
results of whom were used to compare
physical strain among tasks (Fig 1). No
significant trend in strain during the tasks
nor in HR between tasks as a result of

recording device: less than 1% of all data the sequence chosen was observed
Washing hands 20.2 =i
Passing door 20.4 — I
T. toilet 28.8 p—mi
Ascending curb 31.2 b—m—
T. shower seat 339 — \
T. bed 35.1 b——
Preparing lunch 36.4 by
Washing up 371 —
Ascending ramp 38.7 |—
T. shower wheelchair 39.8 p——
Changing sheets 41.4 ——1y  J
Entering car 459 pb——
I I 1 T
0 20 40 60 80 100

Physical strain (%HRR)

Figure 1 Physical strain provoked by the 12 tasks (n = 24). The tasks are ordered according to the
level of strain. Tasks not linked by the same arrow are significantly different (p < 0.001).
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(MANOVA). The large standard deviations
indicate the vast differences among subjects.
Entering the car provoked the highest phys-
ical strain (46%HRR). Washing hands and
passing a door provoked significantly
(p <0.001) lower strain (20 % HRR) than
all other tasks.

Table II displays the mean (+ SD) values
for physical strain provoked by the various
tasks for the four lesion groups. ANOVA
revealed that completeness of the lesion had
no significant main effect on physical strain
and hence data from subjects with complete
and incomplete lesions are presented
together. The subjects with tetraplegia
(group 1) had significantly higher levels of
strain than the groups with the lowest
lesions (groups 3 and 4) during all tasks.
Although the physical strain for the subjects
with high-level paraplegia (group 2) seemed
to be higher than for groups 3 and 4, a
significant difference was only established
for the transfer to the toilet (42 vs 27/29
%HRR) and for changing sheets (53 vs
40/36 % HRR).  Comparison  between
groups 3 and 4 showed few significant
differences.

Physical capacity

Table III indicates that for physical capacity
a relationship with lesion level was obvious.
In general, subjects with higher lesions had
a lower physical capacity than those with
lower lesions. In spite of very large standard
deviations within groups, significant differ-
ences between subjects with tetraplegia and
groups 3 and 4 were established for all
parameters.

HRpeak was significantly lower among
those with tetraplegia than among all groups
of subjects with paraplegia (Table III).
HRrest among subjects with tetraplegia and
in group 2 was also significantly lower than
in groups 3 and 4. HRR was significantly
lower among subjects with tetraplegia than
in all groups with paraplegia.

Heart rate (%HRR) during submaximal
wheelchair propulsion on the treadmill
was significantly related to %POmax and
% VO,peak for each subject group (Table
IV). Also the individual correlation coeffi-
cients were significant and in most cases
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very high. Figure 2 shows examples of these
relationships in subjects from each group.

Relationship between physical capacity and
physical strain

All parameters for physical capacity were
inversely related to physical strain during
the tasks, which was significant for most
relations with F,, or P30 and for all relations
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Figure 2 Examples of the relationships between
%HRR and submaximal relative power output
(%POmax) and %HRR and submaximal oxy-
gen uptake (% VO,peak) for a subject from
each lesion level group. All subjects have com-
plete lesions. *=C6/8, +=T5; =T7;
O =TI2.



Table II Physical strain (mcan = SD), provoked by the various tasks, among the four different subject groups

Task n 1: C4-C8 n 2: TI-TS n 3:T6-T10 n 4: T10-LS Significantly
different groups
T. WC - Bed 6 68.4 + 7.0 S 352 £ 8.5 15 332+ 47 13 33.3 £ 139 1-2,3,4
T. WC - Toilet 6 59.0 £ 7.2 6 42.1 £ 13.6 14 26.5 = 13.1 13 292 £ 5.7 1-2,3,4;2-3,4
T. WC - Shower WC 5 65.5 £ 12.2 6 48.2 + 22. () 12 36.2 £ 13.2 13 409 £ 11.3 1-3. 4
T. WC - Shower scat 6 65.6 £ 10.3 6 46.7 £ 19 15 280+ 7.7 13 38.6 £ 1.0 1-2,3,4;3-2. 4
Washing hands 7 342 +£ 9.6 5 28.1 = 22.2 14 19.7 £ 6.4 13 192 £ 5.4 1-3,4
Changing sheets 8 65.2 £ 10.5 6 529 £ 18.8 15 40.1 £ 6.1 13 357+ 72 1-2,3,4;2-3, 4
Preparing lunch S 63.1 £ 4.5 4 42.6 £ 12.0 13 338 £ 11.8 13 303 + 7.8 1-2.3.4
Washing up S 583 53 4 414 £ 6.5 11 36.1 = 13.4 12 30.7 £ 9.2 1-2,3,4
Passing door 9 39.8 £ 14.3 6 27.3 £ 149 15 19.1 £ 6.8 13 19.8+5.5 1-3,4
Ascending ramp 9 63.6 + 154 6 46.1 £ 21.9 13 36.0 £ 13.0 13 356 £ 159 1-2,3,4
Ascending curb 6 S8.1 £ 11.6 S 327 £ 183 13 31.5 £ 13.8 11 30.7 £ 10.5 1-2,3,4
Entering car 5 75.8 £ 12.3 S 54.1 £ 12.2 13 43.0 = 6.7 14 429 + 10.5 1-2,3,4

WC: whecelchair; #: number of subjects who performed the task.

Table III Mcan (£SD) values for isomctric strength (F,). sprint power (P3()), pcak oxygen uptake (VOzpeak), and maximal power output
(POmax) among the four groups

C4 C8 2: TI-TS 3 T6-T10 4: T1I0-LS Significantly
=9 n==6 =15 n =14 different groups
Fio (N) 118.4 + 44.7 172.2 £ 33.5 209.2 £ 52.0 213.2 £56.3 1-2,3,4
(Nkg ") 1.48 £ 0.55 2.12 £ 0.57 2.75 £0.76 2.87 £ 0.86 1-3,4
P30 (W) 424 + 264 78.5 £ 41.6 92.3 £ 36.6 103.2 £ 30.8 1-2,3, 4
. (Wkg!) 0.51 £ 0.25 0.85 = 0.33 1.22 £ 0.48 1.45 + 0.48 1-3;1,2-4
VO, peak (1 min—") 1.09 £ 0.25 1.45 £ 0.35 1.61 £ 0.44 1.92 £ 0.40% 1-3;1, 2, 3-4
(ml kg ' min" ') 13.6 £ 3.0 17.6 £ 4.0 21.2 £ 6.6 26.2 = 7.6* 1-3;1,2,3-4
POmax (W) 29.6 £ 10.7 55.0 £22.0 65.8 + 24.7 77.2 £ 20.2* 1-2,3,4
(Wkg 1) 0.37 £ 0.11 0.68 = 0.29 0.86 £ 0.36 1.06 + 0.37* 1-3,4
HRpeak (bpm) 129.8 + 14.6 165.2 + 18.4 186.5 = 26.0 181.1 £ 17.8 1-2,3,4
HRrest (bpm) 56.3 £ 8.1 59.3 £ 10.0 70.0 = 12.0 70.1 £ 12.8 1,2-3,4
HRR (beats) 73.4 £ 16.5 105.8 £ 18.4 116.5 £ 20.8 1.0 £ 21.1 1-2,3,4

*n=13

v 12 uassuor  ()G8

658-vv8 (4661) TE V18a)dvavg
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Table IV Relationship between heart rate (% HRR) and submaximal power output (% POmax) and
between heart rate (%HRR) and % VO,peak among the four groups of subjects. Regression
equation is based on all data points from a group. The individual correlations (mean * SD, range)

for each group are presented in the right column

Subject group  Data Signifi-  Group Individual
points cance correlations correlations

C4-C8 41 %POmax =1.03 = 0.13 % HRR 0.000 0.79 0.91 + 0.11
—11.67 + 8.84 0.194 0.65-0.98

41  %VO,peak =0.72 + 0.07 %HRR 0.000 0.86 0.95 = 0.07

+26.42 + 4.64 0.000 0.80-0.99

T1-T5 31 %POmax =0.96 = 0.10 %HRR 0.000 0.87 0.96 £ 0.04
+ 1.25+5.72 0.828 0.90-1.00

31 %VO,peak =0.74 + 0.07 %HRR 0.000 0.90 0.96 = 0.04

+28.48 + 3.75 0.000 0.91-1.00

T6-T10 98 %POmax =0.99 + 0.04 %HRR 0.000 0.92 0.98 = 0.03
- 575 x2.61 0.030 0.91-1.00

98  %VO,peak =0.78 + 0.03 % HRR 0.000 0.94 0.96 + 0.07

+20.96 + 1.87 0.000 0.72-1.00

T11-L5 122 %POmax = 1.10 = 0.04 %HRR 0.000 0.94 0.98 + 0.02
—10.67 £ 2.24 0.000 0.92-1.00

112 %VO,peak =0.85 + 0.03 %HRR 0.000 0.94 0.98 + 0.02

+10.85 = 1.77 0.000 0.92-1.00

with VO,peak or POmax (Table V). Pear-
son’s r was in general notably higher when
only subjects with complete lesions were
used in the analysis. Parameters determined
during the maximal exercise test (POmax
and VO,peak) displayed correlations
ranging from —0.46 to —0.82, whereas F,
and P30 had a weaker relationship with
physical strain (r: —0.34 to —0.72). As an
example, Figure 3 shows the relationship
between POmax and strain during the curb
ascent.

Since in general correlation coefficients
were notably higher for the group with
complete lesions, only these subjects
(n =27) were used in the regression pro-
cedures with physical strain (% HRR) as the
dependent variable and parameters of phys-
ical capacity, lesion level, years after injury,
age, body mass, sum of four skinfolds and
hours of sports activities weekly as inde-
pendent varables. Table VI shows that after
multiple regression analyses 37-71% of the
variance in physical strain for the various
tasks could be explained. The regression
equation for washing hands explained only
37% of the variance in strain. POmax was

the most important predictor of physical
strain and appeared in eight of the 12
regression equations, whereas VO,peak was
more important in four of the equations. In
addition to these parameters, F;, explained
a significant extra part of the variance in
strain during the transfers (except for the
transfer to the shower wheelchair), the curb
ascent, and while entering the car. It ap-
peared that subjects with equal POmax or
VO,peak but with a higher F, had a lower
strain during these tasks. Age was entered
into the equations for the transfer to the bed
and the ramp ascent indicating that older
subjects with an equal physical capacity had
lower levels of strain during these tasks. For
the household tasks, washing hands, and
passing the door, absolute parameters ap-
peared in the equations, whereas in the
equations for all other tasks a parameter
relative to body mass was entered.

Discussion

In this study physical strain was estimated
using the highest HR response provoked by
the task, expressed as a percentage of the



Table V Correlation coefficients between physical strain (% HRR) during the standardised tasks and paramcters for physical capacity

T T T T Wash Change Prcpare  Wash  Passing Ramp  Curb  Enter
Bed  Toilet Shower Shower hands sheets  lunch up door  ascent ascent car
scat wC

Fio (N) To -049 -0.55 -0.48 —0.34* —-045 —0.55 -0.52 —-0.54 -0.59 -0.48 —-0.50 —0.39*
C -0.64 —-0.59 -0.59 -0.40* —-0.36* -0.57 -0.64 —-0.59 —-0.67 -0.52 —-0.65 —0.55

(N kg™ ") To —-049 -0.61 -0.55 -0.49 —-0.40 -0.43 -0.40 -0.43 —-0.46 -0.46 —0.37% —0.45

C -0.64 -0.72 -0.62 -0.56 -0.34 —0.46 -0.48" —0.37* —-0.52 -0.46" —0.47* —0.55
P30 (W) To —045 —-045 -0.41 -034* —-054 -056 -0.54 -0.53 —-0.55 -0.53 —-0.45 —0.39*
C -0.58 —0.48 —-0.54 -0.39* —-0.50 —0.62 -0.67 —0.62 -0.65 -0.62 -0.62 —0.46

(W kg To -0.53 -0.57 -0.53 -0.51 -0.52 -0.52 -0.51 -0.53 -0.50 -0.57 -0.48 —0.51

. C -0.66 —0.69 —0.66 —-0.61 —-050 -0.58 -0.67 -057 -0.60 -0.66 —0.64 —0.62
VOspeak (1 min-') To -049 -0.59 -0.54 -0.46 -0.54 -0.70 -0.53 —-0.68 —0.62 -0.56 -0.60 —0.61
C -0.67 -0.67 -0.69 -0.55 -0.52 -0.80 -0.71 -0.78 -0.70 -0.67 -0.81 —0.75

(ml kg~ min~") To —046 -0.61 -0.57 -0.57 -046 -0.53 -041 -055 —-0.47 -052 -0.48 -0.61

C -0.63 -0.75 -0.69 -0.69 —-0.50 —0.62 —-0.55 -057 -0.53 -0.60 -0.64 —0.70

POmax (W) To —-0.59 -0.63 -0.60 -0.58 -0.63 -0.67 -0.63 —-073 —-0.63 —-0.66 -0.67 —0.63
C -0.69 —-0.69 -0.70 -0.66 —-0.61 —-0.71 -0.75 -081 —-0.70 -0.73 -0.82 -0.72

(W kg™ To —-0.55 —-0.63 -0.61 -0.65 -0.55 —-0.55 -0.54 -0.65 —-0.52 -0.63 -0.59 -0.62

C -0.66 —-0.75 -0.69 -0.75 -0.54 -0.60 -0.65 -0.68 —0.59 -0.69 —-0.73 —0.69

To = total group; C = group subjects with complete lesions; T = transfer; *not significant (p > 0.05)
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Table VI Results of the multiple regresion analyses to predict physical strain (% HRR) during the standardiscd tasks

Task Independent variables SE p-value Cumulative R?

Transfer WC-Bed %HRR = —0.23 POmax (W) 0.08 0.006 0.48
—8.98 Fis, (N kg=1) 2.39 0.001 0.59
—0.56 Age (yrs) 0.21 0.017 0.69
+95.65 10.41 0.000

Transfer WC-Toilet %HRR = —1.20 VO,peak (ml kg=! min~"') 0.27 0.000 0.56
—0.09 Fis, (N) 0.04 0.025 0.66
+80.23 7.54 0.000

Transfer WC-Shower WC %HRR = —30.47 POmax (W kg™!) 5.96 0.000 0.57
+72.29 6.00 0.000

Transfer WC-Shower seat %HRR = —0.36 POmax (W) 0.11 0.003 0.49
=7.13 Fiso (N kg™1) 3.05 0.029 0.59
+83.32 7.90 0.000

Washing hands %HRR = —0.26 POmax (W) 0.07 0.002 0.37
+39.55 5.17 0.000

Changing sheets %HRR = —17.71 VO,peak (1 min") 4.69 0.001 0.64
—1.06 Lesion level 0.45 0.028 0.71
+86.83 5.97 0.000

Preparing lunch %HRR = —0.40 POmax (W) 0.09 0.000 0.56
+66.18 6.15 0.000

Washing up %HRR = —0.42 POmax (W) 0.08 0.000 0.65
+67.89 5.66 0.000

Passing door %HRR = —-20.02 VO,peak (1 min~!) 4.04 0.000 0.50
+57.45 6.75 0.000

Ascending ramp %HRR = —35.87 POmax (W kg~ ') 6.97 0.000 0.47
—0.60 Age (yrs) 0.29 0.049 0.56
+96.00 13.56 0.000

Ascending curb %HRR = —23.66 POmax (W kg™') 5.68 0.001 0.53
—0.13 Fi, (N) 0.04 0.005 0.70
+85.91 7.94 0.000

Entering car %HRR = —21.63 VO,peak (1 min~1) 4.54 0.000 0.56
-6.42 F,, (N kg 1) 2.35 0.013 0.68
+106.38 8.89 0.00

T = transfer; WC = wheelchair; SE = standard error of the regression coefficient.
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Figure 3 Relationship (r = —0.82) between
maximal power output (POmax) and physical
strain (% HRR) during the curb ascent for
the subjects with complete lesions (n = 21).
*=C4-C8; + =TI1-T5;, O=T6-T10; O=
T11-L5.

HRR. It has to be realised, however, that
the highest HR as determined in this study is
not equal to a highest HR derived from the
shortest R—R-interval but is actually a high-
est observed mean value over 15 R-R-
intervals, as a result of the calculating
method of the Sport Tester PE3000 which
calculates continuously an average HR over
the last 15 R—-R-intervals using a pulse-to-
pulse averaging algorithm.? Although the
real HR may therefore be slightly higher,
the clinical significance of one or two beats
higher than recorded by the Sport Tester
can be questioned.

The linear relationships between % HRR
and %POmax and between %HRR and
% VO,peak were significant in all groups.
Strong correlations were found in each
group with somewhat higher standard devi-
ations in the group subjects with tetra-
plegia. In spite of this, the mean correla-
tions for % HRR-%POmax (0.91) and for
%HRR-%VO,peak (0.95) indicate that
most subjects with tetraplegia exhibit strong
correlations for these parameters. Although
these relationships are determined using
(more or less) steady-state values, they
suggest that the HR response expressed
relative to the individual HRR is a valid
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measure not only of the relative cardio-
vascular strain, but also of individual task
difficulty and physical strain. The question
remains whether a parameter reflecting
total strain would be a better indicator of
physical strain and task difficulty than the
peak strain as measured in the current
study. A serious problem preventing the use
of a parameter reflecting total strain (such
as an integrated HR) is that such a para-
meter, in contrast to the highest HR, is
often too difficult to determine during short-
lasting non-steady-state tasks."

Physical strain

From Table II it will be clear that in general
the subjects with higher lesions experience
higher levels of strain during all tasks
studied. These differences could have been
expected since lesion level has an important
influence on the amount of muscle mass
available for performing activities and hence
on the task difficulty. Although the strain
appears to be related to the lesion level, the
large within-group differences indicate that
lesion level is not the only determinant of
physical strain.

During some of the tasks physical strain
approached or even reached maximum
levels in some subjects. This may be even
more remarkable when it is considered that
tasks were carried out in a well-adjusted
standardised setting, with sufficient rest
before and after each task and that all tasks
were performed as single isolated tasks. In
daily life, where the environment is not
always adequately adjusted and where vari-
ous activities are often performed simulta-
neously or successively without rest,> or
where factors such as a high ambient tem-
perature may cause additional stress,?! the
stress during ADL may be considerably
higher than in the laboratory. This can
result in a high strain during a certain task in
those persons who had low levels of strain in
the laboratory and may even result in an
impossiblity to perform the same task for
those with high levels of strain in the
laboratory. The high physical strain among
these individuals may not only result in
fatigue and discomfort, restricting mobility
and independence, but may also cause an
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overload of the cardiorespiratory system in
older persons or those with disturbed or
weak cardiorespiratory functioning.

Not all subjects were able to perform all
tasks. Especially transfers, ascending the
curb and entering the car appeared to be too
difficult for subjects with a low physical
capacity. For the transfer to the bed, the
bed height appeared too high for placing the
legs onto the bed. In daily life these subjects
have fewer problems since they use a
high-low bed, enabling them to lower the
bed before the transfer, whereas in the
present study the bed height was equal to
the wheelchair seat height. Six subjects were
not able to transfer to a shower wheelchair
because no assistive devices could be used
and five subjects were not able to ascend the
curb. These subjects have to depend on
others during daily life for such tasks and
are consequently more restricted in their
mobility which will limit their social radius
of action.

From Figure 1 it will be clear that entering
a car is the most burdensome task and even
too heavy to perform for many subjects.
Surveys have shown that a large part of the
wheelchair user population has difficulties
entering/leaving a car independently.?*%
Since in the present study all subjects used
an electric hoist to load the wheelchair, the
most important factor causing the strain
must have been the transfer from the
wheelchair into the car. Reasons for the
high physical strain may be the low position
of the car seat, a raised sill over which feet
must be lifted and the limited horizontal and
vertical clearance.

The physical strain during passing a side-
hung door and washing hands was as ex-
pected lower than in other tasks. Washing
hands, in contrast to for example transfers,
does not involve heavy muscular exercise
nor complex movements. The passing of the
door, consisting of opening, passing and
closing of a side-hung door, did not provoke
high levels of strain in those with paraplegia.
The subjects with tetraplegia obviously had
more difficulty in manoeuvering through the
door and had as a result higher levels of
strain (40 =+ 14% HRR).

The physical strain during the curb ascent
was not very high among the groups with
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paraplegia. However, several subjects were
not able to make the ascent. Three of the
nine subjects with tetraplegia were not able
to perform the ascent while the physical
strain among those subjects with tetraplegia
who made the ascent independently was
considerably higher than in the groups with
paraplegia. The ramp ascent induced on
average a moderate physical strain of
39%HRR. The large standard deviations,
however, indicate that some subjects
reached excessive levels of strain which is
also found in other studies.>* This will not
only restrict the mobility but may also be
hazardous in some cases in which the user is
no longer able to control his wheelchair.
The levels of strain found in the present
study are similar to those found in Janssen
et al’> among the same subjects in real life.
However, in the latter study, the values
represented the mean physical strain
whereas in the present study only peak
values are given, again indicating that in real
life the strain may be considerably higher
than in a controlled laboratory situation.

It has often been asserted that making
transfers is a very burdensome task for
wheelchair users. However, for a large part
of the subjects in the present study, making
a transfer from a wheelchair to a toilet or a
shower seat does not provoke a high strain
that may fatigue the individuals. Although
the physical strain estimated by the heart
rate response is not extremely high for the
majority of subjects, intra-articular pressure
in the shoulder while transferring has been
shown to rise dramatically,* suggesting that
the bones, joints, and soft tissues of the
upper-body are subjected to considerable
stress while supporting the whole body. This
stress may account for the high rate of
shoulder problems in persons with SCI.?*%

Although household activities in this
study were relatively light (no vigorous
upper-body movements were necessary),
the physical strain could be considerably
high in some subjects. Especially changing
sheets provoked high levels of strain, even
significantly higher than the curb ascent or
the transfer to the toilet (Fig 1). Household
tasks are notably more time-consuming and
may therefore be additionally stressful to
some individuals. In the present study, the
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bed was easily accessible from all sides. This
will not always be the case in the home
setting of subjects which may add substan-
tially to the task difficulty.

Relationship between physical capactiy and
physical strain

Parameters for physical capacity were in-
versely related to lesion level: the subjects
with tetraplegia had significantly lower
values for all parameters than the groups
with the lowest lesions which is in agree-
ment with previous studies.”® However, the
large within-group variations indicate that
differences among subjects within the same
lesion level group may be extensive. Other
factors such as health problems, activity
level, or genetic endowment, may, just as in
the able-bodied population, affect physical
capacity to an important extent, which may
be further affected by the completeness of
the lesion.

Physical capacity was inversely related to
strain during the tasks, which agrees with
cross-sectional studies showing that subjects
with SCI with higher physical capacity have
a lower physical strain during arm cranking
at equal (absolute) work load.®*!" In gen-
eral, the correlations between physical capa-
city and physical strain were notably higher
when only data from subjects with complete
lesions were used, which may be explained
by the fact that the measurements of phys-
ical capacity merely reflect upper-body
capacity while during the tasks not only the
upper body could be used but also (parts of)
the lower body. For example, one subject
with an incomplete cervical lesion had a low
physical (upper-body) capacity, but was
able to use his legs to support his body while
transferring, reducing the tasks difficulty
and consequently disturbing the relation-
ships studied. This suggests that parameters
for upper-body capacity may not be suffici-
ent to predict the physical strain in subjects
with incomplete lesions, since also the re-
maining lower-body capacity has to be taken
into account.

The correlation coefficients studied may
have been disturbed by other factors. Al-
though the tasks were standardized to a
certain extent (same temperature, task
order, adjustments of assistive devices, and
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resting periods), the actual work load is, in
contrast to submaximal arm cranking or
wheelchair propulsion, difficult to deter-
mine and even more difficult to impose.
Differences in task performance are inevit-
able. Some subjects will have performed the
task more efficiently, with a different velo-
city, with other assistive devices than others.
In addition, anthropometric differences
(body mass, arm length etc) undoubtedly
have contributed to differences in actual
work load. Since all subjects used their own
daily-use wheelchair, differences in wheel-
chair characteristics have induced an
additional variation in work load and conse-
quently in physical strain among subjects.
Moreover, spastic contractions of the para-
lysed limbs, which frequently occur in these
persons when the position of the lower-
limbs is changed after a long period in one
position, such as during transfers,”’ may
have altered the amount of active muscle
mass and consequently the physical strain.
In spite of these ‘disturbing’ influences, the
relationship between physical capacity and
physical strain was obvious, emphasising the
importance of physical capacity.

In all regression equations concerning
transfers, entering the car, and negotiating
ramp and curb, a parameter for physical
capacity relative to the individual body mass
was entered whereas only absolute para-
meters appeared in the equations for the
household activities, washing hands and
passing the door. This may be explained by
the fact that during the latter tasks no height
differences have to be overcome. During
the transfers the whole body has to be lifted
and moved and hence every extra body mass
evokes an increased work load. This stresses
the importance for these individuals to
reduce excessive body mass (especially adip-
ose tissue) in order to decrease the work
load during these tasks.

The most important predictors of physical
strain were POmax and VO,peak, since
they appeared initially in eight and four of
the equations, respectively. Although a
recent study demonstrated that relation-
ships among F;,,, P30, VO,peak and POmax
were strong in wheelchair users with SCI,16
POmax and VO,peak seem to be the most
important determinants of physical strain
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during ADL. In addition to POmax and
VO,peak, F,, was entered secondly into
five of the 12 equations, indicating that
subjects with an equal POmax or VO,peak
but with more isometric strength will have
less strain during the transfers and the curb
ascent. The isometric component during
these tasks can be very high and isometric
strength may therefore determine physical
strain during these tasks to an important
extent. Age was entered in the equations for
the transfer to the bed and the ramp ascent,
indicating that subjects with an equal phys-
ical capacity but a higher age have less strain
during these tasks. This might be explained
by a decreased heart rate sensitivity to
activity with age, resulting in a lower heart
rate response.?® Another explanation might
be that younger subjects performed the
tasks more swiftly than older subjects, aug-
menting the workload and consequently the
strain.

Indices of physical capacity appeared to
explain more of the variance in physical
strain than the level of lesion. This indicates
that, although physical capacity is clearly
related to level of lesion (Table III), it
provides additional information beyond
level of lesion alone and seems a more
important parameter to predict reactions to
stress in persons with SCI.

The question that arises here is whether
the proposed relationship between physical
capacity and strain during ADL tasks is a
causal relationship. In other words, does a
change in physical capacity result in an
inverse change of physical strain? This
question cannot be answered from the
results of the present study due to its
cross-sectional design. Longitudinal (experi-
mental) research is indispensable to ascer-
tain the causality of the relationship. How-
ever, it has been demonstrated that a
training regimen can increase the physical
capacity of subjects with SCI and reduce in
this way the HR response during sub-
maximal wheelchair or arm crank exer-
cise.>1%-12 Whether a wheelchair training-
induced increase in physical capacity also
results in a reduction in physical strain
during other tasks, such as making transfers
or household activities, remains to be in-
vestigated.
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Not only an increase in physical capacity
but also a reduction in actual work load
could reduce physical strain during ADL.
The workload may be reduced through for
example improvement of wheelchair mech-
anics (reducing drag forces®), through
reduction of excessive body and wheelchair
mass, and through diminishing the environ-
mental barriers. Moreover, an increased
economy of task performance will also
reduce physical strain and may be achieved
through ergonomically improved assistive
devices, including the wheelchair,'® and
through task training as performed during
rehabilitation. In addition, taking a longer
time, when possible, may also reduce the
physical strain during ADL.

In summary, the method used in this
study was shown to be a useful tool in
estimating the physical strain during
standardised ADL and in comparing phys-
ical strain among subjects with SCI. It was
demonstrated that: (1) the physical strain of
ADL could be notably high, but that large
variations among subjects were present in-
dicating that some subjects have very high
levels of strain whereas others have low
levels of strain during the same task; (2)
subjects with high lesions had in general
higher levels of physical strain during all
tasks studied; (3) physical capacity was
inversely related with physical strain during
all tasks and appeared to be more important
than the level of lesion in explaining the
variance in physical strain.
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