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Abstract. The aim of this study was to determine the 
power output and work done by different muscle 
groups at the hip and knee joints during a rising move- 
ment, to be able to tell the degree of activation of the 
muscle groups and the relationship between concentric 
and eccentric work. Nine healthy male subjects rose 
from a chair with the seat at knee level. The moments 
of force about the hip and knee joints were calculated 
semidynamically. The power output (P) and work in 
the different muscle groups surrounding the joints was 
calculated as moment of force times joint angular ve- 
locity. Work was calculated as: w o r k = l P d t .  The 
mean peak concentric power output was for the hip ex- 
tensors 49.9 W, hip flexors 7.9 W and knee extensor 
89.5 W. This power output corresponded to a net con- 
centric work of 20.7 J, 1.0 J and 55.6 J, respectively. 
There was no concentric power output from the knee 
flexor muscles. Energy absorption through eccentric 
muscle action was produced by the hip extensors and 
hip flexors with a mean peak power output of 4.8 W 
and 7.4 W, respectively. It was concluded that during 
rising, the hip and knee muscles mainly worked con- 
centrically and that the greatest power output and 
work were produced during concentric contraction of 
the knee and hip extensor muscles. There was however 
also a demand for eccentric work by the hip extensors 
as well as both concentric and eccentric work by the 
hip flexors. The knee flexor muscles were unloaded. 
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Introduction 

Extension of the leg is an important movement in- 
volved in many activities in daily life. One such activity 
is rising from a chair, a movement that is natural and 
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easy for most people. However, old and disabled peo- 
ple with affected joints or muscle weakness often have 
difficulties with this movement. Analysis of how the 
different muscle groups work when rising from a chair 
can be useful in training/rehabilitation situations, and 
is also a way to reach a basic understanding of the leg 
extension mechanism. 

Calculating loading moment of force on the leg 
joints during rising makes it possible to estimate the 
load on joints and muscle groups. A high flexing mo- 
ment of force at a joint will require high activity in the 
extensor muscles, and vice versa. Joint load and muscle 
activity during the act of rising have been studied ear- 
lier (Ellis et al. 1979; Arborelius et al. 1992; Wreten- 
berg et al. 1993a, b), and it has been shown that by 
using different aids, the maximal hip and knee moment 
of force can be reduced. Analysis of muscle activity (by 
electromyogram, EMG) during the movement is an- 
other possible method of studying "muscle work", but 
it does not show whether the contraction is concentric, 
eccentric or even isometric. In our opinion, examina- 
tion of the mechanical power produced at different 
joints is important when assessing importance and 
function of the different muscle groups. Power output 
from individual muscle groups has been studied during 
activities such as level walking, running and ergometer 
cycling. Early calculations of power output from differ- 
ent muscle groups have been based on changes in the 
location of the centre of body mass (Elftman 1940; 
Cavagna et al. 1971, 1976). Later, more mechanically 
accurate methods have been used for calculating me- 
chanical power output (Winter 1979, 1983; Gordon et 
al. 1980; Zarrugh 1981; Williams and Cavanagh 1983; 
Ericson et al. 1986; Ericson 1988). Power production 
during olympic weightlifting (Garhammer 1980) and 
during isokinetic knee extension (Rizzardo et al. 1988) 
has also been calculated. Gordon et al. (1980) have de- 
fined joint power as the power delivered to, or, if nega- 
tive, taken from segments where they join, due to the 
work done by the joint reaction forces. Muscle power 
has, accordingly, been defined as the mechanical pow- 
er delivered to or taken from segments where they 
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join, due  to  the  w o r k  d o n e  by  the  muscle  m o m e n t  act- 
ing abou t  the joint. T he  ne t  muscle  p o w e r  ou tpu t  by  
the di f ferent  muscles  su r round ing  these joints is calcu- 
la ted by  mul t ip lying the net  m o m e n t  o f  force  by  the  
angular  joint  velocity.  I f  the  muscle  p o w e r  ou tpu t  f r o m  
a muscle  g roup  is known,  the  net  w o r k  d o n e  by  this 
muscle  g roup  can also be  calculated.  Posi t ive w o r k  ori- 
ginates main ly  f r o m  concent r ic  muscle  con t rac t ion  and 
elastic energy,  negat ive  w o r k  f r o m  eccentr ic  muscle  
con t rac t ion  and nonmusc l e  sources.  

The  aim of  this s tudy  was to calculate  the ne t  p o w e r  
ou tpu t  and w o r k  gene ra t ed  in the sagittal p lane  at the  
hip and knee  joints, and to  discuss implicat ions of  mus-  
cle w o r k  dur ing  the  act o f  rising. 

Methods 

Subjects. Ten healthy men, mean age of 26 years (range 20-32 
years), volunteered for this study. Their mean weight was 71 kg 
(range 62-87 kg) and their mean height 181 cm (range 173- 
194 cm). All the subjects were without dysfunction in the lower 
limbs. 

Experimental procedure. A chair with adjustable seat height was 
set to knee height (lateral epicondyle) for each subject. The seat 
was a small saddle-shaped wooden plate, so that the forces be- 
tween the subject and the seat passed mainly through the ischiad- 
ic tubercles. Contact between thighs and seat was avoided, in or- 
der to exclude any uncontrolled contact force that could affect 
the calculated moment of force about the hip. The subjects had 
their arms crossed (in contact with the chest), and their feet 
placed symmetrically on a force plate. They were asked to rise 
from the seat at normal speed. 

The model for calculations of hip and knee moments of force 
has been described in detail (Wretenberg et al. 1993a). To sum- 
marize; this model is based on a semidynamic method which in- 
corporates ground reaction forces measured from a Kistler force 
plate and gravitational contributions from body segments. 
Dempster's anthropometrical data (Dempster and Gaughran 
1967) were used to determine the lowerqimb segmental masses 
and their mass centre locations. For motion analysis, a video sys- 
tem was synchronized with the force recordings from the force 
plate. The calculations were computerized. 

The angular velocity for knee and hip joints was calculated 
from angular displacement between the pictures, 25 Hz. 

The linear and angular accelerations of the lower leg and 
thigh segments, during rising from the seated position, were con- 
sidered to be so small that inertial forces would have caused only 
minor errors in calculation of loading knee and hip moments. 
Similar methods for calculation of the lower-limb joint moments 
have been used earlier (Seedhom and Terayama 1976; Ellis et al. 
1979; Dahlkvist et al. 1982; N4meth et al. 1984; Burdett et al. 
1985). The loading moment is counteracted by a net muscle mo- 
ment that is equal in level but opposite in direction. 

The mechanical power produced or absorbed (P) in the dif- 
ferent muscle groups on flexor and extensor side of each joint 
was estimated by: 

P=M.w (1) 

where M is the loading moment of force at the joint (in Newton 
meters) and w is the joint angular velocity (in radians per sec- 
ond). 

Flexing loading moment of force and extending joint motion 
are expressed as positive. This means that, for example, a flexing 
loading moment of force during extension of the joint will result 
in positive power values; a flexing loading moment of force dur- 
ing joint flexion will give negative power values. 

With the net muscle power output known, the net work (in 
joules) produced (corresponding to the area under the curve) 
about the joints was calculated as the area under the power 
curve: 

work = ~Pdt (2) 

Power production and absorption and work were calculated 
for the left hip and knee joint. Symmetry between the left and 
right legs was assumed. 

Results 

M o m e n t  o f  force  was calculated f r o m  the beginning of  
the  m o v e m e n t ,  as could  be  seen f r o m  the video,  until  
the subjects r eached  an upr ight  s tanding posit ion.  D u e  
to p rob lems  with the record ing  system, one  subject  had  
to  be excluded f r o m  the calculations.  The  m e a n  t ime 
n e e d e d  to p e r f o r m e d  the  rising m o v e m e n t  was 1.7 (SD 
0.20) s. F igure  1 shows the m e a n  (nine subjects) load- 
ing m o m e n t  curves with 95% conf idence  intervals for  
the hip and  knee  joints. The  c o m p u t e r  p r o g r a m  ex- 
pressed  a flexing loading m o m e n t  as posit ive and ac- 
cordingly  the p e a k  loading m o m e n t s  for  bo th  joints  
were  flexing moment s .  The  m e a n  p e a k  flexing m o m -  
ents  o f  force  for  the hip joint  was 35.8 (SD 6.0) N - m  
and for  the  knee  joint  73.3 (SD 18.6) N . m .  

The  m e a n  curves for  hip and knee  muscle  p o w e r  
dur ing the act  o f  rising are shown in Figs. 2 and 3. Po-  
sitive p o w e r  values indicate tha t  p o w e r  is p r o d u c e d  
dur ing concent r ic  cont rac t ion  and negat ive  values oc- 
cur  f r o m  eccentr ic  contract ion.  Posit ive p o w e r  could  
arise t h rough  concent r ic  con t rac t ion  of  the  ex tensor  
muscles  o r  f r o m  the f lexor muscles,  negat ive  p o w e r  
t h rough  eccentr ic  con t rac t ion  of  ex tensor  or  f lexor  
muscles.  Hence ,  f r o m  the total  p o w e r  curves,  one  can- 
no t  tell which muscle  g roup  is active. To  show h o w the 
di f ferent  muscle  groups  worked ,  the total  p o w e r  curves 
for  each joint  and each subject  were  divided into two 
curves,  one  showing the  p o w e r  p r o d u c e d / a b s o r b e d  in 
the ex tensor  muscles  and one  showing the p o w e r  pro-  
duced /abso rbed  in the f lexor muscles.  The  direct ion of  
the loading m o m e n t  of  force  was used to assign the  
p o w e r  to the  p rope r  muscle  group.  Fo r  example,  when  
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Fig. 1. Mean moment curves (n = 9) for hip and knee joints with 
95% confidence intervals 
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Fig. 2. Mean muscle power output (n=9) at the hip joint with 
95% confidence intervals 
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Fig. 3. M e a n  muscle  p o w e r  ou tpu t  (n = 9) at the  knee  joint  with 
95% conf idence  intervals 

the loading moment  of force is flexing, muscle power is 
produced by the extensor muscles of the joint. The ex- 
tensor muscles could work concentrically, causing an 
extension of the joint, or eccentrically during joint flex- 
ion. This principle is described in Table 1, where the 
direction of the moment  of force is related to the direc- 
tion of the movement.  For example, if the hip loading 
moment  of force is flexing ( + ) ,  and the hip joint mo- 
tion is also flexing ( - ) ,  the hip extensor muscles will 
absorb work ( - ) ,  during an eccentric contraction. As 
an example, curves from subject 3 are shown. The oth- 
er subjects showed similar curves, although not identi- 
cal. The hip and knee muscle power curves for the ex- 
tensor and flexor muscles for this subject are shown in 
Figs. 4 and 5. 

Figure 6 shows changes in the hip and knee joint 
angles with time, during the act of rising. The knee ex- 
tends continuously, while the hip motion starts with 
flexion before the joint extends. 

At  the knee joint there is an extending movement  
and a flexing moment  of force throughout the rising 
movement. This means that the knee extensor works 
concentrically all the time, and it also implies that 
there is no need for knee flexor muscles to be active. 
At  the hip joint there is a more complicated situation, 

T a b l e  1. Sign analysis for the power curves concerning working 
muscle group and type of contraction 

Hip flexion Hip extension 
- + 

Extend ing  - + 
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Fig. 4. Hip muscle power curves for extensor and flexor muscles 
for one subject, positive values indicate concentric work 
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Fig. 5. K n e e  muscle  p o w e r  curves for ex tensor  and f lexor  muscles  
for one  subject,  posi t ive values indicate  concent r ic  work  

since the movement  initially is flexion and later exten- 
sion, and since the moment  of force changes from ex- 
tending to flexing and back to extending. As can be 
seen in Fig. 4, both hip flexors and extensors are 
needed, and both groups work both concentrically and 
eccentrically. The flexor muscles work concentrically at 
the beginning and eccentrically at the end of the act of 
rising. The hip extensors work mainly concentrically 
and are mostly required during the mid-part of the act 
of rising. 
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Fig. 6. Hip and knee angles for one subject in relation to time 

The mean peak power output and work done by the 
hip and knee muscles during concentric and eccentric 
work during the rising movement are presented in Ta- 
ble 2. At the knee joint almost all the work was attri- 
butable to concentric contraction of the knee extensor 
muscles. The mean peak power output for this muscle 
group was 89.5 W and the accumulated work, during 
the rising movement, was 55.6 J (positive) for each 
limb. The hip extensors were the most important mus- 
cle group at the hip joint, but also the hip flexors 
worked both concentrically and eccentrically. 

Discussion 

This study was performed to investigate power and 
work produced in different muscle groups at the hip 
and knee joints during a rising movement. By calculat- 
ing joint power and work produced in the different 
muscle groups, one can determine both which type of 
work (concentric or eccentric) is done by the different 
muscle groups and the relationship between the energy 
produced and the energy absorbed. The highest mean 
peak power and work were calculated for concentric 
work by the knee extensor muscles. The mean peak 
power output was 89.5 W and the corresponding work 
55.6 J, which was 72% of the total concentric work at 
the hip and knee joints. Almost all remaining concen- 
tric work, 27%, was produced by the hip extensor mus- 
cles, with a peak power output of 49.9 W and corre- 
sponding work of 20.7 J. The results show that during a 

rising movement, the hip and knee extensor muscles 
are the most active and that these muscles work mainly 
concentrically. Ericson et al. (1986) have investigated 
standardized ergometer cycling with moderate load. 
For this activity also, concentric work by knee and hip 
extensor muscles dominated, with a mean peak power 
output of 110.1 W for the knee extensors and 74.4 W 
for the hip extensors. A direct comparison between the 
power output for the two movements could not be 
made, but the mainly concentric work done during the 
rising movement or ergometer cycling is a contrast to 
the great amount of eccentric work occurring during 
walking and jogging (Winter et al. 1983). 

The hip flexor muscles work both concentrically 
and eccentrically (Fig. 4). The first flexor muscle con- 
traction is concentric, and related to a hip flexion dur- 
ing the start of the movement. At the end of the move- 
ment the hip extension is braked by eccentric work by 
the hip flexor muscles (negative curve). The hip exten- 
sor muscles are not needed during the initiation of the 
rising movement, and then there is a small amount of 
eccentric work when the initial hip flexion is braked. 
Then comes the dominating concentric work by the hip 
extensor muscles. At the knee joint (Fig. 5) all me- 
chanical work is done as concentric contraction of the 
knee extensor muscles. This can also be seen from the 
mean power curve (Fig. 3), since there are no negative 
values corresponding to eccentric work. The small 
amount of eccentric knee flexor work presented in Ta- 
ble 2 is due to minor knee flexor contractions at the 
end of the rising movement, which occurred in three of 
the subjects. 

The mean power curve for the hip muscles (Fig. 2) 
shows a continuous change between concentric and ec- 
centric work. This type of curve does not reveal wheth- 
er the work is produced by extensor or flexor muscles. 
We think that a more adequate way to describe the 
muscle action during a movement like this, is by using 
the separated curves shown in Figs. 4 and 5. At the 
knee joint, there is a continuous flexing moment of 
force which is counteracted by an extending muscle 
moment produced by the knee extensor muscles. At 
the hip joint there is a more complicated situation 
since both the moment of force during rising and the 
angular movement change direction. The result is that 
all four possible combinations of contraction type and 
involved muscle group occur. 

Table 2. Mean peak net power output (W) and muscle net energy (J) produced during concentric work and absorbed during eccentric 
work for nine subjects when rising from a chair 

Concentric work Eccentric work 

Peak power (W) Energy (J) % of total Peak power (W) Energy (J) % of total 
concentric eccentric 

mean (SD) mean (SD) work mean (SD) mean (SD) work 

Hip extensors 49.9 (/2.4) 20.7 (5.8) 27% 4.8 (4.9) 0.6 (0.78) 27% 
Hip flexors 7.9 (5.2) 1.0 (1.1) 1% 7.4 (6.5) 1.5 (1.9) 64% 
Knee extensors 89.5 (34.0) 55.6 (20.7) 72% 0 (0) 0 (0) 0% 
Knee flexors 0 (0) 0 (0) 0% 0.9 (1.4) 0.2 (0.27) 9% 
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Williams and Cavanagh (1983) a n d o t h e r s  have dis- 
cussed transfer  of  energy through the action of two 
joint muscles, an aspect that  is interesting concerning 
the rising movement .  The  E M G  analysis has shown 
that  bo th  the ischiocrural muscles and rectus femoris 
are active during the rising m o v e m e n t  (Arborel ius  et 
al. 1992). The calculations in the present  study show 
that  there was no work  done by knee  flexor muscles. 
This means  that, during the rising movement ,  the is- 
chiocrural muscles are used as hip extensor muscles. 
Since the knee  joint is extending during the whole 
movement ,  it is possible that  work  produced during 
knee  extension is t ransferred through the ischiocrural 
muscles creating extension at the hip. The study earlier 
ment ioned  (Arborel ius  et al. 1992) has also shown that  
except  for the initiation of the rising movement ,  there 
was very low activity in the rectus femoris muscle. 
Since the knee is extending during the whole move-  
men t  and the main work  at the hip is concentric work 
done by the hip extensors,  it is possible that  the main 
task of the rectus femoris  muscle is a passive transfer 
of work  done by the hip extensors,  creating extension 
at the knee. 

We concluded that  during a rising movement ,  con- 
centric work  by the hip and knee extensor  muscles is 
the most  impor tant  muscle activity, and that  the power  
output  and energy produced are highest for the knee 
muscles. There  is, however,  also a demand  for eccent- 
ric work  by both  hip flexor and extensor  muscles, and 
for  concentric work  by the hip flexor muscles. Analys- 
ing muscle function during getting up f rom a chair has 
in this way given us a basic understanding of the leg 
extension mechanism. This data  can also be  important  
during rehabil i tat ion of people  with leg disabilities aft- 
er for example  an injury. 
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