
ORIGINAL ARTICLE

Measuring power during the sit-to-stand transfer
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Abstract Power has been demonstrated to be an early
and potent marker of frailty. The measurements cur-
rently available are tied to locality. Usually, measure-
ments include single joint movements or movements of
only the legs and the resistance is not adjusted for body
weight. In this study, a portable method to measure
power in the sit-to-stand transfer was developed and
tested. Mean power was calculated from the vertical
ground reaction force of body weight, the difference
between height in a sitting and in an upright position
and the time taken to stand up. The results of this power
measurement were compared with an isokinetic force
measurement, the ‘‘Nottingham power rig’’, and mea-
surement of physical performance in a five-repetition
chair rise (five-chair rise). A convenience sample of 33
healthy elderly subjects [mean (SD) age: 67.8 (6.7) years;
17 men, 16 women] was included. Measurement of
power during the sit-to-stand transfer showed good
correlation to isokinetic force measurement (r=0.68)
and to the ‘‘Nottingham power rig’’ (r=0.6). Correla-
tion to five-chair rise was poor (r=)0.08). In conclu-
sion, the study shows that the method presented is able
to measure power during performance of a daily task.
The poor correlation between the introduced measure-

ment and the five-chair rise suggests that it might be able
to detect decline in muscle function earlier by the
introduced measurement than by measurement of the
functional status. As it is inexpensive and portable, its
use in clinical practice and research contexts, including
home-bound individuals, is feasible.
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Introduction

With advancing age and loss of functional capacity,
power as the product of force and speed is more
important than strength for performing daily activities
like rising from a chair, walking or stair climbing (Bas-
sey et al. 1992; Harridge and Young 2000). Thus, during
recent years new strategies to improve power output
(Skelton et al. 1995; Jozsi et al. 1999) have been given
high priority (Evans 2000).

Power is frequently calculated from isokinetic
strength measurements, where dynamic force is mea-
sured at a constant velocity. Single-joint extension and/
or flexion is performed in this measurement. Rahmani et
al. (1999) developed a method using knee extension,
including a ballistic movement, which seems to be more
related to daily activities (Kostka et al. 2000). Power
output was calculated from the speed of the load dis-
placement resulting from the leg extension.

The ‘‘gold standard’’ to measure power is the ‘‘Not-
tingham power rig’’ (Bassey and Short 1990). Here, the
average leg extensor power is inferred from the angular
velocity and inertia of a flywheel, which is driven by a
single thrust with one leg, including hip and knee
extension and ankle plantar flexion. The assessment of
power by cycling provides data calculated by the mass
and angular velocity of a flywheel (Martin et al. 2000),
which reflects the power of a cyclic guided motion and
the concentric work of the muscles. All these measure-
ment devices are relatively expensive and locally tied.
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Power measurements can also be conducted in more
physiological manoeuvres like jumping (Davies et al.
1983). These measurements automatically overcome the
problem of the resistance and its adaptation to body
weight as they include body weight in the measurement.
In elderly subjects jumping measurements are not rec-
ommended because of safety considerations.

The sit-to-stand (STS) transfer can be divided into
different phases. In the preparation phase the trunk is
accelerated forward (Roebroeck et al. 1994) until hip
flexion reaches its maximum and the buttocks lose
contact to the seat. Simultaneously vertical ground force
at the feet peaks (Kralj et al. 1990; Hirschfeld et al.
1999). The extension phase begins with seat-off and lasts
until the velocity of the centre of mass decreases to zero
(Hirschfeld et al. 1999) which is concurrent with an
extension of the hip and knee joint (Kralj et al. 1990). In
the following stabilization phase postural control is
achieved by contractions of calf muscles (Roebroek et al.
1994).

Fleming et al. (1991) tried to develop a simple
method to measure power while standing up from a
chair. Using a force plate, a curve of force related to
time was provided. Peak power was defined as the
slope of the curve. The same shape of this curve was
shown by Hirschfeld et al. (1999) adding the concurrent
kinetic data. Rising from a chair was described with the
help of force plates under each buttock and foot as well
as a two-camera optoelectronic system to provide data
of calculated centre of mass kinematics. Further kinetic
data of knee, hip and ankle joint angles were presented
by Kralj et al. (1990), who defined different phases of
the STS transfer.

Based on the aforementioned investigations, this
study attempts to introduce a safe and portable
method to measure power output in the STS transfer,
representing a functional task. Furthermore, it at-
tempts to compare the results with other commonly
used methods.

A good correlation of the introduced method to is-
okinetic measurement and to results provided by the
Nottingham power rig is hypothesized, because all these
investigations aim to measure the power output of a
lower extremity movement. Very high correlations might
not be observed because of the diversity of the move-
ments, representing a single-joint movement, a ballistic
movement and a more complex movement in the STS
transfer.

Methods

Subjects and design

For a cross-sectional evaluation a convenience sample of 33 healthy
elderly [mean (SD): 67.8 (6.7) years; 17 men, 16 women] were re-
cruited. Subjects had no known neurological or orthopaedic
problems and were successively enrolled. All subjects gave written
informed consent. The study was conducted in September and
October 2001.

Measurement of power during STS

Subjects sat on a chair of standard height (46 cm) with their arms
crossed over their chest, each foot resting non-constrained on a
force plate (Soehnle, Germany) and their trunk touching the
backrest of the chair. They were instructed to stand up as fast as
possible. The force plates (two calibrated commercially available
scales) provided a curve of vertical force as a function of time by a
two-channel acquisition of the analogous signals which were digi-
tized at 142 Hz. Storage of files and calculation of data was done
on a PC. In this investigation we focused on the general validity of
the method and used only the sum values of ground reaction force
of both legs.

According to the work of Hirschfeld et al. (1999) and Kralj et
al. (1990) we defined a preparation phase (PP, T1–T2) during the
STS transfer, beginning with the decrease of vertical force by more
than 2.5% of feet weight (T1). The preparation phase lasts until the
peak of vertical force (T2) was reached, which indicates seat-off.
The rising phase (RP, T2–T3) starts with the peak vertical force
(T2). The end of RP was defined as the point when the vertical
force reaches body weight (T3) after decreasing and increasing
again. In a following stabilization phase (SP, T3–T4) the vertical
force oscillates around body weight. The end of SP (T4) was de-
fined as the point when the vertical force oscillates inside a corridor
of 2.5% plus/minus body weight. A typical curve of vertical force
as function of time is shown in Fig. 1.

The movement to determine power during the STS transfer was
defined as raising body weight from sitting to an upright position as
fast as possible. Thus, mean power was calculated from the vertical
force of body weight, the difference between height in a sitting and
in an upright position and the time needed for rising (T2–T3). It
was calculated from the following equation:

p¼f � s� t�1 ð1Þ
where the constant factors body weight (f) and distance (s) repre-
sent the ground reaction force of body weight and the difference
between body height in a sitting and in an upright position,
respectively. The time interval of the RP (T2–T3) was expressed as
time (t).

The body weight as well as the peak force were measured as the
sum of the ground reaction forces of both feet. As the STS
manoeuvre is a daily task, the effect of extensive motor learning can
be neglected and the better of two trials, according to the power
result, was taken for the analysis.

As characteristic features of the force–time curve, the maximum
ground reaction force at T2, the overshoot as the difference be-
tween the maximum ground reaction force and body weight and
the incline of the curve between 20% and 90% of the maximum
ground reaction force were evaluated.

Fig. 1 The complete sit-to-stand transfer is divided into prepara-
tion phase (T1–T2), rising phase (T2–T3) and stabilization phase
(T3–T4). BW Body weight, MGRF maximum ground reaction
force, OS overshoot, IC incline, WFL weight of feet/legs at rest, T1
start of movement, T2 seat-off, T3 extension of body, T4 end of
movement
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Reliability of repeated measurement was assessed in 31 healthy
young hospital employees [37.9 (7.6) years]. Two sets on the same
day, taking the better of two trials, according to the power results,
were compared to describe test-retest reliability (ricc=0.95). A
break of 4 min between sets was given. Inter-rater reliability was
assessed by comparing the first set with the same protocol on the
following day, as assessed by a different investigator (ricc=0.96).

Other measurements

Power of the lower limb was assessed by the Nottingham power rig
(Bassey and Short 1990). Subjects were seated with just their pelvis
supported at their back. They were instructed to push with a single
leg against a plate over a distance of 16.5 cm. At the end of the
movement the leg was extended. Power was inferred from angular
velocity and inertia of a flywheel, which was driven by a chain con-
nected to the foot plate by a lever. Out of five successive trials in total,
the trial with the largest calculated power of each leg was taken. For
the analysis the results of the right and left leg were added.

Isokinetic force of the knee extensors and flexors was measured
by a Cybex Norm dynamometer (Lumex, New York, USA) at a
speed of 60�/s. Subjects were instructed to extend and flex their knee
as hard as possible. The better of two trials, according to the force
results of each leg, was taken. For the analysis the maximum force
of extension as well as flexion of the right and left leg were added.

In order to assess the performance to stand up from a chair
subjects were told to stand up from a chair and to sit down five
times in a row as fast as they could (five-chair rise, Guralnik 1994).
The time needed to do so was included for the analysis.

Before each measurement the subjects familiarized themselves
with the equipment and had a short warm-up. The order of mea-
surements was randomly assigned for each subject.

Statistical analysis

The results are reported as mean (SD). Pearson’s coefficient of
correlation (r) was used to show an association between various
measurements. Absolute value of the correlation coefficient was
classified as poor (0.00–0.40), fair to good (0.41–0.75) and excellent
(>0.75) based on criteria established by Fleiss (1986). Intraclass
correlation coefficient (ricc) was used to describe the test retest as
well as the inter-rater reliability in the younger population. The
data were analysed using SAS 8.0 (SAS Institute, Cary, USA).

Results

There was no occurrence of negative side effects. The
characteristics of the group are shown in Table 1.

The mean time of the total STS transfer (T1–T4) was
1.2 (0.07) s for the healthy elderly subjects. According to
the different phases during the transfer described above,
time from seat-off to extended legs (RP, T2–T3) took
37.5% [0.45 (0.07) s] of the total movement. PP (T1–T2)
and SP (T3–T4) represented 52.5% [0.63 (0.11) s] and
10% [0.12 (0.08) s], respectively, of the total movement.

Maximum ground reaction force, overshoot and in-
cline were strongly associated with power during the RP
transfer with correlations all above 0.67 ranging from
good (overshoot) to excellent (maximum ground reac-
tion force, incline).

Measurement of power during the RP transfer
showed good correlation to the isokinetic force and to
measurement of power by the Nottingham power rig.
Correlation to the five-chair rise was poor. The mean
results of all different measurements, of the character-
istics of the power measurement and all coefficients of
correlation are shown in Table 2.

Discussion

Phases of the STS transfer related to force

The decrease of the ground reaction force during the
initiation of the STS transfer might indicate hip flexion
with relief of strain on the feet while the upper body is
shifted forward from the back rest of the seat. After this,
ground reaction force increases up to peak force. Al-
though ground reaction force increases above body
weight, the test subject still has contact with the seat.
This was shown by Kralj et al. (1990) and by Hirschfeld
et al. (1999). Peak force is primarily generated by the
quadriceps contributing to the redirection of the forward
shift of the upper body. This forward shift leads to an
increased loading of the feet. When ground reaction
force increases above body weight, centre of mass is
accelerated upward, but its position is lowered (Roeb-
roek et al. 1994), indicating isometric and eccentric force
generation. The lowering of the centre of mass is caused
by the forward and downward shift of the upper body
during the preparation phase. At peak force (T2) the
body looses contact with the seat (Kralj et al. 1990;
Hirschfeld et al. 1999). Although ground reaction force
decreases now, the body is extended; thus, the centre of
mass is lifted. It is accelerated as long as force is greater
than the level of body weight. Then centre of mass is
decelerated until ground reaction force again reaches the
level of body weight (T3). This point is concurrent with

Table 2 Results and correlations between power measurement
during the sit-to-stand transfer and other different measurements
(RP rising phase; r Pearson’s coefficient of correlation; MGRF
maximum ground reaction force)

Mean SD Correlation (r) with
power during RP

Power during RP (W) 647.3 156.9 1
Time during RP (s) 0.45 0.07 1
Power rig (W) 323.7 137.1 0.6
Isokinetic force (Nm) 410.3 115.5 0.68
Five-chair rise (s) 10.9 2.0 )0.08
MGRF (N) 1030 201.7 0.8
Overshoot (N) 284.2 109.4 0.67
Incline (N/s) 9396 2625 0.77

Table 1 Group characteristics (n=33)

Mean SD

Age (years) 67.8 6.7
Height (cm) 166.9 8.5
Body weight (kg) 74.9 11.2
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the extension of the hip and knee joint (Kralj et al.
1990). Thus, it represents the moment when the body is
standing upright. In a last phase of stabilization (T3–T4)
the ground reaction force oscillates around body weight.
As balance plays a role in the performance of the chair
rise, the duration of this phase might be related to bal-
ance capacity (Schenkman et al. 1996). The oscillating
ground reaction force likely is generated by the activity
of the calf muscles in order to stabilize stance (Man-
chester et al. 1989; Roebroeck et al. 1994).

All these explanations show that the calculation of
power during the STS transfer, concerning our definition
to raise body weight from a seated to an upright posi-
tion, is restricted to the RP.

Measurement of power

As power includes the aspect of speed related to force, it
becomes more important for elderly people than force
alone (Bassey et al. 1992). Thus, measurement of power
will become an indispensable necessity in clinical prac-
tice. Since many frail candidates are unwilling or not
capableof being transported to a mobility laboratory we
must be interested in portable devices to assess physical
performance. Isokinetic power calculation, power mea-
surement by ballistic knee extension as well as the
Nottingham power rig do not meet these requirements.
The results of power measurement by isokinetic equip-
ment, by ballistic knee extension and by the Nottingham
power rig have to be adjusted for body weight. Con-
versely, the results of our described method are auto-
matically adjusted to body weight, as body weight is
included in the calculation of power. Furthermore, the
validity of the guided movement of the isokinetic mea-
surement is questionable to represent a functional task.
The speed of the movement is given and power is cal-
culated only from the variation of force. Thus, the
physiological aspect of time/speed is neglected. If a sin-
gle joint movement is performed to assess power, a
ballistic movement (Rahmani et al. 1999) should be
preferred. Furthermore, 20–30 min are necessary when
using an isokinetic dynamometer to assess power.
Conversely, the described measurement of power during
the STS transfer is accomplished within 10 min,
including demonstration and warm-up.

Using biomechanical, isokinetic or isometric mea-
surements it is recommended that the results be weighed
of the measured muscle forces related to their function
during the relevant movement (Chandler et al. 1997).
Conversely, our method represents a biomechanical
measurement of function, with each muscle showing the
typical activity of the investigated movement.

The assessment of power by a cycling ergometer was
not included in the protocol. Functional tasks like
walking, stair-climbing or the STS transfer are charac-
terized by concentric as well as eccentric forces. Cycling,
however, is clearly dominated by concentric forces while
the proportion of eccentric forces is unclear.

The good correlation of the results with the Not-
tingham power rig and the isokinetic force measurement
express its concurrent validity. The fact that the corre-
lations were not excellent is not surprising as the pre-
sented measurement of power during the STS transfer
does represent a different movement. Movements such
as knee extension (isokinetic force) or leg extension
(Nottingham power rig) do not include an upper body
movement, which is included in the presented measure-
ment. This interpretation is supported by the fact that
the mean power during STS transfer was twice as large
compared to the Nottingham power rig. Another
explanation for the good, but not excellent, correlation
between the two measurements might be the difference
in the applied load (weight-bearing versus non-weight-
bearing). Concerning the Nottingham power rig there
are results demonstrating that loading should be varied
(Pearson et al. 2001).

The poor correlation between power during the STS
transfer and the time needed in the five-chair rise might
be explained by the good results of all subjects and the
small standard deviation in five-chair rise indicating a
ceiling effect in this particular measurement. Another
explanation might be the different issues measured by
the tests. The results of the five-chair rise have been
shown to be associated with disability (Guralnik et al.
1994). Conversely, the introduced assessment measures
on a biomechanical level. As the correlation between
these measurements is poor, the biomechanical mea-
surement of power during the STS transfer might be able
to detect an early decline in muscle function, even when
the functional status of performance (five-chair rise) is
still sufficient. Furthermore, the five-chair-rise test is
likely an insufficient measurement to detect differences in
performance of standing up from a chair in a healthy
population.

Our results might help to understand the misinter-
preted curve of Fleming et al. (1991), who equated the
incline of the curve with the power. This is not correct in
terms of physics, but has a good correlation to power as
we demonstrated.

The interpretation of the ground reaction-force curve
is transferable to a curve derived from other force plates.
If it is not possible to determine the exact time of the RP
(T2–T3), which is necessary to calculate power, maxi-
mum ground-reaction force seems to be a sufficient
surrogate to describe power during the STS transfer.

In conclusion, the study shows that the method pre-
sented is able to measure power during performance of a
functional task. It might be able to detect decline in
muscle function earlier than measurement of the func-
tional status. As it is portable and the costs are consid-
erably lower than those of the Nottingham power rig or
isokinetic measurements, its use in clinical practice and
research is sensible. Further investigation, including
values of the right and left leg separately, might be useful
in the assessment of pain treatment of the lower limb,
and the evaluation of operative hip and knee replace-
ment. Currently mainly subjective or observational
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methods (Lingard et al. 2001) are being used here to
assess outcome.
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