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Introduction
The aging-related implications, such as decreased 

skeletal muscle thickness, are often accompanied by 
reduced muscle strength and functionality [1,2]. These 
muscular and functional changes are associated with a 
reduction in quality of life and an increased risk of falls 
among the elderly population [3]. This growth is a major 
health concern because it generates a growing socio-
economic burden due to the increase of injury, disabili-
ty and mortality rates [4].

Studies have already demonstrated a strong rela-
tionship between the strength of the muscles of the 
lower limbs and the maintenance of postural stability 
in the elderly people [5,6]. Differently, less evidence 
is available about the importance of the muscles that 
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Abstract
Background: The trunk muscles have an important role in 
the stabilization of the trunk in the elderly, however it is not 
known how much they can influence in the functional perfor-
mance of this specific population.

Objective: To verify the influence of strength and endur-
ance on the trunk muscles on functional performance in el-
derly women.

Methods: There were 45 elderly women in the study. The 
maximum strength and endurance of the trunk and the 
functional performance were evaluated through the stable 
wooden seat, McGill protocol, Senior Fitness Test battery 
and the deadlift. For statistical purposes, a multiple regres-
sion model was used. The trunk strength and endurance 
were used as independent variables and functional perfor-
mance as a dependent variable.

Results: There was a participation of trunk extensor mus-
cles endurance from 17.9 to 24.4% in functional perfor-
mance in the elderly. The maximum strength of these mus-
cles did not influence the performance.

Conclusion: Strength and endurance have a significant in-
fluence on the trunk muscles on the measures of functional 
performance in elderly women.
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mance in the elderly women.

Participants
There were 45 trained and without impediment 

elderly women recruited through digital media, post-
ers, and pamphlets to participate in the evaluations. 
(1) Women over 60-year-old; (2) Absence of limiting 
back pain in the last year; (3) Absence of cardiac in-
stability that could interfere during the test; (4) Abili-
ty to walk without an aid device; (5) Speak and under-
stand the Portuguese language was included in the 
study. The absence for one of the evaluation sessions 
was established as exclusion criteria for the study.

Before the evaluation session, all the elderly wom-
en were instructed to read the informed consent form 
and those who agreed to participate signed the form 
before starting the study. This study was submitted to 
the Ethics Committee in Research with Human Beings 
of the University in accordance with the principles of 
the Helsinki Declaration (1964) and approved under the 
number 060568/2017. All the participants lived at their 
home, used the public health system and carried out 
common activities such as walking and domestic activi-
ties, independently. They underwent a medical consul-
tation and physical evaluation to prove their suitability 
for the tests.

Procedures
The tests were performed in the same place and 

time, administered in the same order and supervised 
by the same researchers. Before the tests, the resear-
chers adjusted the devices and instructed the parti-
cipants about their body positioning. All participants 
wore sportswear and were instructed to give the ma-
ximum effort during the tests, motivated by clapping 
and phrases.

Initially, the elderly answered to an anamnesis with 
questions regarding sociodemographic aspects: age, 
gender, and address; health aspects: presence or ab-
sence of musculoskeletal diseases (lumbar spine); and 
use of medicines. To characterize the sample, body 
mass and height measurements were performed using 
an anthropometric scale (Welmy, R-110, São Paulo, Bra-
zil).

Evaluation of the maximum strength of the trunk 
muscles

A stable wooden seat with adjustable support for 
hip and lower limbs was constructed according to the 
height of each individual to evaluate the maximum 
strength of the trunk muscles, isolating only the trunk 
muscles at the time of the test [14]. To normalize the 
height of the volunteers to the device, the seat was 
adjusted so the participants had their arms crossed in 
front of the thorax; slightly anterior slope of the pel-
vis to avoid compensatory activation of lower limbs; 
and the legs secured to the seat by a Velcro strap [7]. 

stabilize the trunk and its relation with the move-
ment of the extremities during the accomplishment 
of functional tasks [7]. Therefore, recent research 
has investigated the changes related to trunk mus-
culature in the elderly people and their association 
with better performance during Activities of Daily 
Life (ADLs) and prevention of falls [3,8,9].

Muscle strength is an important physical ability eval-
uating the health status of an individual [10]. Trunk 
strength is associated with the production and trans-
ference of strength between the upper and lower limbs 
during the execution of complex multi-articular move-
ments; besides reducing mechanical stress in the spine 
[7,11,12]. This can be considered very important for the 
elderly, as it would contribute to improve the ability to 
generate strength with lower limbs [13]. Regarding the 
changes in trunk muscle thickness over the years, re-
ductions 26-48% of thickness were observed in the el-
derly ≥ 75-years-old, when compared to young people 
between 30-50 years-old [2]. Hicks, et al. [11] also re-
vealed associations between increased fat infiltration in 
the trunk muscles and reduced functional capacity and 
balance in the elderly over 70-years-old.

According to the systematic review of Granacher, 
et al. [9] they identified associations between trunk 
muscle strength/increased fat infiltration and bal-
ance, as well as functional capacity and risk of falls in 
older adults. However, a high level of heterogeneity 
was observed in the results of the studies due to the 
presence of different methodological designs used, 
and these authors recommended an additional eval-
uation to observe the influence of the strength of the 
trunk muscles and functional capacity of the trunk in 
adults older [9].

Thus, given the importance of the trunk muscles for 
functional performance, the scarcity in the literature re-
garding the subject and the absence of a specific and 
sensitive functional evaluation for this purpose in this 
population, the primary objective of this study was to 
verify the influence of the strength and endurance in 
the trunk muscles on functional performance in the el-
derly women over 60-years-old. We hypothesize that 
the strength and endurance of these muscles will be 
positively associated with functional capacity in the el-
derly women.

Materials and Methods

Study design
This is a cross-sectional study of a session assessing 

the maximum strength and endurance of the trunk mus-
cles in the elderly women and functional performance. 
For this physical evaluation, a stable wooden seat was 
used to measure maximum isometric strength. Also, 
two tests of the McGill protocol for the endurance of 
these muscle groups, and three Senior Battery Fitness 
tests were performed to evaluate functional perfor-
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the seated position with their backs resting on a wood-
en wedge and angle at 60° from the ground. Both knees 
and hips were flexed 90°, arms crossed in front of the 
chest, hands on opposite shoulder and feet fixed. They 
were instructed to maintain the initial posture, while 
the wooden wedge was removed 10 cm in the posterior 
direction. The end of the test was determined when the 
upper trunk was unable to maintain the angle of 60°.

During the measurement of the endurance of the 
trunk extensors, participants were instructed to a posi-
tion with the upper trunk over the edge of the litter at 
the height of the anterior superior iliac crest and with 
crossed arms in front of the chest. The pelvis, knees, 
and hip were fixed through three Velcro straps to keep 
the area assessed safe. For the beginning of the test, the 
command was given to maintain the horizontal position 
of the trunk as long as possible. The test was finished 
when the participant could no longer maintain the initial 
position [16].

Functional performance
The functional performance related to daily ac-

tivities was evaluated through three tests of the Se-
nior Battery Fitness test proposed by Rikli & Jones 
[17], considering tests that evaluate the physiologi-
cal capacity to perform normal daily activities inde-
pendently.

a) Standing up and walking: It evaluates agility and 
dynamic balance. It began with the participant sitting in 
a chair, hands on her thighs and feet on the floor. At the 
evaluator’s signal, the participant was standing up and 
walking as fast as possible, without running, skirting a 
cone at a distance of 2.44 m, returning to the starting 
position. The shortest time was recorded after two at-
tempts.

b) Sitting and standing up: It aims to evaluate the 

From this position, the muscle strength of the trunk 
extensors and flexors were measured through a digi-
tal load cell (Ktoyo, 333 A, Hown Dong, South Korea), 
connected to the Muscle Lab system (Ergotest Inno-
vation, Porsgrunn, Norway) which provides a value 
in Newton (N), and the Strength Development Rate 
(SDR) in N/s.

In the evaluation of the trunk extensors, the parti-
cipants were positioned with the trunk at 0° of flexion 
(Figure 1A). The load cell was attached to the wall by an 
adjustable tensioner and connected to the individual by 
a Velcro strap at the level of the xiphoid process. From 
this positioning, a maximal isometric contraction in the 
trunk extension was requested. For the evaluation of 
the trunk flexors, the load cell was fixed to the wall be-
hind the evaluated one, with the strap below the height 
of the scapula; and a maximal isometric contraction was 
requested in trunk flexion (Figure 1B).

For the measurement of strength in both muscles, 
the participants initially performed a maximal repetition 
to be familiarized with the test, followed by three maxi-
mum attempts, which lasted five seconds. Among them, 
the highest value was used for analysis purposes. The 
recovery intervals between maximal repetitions were 
15 seconds and in all the attempts, both evaluators 
had the following verbal commands: “Prepare” (for the 
positioning of the individual); “Go, Strength, Strength, 
Strength, Relax” (for the test) [15].

The endurance of the trunk muscles
A timer (Technos, YP2151/8P, Rio de Janeiro, Brazil) 

was used to measure the maximum time the partici-
pants were able to maintain in each isometric position. 
Five minutes of recovery interval was established be-
tween each test [16]. For endurance assessment of the 
trunk flexors, participants were instructed to remain in 

     

  A B

Figure 1: (A) Side view during trunk extension; (B) Side view during trunk flexion.
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deviation. The data distribution was tested by the 
Kolmogorov-Smirnov test. The trunk strength and en-
durance relationship with the functional performance 
tests were verified by linear regression models. The 
models were separated according to the indepen-
dent variable category (strength and endurance) and 
flexor and extensor information were inserted simul-
taneously into the multiple and univariate models. 
Functional performance tests were used as depen-
dent variables. The level of significance was set at 5%. 
Statistical program SPSS 20.0 (SPSS Inc., Chicago, IL, 
USA) was used for all analyses.

Results
Forty-five trained and untrained elderly women 

participated in the study, with anthropometric char-
acteristics: age 65.2 ± 4.1 years, stature 154.3 ± 4.6 m 
and body weight 68.2 ± 10.6 kg. The strength and en-
durance variables of the trunk muscles and the func-
tional performance are described in Table 1. 

The multivariate regression using the stepwise type 
excluded the independent variables that did not influ-
ence the final model. Thus, in Table 2 and Table 3, the 
values of R², its p-value and the individual beta (β) are 
presented.

A significant result was demonstrated by a greater 
influence of trunk extensor endurance on the function-
al performance of active elderly women in all variables 
analyzed (sit and lift: p < 0.001, lift and walk: p < 0.001; < 
0.004), with the exception of the deadlift (p < 0.788). Re-
garding maximum strength, only trunk flexors strength 
influenced the trunk posterior chain extension capacity, 
which was assessed by the deadlift (p < 0.001) Table 4.

Discussion
Previous studies report that there is a production 

of the trunk muscles strength associated with the 
transfer of the strength between the upper and lower 
limbs during the execution of complex multi-articular 

strength of the lower limbs. It started with the partici-
pant sitting on the chair and with her feet on the floor. 
Before beginning the test, the participant performed 
three repetitions to be familiarized with the task and 
then performed as many repetitions as possible for a 
period of 30 seconds.

c) Six-minute walking test: It evaluates cardiorespi-
ratory endurance. The participant walked as fast as pos-
sible on a rectangular course (45.72 m and demarcated 
by cones every 4.57 m) for a period of 6 minutes to go 
as far as possible.

The lumbar dynamometer (Sammons Preston Ro-
lyan, Jamar Dynamometer, hydraulic hand, Canada) 
was used to evaluate the maximum strength of the 
posterior trunk chain. Regarding the positioning 
of the test, participants were placed on a platform 
(standardized length), knees flexed at 100° and hips 
slightly flexed. They were asked to perform maximum 
trunk extension strength with a gradual and constant 
movement, where there were two attempts and the 
highest value was considered [18].

Statistical analysis
Descriptive statistics were performed for the pre-

sentation of the data through the mean and standard 

Table 1: Descriptive values of the strength and endurance 
variables of the trunk and functional performance of the elderly 
women.

Variables Mean and SD
Maximal flexor strength (N) 234.61 ± 66.47

Maximal extensor strenght (N) 260.86 ± 76.02

Endurance of the flexor (s) 71.53 ± 66.01

Endurance of the extensor (s) 101.93 ± 56.27

Deadlift (kg/f) 50.66 ± 12.73

Sitting and standing up (repetições) 17.06 ± 4.4

Standing up and walking (s) 4.65 ± 0.53

Walking for 6 minutes (m) 544.80 ± 58.88

Table 2: Multivariate analysis of the influence of maximal strength of the trunk muscles on the functional performance variables 
in the elderly women.

Variables R² Beta (β) p-value

Deadlift (kg/f) 0.275

< 0.001*Maximal flexor strength (N) 0.524

Sitting and standing up (rep) 0.014

0.745

Maximal flexor strength (N) -0.130

Maximal extensor strenght (N) 0.145

Standing up and walking (s) 0.033

0.498Maximal flexor strength (N) -0.111

Maximal extensor strenght (N) -0.088

Walking for 6 minutes (m) 0.010

0.813Maximal flexor strength (N) 0.113

Maximal extensor strenght (N) -0.120
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bi, et al. [19] observed small to moderate influence be-
tween maximal trunk muscle strength and measures of 
functional performance in the elderly people. However, 
it was a population that included men and women with 
a mean age of 70-years-old, which differs from our study 
[19]. By associating isometric strength and deadlift, 
there was a greater influence of the trunk flexor muscles 
than expected for this test, since, during its execution, 
there is a greater participation of the maximum strength 
of the extensor muscles of the trunk [18]. However, it 
could be explained due to the high requirement of the 
extensor muscles of the trunk during the deadlift, which 
could generate a co-activation of the trunk flexor mus-
cles as a protective mechanism for the spine, activating 
deep trunk muscles, responsible for stabilization and 
maintenance of intra-abdominal pressure [20]. 

Multivariate analyses revealed a significant rela-
tionship between the endurance of the trunk exten-
sor muscles and three functional performance tests 
(sitting and standing up, standing up and walking and 
walking for 6 minutes), except for the deadlift. Thus, it 
seems that the endurance of the extensor muscles of 
the trunk influences more on measures of functional 
performance. Suri, et al. [21] demonstrated that en-
durance in trunk extension was moderately correlated 
with the Berg balance scale (r = 0.41, p < 0.05). The 
same authors suggested that a one-second increase 
in resistance to trunk extension was associated with 
a 4% increase in the probability of significant changes 
in the Berg balance scale, which acts positively in re-
ducing falls in the elderly population [21]. Also, McGill, 
et al. [16] also emphasized the relative importance of 
endurance of the trunk muscles, which is consistent 

movements [7,12]. However, this relationship is not 
yet well established in the literature, that is, it is un-
certain, and a parameter of the trunk muscles actual-
ly influences more on functional performance in the 
elderly women. According to the data obtained in this 
study, it was observed that it is interesting that the 
endurance of the extensor muscles of the trunk influ-
ence more on the functional performance than the 
endurance of the flexors and the maximum strength. 
The findings of this study are aligned with our hypoth-
eses, although the relationship between the peak 
strength and the performance measures was not as 
consistent as the relationship between endurance 
and functional performance.

The multivariate analyses between the maximum 
strength and the four measures performance re-
vealed that only the deadlift obtained a significant 
relationship. It seems that isometric strength has not 
influenced the measures of functional ability, believ-
ing that the maximum strength of the trunk muscles is 
not necessary to perform simple tasks such as sitting 
and standing up, standing up and walking and walking 
for 6 minutes. Confirming our findings, a systemat-
ic review of Granacher, et al. [9] have observed that 
the associations between the standing up and walk-
ing tests and the Berg balance scale with maximum 
trunk strength is unclear and this is partly because 
the standing up and walking test requires multiple 
dimensions equilibrium and mobility, while the Berg 
balance scale comprises a series of static tasks that 
may be more related to trunk stability [9].

In contrast, in a multivariate analysis, Shahtahmasse-

Table 3: Multivariate analysis of the endurance influence of the trunk muscles on the functional performance variables in the 
elderly women.

Variables R² Beta (β) p-value
Deadlift (kg/f) 0.012

0.778Endurance of the flexor (s) -0.067

Endurance of the extensor (s) 0.140

Sitting and standing up (rep) 0.244

0.001*Endurance of the extensor (s) 0.494

Standing up and walking (s) 0.234

0.001*Endurance of the extensor (s) - 0.484

Walking for 6 minutes (m) 0.176

0.004*Endurance of the extensor (s) 0.420

Table 4: Univariate (R²) analysis of endurance influence and trunk muscle strength on the functional performance variables in the 
elderly women.

Dependent variables Maximal flexor 
strength (N)

Maximal extensor 
strength (N)

Endurance of the 
flexor (s)

Endurance of the 
extensor (s)

Deadlift (Kg/f) 0.275 0.127 0.001 0.009

Sitting and standing up (rep) 0.001 0.004 0.180 0.244

Standing up and walking (s) 0.028 0.025 0.061 0.234

Walking for 6 minutes (m) 0.001 0.002 0.098 0.176
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durance of the trunk muscles through specific inter-
ventions, perhaps contributing to an improvement in 
the functional performance of this population, with 
consequent reduction of falls and prevention of asso-
ciated injuries in the lumbar region.

To our knowledge, this is the first study that ana-
lyzed the influence of endurance and trunk strength 
on variables that reflect functional activities of the 
elderly, such as removing a weight from the ground, 
stand up and walk, sit and stand up from a seat and 
take a walk. Thus, our results indicate that the maxi-
mum strength of the trunk will exert a greater partic-
ipation in functional movements that require more of 
this variable, as is the case of performing maximum 
force to lift a weight from the ground, performing a 
triple extension of hip, knee and ankle. Otherwise, the 
trunk endurance will participate in functional move-
ments that do not require the appendicular skeleton 
at maximum force. Nevertheless, the present study 
has the limitation of not being able to infer a cause 
and effect relationship between the elderly having 
a greater functionality and consequently having a 
greater endurance and/or trunk strength. Thus, clini-
cal studies should be published in order to investigate 
this relationship.

Conclusion
We conclude that endurance of the extensor mus-

cles of the trunk explains 17.9 to 24.4% of functional 
performance in trained elderly women. Thus, these 
results suggest that there is a great participation of 
the trunk muscles, mainly of the endurance, for activ-
ities that involve everyday actions.
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The strength of the associations observed between 
the endurance of the trunk extensors and the perfor-
mance results (sitting and standing up, standing up and 
walking and walking for 6 minutes) can be explained 
mechanically. The functional performance evaluation 
was composed of dynamic tasks and requiring variation 
of the support base to ensure stability. In tasks relat-
ed to movement, and specifically those involving a for-
ward slope in the sagittal plane, the involvement of the 
extensors of the trunk is greater, stabilizing the trunk 
[22]. Specifically, to the chair sitting and standing up 
test, there was a greater contribution to the endurance 
of the trunk extensors. Roldan-Jimenez, et al. [23] con-
firmed these results when evaluating three sitting and 
standing up chair test conditions. In the first and second 
condition, there were 5 to 10 series respectively per-
formed, both occurring at a rate of 40 beats per min-
ute (controlled by a metronome). The last condition was 
the maximum repetition in 30 seconds. They observed 
that in the last condition, there was an increase in the 
muscular activation of the erector spine, and in all con-
ditions the muscles that participated most in this sitting 
and standing up of the chair were tibialis anterior mus-
cle (23-26%), quadriceps (20-21%), rectus abdominis 
muscle (17-18%) and spine erectors (10%). This finding 
shows that only with the overload of the body weight, 
there is a great contribution of the global muscles from 
30 seconds of the action of sitting and standing up from 
the chair [23].

Regarding the importance of including measures of 
functional performance, the chair sitting and standing 
up test was identified as a predictor of mortality be-
coming an important functional measure in the elder-
ly people, where each increase of one repetition is 
associated with a reduction of 21% in mortality [24]. 
We found only one previous study exploring the rela-
tionship between trunk muscle morphology (paraspi-
nal muscles, abdominal and abdominal rectus mus-
cles) and performance of functional tasks in healthy 
elderly people (70-79 years old). However, this study 
cannot explain the influence of the strength and en-
durance of the trunk muscles before functional activ-
ities [11].

On the other hand, although the functionality is 
more related to the endurance, the loss of strength of 
the trunk flexors is greater in the elderly people, when 
compared to the extensors, so it is also important to 
measure the maximum strength of this muscle group. 
Also, there is a marked loss in the cross-sectional area of 
the trunk muscles in the elderly population, which also 
influences the ability of the muscle to exert strength and 
consequently it can lead to spinal injuries [25].

Thus, it appears that the importance of trunk mus-
cles for balance and mobility in the elderly people has 
been underestimated or perhaps neglected. Based 
on these results, it is important to improve the en-
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