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   INTRODUCTION 
  Age-related decline in muscle strength is associated with 
reduction of functional performance. Specifi cally, impaired 
muscle strength of the lower extremities may restrict func-
tional tasks where the body weight has to be lifted (eg, 
chair rising and stair climbing), 1-3  but also during other 
weight-bearing motor tasks such as walking and balance 
performance. 1  ,  2 

 Strength training has been shown to increase muscle 
strength and functional performance in older adults. 3  
Following 8 weeks of high-intensity (80% of maximal 
strength) hip and knee extensor strength training, Fiatarone 
et al 3  showed that a twofold increase in maximal strength 
led to 28% improvement in stair-climbing power, as well 
as 12% improvement in walking speed in a group of 100 
nursing home residents. Similarly, approximately 6 months 
of multicomponent strength training improved chair-rising 
ability, walking speed, and balance performance among 
community-dwelling men and women. 4  ,  5  The physical 
activity patterns of older adults are, however, more charac-
terized by recreational activities (eg, walking, hiking, and 
golf) with a low force-demand rather than exercise requir-
ing a high-force output (eg, strength training). 6  Importantly, 
such activities may not provide suffi cient overload to yield 

AE and SOA ( P   <  .05) in more force-demanding functional 
tasks; chair-rising ability (MA: mean, 6.23 seconds; SD, 1.19 
seconds; AE: mean, 8.60 seconds; SD, 1.78 seconds; SOA: 
mean, 9.74 seconds; SD, 3.03 seconds; young: mean, 6.51 
seconds; SD, 0.98 seconds) and stair-climbing power (MA: 
mean, 701 W; SD, 161 W; AE: mean, 556 W; SD, 104 W; 
SOA: mean, 495 W; SD, 116 W; young: mean, 878 W; SD, 
126 W). No differences were observed between MA and AE 
in less force-demanding tasks, but both groups were superior 
( P   <  .05) compared with SOA in walking speed (MA: mean, 
1.49 m·s  − 1 ; SD, 0.21 m·s  − 1 ; AE: mean, 1.56 m·s  − 1 ; SD, 
0.17 m·s  − 1 ; SOA: mean, 1.27 m·s  − 1 ; SD, 0.22 m·s  − 1 ; young: 
mean, 1.62 m·s  − 1 ; SD, 0.22 m·s  − 1 ) and balance test comple-
tion (MA: 45%; AE: 45%; SOA: 0%; young: 100%). 
   Conclusion:     Our results reveal that maintaining a high muscle 
force–generating capacity into older age is related to ben-
efi cial effects on functional performance, which may not be 
achieved with recreational activity, thus highlighting strength 
training as an important contribution to healthy aging.   
  Key Words:   functional performance  ,   master athletes  ,   muscle 
strength  ,   physical activity  ,   rate of force development  
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 ABSTRACT  
  Background and Purpose:       Physical function is shown to 
decline with age. However, how long-term strength training 
may attenuate the age-related limitation in functional tasks 
with various force demands is unclear. 
   Methods:     In a cross-sectional study, we assessed maximal 
muscle strength, initial and late phase rate of force develop-
ment (RFD), as well as 4 tests of functional performance in 11 
(mean, 71 years; standard deviation [SD], 4 years) strength-
trained master athletes (MAs), 11 (mean, 73 years; SD, 
6 years) recreationally active older adults (AEs), 10 (mean, 
71 years; SD, 4 years) sedentary older adults (SOAs), and 9 
(mean, 22 years; SD, 2 years) moderately active young con-
trols. Functional performance was divided into 2 categories: 
more force-demanding (chair-rising ability and stair-climbing 
power) and less force-demanding (habitual walking speed 
and 1-leg standing) tasks. 
   Results:     MA exhibited 75%, 45%, and 26% higher leg 
press maximal strength compared with SOA, AE, and young, 
respectively ( P   <  .01). MA leg press RFD was not different 
from young, but was higher compared to AE and SOA during 
both the initial (0-50 ms: 104%-177%,  P   <  .05) and late 
phase (100-200 ms: 37%-52%,  P   <  .05) of muscle contrac-
tion. MA also showed better performance compared with 
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high muscle strength 7  ,  8 ; therefore, the functional benefi ts 
following recreational activity may be blunted, especially 
when carrying out more force-demanding functional tasks.

  Previous studies investigating the relationship between 
strength training and functional performance have typically 
applied training interventions of relatively short duration. 3-5  
There is less evidence of the functional implications that 
may follow long-term strength training into high age, as rec-
ommended by the American College of Sports Medicine. 6  
It is well known that long-term strength training may, even 
at old age, result in large strength gains. 7  ,  9  ,  10  In fact, if 
intensive strength training is maintained throughout the life 
span, approximately 70-year-old master athletes may even 
exhibit similar muscle strength characteristics as average 20 
year olds. 9  ,  10  The aim of the current study was to exam-
ine the relationship of very high muscle force–generating 
capacity in older adults on functional performance during 
tasks with various force demands. Furthermore, the study 
sought to compare the functional benefi ts obtained by long-
term strength training with those obtained by recreational 
activity. Specifi cally, we contrasted a group of long-term 
strength-trained master athletes to 2 age-matched groups of 
recreationally active and sedentary older adults, as well as a 
young control group. We hypothesized that both strength-
trained master athletes and recreationally active older adults 
would have better functional performance compared with 
sedentary older adults, but that the lifelong-trained master 
athletes would exhibit superior functional performance 
compared with the recreationally active older adults.   

 METHODS  

 Participants 

 We recruited 4 groups of male participants for this study: 11 
(mean, 71 years; standard deviation [SD], 4 years) strength-
trained master athletes (MAs), 11 (mean, 73 years; SD, 
6 years) recreationally active older adults (AEs), 10 (mean, 
71 years; SD, 4 years) sedentary older adults (SOAs), and 9 
(mean, 22 years; SD, 2 years) moderately active young refer-
ences. The number of participants in each group was deter-
mined by the number of eligible MAs. MAs were recruited 
through regional strength- and weight-lifting clubs, whereas 
AEs and SOAs were recruited from local senior societies, 
and assigned to either group (AE or SOA) on the basis of 
their participation in recreational activities (ie, hiking, golf, 
orienteering, cross-country skiing, cycling, and dancing). 

Participants who were recreationally active more than 1 hour 
2 times a week were assigned to the AE group, whereas par-
ticipants who took part in physical activities less than 2 times 
a week were assigned to the SOA group. Young participants 
were recruited among students at the local university. None 
of these 3 groups (AE, SOA, and young) performed regular 
strength training. The MA had been competitive in weight 
and/or power lifting for 34 (14) years, and reported to par-
ticipate in strength training 3.4 (0.8) times per week. Subject 
exclusion criteria were cardiopulmonary disease, neuro-
logical disease, or any acute pain restricting the testing pro-
cedures. Subject characteristics are presented in the  Table 1 . 
The study was approved by the Regional Ethical Committee 
(Regional Committee for Medical and Health Research 
Ethics in Central Norway), and was conducted in accordance 
with the latest revision of the Helsinki declaration. Written 
informed consents were obtained from all participants before 
the study. Participant recruitment and testing were performed 
between October and December 2014.    

 Testing Time Schedule 

 All strength and functional tests were performed dur-
ing a single approximately 2-hour session, starting with 
the functional tasks and subsequently, after a 15-minute 
brake, fi nishing with the strength tests. The battery of 
functional tests started with a balance test, continued 
with a walking speed test and chair-rising ability test, 
and fi nished with a stair-climbing power test. Assessment 
of muscle force–generating capacity started with a mea-
surement of 1 repetition maximum (1 RM), followed by 
measurement of rate of force development (RFD). The 
participants rested 10 minutes between each of the func-
tional tests. Because time of the day may have an infl uence 
on balance in aging adults, the time schedule was matched 
for all the groups. All tests were performed in laboratories 
at the Norwegian University of Science and Technology, 
Trondheim Norway.   

 Testing of Muscle Force–Generating Capacity 

 Maximal dynamic strength of the lower extremities, assessed 
as 1 RM, was measured in a horizontal leg press apparatus 
(Technogym Silverline, Italy). Participants were seated in a 
half upright position, and moved from a straight limb posi-
tion down to a knee angle position of 90 ° . After a warm-up 
procedure, the load was progressively increased by 10 to 
20 kg until the participants were unable to complete the lift. 

 Table 1.      Subject Characteristics a   

 
Variable 

Older Adults  
Young Sedentary Active Master Athletes 

Age, y 71 (4) b  73 (6) b  71 (4) b  22 (2) 

Weight, kg 97.4 (12.9) 87.0 (17.6) 92.5 (12.9) 79.3 (12.0) 

Height, cm 179 (6) 178 (8) 178 (9) 187 (5) 

   a Data are presented as mean (standard deviation). Sedentary older adults (n  =  10), active older adults (n  =  11), master athletes (n  =  11), and young (n  =  9). 

  b  P   <  .01, signifi cant difference from young.  
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From 3 to 5 minutes of rest was given between each lift, and 
1 RM was achieved within 3 to 5 trials. The highest load 
completed was recorded as 1 RM. 

 Leg press RFD was measured using a force plate 
(9286AA, Kistler, Switzerland) attached to the foot plate of 
the machine, collecting data at 2000 Hz (Bioware 2812A, 
Kistler, Switzerland). The external load applied during 
the RFD measurement corresponded to the nearest 10-kg 
increment above the participants’ body weight. 11  After a 
controlled, eccentric movement to the 90 °  knee angle posi-
tion, participants were instructed to have a marked stop, 
and then perform the concentric part of the lift as fast and 
forcefully as possible in response to an auditory signal. At 
least 2 approved trials were recorded, and the best attempt 
was considered for analysis. RFD was calculated within the 
intervals: 0 to 30 ms, 0 to 50 ms, 0 to 100 ms, 0 to 150 ms, 
0 to 200 ms, and 100 to 200 ms.   

 Testing of Functional Performance  

 Balance test 

 Postural control was assessed as postural sway during 2 dif-
ferent 1-leg standing exercises 12  on a Kistler force platform 
(9286AA, Kistler, Switzerland). The testing was performed 
without footwear, and participants were instructed to keep 
their eyes fi xed on a point on the wall 2 m ahead, with arms 
kept alongside their body. After a short familiarization to the 
exercise, participants were instructed to perform 10 seconds 
of 1-leg standing on their preferred leg. 12  No other tasks 
were given during this test, and each participant was given 
3 attempts, of which the best was considered for analysis. 
The best trial was chosen on the basis of the time the par-
ticipant was able to stand, or from the trial with the shortest 
center of pressure (COP) path length. For the second exer-
cise, participants were instructed to perform 30 seconds of 
continuous 1-leg standing on their preferred leg, while also 
receiving an additional cognitive task. 13  This task consisted 
of repeating series of 4 numbers backward, at the same 
rhythm (40 bpm) as they were presented. The cognitive task 
was added because age-related differences in postural stabil-
ity are observed to be most prominent during multitasking. 13  
For both exercises, the test was considered not completed if 
the passive foot touched either the force plate or the ground 
during the period. COP velocity was calculated as average 
velocity of COP displacement in the sagittal and frontal 
planes, and was analyzed between the fi rst and 10th seconds 
in the 1-leg standing performance, and between the fi fth and 
15th seconds for the 1-leg multitasking performance. If the 
participant was not able to complete the test, the time until 
touchdown was considered for COP analysis. Reliability of 
COP velocity measured on a force plate is documented to be 
high (intraclass correlation [ICC]  =  0.77-0.89). 12    

 Walking speed test 

 To assess walking speed, a 10-m walk test was con-
ducted. 14  Participants were instructed to walk with a 
self-selected habitual pace between 2 lines of tape. The test 

was performed with a dynamic fl ying start, and walking 
time was recorded using a stopwatch. Walking speed was 
calculated as the average of 2 trials, and expressed as 
m·s  − 1 . The 10-m walk test is previously shown to exhibit 
excellent reliability (ICC  =  0.98). Meaningful differences 
in self-selected habitual walking speed are previously sug-
gested to be 0.1 m·s  − 1 . 15    

 Chair-rising ability test 

 Functional ability to perform chair rising was determined 
by a 5-repetition sit-to-stand test, 16  ,  17  on a 44-cm-high 
wooden chair, arms crossed and without back support. 
Before the test, participants were given 1 familiarization 
trial. Participants were instructed to stand up from sitting 
position, sit down again, and repeat this procedure 5 times 
as fast as possible. Reliability for the 5-repetition sit-to-
stand test is shown to be very high (ICC  =  0.89). 17    

 Stair-climbing power test 

 Power performance was determined by climbing 12 stair 
steps of 17 cm, as fast as possible. 18  Maximum step length 
was set to 2 stair steps at a time, and no handrail support 
was allowed. 18  Reliability for stair climbing is documented 
to be very high (ICC  =  0.90). 18  Stair-climbing power 
was determined as kg·m·s  − 1  from the best of 2 trials, and 
expressed as watt (W). 3     

 Statistical Analysis 

 SPSS Statistics 21 (Chicago, IL) was used for statistical 
analysis, whereas fi gures were made using GraphPad Prism 
5 (San Diego, CA). The values are presented as mean (SD) 
throughout the article, unless otherwise noted. Data nor-
mality was confi rmed by Q-Q plots. One-way analyses of 
variance were performed to assess between group differenc-
es in 1 RM, RFD, chair-rising ability, stair-climbing power, 
walking speed, and COP mean velocity. If a signifi cant 
difference was detected, a Tukey post hoc test was applied 
to identify this difference. To determine differences in bal-
ance test completion rate, the Fisher exact test was applied. 
Correlations between 1 RM, RFD, chair-rising ability, stair-
climbing power, walking speed, and COP mean velocity 
were determined by the Pearson test for linear regression. 
Results were considered statistically signifi cant at an  α  level 
of  P   <  .05.    

 RESULTS 
 All 41 participants completed the testing procedure. No 
differences were observed in age, body weight, or height 
between the 3 older adult groups (Table 1). The young 
participants differed from the older adults in age, whereas 
body weight and height were not different from any of the 
3 older adult groups.  

 Muscle Force–Generating Capacity 

 MA exhibited higher leg press 1 RM compared with AE 
(45%) and SOA (75%) ( P   <  .01) ( Figure 1 ) and the young 
controls (26%,  P   <  .01). In addition, the young displayed 
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higher 1 RM than both AE (15%,  P   <  .05) and SOA (38%, 
 P   <  .01), and AE exhibited higher 1 RM than SOA (21%, 
 P   <  .01). A similar pattern as the 1 RM results emerged 
from the rapid force development characteristics ( Figure 
2 ). MA had the highest RFD for the time frames: 0 to 30, 
0 to 50, 0 to 100, 0 to 150, and 0 to 200 ms, higher than 
AE (58%-115%;  P   =  .04-.001) and SOA (98%-177%;  P  
 =  .015-.001). Also, late phase RFD (100 to 200 ms) was 

higher in MA compared with AE (36%,  P   <  .05) and 
SOA (52%,  P   <  .01). The young controls attained higher 
RFD than AE in the time frames 0 to 100, 0 to 150, and 
0 to 200 ms ( P   =  .025-.01) and higher than SOA in the 
time frames 0 to 30, 0 to 50, 0 to 100, 0 to 150, 0 to 200, 
and 100 to 200 ms ( P   =  .036-.001). No differences in any 
RFD parameters were observed between AE and SOA, or 
between MA and young.     

 Functional Performance 

 MA exhibited better chair rising ability compared to AE 
and SOA. MAs were 28% ( P   <  .01) and 36% ( P   <  .01) 
faster than AE and SOA, respectively, whereas no differ-
ence was observed between MA and young ( Figure 3 ). The 
young had superior chair-rising ability compared with both 
AE (24%;  P   <  .01) and SOA (33%;  P   <  .01), whereas no 

 Figure 3.   Functional performance in relatively high force-
demanding tasks: (A) time to perform 5 rapid sit-to-stand 
repetitions and  ( B )  stair-climbing power (W). Data are 
presented as mean (standard deviation).  #  P   <  .01, signifi-
cantly different from young;  a  P   <  .01, significantly 
different from active older adults;  b  P   <  .01, significantly 
different from sedentary older adults. Sedentary older 
adults (n  =  10), active older adults (n  =  11), master 
athletes (n  =  11), and young (n  =  9). 

 Figure 1.   Leg press 1 repetition maximum. Data are pre-
sented as mean (standard error).  #  P   <  .01, significantly 
different from young;  a  P   <  .01, significantly different from 
active older adults;  b  P   <  .01, significantly different from 
sedentary older adults. Sedentary older adults (n  =  10), 
active older adults (n  =  11), master athletes (n  =  11), 
and young (n  =  9). 

 Figure 2.   Leg press rate of force development in time frames: 
0 to 30 ms, 0 to 50 ms, 0 to 100 ms, 0 to 150 ms, and 
0 to 200 ms of muscle contraction. Data are presented as 
mean (standard error).  a  P   <  .05;  aa  P   <  .01, significant 
difference between master athletes and active older adults; 
 b  P   <  .05;  bb  P   <  .01, significant difference between master 
athletes and sedentary older adults; * P   <  .05, significant 
difference between young and active/sedentary older 
adults. Sedentary older adults (n  =  10), active older 
adults (n  =  11), master athletes (n  =  11), and young 
(n  =  9). 
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difference was observed between AE and SOA. Chair-rising 
ability correlated with 1 RM ( r   =   − 0.55,  P   <  .01) and 
RFD ( r   =   − 0.52,  P   <  .01).  

 MA also exhibited 26% ( P   <  .05) and 42% ( P   <  
.01) higher stair-climbing power compared with AE and 
SOA, respectively ( Figure 3 ). No difference was observed 
between AE and SOA, whereas the young had higher stair-
climbing power compared with MA (25%,  P   <  .05), AE 
(58%,  P   <  .01), and SOA (77%,  P   <  .01). Similar to chair 
rising, stair-climbing power correlated with 1 RM ( r   =  
0.47,  P   <  .01) and RFD ( r   =  0.29,  P   <  .01). A correlation 
was also observed between stair-climbing power and chair-
rising ability ( r   =   − 0.52,  P   <  .01). 

 Differences in walking speed were observed only between 
SOA and the 3 other groups ( Figure 4 ). MA exhibited 17% 
( P   <  .05), AE 23% ( P   <  .01), and young 28% ( P   <  .01) 
higher walking speed than SOA. Walking speed correlated 
with chair-rising ability ( r   =   − 0.30,  P   <  .05) and stair-
climbing power ( r   =  0.41,  P   <  .01), but not 1 RM and RFD.  

 No differences in COP mean velocity were observed 
between any of the older adult groups during the 1-leg 

standing tests ( Figure 4 ). In contrast, the young group 
exhibited lower COP mean velocity than all the 3 older 
adult groups, both during 1-leg standing with (37%-52%, 
 P   <  .01) and without (26%-44%,  P   <  .01) multitask-
ing. Although COP measurements revealed no differences 
between MA and SOA, there was a signifi cant difference 
( P   <  .05) in completion rate of the 1-leg multitasking test 
between MA and SOA ( Figure 4 ). Although 5 of the 11 
MAs were able to complete the testing procedure, none of 
the SOAs were able to complete the test without losing their 
balance. Similarly, AE had a higher completion rate (5/11) 
at the 1-leg multitasking test compared with SOA ( P   <  .05). 
The young had higher completion rate compared with all 3 
older adult groups (9/9) ( P   <  .05). Multitasking COP mean 
velocity correlated with stair-climbing power ( r   =  0.47,  P   <  
.01), but not with chair-rising ability, 1 RM or RFD.    

 DISCUSSION 
 Functional performance is related to muscle strength. 
Whether long-term strength training may maintain physical 

 Figure 4.   Functional performance in relatively low force-demanding tasks:  ( A )  self-selected habitual walking speed and 
 ( B )  center of pressure (COP) sway and balance completion rate. Data are presented as mean (standard deviation).  #  P   <  
.01, significantly different from young;   b  P   <  .05;  bb  P   <  .01, significantly different from sedentary older adults. Sedentary 
older adults (n  =  10), active older adults (n  =  11), master athletes (n  =  11), and young (n  =  9). 
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function with advancing age, and yield additional ben-
efi ts to what may be achieved with recreational physical 
activity, is however unclear. The main fi ndings of the 
current study were that (1) MA had a higher muscle 
force–generating capacity compared with the other older 
adult groups and even a higher maximal strength than 
young; (2) MA exhibited better functional performance 
compared with the other older adult groups during more 
force-demanding functional tasks; and (3) during less 
force-demanding tasks, no differences were observed 
between MA and AE, but both groups were better 
than SOA. In combination, these fi ndings advocate that 
strength training offers additional benefi ts for physical 
performance maintenance compared with recreational 
activity with advancing age.  

 Force-Generating Capacity, Long-Term Strength 

Training, and Age 

 As expected, MA had a maximal muscle strength that 
was higher than the other older adults, and even higher 
than the moderately active young. This is in accordance 
with existing literature that has observed differences in 
maximal strength between MA and SOA, ranging from 
approximately 30% 19-21  up to approximately 75%, 9  ,  10  
where the latter observation is similar to ours. Also, RFD 
was markedly higher in MA compared with the other 
older adults, revealing more than a twofold rapid force 
development in the early phase of contraction (0 to 30 ms 
vs 0 to 50 ms) compared with their non-strength-trained 
peers. This difference is larger compared with the 30% 
to 70% difference between MA and SOA that has been 
observed previously, 19-21  and may refl ect the high level 
of our athletes’ strength. However, it is also likely that 
the specifi city of the dynamic leg press exercise, which 
is similar to the squat-like movement in which the MAs 
train and compete, contributed partly to the larger differ-
ence, 22  because previous studies have typically assessed 
muscle strength characteristics of MA during isometric 
knee extension. 9  ,  10  ,  20  ,  21  Nevertheless, the MAs’ highly 
impressive force-generating capacity, also contrasted to 
young, is a testament to excellent neuromuscular function 
with advancing age. 

 In particular, RFD is shown to relate to functional 
performance in older adults. 2  ,  23  This is because the time 
frame to develop force during functional tasks is limited 
(typically  < 300 ms); hence, the ability to develop force 
rapidly may be more decisive for functional performance 
than the maximal strength. 24  In turn, below 300 ms, 
RFD in the later phase of muscle contraction ( > 100 
ms) is closely related to maximal strength and argued 
to largely depend on a combination of muscular and 
neural factors. In contrast, the early-phase RFD ( < 50 
ms) is likely more infl uenced by neural factors, especially 
maximal motoneuron fi ring frequency. 25  The RFD of the 
MAs was higher during both the early and late phases 
of muscle contraction, thus indicating that both neu-
ral and muscular properties were contributing to their 

functionally relevant RFD. Notably, although the early 
literature held muscular factors largely responsible for 
the age-related decline in muscle strength, 26  the role of 
the nervous system has been increasingly heralded as an 
important contributor. 27  In support of this, the distinct 
differences in RFD during the early phase of contraction 
between the older adult groups highlight that neural 
factors are important for the force-generating capacity 
with age.   

 Performance During Force-Demanding 

Functional Tasks 

 As hypothesized, the excellent muscle force–generating 
capacity of the MA was refl ected in functional perfor-
mance, where the strength-trained older adult males 
excelled during chair rising and stair climbing. As empha-
sized by Salem et al, 1  the functional tasks that require the 
highest muscular efforts seem to be most related to muscle 
strength. Indeed, among the functional tasks conducted in 
the present study, biomechanical analyses have shown that 
chair rising and stair climbing require more than twice the 
power output of the muscles around the knee than what 
is needed for habitual walking. 1  In light of this, it is rea-
sonable that the more force-demanding tasks revealed the 
largest strength-training-induced differences. The MAs’ 
greater strength implies that their force-generating capac-
ity is also benefi cial beyond everyday tasks such as the abil-
ity to rise from chairs and climb stairs, and may be used 
for functional performance in sports and force-demanding 
physical challenges. High performance in sports and 
physical activities at a similar, or even better, level than the 
moderately trained young must certainly be rewarding for 
the older athlete. 

 Although the AE exhibited higher leg press 1 RM than 
the SOA in the current study, the RFD was not different 
between the 2 groups. This may explain, at least in part, 
why there was also a lack of difference in the speed to rise 
from chairs and climb stairs between the 2 groups. Again, 
because these functional tasks may be more closely related 
to RFD rather than 1 RM. Recreational physical activity 
is undoubtedly of importance for healthy aging, but it may 
not exert suffi cient physical strain on the muscle to induce 
benefi cial gains in relatively force-demanding everyday 
tasks, because the intensity is too low. Our results suggest 
that strength training in particular may be necessary to 
achieve these benefi ts. Importantly, the functional tasks 
that require the highest muscle efforts may typically pose 
the initial obstacles to independent daily living. The MA 
in our study was certainly not close to a critical thresh-
old for independent physical living, but highlights the 
potential impact that strength training may have with 
age. Specifi cally, the ability to rise from a chair has been 
emphasized as a key determinant of independence at old 
age. 28  To postpone the onset of dependency into very high 
age, strength training of the lower extremities may there-
fore be an important contribution to an overall strategy 
for healthy aging.   
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 Performance During Less Force-Demanding 

Functional Tasks 

 Habitual walking speed is shown to be a powerful pre-
dictor of future disability. 5  ,  16  In this study both the MA 
and AE exhibited higher walking speed than the SOA. 
However, no differences were observed between the MA, 
AE, and young. In combination, this indicates that MA, 
AE, and young were all above the threshold at which self-
selected walking speed is affected by physical function, 
whereas SOA was not. Because no difference was observed 
between MA and AE, maintenance of walking speed may 
not be restricted to strength training, but also extend to 
recreational activity. This is not surprising as walking and 
hiking were a part of the recreational activities that the 
AE carried out. Not only may this be benefi cial for the 
specifi city of the walking motor skill, but it is also very 
likely that it contributes to exercise training of the slow-
twitch muscle fi bers that are predominantly involved in 
force production when walking. 29  Notably, although the 
SOA group exhibited a walking speed ( ∼ 1.3 m·s  − 1 ) that 
was well above what has been associated with functional 
limitations ( < 1 m·s  − 1 ), 30  approximately 0.2 to 0.3 m·s  − 1  
lower walking speed imply a substantially higher risk of 
future disability and dependency compared with the MA 
and the AE. Differences more than 0.1 m·s  − 1  have in pre-
vious literature been identifi ed as clinically meaningful, 15  
and habitual walking speed is recognized as a key deter-
minant of mobility. 31  The better performance seen in MA 
and AE may, therefore, yield the opportunity to proceed 
with an independent lifestyle for many years, and ultimate-
ly contribute to quality-of-life maintenance at old age. 

 Adding to an overall better functional performance, also 
the balance test revealed better results in the MA compared 
with the SOA. This was expected because previous literature 
has shown a positive relationship between lower extremity 
muscle strength and balance performance. 23  ,  32  ,  33  Again, this 
may be closely related to the differences in RFD because 
the prevention of a fall may require that force is developed 
rapidly, within a time frame shorter than what is needed to 
achieve maximal muscle force. Indeed, RFD has previously 
been suggested to be important for balance performance in 
older adults. 23  Because clear differences in both RFD and 
1 RM were also observed between MA and the AE in the 
current study, it was somewhat surprising that our observa-
tions did not detect any balance test differences between 
these 2 groups. This indicates that recreational activi-
ties may offer similar benefi ts regarding balance as those 
attained by strength training. It has been shown that train-
ing to improve balance performance is highly movement 
specifi c. 34  Although the MA has higher muscle strength, it 
may not directly translate into a suffi ciently specifi c stimulus 
to improve 1-leg standing performance. In contrast, it is 
possible that the AEs, albeit weaker than MA, have gained 
more specifi c training stimulation because of their regular 
participation in various recreational activities. Noteworthy 
is that all the young participants were able to complete the 
1-leg multitasking test with remarkable ease, a pattern that 

was also mirrored by the postural sway measurements. The 
COP data displayed a clear difference between the young 
and all the older adult groups, whereas no differences were 
observed between any of the 3 older adult groups. Although 
the relationship between postural sway and actual balance 
performance may not be very distinct, 35  the balance test 
measures in this study, in combination, confi rm observa-
tions from previous literature, showing a marked decrease 
in balance performance with advancing age. 36    

 Practical Implications 

 Recreational activities offer benefi ts for functional perfor-
mance and are undoubtedly important for physical health 
in general. However, the current study reveals that a high-
muscle force–generating capacity yields additional benefi ts 
during typical everyday functional tasks. It is of course 
not realistic to expect that older adults should aim for a 
muscle strength level as seen among the MA in this study. 
However, up to twofold gains in RFD have been docu-
mented even after short-term training interventions where 
participants have spent less than a total of approximately 
1 hour per week strength training, 11  ,  37  improvements that 
may certainly imply functional benefi ts for most older 
adults. Importantly, the training intensity needs to be high 
to ensure effective training of the fast-twitch motor units. In 
fact, it may be as high as 85% to 95% of 1 RM, implying 
less than 5 repetitions as for younger participants. Because 
the eccentric phase of the movement is performed in a slow 
and controlled manner, the high-intensity strength training 
involves minimal risk of injuries, and has been carried out 
safely in a wide range of frail patient populations, including 
old individuals. 11  ,  38-40  To effectively stimulate the nervous 
system, it has also been argued that the strength training 
should be carried out with maximal intended velocity in 
the concentric phase of the movement. 11  ,  40  ,  41  Although it 
would be preferable to include all major muscle groups, 
especially strength training of the lower extremities should 
be emphasized because of their weight-bearing role. Thus, 
leg press exercises involving the entire-stretch apparatus 
of the lower extremities may particularly benefi t the older 
adult population. It may also be performed using an appa-
ratus where the load is placed on the shoulders and neck 
to involve the spine and lower back for benefi cial musculo-
skeletal adaptations. 39  Finally, because balance may be very 
task specifi c, training of various functionally relevant tasks, 
tailored for the individual requirement, may be recom-
mended for achievement of balance performance.   

 Study Limitations 

 Despite being the main asset of the study, the exceptional 
strength of the MA may also represent a study limitation. 
Although the MA population is tailored to emphasize a 
point, interpretation of the results should be done with cau-
tion, because their strength is greater than the average older 
adult. Another aspect that may be considered is the rela-
tively high functional level of the older adults participating 
in the study. Although we were able to observe differences 
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in functional performance between the groups, none of 
the participants experienced any diffi culties completing the 
functional tasks. If the study had included participants with 
a lower functional level (ie, closer to a functional tipping 
point), additional advantages of performing strength-train-
ing and/or recreational activity may have been revealed.    

 CONCLUSION 
 A high force-generating capacity with age, as evident in the 
strength-trained MAs in the current study, was mirrored 
in better functional performance, especially during more 
force-demanding tasks such as chair-rising ability and stair-
climbing power. The benefi cial effects in functional perfor-
mance with age were only in part achieved by individuals 
who had participated in recreational activity alone. Our 
observations suggest that strength training with a suffi cient 
intensity, particularly of the lower extremities, should be 
an important part of an effective strategy to maintain func-
tional performance into high age.       
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