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Abstract 

 

Purpose:  The purpose of the present study was to evaluate how age affects the responses on 

body composition, strength and dynamic balance to a 32-week multicomponent training in older 

adults. 

Methods: 126 subjects were stratified in two age groups, the young-old group (YO, 60 – 70 

years old) and the old group (O, ≥71 years old) and were randomly assigned to an exercise (EG) 

and a control group (CG). The EG completed a 32-week progressive multicomponent training 

(3 sessions of 50 minutes per week). Body composition, isokinetic lower limb strength, and 

agility / dynamic balance were assessed before and after training. Three-way ANOVA with 

repeated measures was used to determine trial (baseline, 32 weeks), training group (control, 

exercise) and age group (YO, O) effects on the variables. 

Results: No group differences were observed in baseline values, with the exception of the 8 

foot Up and Go (UG) and trunk fat mass (FM). After the 32 weeks, the YOEG decreased 

appendicular (11.84 ± 2.87 to 11.42 ± 2.75 kg), total FM (25.85 ± 6.50 to 25.05 ± 6.41 kg), 

improved total fat-free mass (42.25 ± 8.82 to 42.61 ± 8.89 kg) and right knee extension peak 

torque (140.00 ± 42.50 to 149.53 ± 42.44 %). Both YOEG and OEG showed a significant 

improvement in UG test score, and increased appendicular lean mass and knee flexion peak 

torque.  The OCG increased the trunk FM (9.91 ± 3.88 to 10.52 ± 3.52 kg) and decreased total 

BMC (19.21 ± 4.83 to 18.73 ± 4.84 kg) and BMD (1.03 ± 0.14 to 1.01 ± 0.14 g cm
-2

) after 32 

weeks. 

Conclusion: This study showed that 32 weeks of multicomponent training can produce 

significant changes in dynamic balance and in body composition- and strength-related variables 

and the rate of response was influenced by age, as the YOEG showed higher and better 

adaptations compared to the OEG. 
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Introduction 

 

The demographics of world are set to change, with more elderly living in developing countries. 

The World Health Organization (WHO) points out that the percentage of the world population 

aged 60 years and over will double (11% - 22%), from 2000 to 2050 (WHO 2012). In the same 

period, it is likely that the total number of people over 60 years old will increase from 605 

million to 2 billion (WHO 2012). This growth is more evident in people in their eighties, whose 

number is expected to have almost quadrupled to 395 million (WHO 2012). In fact, the U.S. 

Census Bureau states that life expectancy at birth overcomes 80 years old in 11 countries 

(Kinsella and He 2009). Although this numbers of increased longevity confirm the success of 

improved global heath, they pose many challenges (Kinsella and He 2009). In particular, from a 

public heath point of view, delaying physical frailty is of great importance and one of the major 

goals of heath providers and gerontology researchers (Rikly and Jones 1999). 

Aging is associated with important changes in muscle strength, body composition and 

physical function (Witham and Avenell 2010; Doherty 2003; Baumgartner et al. 1995). It is 

well established that muscle strength declines as age increases after the 30 decade (Doherty 

2003). Studies have revealed that it reaches a peak value at around the third decade, followed by 

a steady state and a decline after age 50 (Lindle et al. 1997; Hurley 1995; Lauretani et al. 2003). 

Lang et al. (2010) reviewed the findings of cross-sectional studies comparing young (20-40 

years) and old (70-80 years) healthy adults and describes declines of 20 to 40% in the maximum 

knee extensor (torque in the elderly. Superior losses, of at least 50%, occurred for those in their 

eighties (Doherty 2003). Furthermore, this age-related decline was maintained when elderly 

subjects of different ages (60-79 and over 80 years old) were compared, having the older group 

showed a reduction of 15% in muscle strength (Ko et al. 2012). Also, a longitudinal study 

reported that 10 years after the first evaluation, subjects showed a decline in isokinetic strength 

of knee extensors and flexors of respectively, 14% and 16% per decade for both genders 

(Hughes et al. 2001). 

Moreover, body composition changes occur over aging (Baumgartner et al. 1995). There 

is a progressive rise in fat mass (FM) and decrease of fat-free mass (FFM) from the age of 20 to 

70 years; afterwards both follow a decreasing trend (Mathus-Vliegen 2012; Kyle et al. 2001; 

Johannsen et al. 2008). The distribution of FM and FFM is modified to a central pattern, with 

the reduction of the peripheral mass (Mathus-Vliegen 2012). Lower limb muscle mass 

undergoes a steady decline with onset at 45 years old (Janssen et al. 2000; Kyle et al. 2001). 

There is also a decrease in the amount of bone tissue with aging, which results in bone 

weakness and increased risk of fractures (Marques et al. 2012). 
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Indeed, studies demonstrate that lower limb muscle strength, FM and LM influence the 

walking performance of elderly people (Marques et al. 2011a; Visser et al. 2005). Muscle mass 

and strength loss are regarded as one of the main factors that contribute to disability, loss of 

mobility and falls in older people (Lauretani et al. 2003; Lang et al. 2010; Baumgartner et al. 

1998). It was observed that men and women in the eighth decade of life that are in the lowest 

quartile of knee extension muscle strength were 2.64 and 2.15 times more prone to develop 

mobility limitations compared to those in the highest quartile (Visser et al. 2005). Actually, 

around the eighties, strength level often reaches a level below the necessary to perform 

everyday activities (Rikli 2000) and a sedentary lifestyle is thought to play an important role 

(Janssen et al. 2000; Doherty 2003; Vandervoort 2002). 

It is recognized that physical activity has positive influences on maintaining older people 

functional capacities, on the reduction of the age-related disease risk and on the enhancing of 

daily quality of life (Stewart 2005; Chodzko-Zajko et al. 2009; Baker et al. 2009; Cress et al. 

1999; Paterson and Warburton 2010; Carvalho et al. 2009). The American College of Sports 

Medicine recommends a multicomponent training program, with aerobic, strength and 

flexibility exercises, in order to improve and maintain physical function in older adults 

(Chodzko-Zajko et al. 2009). The positive adaptation on bone density, muscle mass, muscle 

strength, functional fitness and weight loss of this combined training programs have been 

reported (Mathus-Vliegen 2012; Carvalho et al. 2009; Marques et al. 2011b; Marques et al. 

2012). Also, it has been shown that multicomponent training programs produce improvements 

on functional fitness of older adults of different ages (Puggaard 2003; Toraman and Sahin 

2004). However, although it is recommended to maintain physical activity throughout life, it is 

known that people become more sedentary with aging (Johannsen et al. 2008; Corder et al. 

2009).  

With the increasing of the population’s lifespan and the knowledge of the importance of 

physical activity in later years, it is important to identify effective programs for older adults. 

However, little information is available about the optimum prescriptions for different age 

populations (Rikli 2000; Washburn 2000; Hughes et al. 2011; Rikli and Jones 2012). Therefore, 

the main purpose of this study was to evaluate how age affects the responses of body 

composition, isokinetic lower limb strength, and agility/ dynamic balance, to a 32 weeks 

multicomponent training program, analyzing different age groups (young old, YO – 60 - 70 

years old and old, O – ≥71 years old). 
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 Materials and Methods 

Participants and experimental design 

Participants were recruited through advertisements in the Porto area newspapers for 

participation in this university-based study. The eligible participants pool were restricted to 

older adults with the following characteristics: aged ≥ 60 years, white, community-dwelling 

status, not engaged in structured exercise training programs, free of hormone therapy use for at 

least 2 years, lack of use of any medication and nutritional supplements known to affect bone 

metabolism (such as diuretics, corticosteroids, anticonvulsants, immunosuppressive 

medications, non-steroidal anti-inflammatory drugs, asthma medications with corticosteroids, 

vitamin D, and calcium), and lack of diagnosed or self-reported cardiovascular, pulmonary, 

metabolic, renal, hepatic or orthopedic medical conditions. 

On the initial screening visit, a total of 139 volunteers (mean age 69.2 ± 5.7) received a 

complete explanation of the purpose, risks, and procedures of the investigation. After signing a 

written consent form, the past medical history and current medications of the participants were 

determined. Eight subjects were excluded due to medical reasons (three used medication known 

to affect bone metabolism and five had musculoskeletal disorders that contra-indicate 

participation in exercise testing) and five were excluded due to current involvement in water-

based exercise activities. Eligible participants were stratified by their age group. There were 83 

subjects in the YO group (between 60 – 70 years) and 43 subjects in the O group (between 71 – 

83 years). 

Participants’ characteristics are listed in Table 1. This study was conducted according to 

the guidelines laid down in the Declaration of Helsinki and all procedures involving human 

participants were approved by the institutional Review Board. 

 

Measurements 

The same evaluator on each test, at the faculty facilities, performed all measurements. All test 

stations were organized in a circuit and the same conditions were maintained for each test. 

 

Bone and Body Composition 

Dual-energy X-ray absorptiometry (DXA; QDR 4500A; Hologic, Bedford, MA) was used to 

measure total bone mineral content (BMC, kg), total bone mineral density (BMD, g cm
-2

), total 

lean mass (LM, kg), fat mass (FM, kg), and FM (%) through whole-body scans as described 

previously (Marques et al. 2011b). Appendicular skeletal LM and FM were generated as the 
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sum of LM and FM in arms and legs and were determined by the region of interest (ROI) 

program.  

Height and body mass were recorded using a portable stadiometer and balance weighing 

scales, respectively. BMI was calculated as body mass (kilograms) divided by height (meters) 

squared and categorized according to established cut points of <25, 25–30, and ≥30 (WHO 

2000); obesity was considered as BMI ≥30 kg m
-2

. 

 

Muscle strength 

The dynamic concentric muscle strength of the right lower limb, namely knee flexion (KF) and 

extension (KE) muscle groups, was measured on an isokinetic dynamometer (Biodex System 4 

Pro; Biodex, Shirley, NY). Strength measurements were carried out in accordance with the 

manufacturer’s instructions for KE/KF at 60 s
-1

 (1.05 rad s
-1

) as described elsewhere (Marques 

et al. 2011b). Peak torque, represented as a percentage normalized to body weight, was used for 

the statistical analyses. The coefficient of variation was 5.1% and 5.5% for KE and KF repeat 

measurements, respectively (conducted with the same machine by the same examiners). 

 

Agility/dynamic balance 

Agility/dynamic balance was measured using the 8-foot Up and Go (UG) test. The score 

corresponds to the shortest time to rise from a seated position, walk 2.44 m (8 foot), turn, and 

return to the seated position, measured to the nearest one-tenth of a second. 

 

Exercise intervention 

The exercise training group completed a 32-week progressive multicomponent training 

consisting of three sessions per week (non-consecutive days). Each exercise session lasted 

approximately 50 minutes. Training workouts consisted of a five-minute warm-up that included 

stretching, warm-up exercises, 25 minutes of aerobic exercise that mainly consisted of walking 

but also included stepping and dancing, 15 minutes of muscular endurance exercises performed 

concentrically and eccentrically, involving squats, hip flexors, extensors, and abductors; knee 

flexors and extensors and upper body exercises performed using elastic bands and dumbbells; 

and a 5-minute cool-down. In the first month, the intensity of the aerobic exercises was 

gradually increased from 50-60% to 70-80% of the HRReserve, where a subject´s maximum heart 

rate (i.e. HRmax = 208 – 0.7 age) was calculated as suggested by (Tanaka et al. 2001) or from a 

rating of perceived exertion (RPE) of 4-6 to 7-8. In order to make sure that the subjects were 

exercising at the targeted intensity, Polar Heart Rate Monitors (Polar Team System, Finland) 
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were worn during each exercise session. For strength exercises repetitions were increased from 

eight to 15 and the number of sets increased to three; the working load also increased to achieve 

the target intensity of 7-8 on the RPE scale. When an individual RPE was under the rating of 

seven for two consecutive sessions, the subject was instructed to increase the load so that he/she 

could perform two sets of 12-15 reps at an appropriate RPE. Each session was led by two 

research assistants and supervised by the coordinator and senior researcher. 

 

Statistical analysis 

All data are reported in means ± SD. Statistical analyses were performed using SPSS (version 

20.0; SPSS, Inc. Chicago, IL). Descriptive statistics were computed for the dependent variables. 

Independent sample T-test was used to compare training age groups at baseline variables. 

Three-way ANOVA with repeated measures were used to determine exercise group (EG, CG), 

age group (YO, O), and trial (baseline, 32 weeks) effects on agility, and muscle strength-, bone-, 

body composition-related variables. When ANOVA revealed significant interaction (trial x 

group, trial x age, trial x age x group), Bonferroni post hoc tests were performed to determine 

differences between initial and final values in each group. 
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Results 

 

All the 126 participants completed the 32 weeks of the study, having the 63 participants in the 

exercise group performed 96 sessions of training (maximum attendance). No exercise or 

assessment-related adverse effects were reported. 

The characteristics of the study participants are listed in Table 1. Regarding obesity 

classification, the higher proportion of participants was overweight (BMI between 25 and 30 kg 

m
-2

). A significant difference of age between the YO and the O groups was confirmed. 

However, the average age of YO groups (exercise vs control), as well as O groups (exercise vs 

control) did not differ significantly. The YO group and O group did not present any other 

significant differences, with the exception of the percentage of female subjects, which was 

higher in the YO group. 

Also, at baseline, no significant differences were identified among the groups in the tests 

performed, with the exception of the UG test and trunk FM. The YOEG was faster than the 

YOCG in the UG (p < 0.001), whereas the OEG had higher trunk FM than the OCG (p = 0.033). 

 

Bone and Body Composition 

Significant age x group x time interactions were found on total BMC (p = 0.002) and BMD (p = 

0.002), as show in table 2. Indeed, different responses were noticed in the different groups over 

time. Also, it should be highlighted that both total BMC (p < 0.001) and BMD (p < 0.001) 

results decreased significantly with time in the OCG, while the YOCG did not show significant 

changes. 

On all variables of FM measured there were significant group x time interactions (p = 

0.006 for appendicular FM, p = 0.003 for trunk FM and p < 0.001 for total FM) and age main 

effects (p = 0.046 for appendicular FM, p = 0.015 for trunk FM and p = 0.023 for total FM). 

The YOEG group showed a significant reduction of appendicular and total FM (p < 0.001), 

whereas the OCG significantly increased trunk FM (p = 0.034). 

A significant age x group x time interaction was found on appendicular LM (p = 0.024). 

Both YOEG (p = 0.011) and OEG (p < 0.001) showed a significant improvement on the LM 

content, but no significant modifications were observed on the control groups.  

For total FFM, a significant group x training interaction was found (p = 0.029). Only the 

YOEG showed a significant increase in the results after the training (p = 0.040). No significant 

interactions or main effects were observed on trunk FFM, total FM and BMI. 
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Muscle strength 

The results of maximal KF and KE torques at 60 s
-1 

for the right lower limb and the adjustment 

for body weight are shown in table 3. There were significant group x time interactions on KF 

torque of the right leg at 60 s
-1 

(p < 0.001). Accordingly, different responses were observed in 

the exercise and in the control groups over time, particularly significant increases in both YOEG 

(p < 0.001) and OEG (p = 0.047), in contrast with non-significant decreases of YOCG and 

OCG. Both group (p = 0.034) and age (p = 0.045) main effects were observed on KF torque 

adjusted to body weight. Also, a significant time main effect was found on KE torque adjusted 

to body weight (p = 0.019). KE torque adjusted to body weight (p = 0.024) showed 

improvements with training in the YO group. Moreover, neither YOCG nor OCG demonstrated 

any significant changes in all strength tests following the 32 weeks period.  

 

Agility/dynamic balance 

Significant group x training interactions were found of the UG test (p < 0.001), as listed on table 

4. Only the exercise groups significantly decreased the time of performance after the 32 weeks 

(p < 0.001 for both). The post-training results of the YOEG and OEG were significantly shorter 

than the control groups (p < 0.001 for both). Also, there was a significant main effect of age (p 

< 0.001). 
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Discussion 

 

This study aimed to understand how age interferes with the response to a multicomponent 

training program on body composition, isokinetic lower limb strength, agility and dynamic 

balance. The results confirmed that there are differences in the outcomes after training for 

subjects in the 60-70 years old range when compared to over 70 years old. The YOEG showed a 

decrease in the appendicular and total FM and an improvement of total FFM and KE peak 

torque, whereas no significant changes were observed in the OEG. However, there were 

variables in which age seem to have less interference, such as the UG test, appendicular LM and 

KF peak torque, since both YOEG and OEG showed significant increases. Another important 

finding was the gain of trunk FM and decrease of total BMC and BMD seen on OCG after the 

32 weeks of the study. 

Previous studies have related the role of endurance training on FM reduction among the 

elderly (Solberg et al. 2011; Strasser et al. 2009; Mathus-Vliegen 2012), but no data about the 

age influence could be found. The results show that the training program led to a decrease of 

appendicular and total FM of the YOEG. It could be hypothesized that the 32 weeks of the 

study were not sufficient to show significant effects on O participants. The age-associated 

reduction of metabolism and endocrine changes that favor the obese state are more evident as 

aging occurs (Witham and Avenell 2010). Moreover, the lack of a marked endurance 

component of the training and the absence of a nutritional intervention seem to have 

compromised a greater effect in both age groups. It has shown that the combination of diet and 

exercise is more effective than exercise alone in the FM reduction of older adults (Villareal et 

al. 2011; Witham and Avenell 2010). Also, the addition of physical activity is thought to 

decrease the skeletal muscle fat infiltration that occurs with aging, consequently improving 

muscle quality (Witham and Avenell 2010), which corroborates the present results of a 

reduction of appendicular FM. However, although it is recognized that a high FM is related to 

an increased risk of disabilities (Visser et al. 1998), there is evidence that appendicular FM can 

exhibit an independent protective effect on BMD, so reductions should be managed carefully.  

Lower limb muscle strength is one of the most important determinants of good physical 

performance in old adults (Lauretani et al. 2003; Fried and Guralnik 1997). The results showed 

that only the YOEG improved KE muscle strength, but both age groups were able to improve 

KF. Although there is previous evidence that strength training could increase muscle strength in 

nonagenarians (Fiatarone et al. 1990), in this study, age effect seems to be important on the KE 

outcome, which might be related to different levels of intensity and duration of the training 

program. In fact, the comparison of different types of exercise revealed that strength training is 

the most effective in producing muscle strength increases in elderly (Solberg et al. 2011; 
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Volkers et al. 2012). These results might also be linked to the loss of appendicular FM observed 

in the YOEG, as described above, since one important morphologic aspect of the muscle aging 

is the infiltration of lipids within the fibers (Lang et al. 2010). 

Other important findings of the present study were the significant decreases of total BMC 

and BMD and the increase of trunk FM, as well as the trend to decrease KE muscle strength 

values, seen on OCG, after the 32 weeks of the study. Regarding bone mass, these findings are 

in accordance with previous data which documented that age is an important predictor of BMD 

in older adults (Marques et al. 2012). Although it has been reported that osteogenic 

responsiveness to mechanical loading declines with age (Lanyon and Skerry 2001), the present 

results seem to show that exercise counterbalanced the age-related declines, since in contrast to 

the OCG, the OEG tended to increase total BMC and maintained BMD outcomes. Concerning 

the trunk FM gain observed, it does not follow the previous reports pointing out that after the 

age of 70 years old, FM had a tendency to decrease (Mathus-Vliegen 2012). In spite of having 

significantly higher values of trunk FM at baseline, the OEG showed a downward trend, so once 

again it could be said that exercise has opposed the aging effects. Also, exercise demonstrated a 

tendency to counterbalance age effects on KE muscle strength, in agreement to the previous 

reports that highlighted the importance of physical activity throughout a person’s lifetime 

(Volkers et al. 2012). 

Although cross-sectional and longitudinal studies have shown differences through aging 

on body composition, bone mass, muscle strength and functional fitness, there is a gap in the 

literature regarding the effects of exercise in old adults through decades. As far as we know, 

only Toraman and Sahin (2004) have evaluated the effects of a multicomponent training on men 

and women of two different age groups’ functional fitness. They found out significant increases 

in all the tests used in both young and older subjects of the training group, as well as better 

outcomes in exercise subjects than the ones in the control group with the same age. However, 

the responses to training were similar in both age groups. This was not observed for the majority 

of the variables measured in the current study. One possible reason for this difference is the fact 

functional fitness tests are more likely to be influenced by repetition than DXA and Biodex 

assessments, so the post-training results of Toraman and Sahin (2004) could have been 

increased partially by the subjects improved knowledge of the test. The results of the single 

functional fitness test used in the present study are in line with what was reported by Toraman 

and Sahin (2004), since it was demonstrated that both exercise groups were able to improve the 

performance in the UG test. This test evaluates the integration of power, speed, agility and 

dynamic balance, reflects activities of the everyday life, such as getting up quickly to answer the 

door and is also a good predictor of recurrent falling (Rikly and Jones 1999). Thus, it could be 

said that the multicomponent training showed a positive effect on the improvement of the 
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physical capacities required to an independent living and also counterbalanced the aging-related 

declines. Also, the results were consistent with previous findings that agility and dynamic 

balance of older adults can be improved by multicomponent training (Nelson et al. 2004; 

Carvalho et al. 2009), but the current results add that not only the 60-70 old adults but also the 

ones over 70 years old can improve these parameters. 

It has been suggested that exercise programs for the elderly were more beneficial to the 

people with a lower function at baseline, given that greater improvements were observed after 

the training period, whereas little advantages were achieved by older adults with an initial high 

function (Solberg et al. 2011; Meuleman et al. 2000). However, this study showed that 

improvements occurred mostly in the YOEG, which had better results in the majority of the 

variables measured at baseline and at the end of the study. So it might be proposed that other 

factors can contribute to the more effectiveness of the training, such as younger age. The same 

study reported positive influences on body composition and muscle strength after training 

programs of three types, namely traditional and functional strength trainings and endurance 

training (Solberg et al. 2011). Thus, further studies concerning the most effective training 

program for older people in different decades should be conducted. The oldest subjects are of 

special concern, as the age-related frailty makes them more prone to injuries and so exercises 

need to be better adapted to the physiologic aging process. 

Attention should also be paid to the reasons for the low rate of older people that enroll 

training programs, but even more to the small amount of moderate physical activity performed 

in daily life, as people in their nineties are thought to spend 96 % of the day in sedentary or low 

intensity activities (Johannsen et al. 2008). Advice from health professionals and the 

development of simple, safe and attractive local programs are an important part of the solution.  

Finally, this study has some limitations that should be comment. There are other factors 

that can influence the response to training besides age, such as nutrition, genetics, motivation, 

previous physical activity. No gender division was performed, but a recent meta-analysis related 

that men and women do not seem to differ in the relation between physical activity and muscle 

strength (Volkers et al. 2012). In addition, the percentage of female participants was higher in 

the YO than in the O group, in contrast with the described increase of women proportion with 

age in the older population (Kinsella and He 2009). In addition, the small sample size 

(especially in the O groups) and the health status of the subjects may not allow this study to be 

extended to all older adults, with different comorbilities.  
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Conclusions 

 

In summary, this study showed that the response to the 32 weeks of multicomponent training 

was influenced by age. Only the YOEG showed significant changes in the appendicular and 

total FM, total FFM and KE peak torque after the exercise. It was also demonstrated losses in 

bone mass and muscle strength, as well as an increase of trunk FM during the 32 weeks of the 

study only in the OCG (≥71 years old), which may have been counterbalanced by the exercise 

program.  

This study strengthens the idea that physical activity needs to be adapted to the 

physiologic ageing process, as it can effectively contribute to the goal of preserving a good 

quality of life until later years. The understanding of the responses to exercise will help to 

design individualized training programs to prevent disability and loss of independence. Further 

studies with older people of different ages need to be performed. 
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Tables 

 

Table 1 Baseline characteristics of the study subjects (mean  standard deviation) 

 

Variable Total sample 

(n = 126) 

Young Old Group 

(n = 83) 

Old group 

(n = 43) 

Age (years) 68.90  5.82 65.34  2.89 75.77  3.36* 

Gender - female (n / %) 97 / 77 69 / 83.1 28 / 65.1* 

Height (m) 1.56  0.08 1.56  0.09 1.57  8.43 

Weight (kg) 67.79  11.27 68.48  11.58 66.47  10.67 

BMI (kg m-2) 27.76  3.78 28.18  3.76 26.96  3.73 

Obesity classification (n/ %)    

    Normal weight 31/ 24.6 17/ 20.5 14/ 32.6 

    Overweight 59/ 46.8 41/49.4 18/ 41.9 

    Obese 36/ 28.6 25/ 30.1 11/ 25.6 

 

* Significantly different from young old group. 
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Table 2 Pre- and post-training results (mean ± standard deviation) of body composition  

 

  Exercise group (n = 63)  Control group (n = 63)        

 Young old group (n = 42) Old group (n = 21) Young old group (n = 41) Old group (n = 22)        

Variables Pre-training Post-training Pre-training Post-training Pre-training Post-training Pre-training Post-training P 
(group) 

P 

(age) 

P 

(time) 

P  

(G x T) 

P  

(G x A) 

P 

 (A x T) 

P 

(A x G x T) 

BMI (kg m-2) 28.06 ± 4.18 27.25 ± 5.44* 27.75 ± 3.71 27.75 ± 3.65 28.29 ± 3.33 28.36 ± 3.23 26.20 ± 3.66 26.30 ± 3.69 0.563 0.169 0.471 0.284 0.132 0.357 0.401 

BMC total (kg) 18.06 ± 3.65 18.06 ± 3.70 18.28 ± 3.66 18.45 ± 3.56 18.07 ± 3.72 18.10 ± 3.62 19.21 ± 4.83 18.73 ± 4.84* 0.667 0.416 0.193 0.004 0.691 0.111 0.002 

BMD total (g cm-2) 1.03 ± 0.09 1.02 ± 0.09 1.02 ± 0.11 1.02 ± 0.10 1.02 ± 0.10 1.02 ± 0.10 1.03 ± 0.14 1.01 ± 0.14* 0.866 0.964 0.044 0.050 0.981 0.151 0.002 

Appendicular FM (kg) 11.84 ± 2.87 11.42 ± 2.75* 11.05 ± 2.99 10.91 ± 3.08 12.25 ± 2.66 12.22 ± 2.73 10.63 ± 3.30 10.77 ± 3.29 0.764 0.046 0.075 0.006 0.420 0.067 0.635 

Trunk FM (kg) 13.05 ± 3.99 12.66 ± 4.01 12.40 ± 3.75 11.99 ± 3.64 12.94 ± 3.55 13.05 ± 3.61 9.91 ± 3.88
c
 10.52 ± 3.52* 0.189 0.015 0.873 0.003 0.129 0.334 0.304 

Total FM (kg) 25.85 ± 6.50 25.05 ± 6.41* 24.41 ± 5.87 23.94 ± 6.09 26.17 ± 5.81 26.24 ± 5.92 22.06 ± 6.03 22.38 ± 6.20 0.601 0.023 0.084 0.001 0.240 0.255 0.876 

Appendicular LM (kg) 16.80 ± 4.14 17.05 ± 4.26* 16.74 ± 3.57 17.26 ± 3.54* 16.97 ± 4.22 16.99 ± 3.94 17.48 ± 3.52 17.23 ± 3.57 0.783 0.762 0.025 <0.001 0.839 0.966 0.024 

Trunk LM (kg) 20.66 ± 4.21 20.73 ± 41.85 21.00 ± 4.00 20.90 ± 3.51 20.79 ± 3.98 20.77 ± 3.81 21.18 ± 4.38 21.12 ± 4.40 0.851 0.682 0.781 0.861 0.942 0.499 0.669 

Total LM (kg) 40.44 ± 8.52 40.83 ± 8.55 40.80 ± 7.43 40.72 ± 8.64 40.87 ± 8.36 40.85 ± 7.90 41.95 ± 8.36 41.88 ± 8.62 0.659 0.705 0.702 0.493 0.766 0.363 0.456 

Trunk FFM (kg) 21.10 ± 4.29 21.19 ± 4.28 21.44 ± 4.07 21.34 ± 3.58 21.23 ± 4.05 21.23 ± 3.87 21.62 ± 4.46 21.55 ± 4.48 0.856 0.698 0.832 0.891 0.945 0.401 0.704 

Total FFM (kg) 42.25 ± 8.82 42.61 ± 8.89* 42.63 ± 7.72 43.12 ± 7.56 42.65 ± 8.64 42.66 ± 8.13 43.87 ± 8.71 43.76 ± 8.98 0.716 0.615 0.078 0.029 0.824 0.991 0.566 

Total FM (%) 37.61 ± 6.67 46.44 ± 62.92 36.36 ± 6.06 35.58 ± 6.17 38.05 ± 6.33 38.03 ± 6.29 33.43 ± 7.03 33.82 ± 7.51 0.390 0.157 0.531 0.568 0.824 0.494 0.457 

 

G - group, A- age, T - training, BMI - body mass index, BMC - bone mineral content, BMD - bone mineral density, FM - fat mass, LM - lean mass, FFM - fat-free mass. 

 
c 
Significant difference between pre-training OEG and OCG. 

* Post-training value significantly different from the initial value (pre training) in the same group. 
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Table 3 Pre- and post-training results (mean ± standard deviation) of lower limb muscle strength 

  

 Exercise group (n = 63) 
Control group (n = 63) 

 
    

 Young old group (n = 42) Old group (n = 21) Young old group (n = 41) Old group (n = 22)      

Variable Pre-training Post-training Pre-training Post-training Pre-training Post-training Pre-training Post-training 
P 

(group) 
P 

(age) 
P 

(time) 
P 

(G x T) 
P 

(G x A) 
P 

(A x T) 
P 

(A x G x T) 

KE PT R 

(N.m) 
94.32 ± 32.63 100.31 ± 33.55* 90.56 ± 27.99 92.20 ± 27.12 88.49 ± 40.52 88.03  ± 36.79 76.24 ± 23.80 82.26 ± 19.68 0.073 0.205 0.071 0.775 0.794 0.770 0.138 

KE PT/BW 

R (%) 
140.00 ± 42.50 149.53 ± 42.44* 128.70 ± 41.30 138.14 ± 35.95 129.92 ± 44.71 131.15 ± 43.47b 117.46 ± 34.89 121.32 ± 28.43 0.053 0.123 0.019 0.174 0.989 0.803 0.789 

KF PT R 

(N.m) 
49.27 ± 19.51 54.11 ± 18.82* 43.99 ± 18.60 47.43 ± 18.41* 45.95 ± 18.85 44.81 ± 18.39 40.14 ± 18.54 37.48 ± 19.45 0.059 0.072 0.134 <0.001 0.932 0.328 0.963 

KF PT/BW 

R (%) 
73.53 ± 23.42 77.44 ± 26.02 65.10 ± 22.96 69.72 ± 23.73 65.81 ± 22.52 67.97 ± 27.79 59.56 ± 24.58 54.66 ± 26.16 0.034 0.045 0.335 0.062 0.847 0.292 0.198 

 

G - group, A - age, T - training, KE - knee extension, KF - knee flexion, PT - peak torque, BW - body weight, R60 - right lower limb at 60 s
-1

. 

 
b
 Significant difference between post-training YOEG and YOCG groups. 

* Post-training value significantly different from the initial value (pre-training) in the same group. 
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Table 4 Pre- and post-training results (mean ± standard deviation) of agility/dynamic balance 

 

 Exercise group (n = 63)  Control group (n = 63)        

 Young old group (n = 42) Old group (n = 21)  Young old group (n = 41) Old group (n = 22)        

Variable Pre-training Post-training Pre-training Post-training  Pre-training Post-training Pre-training Post-training P (group) P (age) P (time) P (G x T) P (G x A) P (A x T) P (A x G x T) 

8ft UG (s) 5.05 ± 0.64 4.61 ± 0.61* 5.96 ± 1.11 5.22 ± 0.85*  5.65 ± 0.79
a
 5.63 ± 0.91

b
 6.32 ± 0.96 6.22 ± 0.97

d
 <0.001 <0.001 <0.001 <0.001 0.657 0.057 0.306 

 

G - group, A - age, T - training, 8 ft UG – 8 foot Up and Go test 

 
a
 Significant difference between pre-training YOEG and YOCG. 

b
 Significant difference between post-training YOEG and YOCG. 

d 
Significant difference between post-training OEG and OCG. 

* Post-training value significantly different from the initial value (pre-training) in the same group 
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Med. doi:10.1007/s001090000086

Book
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EndNote style (zip, 3 kB)

South J, Blass B (2001) The future of modern genomics. Blackwell, London

Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern

genomics, 3rd edn. Wiley, New York, pp 230-257

Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.

http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

Dissertation

Trent JW (1975) Experimental acute renal failure. Dissertation, University of California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word

Abbreviations, see

www.issn.org/2-22661-LTWA-online.php

For authors using EndNote, Springer provides an output style that supports the formatting of in-text

citations and reference list.

TABLES

All tables are to be numbered using Arabic numerals.

Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components of

the table.

Identify any previously published material by giving the original source in the form

of a reference at the end of the table caption.

Footnotes to tables should be indicated by superscript lower-case letters (or

asterisks for significance values and other statistical data) and included beneath

the table body.

ARTWORK AND ILLUSTRATIONS GUIDELINES

For the best quality final product, it is highly recommended that you submit all of your artwork –

photographs, line drawings, etc. – in an electronic format. Your art will then be produced to the

highest standards with the greatest accuracy to detail. The published work will directly reflect

the quality of the artwork provided.

Electronic Figure Submission

Supply all figures electronically.

Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please use TIFF

format. MS Office files are also acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.

Name your figure files with "Fig" and the figure number, e.g., Fig1.eps.

Line Art

http://www.springer.com/cda/content/document/cda_downloaddocument/SpringerBasicAuthorDate.zip?SGWID=0-0-45-943037-0
http://www.issn.org/2-22661-LTWA-online.php
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Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and lettering within

the figures are legible at final size.

All lines should be at least 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a

minimum resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading,

etc.

If any magnification is used in the photographs, indicate this by

using scale bars within the figures themselves.

Halftones should have a minimum resolution of 300 dpi.

Combination Art
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Definition: a combination of halftone and line art, e.g., halftones containing line

drawing, extensive lettering, color diagrams, etc.

Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main

information will still be visible. Many colors are not distinguishable from one

another when converted to black and white. A simple way to check this is to make a

xerographic copy to see if the necessary distinctions between the different colors

are still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.

Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about

2–3 mm (8–12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt

type on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue

the consecutive numbering of the main text. Do not number the appendix figures,
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"A1, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material)

should, however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure

depicts. Include the captions in the text file of the manuscript, not in the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure number,

also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be

placed at the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes,

circles, etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the form of a

reference citation at the end of the figure caption.

Figure Placement and Size

When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide

and not higher than 234 mm.

For books and book-sized journals, the figures should be 80 mm or 122 mm wide

and not higher than 198 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain

permission from the copyright owner(s) for both the print and online format. Please be aware

that some publishers do not grant electronic rights for free and that Springer will not be able to

refund any costs that may have occurred to receive these permissions. In such cases,

material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures,

please make sure that

All figures have descriptive captions (blind users could then use a text-to-speech

software or a text-to-Braille hardware)

Patterns are used instead of or in addition to colors for conveying information

(color-blind users would then be able to distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1

ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other

supplementary files to be published online along with an article or a book chapter. This feature can

add dimension to the author's article, as certain information cannot be printed or is more convenient in

electronic form.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author

names; affiliation and e-mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may require

very long download times and that some users may experience other problems during
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downloading.

Audio, Video, and Animations

Always use MPEG-1 (.mpg) format.

Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.

A collection of figures may also be combined in a PDF file.

Spreadsheets

Spreadsheets should be converted to PDF if no interaction with the data is intended.

If the readers should be encouraged to make their own calculations, spreadsheets should

be submitted as .xls files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and

.tex can also be supplied.

Collecting Multiple Files

It is possible to collect multiple files in a .zip or .gz file.

Numbering

If supplying any supplementary material, the text must make specific mention of the

material as a citation, similar to that of figures and tables.

Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation

(Online Resource 3)", “... additional data are given in Online Resource 4”.

Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions

For each supplementary material, please supply a concise caption describing the content

of the file.

Processing of supplementary files

Electronic supplementary material will be published as received from the author without

any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your supplementary files,

please make sure that

The manuscript contains a descriptive caption for each supplementary material

Video files do not contain anything that flashes more than three times per second (so that

users prone to seizures caused by such effects are not put at risk)

INTEGRITY OF RESEARCH AND REPORTING

Ethical standards

Manuscripts submitted for publication must contain a declaration that the experiments comply

with the current laws of the country in which they were performed. Please include this note in a

separate section before the reference list.

Conflict of interest
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Authors must indicate whether or not they have a financial relationship with the organization

that sponsored the research. This note should be added in a separate section before the

reference list.

If no conflict exists, authors should state: The authors declare that they have no conflict of

interest.

DOES SPRINGER PROVIDE ENGLISH LANGUAGE SUPPORT?

Manuscripts that are accepted for publication will be checked by our copyeditors for spelling and

formal style. This may not be sufficient if English is not your native language and substantial editing

would be required. In that case, you may want to have your manuscript edited by a native speaker prior

to submission. A clear and concise language will help editors and reviewers concentrate on the

scientific content of your paper and thus smooth the peer review process.

The following editing service provides language editing for scientific articles in all areas Springer

publishes in.

Use of an editing service is neither a requirement nor a guarantee of acceptance for publication.

Please contact the editing service directly to make arrangements for editing and payment.

For Authors from China

文章在投稿前进行专业的语言润色将对作者的投稿进程有所帮助。作者可自愿选择使用Springer推荐的编

辑服务，使用与否并不作为判断文章是否被录用的依据。提高文章的语言质量将有助于审稿人理解文章的

内容，通过对学术内容的判断来决定文章的取舍，而不会因为语言问题导致直接退稿。作者需自行联系

Springer推荐的编辑服务公司，协商编辑事宜。

理文编辑

For Authors from Japan

ジャーナルに論文を投稿する前に、ネイティブ・スピーカーによる英文校閲を希望されている方には、Edanz社

をご紹介しています。サービス内容、料金および申込方法など、日本語による詳しい説明はエダンズグループ

ジャパン株式会社の下記サイトをご覧ください。

エダンズ グループ ジャパン

For Authors from Korea

영어 논문 투고에 앞서 원어민에게 영문 교정을 받고자 하시는 분들께 Edanz 회사를 소개해 드립니다. 서

비스 내용, 가격 및

신청 방법 등에 대한 자세한 사항은 저희 Edanz Editing Global 웹사이트를 참조해 주시면 감사하겠습니

다.

Edanz Editing Global

AFTER ACCEPTANCE

Upon acceptance of your article you will receive a link to the special Author Query Application

at Springer’s web page where you can sign the Copyright Transfer Statement online and

indicate whether you wish to order OpenChoice, offprints, or printing of figures in color.

Once the Author Query Application has been completed, your article will be processed and

you will receive the proofs.

Open Choice

In addition to the normal publication process (whereby an article is submitted to the journal

and access to that article is granted to customers who have purchased a subscription),

Springer provides an alternative publishing option: Springer Open Choice. A Springer Open

Choice article receives all the benefits of a regular subscription-based article, but in addition

http://liwenbianji.cn/springer
http://www.edanzediting.co.jp/springer
http://www.edanzediting.com/springer
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Springer Open Choice

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher

exclusive publication and dissemination rights). This will ensure the widest possible

protection and dissemination of information under copyright laws.

Open Choice articles do not require transfer of copyright as the copyright remains with the

author. In opting for open access, the author(s) agree to publish the article under the Creative

Commons Attribution License.

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Online publication of color illustrations is free of charge. For color in the print version, authors

will be expected to make a contribution towards the extra costs.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the

completeness and accuracy of the text, tables and figures. Substantial changes in content,

e.g., new results, corrected values, title and authorship, are not allowed without the approval

of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which

will be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official first

publication citable with the DOI. After release of the printed version, the paper can also be

cited by issue and page numbers.

http://springer.com/openchoice

