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Abstract

Background: Functional fitness is essential for the autonomous performance of activities of daily living. The functional fitness of
the elderly includes several components: strength, aerobic training, flexibility, balance, and body composition.

Objectives: To assess changes in the functional fitness of institutionalized elderly based on a Rehabilitation Nursing Program
using moderate-intensity physical activity.

Methodology: Pre-test/post-test design with control group. The intervention program included three 30-minute sessions per
week, for a period of 6 months. Functional fitness was assessed using the Functional Fitness Test (FFT) battery for older adults.
Fifteen participants were assigned to the intervention group (IG), and ten participants to the control group (CG).

Results: A significant increase (p<<0.05) of grip strength, arm curl strength, mobility, agility/dynamic balance, and one-leg
balance was observed in the IG (85.9 =+ 6.1 years). The CG (85.8 = 4.6 years) showed no significant changes in any of the

functional fitness components.

Conclusion: The results suggest an improvement of the functional fitness of the elderly in the IG.

Keywords: outcome assessment (health care); rehabilitation; physical fitness; aged

Resumo

Enquadramento: A aptidio funcional ¢ essencial a execucdo
autonoma das atividades de vida didria. A aptidao funcional em idosos
inclui varios componentes: forca; treino aerdbico; flexibilidade;
equilibrio e composi¢io corporal.

Objetivos: Avaliar mudangas na aptiddo funcional de idosos
institucionalizados através de um programa de enfermagem de
reabilitagdo baseado em exercicio fisico de moderada intensidade.
Metodologia: Desenho pré-teste/pos-teste com grupo de controlo.
O programa de intervencdo incluiu 3 sessoes semanais de 30 minutos
cada, durante 6 meses. A aptidao funcional foi avaliada pela bateria
de testes Functional Fitness Test (FFT) para idosos. O grupo de
intervengdo (GI) tinha 15 participantes e o grupo de controlo (GC)
10.

Resultados: No GI (859 = 6,1 anos) observimos um aumento
significativo (p<<0,05) da forca de preensio manual; forca de flexdo
do braco; mobilidade, agilidade/equilibrio dindmico e do equilibrio
unipodal. No GC (85,8 = 4,6 anos) ndo se registaram alteragoes
significativas em qualquer das componentes da aptiddo funcional.
Conclusio: Os resultados sugerem que os idosos do GI melhoraram
a sua aptidao funcional.

Palavras-chave: avaliagio de resultados (cuidados de
saude); reabilitacdo; aptidao fisica; idoso
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Resumen

Marco contextual: La aptitud funcional es fundamental para
ejecutar con autonomia las actividades de la vida diaria. La
aptitud funcional en ancianos incluye varios componentes:
fuerza, entrenamiento aerdbico, flexibilidad, equilibrio y
composicion corporal.

Objetivos: Evaluar los cambios en la aptitud funcional de
ancianos  institucionalizados mediante un programa de
enfermerfa de rehabilitacion basado en el ejercicio fisico de
intensidad moderada.

Metodologia: Diseno pretest/postest con un grupo de control.
El programa de intervencion incluyo tres sesiones semanales
de 30 minutos cada una durante 6 meses. La aptitud funcional
se evalud mediante la bateria de pruebas FFT (Functional
Fitness Test) para ancianos. El grupo de intervencién (GI)
tenta 15 participantes y el grupo de control (GC) 10.
Resultados: En el GI (85,9 = 6,1afi0s) se observo un aumento
significativo (p <0,05) de la fuerza de prension manual,
fuerza de flexion del brazo, movilidad, agilidad/equilibrio
dindmico y equilibrio unipodal. En el GC (85,8 = 4,6 anos) no
hubo cambios significativos en los componentes de la aptitud
funcional.

Conclusion: Los resultados sugieren que los ancianos del GI
mejoraron su aptitud funcional.

Palabras clave: evaluacion de resultado (atencion de salud);
rehabilitacion; aptitud fisica; anciano
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Introduction

The progressive aging of the Portuguese population
is a sociodemographic reality well-documented in
several studies (Carneiro, Soares, Fialho, & Sacadura,
2012). We have been witnessing an increase in life
expectancy, together with a significant increase in
the aging index and in the old-age dependency ratio.
The latter is a relevant health indicator and has grown
exponentially in Portugal, reaching one of the highest
rates of dependence in the European Union (Carneiro
etal, 2012).

The aging process brings about a series of changes
in the physiological systems that cause the person
to be less efficient in terms of functional capacity,
particularly bone and muscle mass decline, and
neurological and motor function impairment
(Elbaz et al., 2013; Rondanelli et al., 2014). Balance,
flexibility, muscle strength, and joint motion decrease
very quickly in institutionalized elderly without any
physical activity or active aging programs (Preto,
Santos, Mendes, Novo, & Pimentel, 2015).

Several studies have emphasized that maximal oxygen
uptake (VO, ) declines with age and that activities of
daily living (ADLs) demand an increasing percentage
of VO, in advancing age, which may contribute
to understanding the functional impairment of the
elderly (Rydwik, Frindin, & Akner, 2004).

The main objective of our research was to assess the
effectiveness of a Rehabilitation Nursing Program
(RNP) using moderate-intensity physical activity on
the functional fitness of institutionalized elderly. Our
specific goals were to assess the participants, before
and after the intervention program, regarding the
following variables: grip strength, pinch strength,
upper limb global strength, upper body flexibility,
trunk flexibility, mobility/global agility and dynamic
balance, one-leg balance, and lower limb strength,
as well as to compare the results obtained in the
different groups (intervention and control).

Background

The decline in physical abilities with age often
represents the early stage of a process which,
associated with  sedentarism, institutionalization
or comorbidities, leads to dependence and other
adverse health outcomes (Vieira et al., 2013).
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According to Rikli and Jones (2008), functional fitness
is the physical ability to perform normal everyday
activities safely, independently and without undue
fatigue. The concept of physical fitness, or functional
fitness, includes multiple perspectives, from sports
performance to aspects related to an individual’s
health, function and quality of life. Among the elderly,
health-related functional fitness values components
associated with the prevention of diseases and falls
or the frailty syndrome, such as cardiorespiratory
endurance, muscle strength and endurance,
flexibility, and body composition (Caspersen, Powell,
& Christenson, 1985). The role played by the above
mentioned variables in the functional independence
and quality of life of the elderly is becoming widely
accepted (Chou, Hwang, & Wu, 2012; Vermeulen,
Neyens, Rossum, Spreeuwenberg, & Witte, 2011).
For example, maintaining muscle strength is essential
to achieve a secure gait and perform several activities
of daily living, such as carrying objects, sitting and
standing, climbing stairs. According to Souza, Benedetti,
Borges, Mazo, and Gongalves (2011), muscle strength
is the physical ability more closely associated with
independence. In addition to muscle strength, other
functional fitness variables, such as balance, agility
and joint flexibility, have been associated with the
functional performance of the elderly. The participation
in intervention programs using active and resistance
exercises can increase functional performance, and
contribute to improve quality of life and fall prevention
within this age group (Chou et al.,, 2012; El-Khoury,
Cassou, Charles, & Dargent-Molina, 2013).

Based on the results from the pre- and post-
intervention assessments, we will be able to
understand the changes occurred within the factors,
and plan new training programs. However, according
to Chavez-Pantoja, Lopez-Mendoza, and Mayta-Tristin
(2014), most institutions have no specific programs
for the elderly due to lack of resources, or when
they do have such programs, these interventions
are designed to keeping them active, rather than
improving their physical abilities.

Hypotheses
We formulated the following hypotheses:

H1 — Grip strength, pinch strength, and dominant
upper limb global strength of institutionalized elderly

Effects of a rehabilitation nursing program
on the functional fitness of institutionalized elderly



increase with the implementation of a 6-month RNP;
H2 — Upper limb flexibility and trunk flexibility
of institutionalized elderly increase with the
implementation of a 6-month RNP;

H3 — Mobility/global agility and dynamic balance
of Of institutionalized elderly increase with the
implementation of a 6-month RNP;

H4 — One-leg balance of the dominant lower limb
of institutionalized elderly improves with the
implementation of a 6-month RNP;

H5 - Lower limb strength increases of institutionalized
elderly with the implementation of a 6-month RNP;
H6 — The values relating to the body composition
of of institutionalized elderly change with the
implementation of a 6-month RNP.

Methodology

To achieve the study objectives, an intervention
study with a pre-test-post-test design with control

group was carried out at the Nursing Home of the
Santa Casa de Misericordia de Braganga, Portugal, for
a period of 6 months, from October 2013 to March
2014. The inclusion criteria were as follows: 65 years
old or more, able to understand instructions and
imitate simple movements, able to walk at least 10
meters (without gait assistance), and able to maintain
balance while standing for at least 30 seconds. Older
people with unstable medical conditions, who had
been hospitalized in the three previous months,
and suffered from neuropsychiatric disorders and
cognitive impairment (assessed through the Mini-
-Mental State Examination, setting 24 as the cut-off
point) were excluded from the study.

Thus, as according to the flowchart in Figure 1, 30
elderly people met the criteria to participate in the
study, five of which were unwilling or unavailable
to participate. The remaining 25 participants were
randomly assigned through a lottery method to the
intervention group (7=15) and the control group
(n=10).

Elderly (n=178)

study
(n=30

Included in the

Excluded from the
) study (n=148)

l

Unavailab
participate

le to
(n=5)

Random sel
through the
method (n

ection
lottery
=25)

Intervention group l

(n=15)

Control group
(n=10)

Figure 1. Flowchart of the procedures to form the

intervention group.

Sociodemographic data were collected at the
beginning of the field work. The variables related to
functional fitness were assessed before and after the
6-month RNP. The following variables were assessed:
grip strength, pinch strength, upper limb global
strength, upper body flexibility, trunk flexibility,
mobility/global agility, one-leg balance, lower limb
strength, and body composition.

LEONEL SAO ROMAO PRETO et al.

Pinch strength was assessed through the tip-to-tip
prehension method between index finger and
thumb of the dominant hand, and using a specific
digital dynamometer. Grip strength was assessed
in the dominant hand, using a universal hydraulic
dynamometer and following the protocol recommen-
ded by American Society of Hand Therapists (ASHT).
The best result of three trials was used.
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Dominant upper limb global strength was assessed
through the arm-curl test using a dumbbell,
counting the number of repetitions during the
timed 30-second interval. Upper body flexibility
was assessed through the back-scratch test, which
consists in touching both hands together behind the
back. Trunk flexibility was assessed through the chair
sit-and-reach test, in which the participant sits on a
chair and, with both arms extended, tries to reach
the toes. Mobility, global agility and dynamic balance
were assessed through the up-and-go test, which
consists in determining the time required to stand
up from a chair, walk 2.44 meters to and around an
obstacle, and return to the seated position. Lower
limb strength was assessed through the 30-second
chair stand, which involves counting the number of
times that the participant can fully stand from a chair
and return to the seated position within 30 seconds.
Static balance was assessed through the one-leg
balance test, used to determine the length of time
a person can stand on the dominant lower limb with
eyes closed.

The tests described above are part of the Functional
Fitness Test (FFT) battery designed by Rikli and Jones
(1999). This test battery is widely used in clinical
practice and research, has consistent reliability and
validity, is easily applied, has normative scores per age
group, and allows for the comparison of results (Lobo
& Pereira, 2007).

Body  composition was analyzed  through
bioimpedance measurements of body segments,
extracting data on weight, muscle mass and
bone mass. Height was measured using a regular
stadiometer with the purpose of calculating the Body
Mass Index (BMI).

The assessments and the intervention were carried out
by clinical nurse specialists in rehabilitation nursing,
who discussed protocols and standardized procedures
prior to field work. Table 1 describes the intervention
program, which was carried out three times per week
(Mondays, Wednesdays, and Fridays). The RNP design
took into account the existing scientific evidence and
the components included in similar studies (Crocker
etal,, 2013; Bastone & Filho, 2004).

Table 1
RNP components
Objectives Exercises Duration'
General warm-up and activation Active exercises 2
Fingers Active resistance exercises using springs 5
Upper limbs Hand Isometric exercises using balls 5
Arm Active resistance exercises using dumbbells 5
Global muscle strength and endurance Active and active resistance exercises using a stationary bike.? 5’
Balance Bend the 1.6g 15 times, using a chair as support. Walk along a 5
line. Walk in place. Walk around cones.
Upper and lower limb flexibility. Cool down Stretching 3

Notes: "Minutes; *Without initial weight, weights were later increased depending on tolerance.

Regarding ethical procedures, we elaborated a study
protocol which was submitted to and approved by
the Director of the Santa Casa de Misericordia de
Braganca. We explained the study objectives to the
participants, who signed the informed consent form.
Control group participants were invited to attend
a session on health education, focusing on issues
related to active aging and healthy lifestyles. As
regards data collection and treatment, we followed
the classical procedures of descriptive and inferential
statistics. The mean scores obtained at the initial and
final assessments were compared using the non-
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-parametric Wilcoxon test. The level of significant of
the statistical tests was set at p<<0.05.

Results

Table 2 shows the results obtained for the
sociodemographic variables in each group. The mean
age of both groups was very similar: 85.9 years in the
intervention group (IG), and 85.8 years in the control
group (CG). Women were predominant in both
groups.

Effects of a rehabilitation nursing program
on the functional fitness of institutionalized elderly



Table 2

Distribution of the participants by sociodemographic variables

Intervention group Control group
(n=15) (n=10)

Age (mean = SD) 859 = 6.1 858 = 4.6
Gender, 7 (%)

Female 10 (66.7%) 7 (70.0%)

Male 5(33.3%) 3(30.0%)
Marital status, 72 (%)

Single 1(6.7%) 2(20.0%)

Married/Cohabiting 0(0.0%) 2(20.0%)

Widowed 14 (93.3%) 6 (60.0%)

Note: SD = Standard Deviation

Table 3 presents the mean scores and standard
deviations in the functional fitness variables for the
CG and the IG at the beginning and end of the study.
In relation to muscle strength, we observed significant
gains (p=0.045) in grip strength within the IG. The
elderly in the IG improved their dominant upper
limb strength, as assessed by the number of arm
curls using dumbbells (p=0.008). We also observed
increases in lower limb strength in the IG, reflected in

Table 3

the significant increase of the values obtained in the
30-second chair stand (p=0.003).

With regard to mobility, global agility and dynamic
balance, we observed that, at the beginning of the
program, the IG participants needed, on average,
17.1 seconds to complete the up-and-go test, and an
average of 12.7 seconds to complete it at the end of
the intervention (p=0.003). We also observed that
the IG improved the one-leg balance (p=0.004).

Results obtained in the functional fitness variables before and after the program

Initial assessment Final assessment Mean
(mean = SD) (mean = SD) difference P
'Pinch strength® (CG) 42=%20 39+ 106 0.3 0.480
'Pinch strength® (IG) 58+ 17 6.1 =22 0.3 0.366
'Grip strength? (CG) 13787 127£9.0 1.0 0.380
'Grip strength® (IG) 159 %59 185+ 65 2.6 0.045
2Arm curl with dumbbels” (CG) 12042 147 £ 64 2.7 0.072
“Arm curl with dumbbels” (IG) 127 £ 46 169 =75 4.2 0.008
IBack scratch (CG) 279+ 124 268 +10.3 -1.1 0.372
9Back scratch (IG) 313 + 147 258 =176 5.5 0.086
3Chair sit-and-reach (CG) -13.9 £ 142 155+ 150 1.6 0.343
3Chair sit-and-reach (IG) -15.5 = 169 113 = 144 4.2 0.283
Up-and-go (CG) 20.7 =88 216 = 12.6 -0.9 0.386
Up-and-go (IG) 171+ 68 12749 4.4 0.003
230-second chair stand (CG) 83 %50 104 *+ 63 2.1 0.172
“30-second chair stand (IG) 94 +32 127 £43 3.3 0.003
‘One-leg balance® (CG) 09+13 12+18 03 0.581
“‘One-leg balance* (IG) 15+25 27%+39 -1.2 0.004

Notes: p = Significance of the non-parametric Wilcoxon test.

"Assessed in kilogram-force (Kgf); Number of repetitions in 30 seconds; *Distance measured in centimeters; ‘In seconds.

“Assessed in the dominant hand; "Assessed in the dominant lower limb; ‘Standing on the dominant lower limb.

The Intervention program caused no significant
changes in weight or in other anthropometric
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variables (Table 4).
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Table 4
Anthropometric measurements before and after the program

Initial assessment Final assessment Mean difference »
(mean £ SD) (mean x SD)
Control Group
Weight 64.6 =77 645+78 0.1 0.499
Height 1501 15+01 0.0 0.083
BMI 27.6 =317 274+30 0.2 0.260
Intervention Group
Weight 713 = 11.6 70.8 £ 12,5 0.5 0.910
Height 15%01 15+£01 0.0 0.091
BMI 30.6 = 4.1 30.1 = 4.1 0 0.691

According to Table 5, either group showed no  far mass percentage, the IG showed a reduction of the

significant changes regarding bone mass and muscle  fat percentage in the right upper limb (p=0.041) and
mass between the initial and final assessments. As for — |eft (p=0.035).

Table 5
Values of body composition before and after the program

Initial assessment Final assessment Mean
(mean = SD) (mean = SD) difference p
Control Group
% RUL Fat 32294 305 = 7.7 17 0.214
% LUL Fat 298 =77 285 8.1 13 0.110
9% RLL Fat 36.1 9.1 35.2 = 84 0.9 0.161
9% LLL Fat 36.7 %93 357 £81 1.0 0.214
Bone mass (kg) 22%03 22%+03 0.0 0.058
Total muscle mass (kg) 383 = 4.8 39.5+53 -1.2 0.123
Muscle mass RUL (kg) 2104 21%+04 0.0 0.096
Muscle mass LUL (kg) 21=x03 2204 0.1 0.262
Muscle mass RLL (Kg) 65=10 6810 03 0.091
Muscle mass LLL (Kg) 6.6 £09 6.7+10 0.1 0.083
Intervention Group
% RUL Fat 355+ 89 33.0+73 25 0.041
% LUL Fat 347 =88 326 =7.6 2.1 0.035
% RLL Fat 30.1 =119 35.5 = 10.2 0.6 0.629
% LLL Fat 36.0 = 10.6 348 =85 1.2 0334
Bone mass (kg) 2305 24%05 0.1 0.150
Total muscle mass (kg) 447+93 444+93 03 0.572
Muscle mass RUL (kg) 24+05 24*05 0.0 0.400
Muscle mass LUL (kg) 2406 2305 0.1 0.926
Muscle mass RLL (Kg) 74=%15 74=*16 0.0 0.753
Muscle mass LLL (Kg) 74+ 17 75+ 1.4 0.1 0.539

Notes: RUL = Right Upper Limb; LUL = Left Upper Limb; RLL = Light Lower Limb; LLL = Left Lower Limb; kg = Kilogram
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Discussion

The first indicator for the discussion of results is
the high age mean of the participants in our study,
which was 86 years both in the IG and the CG. In a
systematic review conducted by Crocker et al. (2013),
the most frequent age mean observed in the studies
was 83 years, being that 13 of the 36 reviewed studies
included people aged 100 years and over. Thus, age
alone is not a contraindication for regular physical
activity or participation in appropriate intervention
programs using mild-moderate intensity exercises
(Crocker et al., 2013; Rydwik et al., 2004).

In accordance with our study objectives, and
considering the first research hypothesis, we intended
to check whether the RNP increased pinch strength,
grip strength, and upper limb global strength. As for
pinch strength (which is very important for the daily
tasks of older people, such as turning a key, buttoning
a shirt or holding a coin), there were no significant
changes resulting from the intervention program.
Regarding grip strength and arm curl strength, we
observed a significant increase at the final assessment.
According to Rydwik et al. (2004), there is strong
evidence for the benefits of physical training on muscle
strength among the elderly. The increase identified in
grip and pinch strength and in the dominant upper
limb global strength may have translated into an
improvement of the functional ability of the elderly
in the IG, considering that, according to Vermeulen
et al. (2011), these variables are good indicators of
functional independence. Souza et al. (2011) believe
that muscle strength is the physical ability that is more
closely associated with independence.

Upper body flexibility and trunk flexibility, which are
relevant variables for the second research hypothesis,
presented no significant changes resulting from the
RNP, which is in line with other studies (Rydwik et
al.,, 2004). According to Justine, Hamid, Mohan, and
Jagannathan (2012), improved flexibility is not as
visible as improved muscle strength in most studies.
For intervention programs, the authors recommend
longer holding times during stretching in order to
achieve higher gains in flexibility (Justine et al., 2012).
The performance in the up-and-go test improved
significantly among the elderly from the IG. Our
results are in line with previously published studies
(Hanson et al., 2009; Justine et al., 2012). The up-and-
-go test, by assessing the mobility and agility necessary

LEONEL SAO ROMAO PRETO et al.

61

to gait speed, and the dynamic balance necessary for
walking, rounding an obstacle, and returning to the
initial position, is a test frequently used to identify
individuals at risk of falling. Times higher than 13.5
seconds for completing the test have been considered
as an early indicator of frailty and risk of falling among
the elderly (Barry, Galvin, Keogh, Horgan, & Fahey,
2014). Thus, the IG participants, who had completed
the testin 17.1 = 6.8 seconds in the initial assessment,
completed it in 12.7 = 4.9 seconds at the end of the
RNP, i.e. below the recommended cut-off value for
risk of falling. We consider that these results point to
important health gains for the who participate in the
RNP.

One-leg balance while standing on the dominant lower
limb showed a statistically significant improvement
in the IG. This fact can be explained by a significant
increase in the lower limb strength among this group.
In fact, lower-limb muscle power, particularly the
isometric knee extensors strength plays, together
with proprioception and reaction time, an important
role in the static balance of the elderly (Bastone &
Filho, 2004; Justine et al., 2012).

In relation to body composition, the results do not
confirm H6 in full and the only relevant change was
the reduction of the fat percentage in the left and right
upper limbs in the IG participants. This means that the
increase in muscle strength, across the different body
segments, observed in the IG was not accompanied
by an increase in muscle mass. This finding may be
explained by the RNP components, described in Table
1, and the preferred type of exercise (of moderate
intensity).

One of the study limitations relates to the difficulty
in obtaining a more representative sample, which is
partially explained by the high number of older people
excluded from the study due to balance deficits and/
or gait changes. Additionally, this research did not
focus on the impact of the program on some relevant
psychosocial variables, such as mood and health-
-related quality of life.

Conclusion

Most of the studies available on the effectiveness
of intervention programs using physical exercise
to increase strength, balance and flexibility are
community-based, and show some limitations
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when applied to institutionalized elderly (Justine et
al., 2012). Our study can, therefore, contribute to
extending the knowledge on the researched issue.
The results from this study may be integrated into
clinical practice, or serve as a starting point for further
studies.

The implemented RNP included all components of
the functional fitness of the elderly: strength, aerobic
training, flexibility, balance, and body composition.
These components were assessed with widely used
instruments, and the intervention was carried out
using cost-effective equipment and following the
protocols applied in several studies. Although these
results should be carefully interpreted, they suggest
that an intervention program using moderate-
intensity physical activity, in three weekly 30-minute
sessions, for a period of 6 months, can improve the
functional fitness and reduce the risk of falling among
institutionalized elderly.
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