
Pergamon 

0021-9290(94)EOOO9-R 

.I. Biomechanxr, Vol. 27. No. 11, pp. 1299-1307, 1994 
Copyright 0 1994 Ekvier Science Lid 

Printed in Great Britain. All rights reserved 
0X?-9290/94 WJO+O.M) 

TWO STRATEGIES OF TRANSFERRING 
FROM SIT-TO-STAND; THE ACTIVATION 

OF MONOARTICULAR AND BIARTICULAR MUSCLES 

CAROLINE A. M. DOORENBOSCH,*~ JAAP HARLAAR, * MARIJ E. ROEBROECK* and GUSTAAF 

J. LANKHORST* 

*Department of Rehabilitation Medicine, Free University Hospital. P.O. 7057, NL 1007 MB 
Amsterdam, The Netherlands; and TDepartment of Functional Anatomy, Faculty of Human Movement 

Sciences, Vrije Universiteit, van de Boechorststraat 9, 1081 BT Amsterdam, The Netherlands 

Abstract-In this study, two different strategies of rising from a chair were compared, using integrated 
biomechanical and electromyographic analyses. Nine healthy subjects were instructed to rise using two 
different strategies: natural sit-to-stand transfer (NSTS) and a sit-to-stand transfer with full flexion of the 
trunk (FSTS). Sagittal kinematics and ground reaction forces were registered. Muscle activity of nine 
muscles of the right leg were recorded by means of surface EMG. All signals were synchronized at seat-off. 
The results show that no differences occur between the kinematics of knee and ankle, whereas the hip flexion 
is, as expected, higher during FSTS. The higher moment about the knee during NSTS is shifted to 
proportionally higher moments about the hip and ankle during FSTS. It is mainly the differences in the 
EMG-levels of the biarticular hip and knee musceles which might explain the differences in net moment. 
These results are in accordance with a theory about a particular role of biarticular muscles. On the other 
hand, the shift from knee to ankle cannot be associated with a particular increase in activity ofthe biarticular 
mgastrocnemius. It is hypothesized that about the ankle, control of stability is preferred over movement 
control. An important conclusion for rehabilitation medicine is that a lower net moment about the knee in 
FSTS does not automatically imply that this reduces the load on the knee extensors. 

INTRODUCTION 

Rising from a chair is an activity often automatically 

carried out by healthy subjects. A person with normal 

neuromuscular control will use a movement pattern 
during rising which ensures small joint moments in 
order to reduce necessary muscle force and thereby 
reducing energy expenditure. Nevertheless, trans- 
ferring from a sitting to a standing position requires 
surprisingly large moments, particularly at the hip and 
the knee (Fleckenstein et al., 1988, Kelley et al., 1976; 
Rogers 1991; Rodosky et al., 1989; Pai and Roebroeck 
et al.. 1994). 

For individuals with muscle weakness at these 
joints, compensatory mechanisms, either mechanical 
(e.g. a higher chair) or physical (e.g. a different strategy 
of rising) should be used to get up from the chair. In 
fact. depending on the degree and distribution of the 
muscle weakness, a wealth of compensatory manoeuv- 
res is available for rising from a chair. As a result of 
alternative movement patterns, hip and knee moments 
can be reduced or modified, such that more powerful 
muscles can be applied to achieve the required goal. In 
rehabilitation medicine, the sit-to-stand transfer (STS) 
is an important goal in improving the patients mobil- 
ity. 
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To evaluate the ease or difficulty of rising under 
different conditions, a biomechanical analysis com- 

bined with muscle activation patterns is required. 
Only a few studies exist which describe such a corn-. 
plete analysis for rising in a natural way (Kelley et al.., 
1976; Roebroeck et al., 1994). In order to understand 
the compensatory manoeuvres that may be invoked as 
a consequence of a specific dysfunction, information 
about the effects of body (re)positioning compared to a 

natural way of rising is useful. 
An important part of a complex compensatory 

mechanism used by patients with gross muscle weak- 
ness is full flexion of the trunk in the early stages of 
rising, usually combined with a lower speed of ascent 
(Butler et al., 1991). Occupational and physical ther- 
apy, which aim at the facilitation of rising, often use 
this strategy as an alternative. It is argued that this 
strategy is adequate as compensation for muscle 
weakness of the knee extensors. Also Schultz et al. 

(1992) found that this strategy was used in the healthy 
elderly and suggested that it was aimed at achieving a 
better postural stability. 

In the present study, derived from the study of 
Roebroeck et al. ( 1994), the effects of full trunk flexion 
prior to leaving the chair to a natural way of rising 
executed by healthy subjects under standardized 
conditions will be compared. Insight may thus be 
gained into the variables which affect the performance 
of the STS transfer. In this paper biomechanical 
variables, such as kinematics and net moments of the 
lower limb joints, will be discussed in addition to 
muscle activation patterns. 
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METHODS 

Subjects and experimental protocol 

Nine healthy subjects (6 female and 3 male, mean 
age 27k3.5 yr, weight 67.8+_ 10.5 kg, height 1.76 
f 0.10 m) participated in this study. Informed consent 
was obtained from all subjects. Before the experiments 
started, muscle activity values were obtained for each 
subject for each muscle group during standard maxi- 
mal isometric contractions (SIC) (Gregoire et al., 1984; 
Roebroeck et al., 1994). 

During the experiments, each subject performed 
two different strategies of standing up from a chair. 
First, the subjects were instructed to rise in a natural 
way until standing fully upright. Second, the subjects 
were asked to use an extensive trunk flexion before 
leaving the chair. 

For both strategies, the starting position of the 
subjects seated on a chair without back and armrests 
was standardized (see Fig. 1A) and is described in 
more detail in Roebroeck et al. (1994). The initial knee 
angle was set at 105” of flexion [full extension was 
defined as 0”, American Academy of Orthopaedic 
Surgeons (1966)] and the feet were placed parallel, 
such that the right foot had contact with the force 
plate. The subjects started with their trunk in a vertical 
position. They were instructed to keep their hands on 
their hips and to rise until standing fully upright. 
Attention was paid to a bilateral symmetrical per- 
formance of the movement. The speed of the move- 
ment was paced by a metronome (69 beats min- ‘). 
Total movement time was set at three beats. 

After some practice, recording of sagittal plane 
kinematics, ground reaction forces and electromyo- 
graphic signals (EMG) were made during five trials. A 

pulse (2 Hz) was used for synchronization of film, force 
plate and EMG data. 

Data collection 

Kinematics and kinetics. During the experiments, 
the vertical and fore-aft components of the ground 
reaction force of the right foot, as well as the centre of 
pressure of this force under the foot were recorded 
during standing up by means of a force plate (Kistler, 
type 9281 B, Wintherthur, Switzerland) and sampled 
at 250 Hz. Simultaneously, kinematics in the sagittal 
plane were obtained from the right side of the subjects 
with a high-speed motion picture camera (16 mm, 
Teledyne type DBM 55, Arcadia, CA) operating at 40 
frames per second. Markers were placed on the skin 
corresponding with the fifth metatarsophalangeal 
joint, heel, lateral malleolus, knee joint (on the lateral 
collateral ligament at the height of the joint cleft), 
greater trochanter and neck (at the height of fifth 
cervical vertebra) (Fig. 1A). These markers defined the 
positions of four body segments which are the feet, 
lower legs, upper legs and upper body (head, arms and 
trunk were taken together as one segment). A seventh 
marker was placed on the force plate as a reference. 

With the aid of a motion analyser (NAC, Dynamic 
Frame model DF-16B, Tokyo, Japan) coordinates of 
the positions of all landmarks were extracted from the 
tine film, with the origin (0,O) set at the midpoint of 
the force plate. After proper scaling, absolute co- 
ordinates were low-pass filtered (Butterworth 2nd 
order, bi-directional application, cutoff frequency 
4 Hz). Subsequently, joint angles (Fig. 1B) as well as 
angular velocities could be calculated [Lanczos, 
5-point differentiation filter; Lees (1980)]. To deter- 
mine the positions of the mass centres of the four body 

Fig. 1. (A) Illustration of the starting position of the subjects seated on a chair without arm or back rests. 
The position of the markers placed on the skin corresponds with the position of the joints. (B) Definition of 
the joint angles. Oh, Ok and @a refer to, respectively, hip, knee and ankle angle. (C) Illustration of the 
position of the leg muscles, from which electromyograms were recorded in this study. (1) mghrteus max; (2) 
m.semitendinosus+m.biceps femoris c.longum; (3) m.rectus femoris; (4) mm.vastii; (5) m. gastrocnemius; (6) 

m.soleus; (7) m.tibialis anterior. 
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segments as well as the position of the mass centre of 
the whole body, the coordinates were combined with 
anthropometric measurements and data from 
Dempster (1955). From these positions velocities and 
accelerations of the mass centres were obtained by 
differentiation. 

Electromyography. Telemetric EMG equipment was 
used to record the activation of nine leg muscles 
(Fig. 1C). Surface electrodes (Sentry Medical Products 
California, lead-off area 1 cm’, centre-to-centre elec- 
trode distance 4.5 cm) were applied to the right leg 
after standard skin preparations (Basmajian, 1978). 
They were placed over the following muscles: 
m.gluteus maximus, m.biceps femoris caput longum 
and m.semitendinosus (hamstrings), m.rectus femoris, 
m.vastus medialis and lateralis, m.gastrocnemius 
medialis, m.soleus and m.tibialis anterior (Fig. 1C). 
The positioning of the electrodes was as described by 
Gregoire et al. (1984). All EMG signals were recorded 
on a tape recorder (TEAC SR-70, Tokyo, Japan) for 
off-line analysis. 

The electrical signals were band-pass filtered 
(20-200 Hz) and sampled at 500 Hz. Subsequently, the 
signals were rectified and low-pass filtered (cutoff 
frequency 4 Hz). The EMG signals for each muscle 
were expressed in terms of percentage of the maximum 
value attained during the standard isometric contrac- 
tion (SIC values). 

Treatment of data 

Linked segment model. A linked segment model 
(Elftmann, 1939) of the human body was used to 
describe the sit-to-stand (STS) transfer in terms of 
motions of four segments: feet, lower legs, upper legs 
and upper body. Segmental displacements are caused 
by coordinated forces produced by muscles. These 
muscle actions can be seen as a set of moments acting 
about each joint. The resultant moment of all muscles 
and passive structures that are of influence at a joint is 
termed the net moment about that joint. With the use 
of free body diagrams, instantaneous net moments 
about ankle, knee and hip joints were obtained (van 
Ingen Schenau and Toussaint, 1989; Winter, 1979). 
Values of the net joint moments were calculated for 
one leg and normalized with respect to body weight. 
Moments having a hip extending, knee extending and 
plantar flexing effect were defined as positive. 

Data reduction and statistics. Analysis began from 
the instant of forward trunk movement until the 
moment of standing fully upright. For each strategy, 
five trials of each subject were used for further analysis. 
Mean curves of variables were calculated after syn- 
chronization of individual curves for the instant that 
the subject lost contact with the chair; henceforth 
referred to as seat-off. Seat-off was determined as the 
instant where the horizontal component of the ground 
reaction force attained its largest value in the back- 
ward direction (Krajl et al., 1990). 

To assess the differences between the two strategies, 
both mean curves over each subject (n = 9) were com- 
pared for each signal of interest. The mean signal over 
the first 500 ms after seat-off was taken as a parameter 
for the statistical analysis, which comprised a two- 
tailed Student’s t-test for two paired values. The level 
of significance was chosen as p < 0.01. 

Since the EMG signals were taken relative to the 
100% SIC-level, inter-subject differences are relative 
to the differences in maximal isometric force, which 
introduces a skewed normal distribution. Therefore, a 
logarithmic transformation was applied to the EMG- 
data prior to statistical testing (Sokal and Rohlf, 198 I). 

RESULTS 

Kinetics and kinematics 

In this paper, the term ‘natural-sit-to-stand’ (NSTS) 
transfer will be used to refer to the analysed movement 
of rising from the chair in a natural way, whereas ‘sit- 
to-stand with full flexion’ (FSTS) transfer refers to the 
second strategy executed by the subjects. For both 
strategies the total transfer time is synchronized to the 
instant of seat-off (0 ms). Negative and positive time 
indication (ms) refer to events in time before and after 
seat-off, respectively. Total movement time (ms) for 
NSTS ranged from - 825 to 1550, and for FSTS from 
-925 to 1475. 

In Fig. 2A and B, an example of NSTS and FSTS, 
executed by one subject, is shown by stick figures. The 
black dot anterior of the hips indicates the position of 
the mass centre of the body (MCB). The instant of 
seat-off is indicated. The ‘vertical’ lines through the 
stick figure represent the direction and magnitude of 
the resultant ground reaction force. The force vector is 
small at the beginning of the transfer and moves 
backwards until standing fully upright. This pattern is 
the same for both strategies. However, with increasing 
trunk flexion (FSTS), perpendicular distance to the 
knee joint is reduced at seat-off, thus decreasing the 
lever arm to this joint. 

Rotation of the joints 

Time histories of the joint rotations which resulted 
in the translation of the MCB are plotted in Fig. 3. The 
curves show the angular displacements (Fig. 3A) and 
the net joint moments (Fig. 3B) of the hip, knee and 
ankle during NSTS and FSTS. Negative values indi- 
cate flexion and positive values extension. An over- 
view of the peak values of the variables in Fig. 3 and 
the corresponding timing relative to seat-off are given 
in Table 1. 

As can be seen, the different positioning of the body 
during FSTS did not affect the motion of the knee and 
ankle. The joint angle curves of FSTS and NSTS 
showed a similar pattern for knee and ankle (Fig. 3A). 
Only at the hip joint did not mean joint motion differ 
significantly for NSTS and FSTS. This is in corres- 
pondence with the difference in strategy. During FSTS 
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seat-off 

seat-off 

Fig. 2. (A) Stick figure of a typical example during NSTS. (B) Stick figure of a typical example during 
FSTS. Data are obtained from one subject, performing both strategies of STS. The black dot anterior of the 
hip indicates the position of mass centre of body (MCB). The magnitude and direction of the vertical lines 

correspond with the magnitude and direction of the reaction force. 
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Fig. 3. Time histories (ms) of the mean curves (n = 9) of (A) Joint angles during NSTS (solid line) and FSTS 
(dashed line). Separate plots show from left to right the curves of hip, knee and ankle angles. (B) Net joint 
moments during NSTS (solid line) and FSTS (dashed line). Separate plots show from left to right the curves 

of hip, knee and ankle moment. The vertical solid line indicates the instant of seat-off (0 ms). 

the hip angle showed an increased flexion compared to found in magnitude of the mean net moments about 

NSTS as a consequence of a larger trunk flexion. all joints. Comparing the joint moments of both 

The net joint moments which are mainly respons- strategies, the knee extending moment decreased and 

ible for the joint motions are plotted in Fig. 3B. the hip extending moment increased during FSTS. 

Between NSTS and FSTS, a significant difference was About the ankle, the net moment was more plantar 
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Table 1. Mean peak values (+ SD.) and timing relative to seat-off (ms: in parentheses) ofjoint angle and 
net joint moment during NSTS and FSTS transfer (n = 9) 

Joint variable 

Joint angle (deg) 
NSTS 
FSTS 

Net moment (N m kg-‘) 
NSTS 
FSTS 

Hip 

-93.4+8.4 (-50) 
-111.6*10.6 (0) 

0.6250.12 (150) 
0.81+0.18 (175) 

Knee Ankle 

- 104.6+2.1 (-825) -28k7.3 (- 125) 
-104.6+2.4(-925) -27.4&6.8 (- 100) 

0.81 to.20 (175) 0.54kO.17 (250) 
0.59kO.15 (175) 0.81 kO.13 (250) 

flexing during FSTS compared to the ankle moment 

during NSTS. 

Electromyography 

The EMG patterns during both strategies of seven 
leg muscles, expressed as a percentage of the SIC 
values, are shown in Fig. 4. This means that the 
activity of a particular muscle is normalized to the 
EMG-value of that muscle during maximal isometric 
contractions. All muscles showed activity levels below 
100% for both strategies. 

Some differences in activity level during FSTS and 
NSTS can be distinguished. For example, the hip 
extensors, m.gluteus maximus and hamstrings showed 
more activity during FSTS than during NSTS. Only 
for the biarticular hamstrings was this difference signi- 
ficant. The opposite was the case for the knee exten- 
sors with significantly lower activity for the biarticular 
m.rectus femoris during FSTS. 

For the monoarticular vastii muscles, no significant 
difference in activity was found between the NSTS and 
FSTS strategies. With respect to the ankle, a higher 
activity for the m.soleus and m.gastrocnemius can be 
observed during FSTS (Fig. 4), although this was not 
significant. The opposite was found for the tibialis 
anterior, which showed a significantly lower activity 
during FSTS compared to NSTS for the first 500 ms 
after seat-off. 

DISClJSSION 

Several studies have made comparisons between the 
effects of different aspects of the STS transfer, such as 
chair height (Burdett et al., 1985; Ellis et al., 1984; 
Rodosky et al., 1989), the use of the arms (Seedhom 
et al., 1976) or the variation in speed of rising (Pai and 
Rogers, 1991). In some studies, healthy subjects were 
compared to a specific group of patients (Bajd et al., 
1982; Ikeda et al., 1991; Munton et al., 1984). All the 
variables which are known to have an effect on the 
performance of the STS transfer have been stand- 
ardized in one study which aims at explaining the 
natural STS (Roebroeck et al., 1994). The present 
study is directed towards the effect of repositioning the 
body early in the STS transfer, i.e. full trunk flexion, 
compared to the natural STS, 

A reason for comparing different movement strat- 
egies during STS is that, thus far, the variables which 

affect the performance in STS transfer have not been 
adequately understood or studied. Pai and Rogers 
(1991) concluded that apparently different movement 
control strategies are appiied for different speeds of 
rising. However, they did not use a standardized 
kinematic profile for these different speeds. As a 
consequence, it was not the movement velocity alone 
which might have influenced the net joint torques. 

The trajectories of the centre of body mass (MCB) 
using natural and slow speed of rising (Pai and Rogers, 
1990) show that a lower speed with a free strategy 
results in a greater delay between the horizontal and 
vertical movements of the MCB. The FSTS transfer, 
which has been executed in the present study, also 
resulted in such a delay, but this transfer strategy was 
performed at the same speed as the natural STS. 
Therefore, it is possible to study the effects of different 
strategies of rising from a chair without the confoun- 
ding influence of the movement velocity. 

External force and joint moments 

It was assumed that the only difference in kinemat- 
ics of FSTS compared to NSTS is the trunk motion. 
This was confirmed by the results which show that 
joint motion differences occur only at the hip. How- 
ever, a marked difference was found in the distribution 
of all net joint moments during NSTS and FSTS. 
Comparing hip and knee moments, the net knee 
moment during NSTS was higher, whereas during 
FSTS and net moment about the hip appeared to be 
the highest. The main cause of the altered kinetics 
must be the changed position and acceleration of the 
mass of the upper body segment (i.e. the trunk, head 
and arms), which is reflected in the direction and 
magnitude of the reaction force. To gain insight into 
the sign and magnitude of the net joint moments, the 
relation between net moments and the external force 
vector must be considered. Neglecting small inertial 
and gravitational effects, an impression of the joint 
moments can be obtained by multiplying the magni- 
tude of the ground reaction force, i.e. the product of 
body weight and gravity (BW x g). with the smallest 
distance between the line of action and the point of 
rotation. As can be observed in Fig. 2, immediately 
after seat-off, the distance between reaction vector and 
knee joint during FSTS is smaller compared to NSTS. 
This decrease is about 4 cm and corresponds to a 
decrease of the net moment of BW x g x 0.04 Nm, 
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Fig. 4. Time histories of the mean curves (n = 9) of the EMG levels expressed as percentage of the SIC values 
during NSTS (solid line) and FSTS (dashed line). The vertical line indicates the instant of seat-off (0 ms). 

which yields approximately 0.2 Nm kg- ’ for each leg. difference between the moments for FSTS and NSTS 

The same evaluation shows an increase of both hip coincide with the predicted moments based on the 

and ankle moment. direction of the external force only. 

The net joint moments, calculated by means of the 
less simple inverse dynamics, incorporating the gravi- Electromyograms and joint moments 

tational and inertial forces of all distal segments, are Net joint moments show the results of the forces 
shown in Fig. 3. As can be observed, the sign and exerted by all structures spanning a joint. The main 
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80 
liiiiil net joint moments 

Fig. 5. A concise scheme illustrating the relation between the changes of the EMG levels of the muscle 
groups compared to the changes of the net joint moments. The relative changes are expressed on the vertical 
axis as 

{(FSTS,,,,,-NSTS,,,,,)/NSTS,,,,,} x lo’J(%). 

The value is the time average signal over the first 500 ms after seat-off. Broad bars (dotted) indicate the 
relative change of the net moment for each joint. Small bars indicate the relative change of the EMG activity 
of each muscle group. Positive and negative bars at an equal horizontal position refers to a biarticular 
muscle, i.e. referring to an effect on two joints. Dashed bars correspond to an extending effect of the muscle 
(group), black bars corresponds to a flexing effect of the muscle group on the projected joint moments. The 
numbers correspond to the following muscles (1) mgluteus max; (2) msemitendinosus + m.biceps femoris 

c.longum; (3) m.rectus femoris; (4) mm.vastii; (5) m.gastrocnemius; (6) m.soleus; (7) m.tibialis anterior. 
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structures which are responsible for the acting joint 
moments are the active muscles. In fact, differences in 
net joint moments should correspond with differences 
in the activity of specific muscles. In general, with 
similar kinematics for two different conditions, the 
EMG levels may be used to compare the contribution 
of the specific muscles to the total net moment in order 
tu quantify its relative change (Hof, 1984). 

In order to compare the relative changes in muscle 

activity and net moment, the results of Figs 3 and 4 are 
reproduced in Fig. 5. This figure shows the relative 
change of the average signal value over 500 ms after 
seat-off, since in this time period the difference be- 
tween NSTS and FSTS is most pronounced. In this 
way, the disproportionate changes in EMG-level are 
visualized in relation to those of the net joint mo- 
ments. Changes in EMG-level of the monoarticular 
muscles are much smaller compared to those of the 
biarticular muscles, despite a significant change in net 
moment. This conclusion holds for all muscle groups 
crossing the knee and hip joint. The monoarticular 
m.gluteus maximus and vastii muscles show no signi- 
ficant differences between NSTS and FSTS. The biar- 
titular muscles of the upper leg show a disproportion- 
ately greater increase in EMG-level, which indicates 
that these changes should be mainly associated with 
the changes in net moment. 

These findings of hip and knee joints underline 
recent findings about a different control for mono- 
articular and biarticular muscles (van Ingen Schenau 
et al., 1992). This theory states that the activation of 
monoarticular muscles depends on the change in joint 
angle, regardless of the required joint moment, where- 

as the biarticular muscles are considered to be re- 
sponsible for the distribution of the net moments 
about the joint (van Ingen Schenau, 1989). In other 
words, monoarticular muscles are activated when they 
can shorten and can contribute to the work, while the 
activation of the biarticular muscles depends on the 

task-specific direction of the external force. 

It is debatable whether the theory about the unique 
role of biarticular muscles can be applied in the whole 
analysis of the STS transfers, which includes a three- 
joint linked system, i.e. hip, knee and ankle. For full 

application of this theory, only complementary parts 
of the knee net moment can be shifted by biarticular 
muscles to either the hip or the ankle. An important 
variable which influences the moment shift associated 
with biarticular muscles is the ratio of the lever arms of 
the muscle to each joint axis. For each joint the 
relation of the force exerted by the biarticular muscles 
(AF,,+, AF,,_,,) and their respect&e lever arm (dH, 
d, or dA) to net moment changes (AM,, AM, or AM,) 
is illustrated by the following equations: 

AM, = (dH X AF )HK_bi (la) 

AM, = (dx X AF)HK_bi + (dK X AF )KA-bi (lb) 

AM.4 = (dA X AF )KA_bi (lc) 

Substitution of equations (la) and (lc) in equation (1 b) 
yields the following equation: 

AM,=(dKldH)HK-bi X AM, +(dKld,+)KA-bi X AM, (2) 

with (dK/dH)HK_bi and (d,/dA)HA_,i indicating the mean 
of the ratios of the lever arms (d) of the biarticular 
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muscles which span hip (H) and knee (K) or knee and 
ankle (A), respectively. For the sake of simplicity, all 
biarticular muscles between the two joints are united 
(HK-bi or KA-bi). AM,, AM, and AM, refer to the 
respective net joint moments. 

From the results in Fig. 3 and Table 1, it can be 
observed that at about 175 ms the relation AM,= 
-AM,= -AM, holds. In order to come up to this 
requirement with the assumption that only biarticular 
muscles are responsible for the moment shifts, substi- 
tution of equation (2) yields 

(dx/dn)nx-bi + (dxld,)nx-,i = 1 (3) 

The ratio of lever arms is calculated for joint angles 
which correspond to those at the instant of seat-off. At 
these angular positions of the hip and knee, the ratio 
for the hamstrings is approximately 1, which indicates 
equal lever arms of the muscles to both joints 
(Hawkins and Hull, 1990). For the m.rectus femoris 
the lever arm to the knee is 1.5 times larger than to the 
hip (Visser et al., 1990). This means that a certain force 
exerted by the mrectus femoris will cause a knee 
extension moment 1.5 times higher than the hip 
flexion moment. Since the united (d,/d,),,_,i lies 
somewhere between 1 and 1.5, full application of the 
theory requires a very small dJd,. The lever arm ratio 
of the knee-ankle biarticular muscle equals approx- 
imately 0.4 (Grieve et al., 1978), which means that the 
constraint of equation (3) is not met. Therefore, it is 
not possible to explain the moment shifts in the three- 
joint system of ankle, knee and hip completely by 
changes of the activity of biarticular muscles only. 
Activation changes of monoarticular muscles is there- 
fore also required. It can be observed in Fig. 5 that 
only the monoarticular muscles of the ankle seem to 
respond to this. The more than proportional change in 
activity of the monoarticular m.soleus and mtibialis 
anterior might explain the higher net moment about 
the ankle during FSTS (Fig. 5). However, despite the 
disproportionate change shown in Fig. 5, the differ- 
ence in activity during NSTS and FSTS for the soleus 
activity is not significant. This is due to the large 
variation in activity between all subjects. 

It can be hypothesized that the lower leg muscles 
are responsible for the control of postural balance. 
According to Schultz et nl. (1992), the achievement of 
postural stability is an important factor in the co- 
ordination of rising from a chair. Since during FSTS 
the MCB is shifted more forward and since this 
strategy is not a regular movement for healthy subjects 
compared to the NSTS, the control of balance will 
play an important role. It may be hypothesized that 
about the ankle, equilibrium control mechanisms such 
as stiffness regulation (Feldman, 1986), dominates 
over other movement control mechanisms. This might 
cause the less consistent activity of these muscles 
between subjects. 

For a two-joint linked system with a hip and knee 
joint, the findings of this study seem to agree with the 
described hypothesis about the different role for mono- 

articular and biarticular muscles. However, for the 
comparison of the STS transfers as described here, the 
theory does not provide a sufficient basis to explain 
the moment changes when a third joint, i.e. the ankle, 
is added. In order to understand more fully the 
distribution of net moments over muscles, better 
methods of applying the EMG levels are necessary. 
This implies both the use of EMG controlled muscle 
models as well as more enhanced ways to calibrate the 
EMG signal with respect to a biomechanical quantity. 

CONCLUDING REMARKS 

In summary, it can be said that the change in 
manoeuvre for rising as described in this study did 
influence the magnitude of the joint moments. It was 
seen that the significant decrease of knee extending 
moment was mainly associated with a change in 
activity of the biarticular muscles, while the activity of 
the monoarticular vastii muscles did not differ signific- 
antly. Thus, the decrease in knee extending moments 
as consequence of full trunk flexion does not imply a 
proportional decrease in load of all knee extensors. 
This is an important conclusion for rehabilitation 
therapy, since FSTS was also thought to be useful as a 
compensatory manoeuvre in order to leave the chair 
with less demanding muscular strength, especially 
about the knee. 

In accordance with recent theories about different 
roles for monoarticular and biarticular muscles (van 
Ingen Schenau et al., 1992), it can be said that a change 
in net moments does not imply an equal change in 
activity in the primary agonistic muscle. However, for 
the activation of the ankle muscles, control of stability 
seems to be preferred over movement control. 

Considering the increase of both hip and ankle joint 
moments trunk flexion will not be the only compensa- 
tion for persons with muscle weakness. In order to rise 
from a chair, other compensatory mechanisms should 
be added, for example, the use of arms (Butler et al., 
991; Schultz et al., 1992). Thus, the alternative move- 
ment used in the FSTS should be understood as a form 
of repositioning the body during the STS transfer. The 
analysis presented here may provide a starting point 
for an overview of the effects of different body posi- 
tions on joint moments and muscle activation during 
rising. A better understanding of the underlying dy- 
namics of compensatory manoeuvres might be clinic. 
ally helpful, for example, in diagnosing the degree or 
distribution of certain muscle weaknesses. 
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