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Background. The weight-bearing (WB) and effort distributions during the five-repetition sit-to-stand test (5R-STS) were assessed
in healthy and hemiparetic subjects and were compared to the distributions obtained for a single STS task (1-STS). Methods.
Eighteen hemiparetic subjects and 12 controls were included. The WB distribution and time were computed using the vertical
ground reaction forces. The knee muscles’ effort distribution was quantified with the electromyographic (EMG) data of the STS
transfers expressed relatively to the EMG values of maximal strength assessments. Results. In both groups, the time, WB, and effort
distributions did not differ between repetitions of the 5R-STS test. The WB and effort distributions of the first repetition were
more asymmetrical than those for the 1-STS for the hemiparetic subjects only. Conclusions. Since no changes were found between
repetitions, the 5R-STS test might not be demanding enough. The hemiparetic subjects adopt different WB and effort distribution
strategies according to the number of STSs to complete.

1. Introduction

Initially introduced as a measure of lower limb strength
[1, 2], the five-repetition sit-to-stand (5R-STS) test is also
used to assess balance [3], fall risk [4], and the effect of
interventions to improve balance, muscle strength, or
mobility in various populations [5, 6]. In subjects with
chronic stroke, the 5R-STS test has also been used to evaluate
functional performance [7].

Following a stroke, STS and stand-to-sit transfers are
performed with an asymmetrical weight-bearing (WB) dis-
tribution with more weight usually taken by the nonparetic
limb [8, 9]. The knee extensor joint moments are also asym-
metrical with greater moments produced by the nonparetic
side [10]. Interestingly, except for measuring the time to
complete the 5R-STS test, no study to date has tested the
effect of repeating consecutive STS transfers on WB and on
the muscular demand at the knee in healthy and physically
impaired participants such as poststroke survivors. This

would help to clarify how WB and effort distributions are
managed in more demanding situations involving repeated
lower limb muscular efforts. The idea being that knowing
the number of repetitions to be completed might change
the motor strategy in order to consider the additional effort
needed to complete the task. The objectives of this study
were to (1) assess the association between time to execute the
5R-STS test and WB distribution and the effort distribution
at the knees; (2) determine whether time, WB distribution,
and effort distribution at the knees differ among the 5R-STS
repetitions; (3) examine if WB and effort distribution strate-
gies vary with the number of repetitions to be performed (1
versus 5). For hemiparetic individuals, it was hypothesized
that time to execute the 5R-STS would be associated with WB
and effort distributions: the slowest subjects being the most
asymmetrical. They will present asymmetrical WB and effort
distributions for the first cycle of the 5R-STS test, and these
asymmetries as well as the time cycle will increase from the
first to the fifth. A task such as executing five consecutive STSs
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should be demanding enough for this population to increase
these asymmetries. Finally, the WB and effort distributions
of hemiparetic individuals will differ between a single STS
(1-STS) and the first cycle of the 5R-STS test. For healthy
individuals, these factors will not affect their performance.

2. Materials and Methods

2.1. Participants. Eighteen chronic hemiparetic individuals
(3 to 27 years poststroke; 10 with a left hemiparesis) able
to rise from a standard-height chair (45 to 50 cm) without
using their arms and 12 elderly controls participated in this
cross-sectional study (Table 1). The hemiparetic individuals
had a moderate level of motor impairment (mean score
of 5.2/7 (±1.1) for the leg and 3.7/7 (±1.3) for the foot
on the Chedoke McMaster Stroke Assessment [11]). One
rated his pain level in the lower limbs at rest as 5.5/10
on the 10 cm visual analog scale (VAS), [12] and six rated
their pain level on activity between 2.6 and 5.7/10; the
others presented a pain level of 2 or less. Except for two
that had an hypnoanesthesia at the foot (unable to detect
the 6.65 Semmens-Weinstein monofilament [13]), and one
showing a severe sensory deficit (unable to feel the 5.18
monofilament), the others had good tactile sensation. All
had a good sense of vibration and position evaluated with a
128 Hz tuning fork and “up or down” segment position of the
foot, respectively [13]. They presented moderate spasticity at
the ankle (mean score of 8.7/16 on the Index of Spasticity
of Levin and Hui-Chan [14]). Their balance was good (Berg
Balance Scale [15] score > 47), except for one that had
a score of 40. Their mean natural and maximal walking
speeds over 5 m [16] were 0.78 m/s (±0.25) and 1.10 m/s
(±0.35), respectively. The nonparetic side was stronger than
the paretic side (170.3±58.8 Nm versus 119.4±52.9 Nm; P <
0.001; Table 1). Participants were excluded if they presented
with comprehensive aphasia, cognitive deficit (Folstein Mini-
Mental exam [17] score < 25/30) and non-stroke-related
disabilities. The subjects in the control group had no health
problems and were recruited among the employees of a reha-
bilitation centre (Institut de réadaptation Gingras-Lindsay-
de-Montréal) where the laboratory assessments were also
performed. Subjects gave written informed consent. This
experiment was approved by the local ethics committee and
followed institutional guidelines.

2.2. Maximal EMG at the Knee. A dynamometric assessment
with a Biodex dynamometer (Biodex Medical Systems, New
York, USA) followed the clinical assessment and allowed
the maximal EMG data (denominator) needed to quantify
the levels of effort at the knee to be determined. This was
obtained by quantifying the Electromyographic Muscular
Utilization Ratio (EMUR, [18]), that is, the ratio relating the
EMG of the knee muscles collected during the STS transfers
(numerator) to the maximal EMG obtained during maximal
strength assessments (denominator). The knee extensors
were chosen because they present high levels of effort during
the STS transfer [10, 19].

Following appropriate skin preparation [20], EMG bipo-
lar surface electrodes (20 mm interelectrode distance) were

placed bilaterally on the skin over the vastus lateralis, vastus
medialis, and rectus femoris. Electrogoniometers, placed on
the lateral face of both knees, provided a common reference
for the knee positions between the STS and the dynamo-
metric assessments. Muscle activity was acquired with a 16-
channel EMG telemetric system (Noraxon Telemyo System).
Standard methods of surface recording [20] were used
to record amplified signals at 1200 Hz with a customized
Labview program. The subjects were stabilized with straps in
a sitting position with the hips flexed 60◦. Since the greatest
levels of effort during the STS are generally found at seat-off
when the knees are in a 75◦ flexion position [10, 19], this
angle was chosen to test the knee extensors’ static maximal
strength and record their maximal EMG. The mean of two
trials (<10% difference) was used to determine the maximal
strength and EMG of the knee extensors.

2.3. Sit-to-Stand Task Assessment. Following the dynamo-
metric assessment, a height-adjustable chair instrumented
with force plates under each thigh was used to assess the STS
tasks (details in Brière et al. [8]). Two AMTI (OR6-7-1000)
force plates were used to record the forces under each foot.
The EMG recorded during the tasks provided the numerator
of the EMUR and quantified the relative involvement of the
knee muscles during the STS tasks. The EMG and force plate
signals were collected at 1200 Hz and 600 Hz, respectively.

With arms crossed on their chest and feet placed in a
spontaneous position, the subjects were asked to complete
five consecutive STSs (5R-STS test) as fast as possible and
instructed to stand up straight between repetitions. Timing
started when the signal “Go” was given and ended when the
subject’s buttocks touched the chair on the fifth repetition.
Subjects were also asked to complete a single STS at natural
speed as they usually do (1-STS task). No instruction was
given regarding the foot position (spontaneous). Two trials
were executed.

2.4. Data Analysis. The vertical ground reaction forces
(VGRF) were analyzed for all STS transfers. The WB distribu-
tion on each side, expressed in percent of total WB, was deter-
mined using the VGRF of the seat and foot averaged over a
1 s time interval (from −0.5 s before seat-off to 0.5 s after;
details in Brière et al. [8]). The seat-off corresponded to the
time when the forces on the force plates of the seat were null.
This interval was chosen because it covers the greatest efforts
during the STS task [10]. The mean of two trials was used.

To determine the duration (seconds) of each cycle, the
time elapsed between seat-off and seat-on (when the subject
establishes contact with the seat) was computed. These events
were extracted using the VGRF data of the seat.

To estimate the EMUR of the knee muscles, the EMG
data corresponding to the maximal strength values of the
knee extensors and to the seat-off had to be analyzed. To
consider the electromechanical delay (generally ranging from
30 to 100 ms [21]) between the maximal electrical muscle
activity value and the maximal strength value as well as
the seat-off event, a time-window EMG analysis of 250 ms
prior to the maximal strength value and to the seat-off
event was determined. All raw EMGs were visually inspected
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Table 1: Characteristics of the subjects.

Characteristics
Hemiparetics

Mean± SD (range)
Controls

mean± SD (range)
P < 0.05

Age, years 58.8± 11.9 (35–83) 65.8± 3.7 (59–71) 0.06

Height, m 1.7± 0.1 (1.5–1.9) 1.7± 0.1 (1.7–1.9) 0.57

Weight, kg
80.2± 24.0

(43.0–160.0)
79.8± 16.7

(52.0–104.0)
0.96

Body mass index, kg/m2 27.3± 7.8 (18.1–53.8) 27.8± 4.5 (21.4–35.2) 0.86

Male/female 14/4 7/5

Knee extensor muscle strength, Nm
(nonparetic side or right side)

170.3± 58.8
(92.5–286.1)

151.9± 33.8
(88.8–206.9)

0.34

Knee extensor muscle strength, Nm
(paretic side or left side)

119.4± 52.9
(33.3–247.4)

164.7± 46.4
(92.7–234.1)

0.02

then filtered with a 4th-order Butterworth high-pass filter
at 20 Hz. Subsequently, a root mean square (RMS) was
computed to quantify the amplitude of the EMG signal.
The EMGrms value of each muscle collected during the task
was then normalized (EMGnorm) to the maximal EMGrms

value obtained during the strength testing at the same knee
angle (75◦) to estimate the EMUR. Subsequently, the mean
of the EMUR of the vastus medialis, vastus lateralis, and
rectus femoris was computed so as to have an EMUR for
the extensors, which better represents the global effort at the
knees. The mean of two trials was used.

Furthermore, to interpret the effort in terms of asymme-
try between sides, the extensors’ EMUR on each side had to
be expressed in percent of total bilateral effort as done for the
WB distribution. Therefore, an Index of asymmetry of EMUR
was computed as follows:

EMUR
(
nonparetic side

)

EMUR
(
nonparetic side

)
+ EMUR

(
paretic side

) ∗ 100.

(1)

Some EMG data were eliminated due to the presence of
noise in the recorded signal. This represented 8/98 signals
for the 1-STS task. For the 5R-STS test, the EMG data of
the rectus femoris and of the vastus lateralis had to be
removed in 11 subjects (5 hemiparetics, 6 controls) and 5
subjects (2 hemiparetics, 3 controls), respectively. For the
statistical analyses, the indices of asymmetry of effort and the
WB distribution values of the nonparetic (hemiparetics) and
right sides (controls) were used.

2.5. Statistical Analyses. Descriptive statistics were computed
on all variables. The conditions for using parametric tests
were fulfilled. In both groups, Pearson correlation coeffi-
cients were used to assess the associations between time to
execute the 5R-STS test and WB and effort distributions.
Also, as previous studies [8, 9] have already established
that hemiparetic individuals perform more asymmetrically
than healthy ones, and as the two groups here did not
have the same number of subjects, the group effect was
not considered in the further analyses. Therefore, three
one-way repeated-measures ANOVAs tested the effect of
consecutive STSs (repeated factor) on WB distribution, effort

distribution, and time cycle, respectively, separately in each
group. If these ANOVAs showed any significant values (P <
0.05), pairwise comparisons were made to establish the sites
of differences using an appropriate Bonferroni correction
(0.05/10 contrasts = 0.005). To determine if WB and effort
distributions strategies varied according to the number of
repetitions paired Student’s t-tests were completed for both
groups separately between the WB and effort distributions
obtained for the 1-STS task and those found for the first
repetition of the 5R-STS test. All statistics were performed
using the 13th version of SPSS package software, and the level
of significance was fixed at 0.05, except for those corrected for
the number of comparisons.

3. Results

3.1. Association between Time to Execute the 5R-STS Test,
WB Distribution, and Effort Distribution at the Knees. The
duration of the 5R-STS was longer for the hemiparetic
individuals than for the healthy participants (19.3 s (±5.3)
versus 11.1 s (±1.7); P < 0.05). No association was found
between the time to execute the 5R-STS test and the WB or
the effort distribution at the knees.

3.2. Effect of 5 Consecutive Repetitions on Time Cycle, WB
Distribution, and Effort Distribution at the Knees. For the
time cycle, WB distribution and effort distribution at the
knees, the ANOVAs did not show any significant difference
between the 5 repetitions for the hemiparetic or healthy
individuals (Table 2) (ANOVAs; P > 0.05).

3.3. Comparison of WB and Effort Distribution Strategies with
Number of Repetitions to Be Performed (1 versus 5). The
WB (59.2% ± 6.1%) and effort (58.7% ± 10.8%) distribu-
tions of the first repetition of the 5R-STS test were more
asymmetrical (P = 0.001 and P = 0.04, resp.) than those
obtained for the 1-STS task for hemiparetic subjects (WB:
56.1%± 5.5%; effort: 56.3%± 11.4%) (Table 2; Figure 1(a)).
For the controls, no difference was found between the WB
(49.1% ± 4.1%) and effort (51.0% ± 7.2%) distributions of
the first repetition of the 5R-STS test and those measured
for the 1-STS (WB: 49.7% ± 2.9%; effort: 51.1% ± 8.3%)
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Table 2: Mean and standard deviation values of the time, WB, and effort distributions for the 1-STS task and the five cycles (C1–C5) of the
5R-STS test for the hemiparetics and the controls (nonparetic and right sides, resp.).

Groups Variables 1-STS
5R-STS

C1 C2 C3 C4 C5

Hemiparetics
Time (s) — 2.5 (0.8) 2.4 (0.6) 2.3 (0.6) 2.3 (0.7) 2.4 (0.7)

WB distribution (%) 56.1 (5.5) 59.2 (6.1) 59.1 (6.7) 58.9 (7.0) 59.2 (7.9) 60.1 (7.7)

Effort distribution (%) 56.3 (11.4) 58.7 (10.8) 58.7 (10.5) 59.3 (9.3) 59.1 (10.5) 58.7 (9.8)

Controls
Time (s) — 1.4 (0.3) 1.4 (0.2) 1.3 (0.2) 1.3 (0.2) 1.3 (0.3)

WB distribution (%) 49.7 (2.9) 49.1 (4.1) 49.8 (2.9) 50.3 (3.6) 50.9 (3.8) 50.8 (3.8)

Effort distribution (%) 51.1 (8.3) 51.0 (7.2) 51.9 (8.5) 49.6 (8.0) 51.8 (8.0) 54.2 (8.3)

Hemiparetic individuals
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Figure 1: Graphs showing the mean distributions (%) of weight bearing (WB) and effort at the knees for the first cycle of the 5-repetition
sit-to-stand test (5R-STS) (in white) and the single sit to stand executed at natural speed in a spontaneous foot position (in black) for
hemiparetic individuals (a) and healthy individuals (b). Vertical lines represent the one-standard deviation. Asterisks indicate significant
differences between the two conditions (P < 0.05).

(Table 2; Figure 1(b)). Scatter plots of associations between
these two tasks for the WB and the effort distributions show
clearly the shift under the line of identity for the hemiparetic
group illustrating their more asymmetrical strategy for
completing the 5R-STS test (Figures 2(a) and 2(b)). For
the controls, these scatter plots show that WB and effort
distributions spread fairly evenly over and under the line of
identity (Figures 2(c) and 2(d)).

4. Discussion

The first important finding is that the subjects most asym-
metrical in their WB or effort distributions are not the
slowest in the 5R-STS. Having a very asymmetrical WB or
effort distribution when doing a STS transfer therefore does
not imply that more time will be needed to complete the 5R-
STS test and vice versa. In everyday life, standing up quickly
is probably more important than performing a symmetrical
sit to stand. Also, this result agrees with conclusions reported

by Lord et al. [22] and by McCarthy et al. [23] concerning
the multidimensional aspect of the STS transfer. According
to these studies [22, 23], lower limb strength is not the only
factor influencing STS performance but many other variables
(e.g., balance, psychological, and sensorimotor parameters)
or other strength-related parameters (e.g., rate of force
development, and power) [24] could also influence the STS
test completion time.

The second finding revealed that the participants are able
to perform five consecutive STS without modifying their
strategies. Therefore, for stroke participants, performing five
consecutive STS is not challenging enough to produce a
change in their motor performance. It would be interesting
to assess what happens with the 30-second chair STS test [23]
involving more repetitions.

A third interesting finding is that stroke subjects seem-
ingly adopt different WB and effort distribution strategies
according to the number of STSs to complete. Knowing
the number of repetitions to be performed might trigger
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Figure 2: Scatter plots showing the associations between the weight-bearing (WB) distribution (squares) and the effort distribution
(diamonds) for the first cycle of the 5-repetition sit-to-stand test (5R-STS; X axis) and those for the single sit-to-stand task (1-STS) for
the hemiparetic individuals ((a) and (b), resp.) and the healthy individuals ((c) and (d), resp.). The lines of identity are presented.

reorganization of the lower limb effort and, thus, of the
WB distribution. In fact, the anticipation of having more
than one STS to do could explain the greater WB and effort
on the nonparetic limb in the clinical test. A parallel could
be made between this finding and the results of previous
studies [25, 26] on associations between the distance covered
by poststroke individuals during the 6- or 12-minute walk
tests and their self-paced gait speeds established over 8 or
10 meters. In fact, they found that using these gait speeds
to predict the distances walked in either 6 or 12 minutes
overestimates the actual distances covered. Since the gait
speeds were found to be relatively constant in the functional
tests, the subjects seem to pace themselves more slowly even
though the instructions given are to try to cover the greatest
distance in 6 or 12 minutes [25, 26]. Reorganization of the
task execution might thus explain why the WB and effort
distributions at the knees did not change with the repetitions.
It would be interesting to see if the WB and effort distribution
strategies remained the same without any instruction related
to the number of repetitions preceding the 5R-STS test.

Finally, since the 5R-STS test has to be done as quickly
as possible, the execution speed could also influence the
strategy chosen by hemiparetic individuals. In comparison,

the 1-STS task was executed at natural speed. Given that we
did not do a stand-to-sit recording after the STS for the 1-
STS task, we cannot appreciate the influence of this factor.
However, using data from the study by Duclos et al. [27],
including comparable hemiparetic subjects and providing a
mean time from seat-off to the end of the STS of 1.6 ± 0.6 s,
it could be presumed that the mean time from standing
to seat-on would be similar and, therefore, the mean time
for spontaneous seat-off to seat-on would be close to that
obtained in this study for the first cycle of the 5R-STS (3.2
versus 2.5 s). Therefore, time is probably not a major issue
when trying to explain the different behaviors between the
1-STS task and the 5R-STS test.

5. Summary

The results of this study revealed that the 5R-STS test is
not demanding enough to induce time, WB, and effort
distribution variations between the repetitions. However,
for the hemiparetic individuals, knowing the number of
repetitions to be performed might have triggered an effort
reorganization allowing them to perform 5 repetitions with-
out modfying their WB and effort distribution strategies.
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