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Abstract
The objective was to investigate the effects of functional (FT) and
traditional (TT) training on trunk muscles maximal isometric
strength, rate of force development and endurance with trained
elderly women. Forty-five elderly women were directed into three
groups: FT (n =1 6), TT (n = 14) and Control (n = 15). The FT
(multi-planar, and multi-articular movements) and TT (primarily
machine-based resistance exercises) performed mobility, muscle
strength and power exercises. Both training groups also
performed intermittent cardiometabolic activities. The maximum
strength and endurance of the trunk muscles were verified, both
at baseline and after 12 weeks of training (3xweek for 50 min
each). Data were analyzed using a 2-way ANCOVA with contrast
of adjusted mean values. FT significantly increased all variables:
maximum trunk flexor strength (p = 0.002, 22%); rate of flexor
force development (p = 0.001, 84%); trunk extensors maximal
strength (p = 0.003, 17%); trunk extensor rate of force
development (p = 0.05, 16%); trunk flexors (p = 0.001, 19%) and
extensors (p = 0.017, 13%) endurance compared to baseline. TT
showed an increase only in RFD of trunk extensors (p = 0.003,
53%), and flexors (p = 0.033, 42%), and trunk flexors endurance
(p = 0.008, 11%). However, there was no statistically significant
difference between groups. FT promoted improvement in all
variables; strength, endurance and rate of force development of
the trunk flexors and extensors of the elderly. On the other hand,
TT improved only the rate of force development of trunk flexors
and extensors and endurance of the trunk flexors. FT is
recommended for elderly women as it improves a broader array
of physiological parameters.
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Introduction
The aging process can lead to a reduction in muscle mass
and strength (sarcopenia), especially in women aged 60
and older (Hunter et al., 2016; Visser et al., 2005).
Resistance training with the goal of increasing strength and
endurance is important for the treatment and prevention of
many diseases and conditions such as diabetes,
dyslipidemia, cardiovascular diseases, and others
(Figueiredo et al., 2018). The ubiquitous finding that
muscular strength is inversely related to mortality may be
related to its role in preventing disability, allowing people
to continue performing activities of daily living (ADL) and
decreasing the risk for falls and accidents (Willardson and
Tudor-Locke, 2005). Garcia-Hermoso and colleagues
(2018) in a meta-analysis reported that greater upper- and
lower-body muscular strength are associated with a lower

risk of mortality in adult population, independent of the
age. Hence, research that helps determine the most efficient
and effective resistance training modalities are an
important contribution to the health of the population.
Trunk muscles are responsible for facilitating the
strength transfer between the upper and lower limbs during
the execution of complex multi-articular movements
(Lehman et al., 2013). Alterations in trunk muscle strength
have been investigated to determine their influence for the
prevention and treatment of lumbar spine injuries (Fielding
et al., 2011) and in the improvement of functional
performance with the elderly (Aagaard et al., 2010). The
trunk musculature typically undergoes substantial changes
with advancing age (Byrne et al., 2016; Fried et al., 2001;
Hicks et al., 2012). For example, a significant 26% to 48%
decrease in trunk muscle thickness was observed in the
elderly population (≥ 75 years old) compared to 30-50
years old adults, impacting the maximum strength of these
muscles (Afilalo et al., 2009). Hicks et al. (Hicks et al.,
2005) revealed associations between greater trunk muscle
fat infiltration and reduced functional capacity and balance
in the elderly over 70 years old. In addition, older adults
with low pain back (LBP) have a greater average
multifidus muscle-to-fat index and smaller cross-sectional
area when compared to control participants without LBP
(Sions et al., 2017). The literature is consistent in reporting
that trunk muscles maximal strength and endurance are
associated with improved functional performance (Behm
et al., 2009; Maddigan et al., 2014). Therefore,
understanding and mediating age-related sarcopenia
processes can aid in the formulation of specific training
programs for the daily needs of the elderly.
The American College of Sports Medicine (ACSM)
recommends resistance training to strengthen the trunk
muscles. ACSM guidelines support the use of traditional
resistance training (TT), characterized as a conservative
training method that uses resistance machines with
gradual, progressive load increases to prevent or reduce
disability in the elderly (Kibler et al., 2006;
Shahtahmassebi et al., 2017). However, the training
specificity literature has shown that the benefits of TT for
improving muscle strength have little transfer to the
performance of ADLs in the elderly population (Cadore et
al., 2013). Most TT exercises are not multi-articular and
multiplanar. But, according to recent studies, these aspects
seem fundamental for eliciting greater trunk activation
(Kahle and Tevald, 2014; Granacher et al., 2013). This lack
of training specficity with TT may contribute to the
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deficiency of positive trunk muscle training adaptations
with TT (Silfies et al., 2015). Furthermore, the possible
effects of TT on maximal strength and trunk muscle
endurance in the elderly have not been fully investigated.
On the other hand, functional training (FT) has been
introduced to the elderly population, combining multiplanar, coordinated and multi-articular movements to
improve their functional capacity (Kasukawa et al., 2010).
Such training can be organized according to movement
patterns such as squat, pushing, pulling and transporting in
blocks that stimulate power, speed, stability or maximum
strength (Ebenbichler et al., 2001). Therefore, FT seeks to
achieve training specificity (Behm and Sale, 1993) by
simulating and stimulating relevant actions and
components of the elderly’s physical capacity, with direct
transfer to the ADLs and involving lower operational cost
(Barbado et al., 2016; Behm et al., 2010a; Hicks et al.,
2005). Nevertheless, Shahtahmassebi et al. (2017) revealed
associations between trunk muscle and functional ability as
evaluated with six-minute walk performance, chair stand
test, sitting and rising test; and timed up and go test. Thus,
improvement of functionality through FT, could possibly
improve the strength and endurance of the trunk (Sions et
al., 2017).
Considering the importance of the trunk muscles for
the physical performance of the elderly and the lack of
studies regarding which training allows a greater
neuromuscular adaptation of the trunk, the objective of this
study was to evaluate the effects of functional and
traditional resistance training on the maximal strength, rate
of force development and endurance of the trunk muscles
in trained elderly women.

Methods
Experimental design
Forty-five elderly women were placed (controlled
randomization) into one of two 12 weeks training (3xweek
for 50 minutes per session) groups: Functional (FT, n = 16),
Traditional (TT, n = 14) or a Control (CG, n = 15). The
trunk flexors and extensors strength, rate of force
development and endurance were measured before and
after training.
Participants
The 45 elderly women were recruited through digital
media, posters, and flyers. Initially, 20 women were
recruited for the CG in anticipation that the lack of an
exercise training protocol would be de-motivating. Five
control group participants did drop out. Women older than
60 years old who did not have musculoskeletal or
cardiovascular conditions that contraindicated the training
and were physically active and independent were included.
The exclusion criteria were attendance at less than 85% of
the training sessions, two consecutive absences or
development of illness during the period of study. After
explaining the protocols, they signed a freely informed
consent form and this study was approved by the Research
Ethics Committee of the Institution (060568/2017).
The participants were organized in ascending order
According to their maximum trunk muscle strength. After
this initial classification, they were distributed into groups,
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with each group having a representative sample of the
weakest to the strongest. Thus, the participants were
randomized by blocks (randomized block type) according
to the individual strength capacity in three distinct groups:
a) functional resistance training (FT); b) traditional
resistance training (TT); and c) control group (CG) (Figure
1).
Data collection procedures
The performance tests were performed on two occasions:
before and after the 12 weeks training intervention. The
evaluators were blinded regarding the intervention
performed by the participants. To minimize the
interference between the tests, they were distributed on two
consecutive days. On the first day, maximum strength tests
were applied and on the second day, the endurance tests
were applied. For all performance tests, participants were
verbally motivated to achieve their best performance.
For the anthropometric measures, the body mass
(kg) was determined by an electronic scale (Welmy, R-110,
São Paulo, Brazil) with an accuracy of 0.01 kg, and their
height was determined by a stadiometer (Sanny®, ES2030,
Araraquara, São Paulo, Brazil) with an accuracy of 0.1 cm.
Participants sat on a stable wooden seat (Figures 2
and 3) when testing the maximum strength of the trunk
flexor and extensor muscles. This seat allowed adjustable
support for the hips and the lower limbs according to each
individual height. Pelvic positioning instructions were
followed according to Sutarno et al. (Sutarno and McGill,
1995). To ensure the activation of only the trunk muscles,
the participants were asked to have their knees flexed at
90°, with a slight anterior tilt of the pelvis to avoid a
compensatory activation of the lower limbs and with the
legs fixed to the seat with a velcro strap (Cadore et al.,
2013; Garcia-Hermoso et al., 2018). To measure the
strength and rate of force development of the trunk
extensors, the participants were positioned with the trunk
at a 0° flexion and the load cell fixed to the wall with
adjustable tension and connected to the participant by a
Velcro strap positioned at the level of the xiphoid process.
For the strength of the trunk flexors, the same positioning
of the trunk and Velcro strap was maintained, however, the
load cell was fixed to the wall behind the participant. In
both actions, a maximal isometric contraction of the trunk
muscles was requested of the participants. From this
position, the muscle strength of the trunk extensors and
flexors were measured by a digital load cell (Ktoyo, 333 A,
Hown Dong, South Korea), connected to the Muscle Lab
system (Ergotest Innovation, Porsgrunn, Norway), which
provides a value in Newton (N), and the Strength
Development Rate (SDR) in Newtons/seconds.
The participants initially performed a maximal
repetition for familiarization to evaluate the maximum
strength in both muscle groups, followed by three maximal,
five second contractions and the highest value was used for
analysis. The recovery intervals between the maximal
repetitions were 15 seconds and the evaluators issued the
following verbal commands in all the attempts: “prepare”
(individual positioning); and “go, strength, strength,
strength” (performing the test), “relax” (end of the test),
with a smooth and continuous execution (Kasukawa et al.,
2010).
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Figure 1. Experimental design.

wedge was withdrawn at 10 cm from that posture assessed
in the posterior direction. The end of the test was
determined when the upper trunk was unable to maintain
the angle of 60°.

Figure 2. Experimental testing device.

The trunk muscles endurance was evaluated with
the protocol proposed by McGill (1999). A timer (Technos,
YP2151 / 8P, Rio de Janeiro, Brazil) was used to measure
the maximum duration (time) the participants were able to
maintain each isometric position and a five-minute
recovery interval between each test was determined. For
the evaluation of the trunk flexors, the participants were
instructed to remain in the seated position with their backs
resting on a wooden wedge with a 60° angle from the
ground. Both the knees and hips were flexed 90°, the arms
were crossed in front of the chest, hands on the opposite
shoulder and the feet were fixed by an evaluator. They
were instructed to maintain the initial posture while the

Figure 3. Schematic of trunk extensors and flexors testing
device.

For the trunk extensors endurance, the participants
were positioned with the hip and lower limbs on the edge
of a stretcher and with their arms crossed in front of the
chest, and the spine remaining erect. Pelvis, knees, and hip
were secured with three Velcro straps to keep the
participant secure. For the beginning of the test, the
command was given to maintain the horizontal position of
the trunk as long as possible and it was completed when
the participant could not maintain the position. Prior
published
assessments from this laboratory have shown
very high and high reliability scores for both trunk extensor
(0.98) and flexor (0.86) strength in elderly women
(Mesquita et al. 2019).
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Training protocol
The familiarization and training intervention lasted 14
weeks. After the initial assessments, all participants went
through two weeks of familiarization, where 50% of the
training volume planned for the first session was applied.
Then, they completed 36 progressive training sessions over
12 weeks. The three groups performed the training three
times a week, lasting 50 minutes per session with 48-hour
recovery interval between sessions. For the TT and FT
groups, the OMNI-GSE scale was additionally used to
control and normalize the overall effort perception of
training between the groups at the end of each exercise
block (Behm et al., 2009). For both groups, a range
between 6 and 9 (moderate to intense) was established in
the effort perception scale.
Functional training: The participants performed
exercises with greater freedom of movement and specific
to the physical needs of their daily life. Each session was
divided into four blocks: Block 1 involved 5 minutes of
dynamic mobility exercises of the cervical, glenohumeral,
thoracic, hip joint complexes and ankle and general
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warming exercises that included 10 repetitions of vertical
squats and jumps; Block 2 involved 15 minutes of a circuit
composed of exercises that stimulated agility,
coordination, speed and muscle power (OMNI-GSE: 6-7);
Block 3 included 20 minutes of circuit training with multiarticular exercises that simulated the functional actions of
crouching, pulling, pushing and transporting and specific
exercises for the core (example: frontal board), (OMNIGSE: 7-8); and 5 minutes of intermittent cardiometabolic
activities (Table 1).
Traditional training: The participants performed
mostly machine-based exercises with traditional devices
(i.e. resistance machines) and with segmented
neuromuscular work. Each session was also divided into
four blocks: Block 1 involved 5 minutes of mobility and
exercises for general warming of the body; Block 2
included 15 minutes of continuous walking that required
mainly muscular and cardiorespiratory endurance (OMNIGSE: 6-7); Block 3 involved 20 minutes of resisted
exercises for lower and upper limbs - OMNI-GSE: 7-8);
and 5 minutes of intermittent activities (Table 1).

Table 1. Detailed description of functional (FT) and traditional (TT) training sessions.
1° block
2° block
3° block
4° block
Sessions 1-18
Sessions 18-36
Sessions 1-18
Sessions 18-36
Ascending and
Step jump
Deadlift with Kettlebell Deadlift with sandbag
descending steps
Preparation
Rowing with
Rowing with
Alternating
Alternating
for
High intensity
suspension tape
suspension tape
waves (rope)
waves (rope)
movement
activities.
Sit and lift the bench 40cm Squat with kettlebell
with mobility
Adduction of upper
Push-ups on the bench
Medicine ball
Medicine ball
exercises for
For example,
limbs with elastic
60cm
throws
on
the
throws on the
the shoulder,
interval race,
Farme’rs walk
Farmer’s walk
ground
wall
lumbar,
fun games.
(kettlebells)
(kettlebells)
thoracic
and tug of war
Rowing with elastic
Rowing with elastic
spine, hip,
bands and knee
bands
Movement
Run and jump
FT
and ankle
elevation
between cones
between cones
joints
Bilateral pelvic
One-sided pelvic
elevation
elevation
Linear agility
Lateral agility
Front plank on the
Front plank on the
ladder
ladder
bench 40cm
step 15cm
Total time:
Total time:
Total time:
Total time:
Total time:
Total time: 5
15 min, 5exercises, 15 min, 5exercises, 20 min., 8 exercises,
20 min., 8 exercises, 2
5 min., 3-5
min., 5-8 efforts,
3 sets of 30 s, 1
3 sets of 30 s, 1 2 sets of 8-12 repetitions, sets of 8-12 repetitions,
exercises per
density of 1/1.
min by exercise, min by exercise,
1 min per station,
1 min per station,
joint, 1 set of
OMINI-GSE:
density 1/1.
density 2/1.
density 1/1.
density 1/1.
8 seconds
8-9
OMINI-GSE: 6-7 OMINI-GSE: 6-7
OMINI-GSE: 7-9
OMINI-GSE: 7-9
Preparation
Smith Squat
Free Squat
for
Seated row
Seated row
movement
High intensity
Leg press 45°
Knee extension
activities.
with mobility
Chest press
Bench press
exercises for
Continuous
Continuous
Knee flexion with the leg
Unilateral knee flexion For example,
the shoulder, walking on a 100 walking on a 100
curl device
meter course
meter course
interval race,
lumbar,
Lat pull down
Lat pull down
thoracic
fun games.
(supine grip)
(neutral grip)
spine, hip,
and tug of war
Standing calf rise
Seated calf rise
and ankle
Stiff leg deadlift
Sit up
joints
TT
Total time:
Total time:
Total time:
Total time:
Total time:
Total time:
20 min., 8 exercises, 2 sets 20 min., 8 exercises, 2
5 min., 5-8
5 min., 3-5
15 min.
15 min.
of 8-12 repetitions, 1 min sets of 8-12 repetitions,
efforts,
exercises per
OMINI-GSE:
OMINI-GSE:
per station,
1 min per station,
density of 1/1.
joint, 1 set of
6-7
6-7
density 1/1.
density 1/1.
OMINI-GSE:
8 seconds
OMINI-GSE: 7-9
OMINI-GSE: 7-9
8-9
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Exercise progression was achieved by adding the
external load in the TT based on the perception of effort in
the OMNI-GSE scale and the maintenance of 8-12
repetitions in each exercise. For the FT group, the same
criterion was used for adding external load in the exercises.
In the exercises performed with the body mass,
biomechanical modifications were applied according to the
level of comfort and ability of the individual, also aiming
at the maintenance of 8-12 repetitions.
Control group: The participants performed static
stretching with two sets of 20 seconds per exercise, which
were directed to a full body work (neck, shoulders, back,
trunk, arms, wrists, hands, lower torso, hips, knees, thighs,
feet and calves) with submaximal joint amplitude levels
and relaxation practices without physical exertion, with a
frequency of three weekly sessions and duration of 40
minutes per session.
Statistical analysis
The sample size calculation used the Granmo 5.2 program
(IMIM, Barcelona, Spain) based on the results obtained by
Lohne-Seiler et al. (2013) in the tests of maximum dynamic
strength. Thus, 15 subjects per group were required to
achieve an alpha of 0.05 and a statistical power of 80%.
With five women dropping out of the CG, the pre-test
measures between groups were less balanced. It was
recommended that an ANCOVA be utilized with the pretest values as covariates. For the inferential analyses, the
data were tabulated in the Statistical Package for Social
Sciences (SPSS) version 22, adopting a significance level
of 5% (p ≤ 0.05). The normality of the data was verified
from the Kolmogorov-Smirnov test, and the homogeneity
of the variances were verified by the Levene test.
Descriptive statistics were used with mean and standard
deviation to characterize the observed variables. The data
were analyzed with a two factors ANCOVA (3-groups x 2
times) with contrast of adjusted mean values, inserting the
baseline result of each variable as a covariate. Effect size
(ES) was calculated according to the Cohen d test (2013),
based on the difference between the final and initial mean
divided by the standard deviation of the initial mean, where
ES varies between trivial < 0.2; small 0.2-0.49; moderate
0.5-0.79; and large > 0.8 magnitudes of change.

Results
There were no statistical differences between groups for
anthropometric parameters at baseline (Table 2).
Table 2. Characteristics of the participants with Functional
Training (FT), Traditional Training (TT) and Control groups
(CG). Values presented are means and standard deviations
(SD).
FT (n = 16) TT (n = 14) CG (n = 15)
65.6 ± 3.2
63.0 ± 1.8
66.8 ± 6.1
Age (yrs)
1.55 ± 5.2
1.54 ± 4.1
1.53 ± 3.6
Height (m)
68.2 ± 9.6
67.2 ± 11.8
69.3 ± 9.4
Body mass (kg)
No significant differences were found between groups (1-way ANOVA).

All means, standard deviations, statistical
significance (main effects and interactions), percentage
changes

and effect size values are provided in Table 3.
Within-group interactions revealed that FT had a
significant increase between the pre- and post-tests for the
six variables analyzed. Additionally, the ES for the
maximum trunk flexors (ES = 0.87) and extensors (ES =
0.61) strength was large, and moderate respectively. The
ES for the trunk flexor and extensors rate of force
development was large (ES = 1.81), and small (ES = 0.41)
respectively. The trunk flexors (ES = 0.21) and trunk
extensors (ES = 0.27) endurance effect sizes were also
small.
The TT group showed training-related increases in
only four variables: maximal trunk extensor strength (ES =
0.31: small magnitude), flexor (ES = 0.61: moderate) and
extensor rate of force development (ES = 0.49: small), and
trunk flexors endurance (ES = 0.12: trivial).
Main effects for time were evident with trunk
flexors force and RFD, whereas main effects for group
were found with trunk extensors RFD and endurance (see
Table 3 for details).

Discussion
This study compared the effects of 12 weeks of FT and TT
on maximal isometric strength, rate of force development
and endurance of the trunk muscles in an elderly female
population. Although there were no statistically significant
training group differences, FT showed improvements in all
six variables, even with absence of additional exercises
specific for the trunk muscles. On the other hand, the TT
only showed increased performance with half of the
measures (trunk flexors and extensors RFD, and trunk
flexors endurance). Furthermore, FT effect sizes were
higher than TT or control group with all measures except
for trunk extensors RFD. Hence, improvements in training
adaptations were more widespread and generally of a
greater magnitude with FT.
The more consistent and greater magnitude improvements
with FT (FT: 2 large, 1 moderate and 2 small magnitudes
of change vs. TT with no large magnitude changes, 1
moderate, 3 small, and 2 trivial magnitude changes: Table
3) can be explained by the greater degrees of freedom,
spectrum of movement velocities, and instability of the FT
exercises, which allow adjustments in the postural control
and the activation of the stabilizing muscles in the spine
(Byrne et al., 2016; Sutarno and McGill, 1995).
Confirming the findings of this study, Liu and Latham
(2009) in a systematic review observed that functional
training induces the activation of multiple muscles to
perform the exercises in a manner more similar to their
daily activities. Thus functional training can provide a
greater training specificity transfer (Behm and Sale, 1993),
which is a hallmark of an optimal training strategy. A
position stand by the Canadian Society for Exercise
Physiology suggests that training with greater instability
such as typically espoused with FT, can play an important
role within rehabilitation programs and for non-athletic
individuals to achieve musculoskeletal health benefits
(Behm et al., 2010b). These benefits can be attributed to
the higher muscle activation achieved with the use of lower
loads associated with FT (Behm et al., 2010a).
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Table 3. Alterations after 12 weeks of Functional Training (FT, n=16), Traditional Training (TT, n=14) and Control Group
(CG, n=15) in the maximum isometric strength, rate of force development and endurance of trunk muscles. Values presented
as means and standard deviations.
Main Effect Main Effect Interactions
Contrast of
Pre-test
Post-test
ES
∆ (%)
(time x group) adjusted mean values
(group)
(time)
Trunk Flexors Force (N)
229.85 ± 58.9
281.14 ± 65.0
22%
0.87
p=0.002 *
FT
235.15 ± 84.4
261.36 ± 93.8
11%
0.31
p=0.855
p=0.045
p=0.566
p=0.108
TT
5%
0.22
p=0.361
CG 239.19 ± 59.01 252.15 ± 68.18
Flexors’ RFD (N/s)
16.0 ± 7.4
29.45 ± 17.21
84%
1.81
p=0.001 *
FT
18.65 ± 11.55
26.39 ±15.0
42%
0.67
p=0.994
p=0.001
p=0.415
p=0.033 *
TT
20.22 ± 8.77
25.51 ± 12.7
26%
0.60
p=0.09
CG
Flexors’ Endurance (s)
72.37 ± 66.94
86.18 ± 69.5
19%
0.21
p=0.001 *
FT
90.28 ± 81.61 100.07 ± 83.67
11%
0.12
p=0.294
p=0.621
p=0.221
p=0.008 *
TT
53.3 ± 46.4
57.73 ± 50.65
9%
0.10
p=0.127
CG
Trunk Extensors Force (N)
262.8 ± 72.0
306.55 ± 78.56
17%
0.61
p=0.003 *
FT
258.32 ± 97.1
288.10 ± 76.4
12%
0.31
p=0.401
p=0.135
p=0.426
p=0.059
TT
257.1 ± 58.8
-1%
-0.06
p=0.788
CG 261.28 ± 61.46
Extensors’ RFD (N/s)
24.58 ±10.4
28.59 ± 9.6
16%
0.40
p=0.050 *
FT
25.96 ± 9.0
30.44 ± 14.7
17%
0.49
p=0.023
p=0.169
p=0.665
p=0.003 *
TT
21.18 ± 6.65
21.42 ± 9.6
1%
0.04
p=0.927
CG
Extensors’ Endurance (s)
106.62 ± 52,.9 121.00 ± 65.1
13%
0.27
p=0.017 *
FT
120.85 ± 73.3
128.7 ± 70.1
6%
0.10
p=0.010
p=0.509
p=0.918
p=0.226
TT
79.26 ± 46.5
81.3 ± 44.7
3%
0.04
p=0.819
CG
Data analyzed from a two way ANCOVA (3-group x 2 times), ES; (Effect size); N (Newtons); RFD (Rate of force development); s (seconds); * p ≤
0.05 (statistical significance pre- to post-test).

In addition, in FT, specifically in blocks 2 and 3,
multi-articular and multi-planar exercises were used that
more closely mimicked the functional actions present in
daily life, such as crouching, pulling, pushing and
squatting. The inclusion of multi-articular and multi-planar
exercises with FT (La Scala Teixeira et al., 2017) can
generate a high magnitude of core activation leading to
positive training adaptations of the core (trunk), which is
in accordance with our results (Comfort et al., 2011;
Garcia-Masso et al., 2011; Stastny et al., 2015).
Although there were no significant differences
between training groups, within group interactions showed
that the FT demonstrated a significant, large magnitude
increase in trunk flexors strength compared to a nonsignificant, trivial change with TT. Moreover, FT
displayed significant, small magnitude improvements in
trunk flexors and extensors endurance compared to nonsignificant, trivial changes with TT. This greater
magnitude training adaptation may be attributed to the
plank exercise performed by the FT group that selectively
activate the trunk flexor muscles, especially the rectus
abdominis, external and internal oblique muscles to
stabilize the spine (Bland and Altman, 1986; Weber et al.,
2018). Abdominal bracing is reported to be more effective
than abdominal hollowing and other similar exercises for
optimizing spinal stability (Behm et al., 2010a; VeraGarcia et al. 2007). Furthermore, when using the pushing
pattern, the recruitment of multiple muscles of the trunk,
shoulder, and arms occurs simultaneously with the goal of
controlling movement. Marcolin et al. (2015) found high
rectus abdominis activation to stabilize the spine during the

execution of push-ups. In addition, trunk muscles are
essential for core stability when performing agility, power and coordination exercises (Behm et al.,
2010a; Byrne et al., 2016; Kasukawa et al., 2010), which
were prevalent in the second block of FT.
Both training groups demonstrated significant trunk
extensor strength increases with FT exhibiting moderate
versus small magnitude training adaptation with TT. This
modest advantage with FT may have occurred because
there is a greater requirement of the paravertebral muscles
for the execution of the deadlift and free squat, for core
stability and to prevent the trunk from leaning excessively
forward. Highlighting the importance of our findings,
Kasukawa et al. (2010) in a cross-sectional study
demonstrated that excessive trunk inclination with ageing
is related to decreased trunk extensor muscle strength,
which is related to greater risks of falling.
Similarly, both training groups experienced
significant (p = 0.003) and near significant (p = 0.059)
improvements in trunk extensor rate of force development,
with moderate versus small magnitude training adaptations
for the FT versus TT respectively. Again, the FT showed a
modest training advantage, which may be attributed to the
stiff-leg deadlift exercise that necessitates high erector
spinae muscle activation to perform the trunk extension,
and these movements were performed at maximum
concentric velocity in training block 2 (Kienbacher et al.,
2014).
Regarding trunk extensor muscle endurance, only
the FT group presented a significant increase. The mean
increase of trunk extension endurance with training was 15
seconds, which may correspond to an important clinical
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improvement. As mentioned previously the greater degrees
of freedom, spectrum of movement velocities, and
instability of the FT would be providing great paravertebral
muscles activation to generate postural adjustment during
the execution of the pull exercises (Byrne et al., 2016). Suri
et al. (2011) pointed out that a one-second increase in trunk
extension endurance was associated with a significant 4%
increase in the Berg balance scale. This could impact the
incidence of falls and slips in the elderly.
Although there was a controlled randomization to
ensure an equal distribution of participants with greater
muscle strength between the groups, one of the limitations
of the study was the sample loss during the intervention
that made it difficult to analyze the endurance measures
during the training. However, the pre-test covariate was
used to minimize these limitations. The data was collected
from trained elderly women, and thus future research
should examine untrained elderly women as well as a
spectrum of differentially trained men.

Conclusion
Both FT and TT can promote the improvement of trunk
flexor and extensor muscle strength and endurance with
trained elderly women. However, the FT was able to
generate greater magnitude changes and positively affect
more variables in relation to TT. This training advantage is
probably due to the greater spectrum of movements,
velocities and stability requirements of FT exercises. These
changes, regardless of the proposed training, would have a
positive impact on the individual’s fitness as well as
possibly impacting society's health costs.
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Key points
 Both FT and TT can improve trunk flexor and
extensor muscle strength and endurance with trained
elderly women.
 FT provides larger magnitude improvements to a
wider variety of physiological measures.
 Since FT provides greater training specificity, it is
highly recommended for training with elderly women.
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