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Conclusions  The present pilot study showed that it is fea-
sible to conduct a strength training program in institutional-
ized participants. The more robust changes in motor function 
could serve as a basis for large randomized clinical trials.
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Introduction

Living in a nursing home is accompanied by a progres-
sive decline in physical activity. Buckinx et al. [1] showed 
that nursing home residents walk less than 1700 steps per 
day, which is considerably less than the 10,000 steps rec-
ommended by the WHO. A vicious cycle is created when 
reduced physical activity as well as increases in seden-
tariness is followed by decreased walking speed, muscle 
strength, endurance, and loss of co-ordination; this is often 
among others the result of fatigue, bed rest, fear of falling, 
and a progressive loss of muscle mass and muscle strength 
[2]. Specifically, a decrease in muscle function has been 
identified as an independent predictor of hospitalization, 
disability, and death [3]. The seriousness of this problem 
is further demonstrated by the high prevalence of muscle 
loss (sarcopenia; 40%; [4, 5]) among older adults living in 
nursing homes [6].

The loss of muscle mass has been reported to decline 
gradually by 1–2% each year from the fourth decade. There 
is evidence that the loss of muscle strength, especially explo-
sive force, is much higher than the loss of muscle mass [7], 
declining by 3–3.5% each year from the age of 50–60 years, 
culminating in a 50% loss across the lifespan [8]. It was 
established that the reason for serious injuries was primarily 
connected to a loss of ability to perform movements at high 
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speed in combination with delayed reactions of the upper 
and lower limbs in the event of a fall [9]. Reduced strength in 
the lower limbs results in a reduction in gait speed, balance, 
stair-climbing ability and the ability to rise from a chair [1, 
10]. In addition, the loss of muscle mass is commonly asso-
ciated with loss of bone density, which leads to a high risk 
of hip fractures [11].

Several studies have recently focused on training pro-
grams for elderly people and on how to delay, stop or reverse 
muscle loss as well as power, especially in terms of age-
related muscle changes and the ensuing consequences (for 
in-depth reviews see [12–16]). Law et al. [13] conclude that 
a well-designed, progressive resistance training program 
with moderate to high exercise intensity results in pro-
found enhancements in muscle mass and muscle strength in 
healthy, community-dwelling older adults; however, there is 
still no definitive gold standard prescription for resistance 
training exercise for mobility outcomes [15].

In spite of these positive effects only few interven-
tions have focused on frail individuals or individuals with 
impaired physical ability as well as nursing home residents, 
although this is where the most significant improvements 
are expected [17–21]. A recent review by Valenzuela [21] 
focusing on older adults in nursing homes found signifi-
cant improvements in muscle strength and functional per-
formance outcomes, including chair stand, stair climbing, 
gait speed, balance and functional capacity following pro-
gressive resistance training exercise. These improvements 
occurred despite advanced age, presence of chronic diseases, 
extremely sedentary habits and functional disabilities [21]. 
Furthermore, strength training in frail older adults has been 
shown to improve bone density [22], cardiometabolic health 
[23], and cognitive impairment [24, 25]. Essential precondi-
tion for successful interventions have been linked to higher 
intensities [26–28], supervision, and progression in resist-
ance training [29].

In the majority of the resistance training studies in frail 
older individuals and/or individuals living in nursing homes, 
the exercises were performed using, wrist and ankle weights 
[30], functional exercises without machines [31], elastic 
bands [32, 33] or seated weight training machines [34–37]. 
All these studies in this population differ greatly with respect 
to the parameters that were addressed, the load standards 
(training sessions per week, number of series, number of 
repetitions, training intensity, etc.), the training methods, 
the duration of the study and the tested group of subjects. 
Even more important, according to the theory of specific-
ity [38], the closer the movement patterns during training 
are to the desired activity, free weight strength training has 
been shown to be more effective than fixed-form exercises 
in improving performances in both physically active indi-
viduals [39]. Only few studies have examined if free weight 
strength training programs are appropriate and efficient 

for healthy, community-dwelling older adults [40, 41]. For 
example, Schott and Knobl [41] compared the effects of 
free weight training with machine training in a group of 
32 men and women aged 60–86 years. They show that (1) 
dynamic strength gains from 6 months of resistance training 
in older individuals are sustainable (not entirely lost even 
after 6 weeks of detraining); (2) these effects are specifically 
related to the exercises performed in the training program 
(free weights vs. machine); (3) adoption of maintenance-
level moderate-intensity training significantly attenuates the 
decline in dynamic strength of previously trained muscles; 
and (4) free weights training improves the overall functional 
capacity of older adults.

However, it remains unclear whether machine- or free 
weight training would be feasible and effective among those 
with substantial physical disabilities as well. The purpose 
of the present 12-week blinded RCT was to examine (1) 
whether older adults requiring continuous institutional 
care can tolerate machine- or free weight training, and (2) 
whether machine- or free weight training has the potential to 
maintain or even improve physical performance in this clini-
cally relevant group. The present trial is a pilot study, which 
primarily assessed the feasibility of machine- or free weight 
training and sought challenges and obstacles in implement-
ing machine- or free weight training among frail nursing 
home residents.

Method

Experimental design and recruitment

A randomized, controlled, two-group, pre-post, and single-
blinded (on the patients side) pilot study following the CON-
SORT statement [42] was performed to test the feasibility 
and effectiveness of strength training programs using either 
free weights or machines in older people.

Participant recruitment and assessment occurred over a 
2-month period. The nursing home was approached about 
participation due to their availability of an onsite gym via 
phone. The Principal Investigator (PI) met with the director 
of the nursing home, and explained the purpose and design 
of the study. Following the confirmation of the director to 
conduct the study, patient files were controlled against the 
inclusion criteria by the Head of the Sport Department. Eli-
gible individuals (n = 195) were approached by the research 
assistant (BJ) and the Head of the Sport Department, who 
informed them about the project, and requested an expres-
sion of interest to participate. 39 individuals declined due to 
personal reasons (e.g., no time, no motivation to participate 
in a program across 12 weeks), 111 individuals did not meet 
the inclusion criteria.
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Prior to the initial assessment, the remaining 45 eligi-
ble participants were randomized to either the free weight 
training group (FWT) or the machine training group (MT) 
by a research administrator. All subjects had performed 
their specific exercises; there was no control group. The 
first day of testing included a review of the patient’s medi-
cal history, and familiarization with the performance test-
ing. One week later, patients reported for the second day 
of testing. All assessments were completed by blinded 

research assistants one-on-one with each participant. 
Timed motor performance of specific ADLs and strength 
were measured (11-step stair-climbing test, 10-m walk 
test, Timed Up and Go Test, 30-s Chair Rising Test, grip 
strength). Subjects were familiarized with the resistance 
training techniques. Participants were blinded to group 
assignment before baseline measurements, after which all 
participants were informed of their assignment. The ADLs 
and strength were retested at 12 weeks after the initial test-
ing phase. The study flow diagram is outlined in Fig. 1.

Fig. 1   Design and time flow of 
participants through the study Assessed for eligibility (n=195)

Excluded (n=150) 
* Not mee�ng inclusion criteria 
(n=111)
* Declined to par�cipate (n=39)

Pre-measurements
physical performance

En
ro

llm
en

t
(w

ee
k 

1-
8)

Lost to follow-up (n=0)
Discon�nued interven-
�on (illness, discomfort, 
medical visits, longer 
hospital stays) (n=7)

Lost to follow-up (n=0)
Discon�nued interven-
�on (illness, discomfort, 
medical visits, longer 
hospital stays) (n=9)

analyzed (n=15) analyzed (n=14)

An
al

ys
is

Al
lo

ca
�o

n
(w

ee
k 

11
)

Randomiza�on (n=45)

Pr
e-

Te
st

 
(w

ee
k 

9-
10

)

Allocated to free 
weights training (n=22)

Allocated to machine 
training (n=23)

Interven�on: 12 weeks á 2x/week, 45-60 
minutes/session (week 12-24)

Post-measurements
feasibility outcomes, physical performance

Po
st

-T
es

t/
Fo

llo
w

-U
p

(w
ee

k 
25

-2
6)



822	 Aging Clin Exp Res (2018) 30:819–828

1 3

Participants

45 nursing home residents aged 61–95 years (mean age 
83.8 ± 8.0) were chosen from a nursing home in Freiburg, 
Germany. The nursing home had 195 residents. Residents 
who were ambulatory and had only minor cognitive dis-
orders (MMSE ≥24) that would not affect their ability to 
follow instructions were able to participate in the study. 
The exclusion criteria were artificial prosthesis, participa-
tion in any physical therapies other than those routinely 
provided in the nursing home, any symptom that a medical 
examiner deemed as warranting exclusion, and any disease 
that contraindicated the exercise program or required spe-
cial care (e.g., coronary artery disease, thrombosis, moder-
ate or severe bone, lung or renal diseases).

Informed written consent was obtained from organiza-
tions or caregivers prior to the beginning of testing, and by 
the participants themselves, who were told that they could 
opt out at any time. All procedures were in accordance 
with the Declaration of Helsinki with ethical standards, 
legal requirements and international norms.

Measures

Feasibility

The primary feasibility outcomes included eligibility 
rate, recruitment rate, measurement completion rate, loss 
to follow-up, and adherence. Eligibility rate was defined 
as the total number of patients screened, divided by the 
total number eligible. Recruitment rate was defined as the 
number of patients recruited from those eligible. Loss to 
follow-up was defined as participants who were withdrawn 
or dropped out. Adherence to the exercise intervention was 
measured by the number of sessions attended out of 24. A 
70% attendance rate for the training sessions was set as the 
definition for being adherent to the training program [43].

Physical performance

Physical performance was assessed with the Timed Up 
and Go Test (time in seconds to get out of chair, walk 
eight feet, round a pylon, and return to be seated in chair; 
TUG) [44], the 30-s Chair Rise Test (number of unassisted 
chair stands performed in 30 s; CRT) [45], the 10-m walk 
test (average of two trials) [46], the 11-step stair-climbing 
test (time in seconds to climb 11 risers of stairs as fast as 
possible) [47], and grip strength (left and right hand with 
a Jamar dynamometer) [48].

Body composition

Anthropometric measurements were made by standardized 
procedures. Weight and height were measured for each 
subject, and BMI was calculated from these values.

Residents’ care level

Residents’ care level serves as an indicator for their need 
of assistance with activities of daily living (ADL). It is 
assessed by the German Health Insurance Medical Service 
(MDK), varies from 0 no need of care (i.e., need for assis-
tance required for less than 90 min per day on average) to 3 
in constant need of care (i.e., need for assistance required 
around the clock, on average at least for 5 h per day) [49].

Intervention

In accordance with ACSM guidelines for strength training, 
participants allocated in both intervention groups enrolled 
in two weekly non-consecutive exercise sessions for 12 
weeks. Each session lasted approximately 45–60 min, 
and started and ended with a low-intensity warm-up and 
cool-down period (∼5 to 7 min each) consisting mainly 
of stretching exercises involving all major muscle groups. 
The training was performed in small groups with three 
to six participants, always under a close supervision of 
two exercise specialists, who provided guidance and ade-
quate instructions to ensure that the exercises were per-
formed properly and safely. All intervention sessions were 
conducted in the same in-house gym. Participants were 
accompanied from the ward for the training supervised by 
a caretaker or the therapist. The goal was for all partici-
pants in the intervention groups to perform a total of 24 
exercise sessions.

Strength exercises focused on upper and lower limb 
strengthening to activate large muscle groups known to 
contribute to gait speed, balance, mobility, and upper body 
stability. The MT protocol consisted of five exercises: leg 
press, latissimus pull down, elbow and shoulder extension 
(dip), and back extensor (Proxomed; Compass®). Training 
was initiated at 50% of the eight repetition maximum (8RM), 
a measure of muscle strength, at a training volume in the 1st 
set of 18–20 repetitions. Training intensity was increased in 
the 2nd set as tolerated to 75–80% of the 8RM. For the FWT 
protocol, subjects performed two sets of 10–12 repetitions 
using dumbbells (weight range 1–7 lbs). Between the sets, 
participants had to rest for about 1 minute. The lifts used for 
FWT sessions engaged similar muscle groups compared to 
the MT sessions. The weights for both groups were regularly 
increased to elicit a rating of perceived exertion equal to 12 
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(between light and somewhat hard) using the Borg Rate of 
Perceived Exertion scale (range 6–20).

Data analysis

Data were analyzed using a 2 × 2 analysis of co-variance to 
evaluate group (FWT vs MT) and time (T1 vs T2) differ-
ences controlled for age and gender. Within-group changes 
are expressed as pre–post-effect sizes (ES), which represents 
the difference between the follow-up and baseline mean val-
ues divided by SD of the given outcome variable [50]. Data 
were then evaluated using paired t tests to determine if sig-
nificant changes occurred in response to exercise. All results 
are presented as mean ± standard deviation, and data were 
considered significant when p ≤ 0.05.

Results

Demographic profiles and baseline differences 
of the participants

There were no significant differences in the demographic 
profiles of the participants who remained in the study and 
those who dropped out (all p > 0.05). The mean age of 
the 29 remaining participants was 84.1 ± 8.3 years (range 
61–95 years) with the majority of them being oldest-old 
adults (85+ years, 69.0%). The majority of participants was 
female (69.0%), and needs a minimum of 90 min of sup-
port daily in two areas of basic care (n = 11; level of care 1) 
or a minimum of three times daily assistance in basic care 
(n = 12; level of care 2). There were significant differences in 
age and height between both experimental groups (Table 1).

Feasibility

195 patients were assessed for eligibility, 84 (43.1%) were 
eligible, and 45 (53.6%) were recruited. 16 participants dis-
continued training during the study period (35.6%). Partici-
pants dropped out after several weeks for personal reasons, 
illness, medical visits, or hospital stays. In MT the loss to 
follow-up was 39.1%. In FWT, 31.8% were lost to follow-up 
(see also Fig. 1).

Intervention adherence

There were 24 sessions in each of the strength training 
regimes. On average, the participants (n = 29) attended 91.1 
and 83.9% in the FWT and MT groups, respectively (see also 
Fig. 1). No adverse effects in any of the training sessions 
were observed.

Physical performance

Mean changes in BMI and physical performance in the FWT 
and MT groups are shown in Table 2. There was only a 
significant difference for grip strength (left hand) at base-
line between FWT and MT. For those who completed the 
3-month study (n = 29), the trend of change was further 
analyzed. Results indicated that some of the functional fit-
ness indicators [30-s chair rise, F(1,25) = 5.09, p = 0.033, 
η2 = 0.169; Timed Up and Go Test, F(1,21) = 3.14, p = 0.091, 
η2 = 0.130] of both experimental group participants 
improved significantly. However, in almost all participants, 
substantial improvements in physical performance were evi-
dent (see Fig. 2). ES of Δ post–pre revealed higher values for 
MT in 10-m gait, stair climbing, and TUG, while the FWT 
revealed higher values for chair rise and grip strength, show-
ing that after different strength training regimes different 

Table 1   Baseline characteristics of participants and dropouts

M mean, SD standard deviation, n sample size

MT machine (n = 14) FWT free 
weights (n = 15)

Statistics p Experimental 
groups total (n = 29)

Dropouts (n = 16) Statistics p

Male (n) 6 3 0.245 9 3 0.491
Female (n) 8 12 20 13
Age (years) (M ± SD) 78.9 ± 9.11 89.0 ± 2.80 <0.001 84.1 ± 8.31 83.1 ± 7.61 0.699
Height (m) (M ± SD) 1.70 ± 0.09 1.62 ± 0.10 0.040 1.66 ± 0.10 1.61 ± 0.07 0.102
Weight (kg) (M ± SD) 72.3 ± 16.2 64.5 ± 12.3 0.153 68.3 ± 14.6 62.8 ± 12.3 0.209
BMI (M ± SD) 24.9 ± 4.11 24.8 ± 3.89 0.945 24.8 ± 3.92 24.2 ± 4.02 0.591
Level of care 0 (n) 3 2 0.459 5 2 0.235
Level of care 1 (n) 4 8 12 9
Level of care 2 (n) 6 5 11 2
Level of care 3 (n) 1 0 1 2



824	 Aging Clin Exp Res (2018) 30:819–828

1 3

aspects of physical performance improved. No significant 
effects for age or gender were observed.

Discussion

The purpose of the study was to determine the feasibility of 
a machine vs free weight training program and to perform an 
exploratory analysis concerning the effects of such programs 
on physical performance, and body composition in institu-
tionalized patients. Because this was a pilot study using a 
small sample size, the results should be considered prelimi-
nary and viewed with caution. Still, the current results could 
serve as a basis for future larger randomized clinical trials.

These individuals basically represent a potential target 
group for exercise programs with a focus on resistance 
training, but they are also very heterogeneous in terms of 
medical conditions, disabilities and treatments. Therefore, 
the study was realized in small groups which contributed 
to their feasibility. The feasibility was determined by the 
participation rate of the training sessions (>70%), the drop-
out rate (<35%), the absence of unrequested adverse effects 
as well as (people) following the training instructions. The 
recruitment rate of 53% and the drop-out rate of 35.6% can 
be compared with other studies. The average training partici-
pation of 88% can be rated quite highly. This quote is above 
the values of other studies [51] and is highly promising 
for further studies. Starting the training with low intensity 
and the progressive increase throughout the training period 
helped the participants to avoid unrequested adverse effects 
such as sore muscles, state of exhaustion or experience of 
failure. This approach prevents participant, especially nurs-
ing home residents with low sense of self-esteem and little 
external locus of control, from breaking off too soon [52]. 
Encouraging the participants and giving individual feedback 
helped to have high training participation. This approach 
takes plenty of time but with the support of volunteers and 
members of the family it would be possible to offer a regular 
and structured program.

Equivalent to previous studies of similar length, duration, 
and intensity [52–56] the participants of both training groups 
could, to some extent, achieve substantial performance 
increases. The strongest effect for both resistance train-
ing programs was seen on the 30-s Chair Rise Test and the 
Timed Up and Go Test. The MT group seemed to improve 
their performance more than the FWT group, which seems 
to be driven by the higher number of males and the younger 
age in this group; however, there were neither significant 
time × group interactions nor any significant influences of 
the covariates age and gender. Not surprisingly, participants 
with no need or minor need of care outperformed those who 
exhibit an extreme or constant need of care, especially on the 
mobility tasks [57]. Positive effects of both training regimes Ta
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even on the group with extreme or constant need were found. 
Although statistically insignificant, the trends in the individ-
ual data confirm the clinical importance of this pilot study.

These findings indicate that a loss of strength as one gets 
older is not only the result of the biological aging process, 
but, if one ignores illness and accidents, the specific con-
sequence of physical inactivity and/or sedentariness. It has 

been proven that increasing the muscle power of older adults 
results in a functional improvement and reduces the inci-
dence of disability [9]. There is evidence to suggest that 
strength can be trained up to a very high age and, there-
fore, the loss of autonomy can be delayed or even avoided 
all together. However, there is still a huge research deficit 
with regard to which training program (small devices or 

Fig. 2   Individual improvement of physical performance scores before and after training intervention for subjects who need no care/are in great 
need of care and subjects who need extreme/constant care by intervention group (MT/FWT)
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machines) is more effective for maintaining or improving 
day-to-day skills among untrained and trained elderly peo-
ple, and the impact of strength training on fine motor skills. 
It has been proven that the lower extremities of healthy 
elderly people profit particularly from free weight training 
[41]. In this study involving 32 healthy trained adults aged 
between 60 and 86, increases of 30–115% were achieved 
depending on the muscle group and training methods. 
To what extent this complex training form is feasible for 
elderly nursing home residents, who are mentally, cogni-
tively and physiologically weaker, has to our knowledge not 
been addressed so far. This is, however, important because 
any form of complexity, variation, changes in activity and 
environment are perceived as disruptive and are a source of 
stress, which could lead to a lack of acceptance of the activ-
ity, in this case the training.

Study limitations

There are, however, a number of limitations to be considered 
when interpreting the results. First, the restricted sample size 
limits us from producing clear-cut conclusions and prohibits 
us from generalizing the present findings to a larger popula-
tion. We concede that 45 participants assessed represented 
a recruitment rate of only 53.6% of the participants initially 
thought to be eligible for the study and only about 23.1% of 
the facility’s population. However, this rate of uptake is not 
uncommon in these kinds of studies [58]. Second, due to 
the lack of a control group, the possibility that other factors 
in addition to two resistance programs contributed to the 
improved physical performance cannot be ruled out. Third, 
the assessment of muscle power and muscle strength using 
machines was not considered in this study, although addi-
tional data suggest that muscle power is a strong determinant 
of physical performance and mobility skills in older adults 
[59]. Finally, no follow-up period was included in this pilot 
study. However, a follow-up with a control group should be 
incorporated in future studies to show that the progressive 
deterioration for seniors spending most of their time in a 
sedentary mode could be prevented.

Conclusions

Despite the limitations, both resistance training programs 
had high feasibility, compliance, and may be effective for 
preventing decline in the functional and cognitive status 
[60], and even improving physical performance of institu-
tionalized older adults. Future studies using larger samples, 
longer intervention periods, and follow-up assessments are 
needed to clarify the specific effectiveness of the training 
programs.
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