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ABSTRACT
The aim of this study was to compare the effects of sit-to-stand (STS) training
programs with 5 vs. 10 repetitions on muscle architecture and muscle function in
sedentary adults. Sixty participants were randomly assigned into three groups:
five-repetition STS (5STS), 10-repetition STS (10STS), or a control group (CG).
Participants performed three sets of five or 10 repetitions of the STS exercise three
times per week for 8 weeks. Before and after 8 weeks, all groups performed
ultrasound measures to evaluate muscle thickness (MT), pennation angle (PA), and
fascicle length (FL), and the five-repetition STS test to estimate the relative STS power
and muscle quality index (MQI). After 8 weeks, both experimental groups improved
MQI (40–45%), relative STS power (29–38%), and MT (8–9%) (all p < 0.001; no
differences between the 5STS vs. 10STS groups). These improvements in both groups
resulted in differences regarding the CG, which did not present any change.
In addition, only the 5STS group improved PA (15%; p = 0.008) without differences
to the 10STS and CG.This suggests that STS training is time-effective and low-cost
for improving muscle function and generating adaptations in muscle architecture.

Subjects Clinical Trials, Kinesiology, Rehabilitation, Sports Medicine
Keywords Muscle power, Sarcopenia, Muscle quality index, Chair stand, Muscle architecture

INTRODUCTION
Muscle power is a key factor for the health and well-being of individuals, as it not only
allows them to carry out daily physical activities (Alcazar et al., 2020) but also plays a
crucial role in the prevention of chronic diseases and in increasing the quality of life as we
age (Reid & Fielding, 2012). Loss of muscle power, which can occur independently of
muscle mass loss, has serious consequences such as decreased mobility, independence, risk
of falls and, quality of life (Alcazar et al., 2023; Jiménez-Lupión et al., 2023). Conversely,
maintaining optimal levels of muscle power can improve athletic abilities, reduce the risk
of injury (Suchomel, Nimphius & Stone, 2016), and be associated with reduced healthcare
expenditures and mortality (Tieland, Trouwborst & Clark, 2018).
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Muscle power is defined as the product of muscle contraction force and velocity, and its
development involves both morphological and neural factors (Suchomel et al., 2018).
Therefore, it is necessary to consider both the functional and structural parameters for
evaluation (Fragala, Kenny & Kuchel, 2015). In this scenario, knowing the muscle
architecture would provide a more complete view of the muscle function (Narici et al.,
2021). Muscle architecture is defined as the arrangement of muscle fibers within a muscle
in relation to the axis of force generation (Lieber & Fridén, 2000), and is one of the most
important components in its function (Lieber & Ward, 2011). Recent studies have
determined the relationship between muscle architectural parameters and functional and
health components in humans (Coratella, Rinaldo & Schena, 2018).

The muscle quality index (MQI), which is computed using the sit-to-stand test (STS)
time and a formula that accounts for anthropometric variables, body mass, and gravity, has
recently been utilized as a way to evaluate muscular power (Brown, Harhay & Harhay,
2016; Takai et al., 2009). STS has been described as an essential clinical test to assess
functional capacity and quality of life in the older adults population, as it is cost-effective,
time- and space-efficient, and easy to administer (Alcazar et al., 2018; Jerez-mayorga et al.,
2020). In addition, it has been used as a therapeutic agent in different populations and has
shown favorable results (Chaovalit, Taylor & Dodd, 2020; Zampogna et al., 2021).

It is widely acknowledged that incorporating exercise into daily life is essential for
maintaining good health (Hegde, 2018), but many people have difficulties due to a lack of
time and motivation (Blake, Stanulewicz & McGill, 2017; Portela-Pino, Valverde-Esteve &
Martínez-Patiño, 2021). Therefore, it is important to create efficient and low-cost routines
that require little time to increase adherence, especially in older adults (Nicolson et al.,
2017). This represents a challenge for health and sports professionals who must find ways
to motivate patients to follow exercise programs to achieve positive results (Spiteri et al.,
2019).

An alternative training option for this situation is to use STS as a training method,
where an improvement in performance, balance, and strength has been demonstrated after
STS interventions (Chaovalit, Taylor & Dodd, 2020; Hyun, Lee & Lee, 2021). In this
context, the STS task could effectively assess and improve muscle power in sedentary
individuals, as it requires strength and speed to perform movements. However, there is a
paucity of studies using this test as an intervention method in sedentary individuals,
especially if we intend to evaluate its effect on function and muscle architecture. Therefore,
the aim of this study was to compare the effects of sit-to-stand (STS) training programs
with 5 vs. 10 repetitions on muscle architecture and muscle function in sedentary adults.

We hypothesized that STS training would increase muscle function and produce
adaptations in the architecture of the vastus lateralis muscle (VL) in sedentary adults.

MATERIALS AND METHODS
Study design
This was a three-arm, parallel-group, randomized trial. The study was conducted at the
Basic Sciences Laboratory, Universidad San Sebastian, Valdivia, Chile. Recruitment was
conducted through social media and email during the months of June, July, and August
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2022. The study protocol was approved by the Scientific Ethics Committee of the
University of Granada, Spain (2380/CEIH/2021) and of the Universidad San Sebastián,
Chile (55-2021-20). It has also been registered in the Protocol Registration and Results
System (https://clinicaltrials.gov/ct2/show/NCT05469191).

Allocation
The principal investigator generated a randomization sequence using an Stata 17.0 with
blocks of varying sizes that were combined randomly. The allocation was performed in a
one-to-one ratio, and allocation concealment was ensured by using sealed envelopes.

Blinding
Neither the participants nor the providers were blinded in this study.

All participants were invited to a familiarization visit in the laboratory. During this visit,
the descriptive, biometric, and medical variables were assessed for each participant.
We also determined whether or not the participants met the inclusion criteria and did not
meet the exclusion criteria. In addition, VL muscle architecture of the dominant lower
limb was assessed.

Synchronous and asynchronous work sessions were conducted. All training sessions,
both synchronous and asynchronous, were meticulously designed and supervised.
The synchronous sessions were directly supervised by the lead investigator, ensuring that
rest times and training intensity were consistently controlled. For the asynchronous
sessions, participants were previously familiarized with the components of the training,
enabling them to manage rest times, maintain appropriate intensity levels, and ensure
safety during their workout routines. To verify that the asynchronous sessions were being
correctly performed by the participants, they were asked to submit a video of the session.
On average, both types of sessions had a duration of 2.7 ± 2.4 min.

Rest times were monitored to ensure the protocol was executed correctly, and a Borg
CR-10 scale was used to assess perceived exertion (Shariat et al., 2018). As part of the safety
protocol, a perceived exertion of 6 was set as the maximum limit for each set. If this value
was exceeded, participants were instructed to stop the routine. The scale was explained to
each participant, and they were familiarized with perceived exertion before the
intervention began. A new assessment of the variables was performed 1 week after
completing the protocol (Fig. 1). All the participants completed 100% of the training
sessions.

Participants
Statistical software (G�Power, v3.1.9.7; Heinrich-Heine-Universität, Düsseldorf, Germany)
was used to calculate the sample size. A moderate effect size of 0.95, obtained from a
previous study (Ribeiro et al., 2020) was used. Considering the above and a desired power
(error 1−ß) = 0.95, alpha error <0.05, the total sample size was 18 participants per group.
However, in anticipation of possible dropouts from the study, 20 participants per group
were included.
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The participants selected for this study met the following criteria: 18 years of age or
older, sedentary, and able to perform STS independently. On the other hand, participants
were excluded if they were professionally involved in sports or resistance training, had
untreated hypertension, acute neuromuscular or joint injury, or had suffered an acute
myocardial infarction or fracture in the last six months. Informed consent forms detailing
the study information, which followed the principles of the Declaration of Helsinki, were
obtained written from all participants prior to the start of the interventions.

PRIMARY OUTCOMES
Muscle function
The Muscle Quality Index (MQI) was calculated using the formula proposed by Fragala,
Kenny & Kuchel (2015). This formula employs the time required for five sit-to-stand (STS)
repetitions: MQI = ((leg length × chair height) × body mass × gravity × 10/STS Time).
It takes into consideration the leg length in meters, the height of the chair used in the test,
body mass in kilograms, acceleration due to gravity (9.81 m/s2), and a constant of 10.

Additionally, the relative mean STS power (W·Kg-1) was calculated using the results
from the five-times sit-to-stand (5STS) test, as proposed by Alcazar et al. (2018).
The formula used for this calculation is as follows:

Relative mean STS power = 0.9 × g × Height (0.5 × Chair height)/(Five STS time × 0.1).

SECONDARY OUTCOMES
Ultrasonography
In this study, ultrasound images were used to evaluate the muscle thickness (MT),
pennation angle (PA), and fascicle length (FL) in each participant’s dominant lower limb.
The probe was positioned on the longitudinal axis of the VL, and a linear B-mode probe
with a frequency range of 7.5 10 MHz was used at a depth of 8 cm (Sonus, DUO LCP).
The probe was coated with a water-soluble gel to prevent skin pressure. Participants were
seated with their knees flexed at 90� and instructed to relax their muscles at the time of

Figure 1 Design of the investigation. Full-size DOI: 10.7717/peerj.15665/fig-1
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measurement and avoid exercise for 48 h before the assessment. Measurements were taken
at 50% of the distance between the greater trochanter and lateral condyle of the femur, and
three images were captured at each site during the evaluation sessions. ImageJ software
(ImageJ 1.42; National Institutes of Health, Bethesda, MD, USA,) was used to process and
analyze the images, and MT was measured as the average distance between the superficial
and deep aponeuroses. PA was measured as the angle between the fascicle and deep
aponeurosis, and FL was calculated using the following formula: FL= sin(y+90�) × MT/sin
(180�−(y+180�−PA)), where y is the angle between the superficial and deep aponeurosis,
and AP is the pennation angle (Blazevich, Gill & Zhou, 2006; Perkisas et al., 2021).
All measurements and image analyses were performed by the same investigator.

Anthropometry
Body composition was assessed using bioelectrical impedance tetrapolar analysis (Rice
Lake Body Composition D1000-3; Rice Lake, WI, USA). The stature was measured using a
portable stadiometer (SECA, Model 213, Hamburg, Germany to 0.1 cm). Leg length was
measured manually using an anthropometric measurement protocol (Norton, 2019).
The leg length was defined as the distance (in meters) from the greater trochanter of the
femur to the lateral malleolus (Marzilger et al., 2020).

Sit-to-stand test
The time required for participants to complete five repetitions of the stand-and-sit exercise
was established. During the evaluation, participants were advised to perform the
repetitions as swiftly as possible, with their arms crossed over their chests at shoulder level.
Three sets of five repetitions were timed, with a 1-min rest interval between each set.
The quickest time recorded was selected for further analysis (Alcazar et al., 2018).

Sit-to-stand training program
During the first 4 weeks, the 5STS and 10STS groups performed the STS exercise three
times per week. The 5STS performed three sets of five repetitions, and the 10STS three sets
of 10 repetitions. A rest time of 30/60 s was considered for each set. During the last 4
weeks, the number of sets increased to five to continue progressing in the training.
Importantly, participants were asked to perform each set of STS movements as fast as
possible and against the clock. The rest times were monitored to ensure that the protocol
was performed correctly, and a Borg CR-10 scale was used to assess perceived exertion
(Shariat et al., 2018).

Statistical analyses
Descriptive data are presented as mean ± standard deviation, with normality verified using
the Shapiro-Wilk normality test. Additionally, the intraclass correlation coefficient (ICC),
the standard error of measurement (SEM), and the minimal detectable change (MDC)
were calculated (Sainani, 2017). Subsequently, a 2 (time) × 3 (group) repeated measures
ANOVA with a Bonferroni post hoc test was employed to examine differences between
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time points and groups. Effect size was interpreted using Cohen’s d scale, in which values
less than 0.20 are considered trivial, between 0.20–0.59 are small, 0.60–1.19 are moderate,
1.20–2.00 are large, and values greater than 2.00 are considered very large. All analyses
were conducted using JASP software (version 0.17). The threshold for statistical
significance was set at p ≤ 0.05.

RESULTS
Flow of participants and sample characteristics
Figure 2 shows a flowchart of the participant. Of the 64 participants evaluated, 60 met the
eligibility criteria. During follow-up, one participant from group five STS dropped out of
the study due to personal health problems and at the end of the study, one participant from
the control group was excluded from the analysis for not attending the post-evaluation due
to time constraints. The characteristics of the participants are summarized in Table 1.

Figure 2 CONSORT diagram of eligibility and inclusion of participants.
Full-size DOI: 10.7717/peerj.15665/fig-2
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Muscle function
The study revealed significant time and group interactions for the MQI and relative STS
power after 8 weeks of intervention. Specifically, both the 5STS and 10STS groups showed
significant improvements in these parameters, with no notable differences between them.

When comparing the pre- and post-measurements for each group, all groups
demonstrated an improvement in MQI. However, the improvements were more
pronounced and significant in the 5STS and 10STS groups compared to the control group.

In terms of relative STS mean power, both the 5STS and 10STS groups exhibited a
significant increase at the end of the study period, while the control group did not show
significant changes (Table 2). The individual changes for each variable are graphically
represented in Fig. 3.

Muscle architecture
At the beginning of the study, no significant differences were detected among the 5STS,
10STS, and CG in any of the muscle architecture variables. Following the intervention,
significant time × group interactions were observed for both MT and PA, but not for FL.

When comparing the pre- and post-intervention measurements in each group,
significant increases in MT were detected in both the 5STS and 10STS groups. Similarly,

Table 1 Characteristics of the participants.

Group Sex Age (years) Height (cm) Weight (kg) BMI (kg/m²) Leg length (m) Leg muscle mass (kg)

5STS 11 females/9 males 42 ± 3.6 162 ± 9.0 80 ± 3.2 30 ± 5.2 0.8 ± 0.1 8.7 ± 1.8

10STS 15 females/4 males 42 ± 9.7 162 ± 7.6 75 ± 14.3 28 ± 4.1 0.8 ± 0.1 9.3 ± 1.9

CG 9 females/10 males 33 ± 12.0 167 ± 9.3 80 ± 16.3 28 ± 5 0.8 ± 0.04 9.9 ± 2.1

Note:
Values are shown as mean ± standard deviation.

Table 2 Changes in muscle function.

Group PRE
mean ±
SD

POST
mean ±
SD

p-value Percentage
change (%)

95% CI for mean difference Time x Group interaction

Mean
difference

Lower Upper F p-
value

Effect size

MQI (W)
Fragala et al.

Control 579.5 ±
152.5

606.1 ±
163.3

1.0 +5 −150.568 −171.114 −130.021 36.452 <0.001 0.201 Small

5STS 502.9 ±
170.5

706.5 ±
157.8 ***

<0.001 +40

10STS 488.5 ±
148.2

710.1 ±
126.6 ***

<0.001 +45

Relative STS mean
power (W·Kg-1)

Control 7.4 ± 0.9 7.5 ± 1.2 1.0 +1 −1.451 −1.641 −1.262 53.290 <0.001 0.129 Trivial

5STS 6.5 ± 1.6 8.4 ± 1.3
***

<0.001 +29

10STS 6.4 ± 1.2 8.8 ±
1.19***#

<0.001 +38

Notes:
MQI, muscle quality index.
*** = Significant change p-value < 0.001 from pre-evaluation.
# = Significant change p-value < 0.05 vs. Control.
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only the 5STS group showed a significant increase in PA. Conversely, in the 10STS group,
while an increase in PA was observed, it was not significant. In all groups, a slight decrease
in FL was noted, being more pronounced in the intervention groups, although these
changes were not significant.

As for the CG, no significant changes were recorded in any of the studied muscle
architecture variables: MT, PA, and FL (Table 3). Individual differences in muscle
architecture are shown in Fig. 4.

DISCUSSION
The objective of this research was to compare the effects of five and 10 repetitions of STS
training programs on muscle function and muscle architecture in sedentary adults.
The main findings of the study were that both the five and 10 repetitions of STS programs
over an 8-week period resulted in significant increases in the MQI and relative STS mean
power. Additionally, adaptations in muscle architecture parameters were observed,
including an increase in MT and PA. However, the increase in PA was significant only in
the 5STS group. These findings suggest that STS, as a low-cost exercise, can improve the
muscle function of sedentary individuals and promote adaptations in muscle architecture.
It is important to note that this training program is also characterized by its time efficiency.
These findings support the implementation of STS programs as a viable and efficient
strategy to improve function and muscle architecture in sedentary adults.

Figure 3 Individual changes in functional performance. Full-size DOI: 10.7717/peerj.15665/fig-3
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There are several methods to evaluate muscle quality (Fragala, Kenny & Kuchel, 2015;
Correa-de-araujo et al., 2017); however, many are normalized to muscle mass (Naimo
et al., 2021), which remains an important factor for evaluation. The instruments required
for these evaluations are often difficult to obtain or incur high costs (Ticinesi et al., 2016).
In this context, MQI through STS is a useful, low-cost, and rapid tool for measuring muscle
quality in patients in a clinical context (Brown, Harhay & Harhay, 2016; Jerez-mayorga
et al., 2020). Its significant increase could indicate an improvement in the muscle quality
and functional status of the lower extremities of the participants (Scanlon et al., 2014),
without considering other parameters, such as the neural component (Fragala, Kenny &
Kuchel, 2015). Similarly, the values provided by the Alcazar et al. (2018) formula for
muscle velocity and power provide an important indicator for measuring the muscular
function of the lower extremities and thus for monitoring our patients.

There was a significant increase in PA (5STS) and a slight, non-significant decrease in
the FL intervention group. Previous studies found an increase in PA in response to
concentric contraction training (Franchi et al., 2017) and a reduction in FL in response to
concentric exercise interventions (Timmins et al., 2016), which is opposite to what occurs
in eccentric interventions (Alonso-Fernandez et al., 2020). However, all of these studies
used more demanding exercise doses and higher volumes (Lizama-Pérez et al., 2022).
The increase in PA and slight decrease in FL in this study could be explained by the type of
exercise used, as we considered STS to behave as a concentric loading exercise for the VL
because of the need to overcome gravity during knee extension, acting mostly with a
concentric component (Frykberg & Ha, 2015; Franchi et al., 2017; Lizama-Pérez et al.,
2022). PA is considered an essential factor in force production (Lieber & Ward, 2011;
Narici, Franchi & Maganaris, 2016), possibly by allowing a greater number of contractile
fibers in the aponeurosis area (Blazevich & Sharp, 2005). Although the association of PA
with force production has recently been questioned (Lieber, 2022), its behavior in response
to different interventions is still not clear, possibly because other variables need to be

Table 3 Changes in muscle architecture of VL.

Group PRE
mean ± SD

POST
mean ± SD

p-value % Change 95% CI for mean difference Time x Group interaction

Mean difference Lower Upper F p-value Effect size

MT (cm) Control 2.6 ± 0.54 2.6 ± 0.51 0.307 −5% −0.110 −0.164 −0.055 16.978 <0.001 0.21 Small

5STS 2.54 ± 0.47 2.78 ± 0.5 *** <0.001 +9%

10STS 2.49 (0.56) 2.70 ± 0.53 ** 0.001 +8%

FL (cm) Control 12.35 ± 3.21 12.1 ± 2.39 – −2% 0.669 −0.140 1.479 0.357 0.701 0.003 Trivial

5STS 12.83 ± 3.21 11.72 ± 2.29 – −9%

10STS 12.25 ± 4.5 11.63 ± 2.11 – −5%

PA (�) Control 12.08 ± 2.46 11.87 ± 2.05 1.0 −2% −1.025 −1.603 −0.448 4.646 0.014 0.025 Small

5STS 12.09 ± 2.45 13.9 ± 2.23 ** 0.008 +15%

10STS 12.09 ± 2.08 13.56 ± 2.13 0.073 +13%

Notes:
MT, muscle thickness; PA, pennation angle. FL, fascicle length; VL, vastus lateralis.
** = Significant change p-value < 0.01 from pre-evaluation.
*** = Significant change p-value < 0.001 from pre-evaluation.
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considered in this discussion, such as the role of non-contractile tissue and dynamic
studies that appreciate the rotation of the fascicle during contraction (Son, Rymer & Lee,
2020; Lieber, 2022).

Another parameter evaluated in this intervention was the adaptation of the VL in the
MT, which increased significantly in both the intervention groups. This situation has been
observed in response to different types of interventions. MT has been described as a
valuable predictor of muscle strength during knee extension (Abe, Loenneke & Thiebaud,
2015), although further studies are needed to use it as a predictor of muscle function (Casey
et al., 2022). Similarly, it has been proposed as a promising tool for predicting sarcopenia in
older adults (Ticinesi et al., 2016; Casey et al., 2022). Therefore, given the limited
availability of instruments for evaluating muscle mass using bioimpedance and
dual-energy X-ray absorptiometry (DXA), or physiological cross-sectional area through

Figure 4 Individual changes in VL muscle architecture. MT, muscle thickness; PA, pennation angle;
FL, fascicle length. Full-size DOI: 10.7717/peerj.15665/fig-4

Lizama-Pérez et al. (2023), PeerJ, DOI 10.7717/peerj.15665 10/17

http://dx.doi.org/10.7717/peerj.15665/fig-4
http://dx.doi.org/10.7717/peerj.15665
https://peerj.com/


magnetic resonance imaging (Perkisas et al., 2021), MT measured using ultrasound can be
a useful indicator in the evaluation of patients.

In recent years, various interventions have been tested to examine their effects on health
outcomes from low-energy cost routines. Data suggests that low-volume, high-load
training can enhance strength (Fisher et al., 2014). However, it appears that exercises with
light to moderate loads, executed at the highest possible speed, are more effective in
improving functional capacity in older adults (Ramírez-Campillo et al., 2014;
Balachandran et al., 2022). A recent meta-analysis indicates that while multiple sets per
exercise can slightly increase lower limb strength in middle-aged and older adults, a single
set per exercise is sufficient for enhancing upper limb strength, muscle size, and functional
capacity in these age groups (Marques et al., 2023). Lastly, the observed deficits in the rate
of force development (RFD) in older adults underscore the importance of muscle power in
fall prevention. Older adults 10d to exhibit greater deficiencies in RFD compared to
maximal strength, suggesting that power training could be particularly beneficial for this
demographic (Jiménez-Lupión et al., 2023).

Exercise routines have been tested that interrupt sedentary time and improve insulin
and glucose levels. (Dempsey et al., 2016a, 2016b). Other studies have used STS as an
intervention to evaluate its effects on functional variables. Hyun, Lee & Lee (2021)
evaluated its effect after 6 weeks of intervention in stroke patients, who significantly
increased their strength, balance, and speed. Similarly, Matsufuji et al. (2015) applied an
STS intervention to elderly hemodialysis patients, who significantly improved their
functional independence. However, these studies were conducted in a population different
from that used in this study, and with different STS modalities not applied to improve
muscular power. Although other STS modalities exist (Bohannon & Crouch, 2019;
Figueiredo et al., 2021), We use those that take into account the time taken to complete the
five repetitions, rather than the number of repetitions performed, as a measure of the
result. By trying to beat the time, we believe that this modality encourages faster
movements that contribute to improving lower limb muscle power.

A limitation of the present study was the heterogeneity in the age of the population.
Additionally, to complement the effectiveness of the intervention, additional
measurements, such as dynamometric devices to assess strength and velocity, are needed.
Another limitation of the study is the absence of an evaluator during the training sessions,
which resulted in participants not receiving real-time feedback while performing the
exercises to encourage them to complete each repetition at maximum speed. Furthermore,
despite being a controlled trial, it was not blinded, as both participants and evaluators were
aware of the study conditions and their assigned groups. This lack of blinding may have
introduced biases in the data collection and analysis, as expectations and preconceptions
could have influenced the results and their interpretation. Additionally, it is worth noting
that the measurements of muscular architecture and subsequent analysis were conducted
by the same evaluator. Therefore, caution is necessary when generalizing the findings of
this study, and these limitations should be considered when interpreting the results.
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CONCLUSIONS
In conclusion, the results of this study suggest that STS training effectively improves
muscle quality and generates adaptations in the AP and MT muscles. These findings are
important to understand that although a low volume of training was used, the results were
positive in the study population. This finding indicates the importance of encouraging the
general population to engage in exercise, even with a seemingly low volume. However,
further research is required to determine the ideal training volume. Additionally, it is
essential to study its effects on functional variables that support improvement in daily
activities and promote independence in the elderly population.

ACKNOWLEDGEMENTS
This article will be part of the Rodrigo Lizama-Pérez Doctoral thesis conducted in the
Biomedicine Doctorate Program of the University of Granada, Spain.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
Daniel Jerez-Mayorga has a contract through the program “Recualificación del
Profesorado Universitario. Modalidad Margarita Salas”, Universidad de Granada/
Ministerio de Universidades y Fondos Next Generation de la Unión Europea.
The DGI-University Andres Bello, N� DI-6-20/CBC supported the publication fee for this
article. The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Recualificación del Profesorado Universitario. Modalidad Margarita Salas.
Universidad de Granada/Ministerio de Universidades y Fondos Next Generation de la
Unión Europea.
DGI-University Andres Bello: No. DI-6-20/CBC.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Rodrigo Lizama-Pérez conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

� Luis Javier Chirosa-Ríos conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

Lizama-Pérez et al. (2023), PeerJ, DOI 10.7717/peerj.15665 12/17

http://dx.doi.org/10.7717/peerj.15665
https://peerj.com/


� Guido Contreras-Díaz conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

� Daniel Jerez-Mayorga conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

� Daniel Jiménez-Lupión conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

� Ignacio Jesús Chirosa-Ríos conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The study protocol was approved by the Scientific Ethics Committee of the University of
Granada, Spain (2380/CEIH/2021) and of the Universidad San Sebastián, Chile (55-2021-
20).

Clinical Trial Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The study was conducted at the Basic Sciences Laboratory, Universidad San Sebastian,
Valdivia, Chile. The study protocol was approved by the Scientific Ethics Committee of the
University of Granada, Spain (2380/CEIH/2021) and of the Universidad San Sebastián,
Chile (55-2021-20).

Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in the Supplemental Files.

Clinical Trial Registration
The following information was supplied regarding Clinical Trial registration:

NCT05469191.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.15665#supplemental-information.

REFERENCES
Abe T, Loenneke JP, Thiebaud RS. 2015. Review morphological and functional relationships with

ultrasound measured muscle thickness of the lower extremity: a brief review. Ultrasound
23(3):1–8 DOI 10.1177/1742271X15587599.

Lizama-Pérez et al. (2023), PeerJ, DOI 10.7717/peerj.15665 13/17

http://dx.doi.org/10.7717/peerj.15665#supplemental-information
https://clinicaltrials.gov/ct2/show/NCT05469191
http://dx.doi.org/10.7717/peerj.15665#supplemental-information
http://dx.doi.org/10.7717/peerj.15665#supplemental-information
http://dx.doi.org/10.1177/1742271X15587599
http://dx.doi.org/10.7717/peerj.15665
https://peerj.com/


Alcazar J, Aagaard P, Haddock B, Kamper RS, Hansen SK, Prescott E, Alegre LM, Frandsen U,
Suetta C. 2020. Age- and sex-specific changes in lower-limb muscle power throughout the
lifespan. Journals of Gerontology—Series A Biological Sciences and Medical Sciences
75(7):1369–1378 DOI 10.1093/gerona/glaa013.

Alcazar J, Losa-reyna J, Rodriguez-lopez C, Alfaro-acha A, Rodriguez-mañas L, Ara I, García-
garcía FJ, Alegre LM. 2018. The sit-to-stand muscle power test: an easy, inexpensive and
portable procedure to assess muscle power in older people. Experimental Gerontology
112(3):38–43 DOI 10.1016/j.exger.2018.08.006.

Alcazar J, Rodriguez-lopez C, Delecluse C, Thomis M, Van Roie E. 2023. Ten-year longitudinal
changes in muscle power, force, and velocity in young, middle-aged, and older adults. Journal of
Cachexia, Sarcopenia and Muscle 14(2):1019–1032 DOI 10.1002/jcsm.13184.

Alonso-Fernandez D, Taboada-Iglesias Y, García-Remeseiro T, Gutiérrez-Sánchez Á. 2020.
Effects of the functional heel drop exercise on the muscle architecture of the gastrocnemius.
Journal of Sport Rehabilitation 29(8):1053–1059 DOI 10.1123/jsr.2019-0150.

Balachandran AT, Steele J, Angielczyk D, Belio M, Schoenfeld BJ, Quiles N, Askin N, Abou-
Setta AM. 2022. Comparison of power training vs traditional strength training on physical
function in older adults: a systematic review and meta-analysis. JAMA Network Open
5(5):e2211623 DOI 10.1001/jamanetworkopen.2022.11623.

Blake H, Stanulewicz N, McGill F. 2017. Predictors of physical activity and barriers to exercise in
nursing and medical students. Journal of Advanced Nursing 73(4):917–929
DOI 10.1111/jan.13181.

Blazevich AJ, Gill ND, Zhou S. 2006. Intra- and intermuscular variation in human quadriceps
femoris architecture assessed in vivo. Journal of Anatomy 209(3):289–310
DOI 10.1111/j.1469-7580.2006.00619.x.

Blazevich AJ, Sharp NCC. 2005. Understanding muscle architectural adaptation: macro- and
micro-level. Cells Tissues Organs 181(1):1–10 DOI 10.1159/000089964.

Bohannon RW, Crouch R. 2019. 1-Minute sit-to-stand test: systematic review of procedures,
performance, and clinimetric properties. Journal of Cardiopulmonary Rehabilitation and
Prevention 39(1):2–8 DOI 10.1097/HCR.0000000000000336.

Brown JC, Harhay MO, Harhay MN. 2016. The muscle quality index and mortality among males
and females. Annals of Epidemiology 26(9):648–653 DOI 10.1016/j.annepidem.2016.07.006.

Casey P, Alasmar M, McLaughlin J, Ang Y, McPhee J, Heire P, Sultan J. 2022. The current use of
ultrasound to measure skeletal muscle and its ability to predict clinical outcomes: a systematic
review. Journal of Cachexia, Sarcopenia and Muscle 13(5):2298–2309 DOI 10.1002/jcsm.13041.

Chaovalit S, Taylor NF, Dodd KJ. 2020. Sit-to-stand exercise programs improve sit-to-stand
performance in people with physical impairments due to health conditions: a systematic review
and meta-analysis. Disability and Rehabilitation 42(9):1202–1211
DOI 10.1080/09638288.2018.1524518.

Coratella G, Rinaldo N, Schena F. 2018. Quadriceps concentric-eccentric force and muscle
architecture in COPD patients vs healthy men. Human Movement Science 59(Pt 2):88–95
DOI 10.1016/j.humov.2018.03.015.

Correa-de-araujo R, Harris-love MO, Miljkovic I, Fragala MS. 2017. The need for standardized
assessment of muscle quality in skeletal muscle function deficit and other aging-related muscle
dysfunctions: a symposium report. Frontiers in Physiology 8:1–19
DOI 10.3389/fphys.2017.00087.

Dempsey PC, Larsen RN, Sethi P, Sacre JW, Straznicky NE, Cohen ND, Cerin E, Lambert GW,
Owen N, Kingwell BA, Dunstan DW. 2016a. Benefits for type 2 diabetes of interrupting

Lizama-Pérez et al. (2023), PeerJ, DOI 10.7717/peerj.15665 14/17

http://dx.doi.org/10.1093/gerona/glaa013
http://dx.doi.org/10.1016/j.exger.2018.08.006
http://dx.doi.org/10.1002/jcsm.13184
http://dx.doi.org/10.1123/jsr.2019-0150
http://dx.doi.org/10.1001/jamanetworkopen.2022.11623
http://dx.doi.org/10.1111/jan.13181
http://dx.doi.org/10.1111/j.1469-7580.2006.00619.x
http://dx.doi.org/10.1159/000089964
http://dx.doi.org/10.1097/HCR.0000000000000336
http://dx.doi.org/10.1016/j.annepidem.2016.07.006
http://dx.doi.org/10.1002/jcsm.13041
http://dx.doi.org/10.1080/09638288.2018.1524518
http://dx.doi.org/10.1016/j.humov.2018.03.015
http://dx.doi.org/10.3389/fphys.2017.00087
http://dx.doi.org/10.7717/peerj.15665
https://peerj.com/


prolonged sitting with brief bouts of light walking or simple resistance activities. Diabetes Care
39(6):964–972 DOI 10.2337/dc15-2336.

Dempsey PC, Sacre JW, Larsen RN, Straznicky NE, Sethi P, Cohen ND, Cerin E, Lambert GW,
Owen N, Kingwell BA, Dunstan DW. 2016b. Interrupting prolonged sitting with brief bouts of
light walking or simple resistance activities reduces resting blood pressure and plasma
noradrenaline in type 2 diabetes. Journal of Hypertension 34(12):2376–2382
DOI 10.1097/HJH.0000000000001101.

Figueiredo PHS, de Veloso LRS, Lima MMO, Vieira CFD, Alves FL, Lacerda ACR, Lima VP,
Rodrigues VGB, Maciel EHB, Costa HS. 2021. The reliability and validity of the 30-seconds
sit-to-stand test and its capacity for assessment of the functional status of hemodialysis patients.
Journal of Bodywork and Movement Therapies 27(3):157–164 DOI 10.1016/j.jbmt.2021.02.020.

Fisher J, Steele J, McKinnon P, McKinnon S. 2014. Strength gains as a result of brief, infrequent
resistance exercise in older adults. Journal of Sports Medicine 2014(1):1–7
DOI 10.1155/2014/731890.

Fragala MS, Kenny AM, Kuchel GA. 2015.Muscle quality in aging: a multi-dimensional approach
to muscle functioning with applications for treatment. Sports Medicine 45(5):641–658
DOI 10.1007/s40279-015-0305-z.

Franchi MV, Reeves ND, Narici MV, Huey K. 2017. Skeletal muscle remodeling in response to
eccentric vs. concentric loading: morphological , molecular , and metabolic adaptations.
Frontiers in Physiology 8:1–16 DOI 10.3389/fphys.2017.00447.

Frykberg GE, Ha CK. 2015. Movement analysis of sit-to-stand—research informing clinical
practice. Physical Therapy Reviews 20(3):156–167 DOI 10.1179/1743288X15Y.0000000005.

Hegde BM. 2018. Health benefits of exercise. Kuwait Medical Journal 50:143–145
DOI 10.1249/01.mss.0000477455.85942.2f.

Hyun SJ, Lee J, Lee BH. 2021. The effects of sit-to-stand training combined with real-time visual
feedback on strength, balance, gait ability, and quality of life in patients with stroke: a
randomized controlled trial. International Journal of Environmental Research and Public Health
18(22):12229 DOI 10.3390/ijerph182212229.

Jerez-mayorga D, Delgado-floody P, Intelangelo L, Campos-jara C, Arias-poblete L, García-
verazaluce J, Garcia-ramos A, Javier L. 2020. Behavior of the muscle quality index and
isometric strength in elderly women. Physiology & Behavior 227(3):113145
DOI 10.1016/j.physbeh.2020.113145.

Jiménez-Lupión D, Chirosa-Ríos L, Martínez-García D, Rodríguez-Pérez M, Jerez-Mayorga D.
2023. Effects of power training on functional capacity related to fall risk in older adults: a
systematic review and meta-analysis. Archives of Physical Medicine and Rehabilitation 1:S0003-
9993(23)00105-3 DOI 10.1016/j.apmr.2023.01.022.

Lieber RL. 2022. Can we just forget about pennation angle? Journal of Biomechanics 132(6):110954
DOI 10.1016/j.jbiomech.2022.110954.

Lieber RL, Fridén J. 2000. Functional and clinical significance. Muscle & Nerve 23:1647–1666
DOI 10.1002/(ISSN)1097-4598.

Lieber RL, Ward SR. 2011. Skeletal muscle design to meet functional demands. Philosophical
Transactions of the Royal Society of London. Series B, Biological Sciences 366(1570):1466–1476
DOI 10.1098/rstb.2010.0316.

Lizama-Pérez R, Chirosa-Rios I, Chirosa-Rios L, Olave E, Ferragut C, Vila H, Jerez-Mayorga D.
2022. Effects of eccentric exercise on muscle architecture in adults: a systematic review.
International Journal of Morphology 40(2):425–432 DOI 10.4067/S0717-95022022000200425.

Lizama-Pérez et al. (2023), PeerJ, DOI 10.7717/peerj.15665 15/17

http://dx.doi.org/10.2337/dc15-2336
http://dx.doi.org/10.1097/HJH.0000000000001101
http://dx.doi.org/10.1016/j.jbmt.2021.02.020
http://dx.doi.org/10.1155/2014/731890
http://dx.doi.org/10.1007/s40279-015-0305-z
http://dx.doi.org/10.3389/fphys.2017.00447
http://dx.doi.org/10.1179/1743288X15Y.0000000005
http://dx.doi.org/10.1249/01.mss.0000477455.85942.2f
http://dx.doi.org/10.3390/ijerph182212229
http://dx.doi.org/10.1016/j.physbeh.2020.113145
http://dx.doi.org/10.1016/j.apmr.2023.01.022
http://dx.doi.org/10.1016/j.jbiomech.2022.110954
http://dx.doi.org/10.1002/(ISSN)1097-4598
http://dx.doi.org/10.1098/rstb.2010.0316
http://dx.doi.org/10.4067/S0717-95022022000200425
http://dx.doi.org/10.7717/peerj.15665
https://peerj.com/


Marques DL, Neiva HP, Marinho DA, Marques MC. 2023. Manipulating the resistance training
volume in middle-aged and older adults: a systematic review with meta-analysis of the effects on
muscle strength and size, muscle quality, and functional capacity. Sports Medicine
53(2):503–518 DOI 10.1007/s40279-022-01769-x.

Marzilger R, Bohm S, Mersmann F, Arampatzis A. 2020. Modulation of physiological
cross-sectional area and fascicle length of vastus lateralis muscle in response to eccentric
exercise. Journal of Biomechanics 111:110016 DOI 10.1016/j.jbiomech.2020.110016.

Matsufuji S, Shoji T, Yano Y, Tsujimoto Y, Kishimoto H, Tabata T, Emoto M, Inaba M. 2015.
Effect of chair stand exercise on activity of daily living: a randomized controlled trial in
hemodialysis patients. Journal of Renal Nutrition 25(1):17–24 DOI 10.1053/j.jrn.2014.06.010.

Naimo MA, Varanoske AN, Hughes JM, Pasiakos SM. 2021. Skeletal muscle quality: a biomarker
for assessing physical performance capabilities in young populations. Frontiers in Physiology
12:1–17 DOI 10.3389/fphys.2021.706699.

Narici M, Franchi M, Maganaris C. 2016. Muscle structural assembly and functional
consequences. Journal of Experimental Biology 219(2):276–284 DOI 10.1242/jeb.128017.

Narici M, McPhee J, Conte M, Franchi MV, Mitchell K, Tagliaferri S, Monti E, Marcolin G,
Atherton PJ, Smith K, Phillips B, Lund J, Franceschi C, Maggio M, Butler‐Browne GS. 2021.
Age-related alterations in muscle architecture are a signature of sarcopenia: the ultrasound
sarcopenia index. Journal of Cachexia, Sarcopenia and Muscle 12(4):973–982
DOI 10.1002/jcsm.12720.

Nicolson PJA, Bennell KL, Dobson FL, Van Ginckel A, Holden MA, Hinman RS. 2017.
Interventions to increase adherence to therapeutic exercise in older adults with low back pain
and/or hip/knee osteoarthritis: a systematic review and meta-analysis. British Journal of Sports
Medicine 51(10):791–799 DOI 10.1136/bjsports-2016-096458.

Norton KI. 2019. Standards for anthropometry assessment. In: Kroinanthpometry and Exercise
Physiology. London: Routledge, 68–137.

Perkisas S, Bastijns S, Baudry S, Bauer J, Beaudart C, Beckwée D, Cruz-Jentoft A, Gasowski J,
Hobbelen H, Jager-Wittenaar H, Kasiukiewicz A, Landi F, Małek M, Marco E, Martone AM,
de Miguel AM, Piotrowicz K, Sanchez E, Sanchez-Rodriguez D, Scafoglieri A,
Vandewoude M, Verhoeven V, Wojszel ZB, De Cock AM. 2021. Application of ultrasound for
muscle assessment in sarcopenia: 2020 SARCUS update. European Geriatric Medicine
12(1):45–59 DOI 10.1007/s41999-020-00433-9.

Portela-Pino I, Valverde-Esteve T, Martínez-Patiño MJ. 2021. Age as a determining variable in
the practice or abandonment of physical exercise among young people. PLOS ONE 16(6):1–10
DOI 10.1371/journal.pone.0253750.

Ramírez-Campillo R, Castillo A, de la Fuente CI, Campos-Jara C, Andrade DC, Álvarez C,
Martínez C, Castro-Sepúlveda M, Pereira A, Marques MC, Izquierdo M. 2014. High-speed
resistance training is more effective than low-speed resistance training to increase functional
capacity and muscle performance in older women. Experimental Gerontology 58:51–57
DOI 10.1016/j.exger.2014.07.001.

Reid KF, Fielding RA. 2012. Skeletal muscle power: a critical determinant of physical functioning
in older adults. Exercise and Sport Sciences Reviews 40(1):4–12
DOI 10.1097/JES.0b013e31823b5f13.

Ribeiro AS, Picoloto A, Pedro Nunes J, Bezerra ES, Schoenfeld BJ, Cyrino ES. 2020. Effects of
different resistance training loads on the muscle quality index in older women. Journal of
Strength and Conditioning Research 136(5):1445–1449 DOI 10.1519/JSC.0000000000003667.

Sainani KL. 2017. Reliability statistics. PMR 9(6):622–628 DOI 10.1016/j.pmrj.2017.05.001.

Lizama-Pérez et al. (2023), PeerJ, DOI 10.7717/peerj.15665 16/17

http://dx.doi.org/10.1007/s40279-022-01769-x
http://dx.doi.org/10.1016/j.jbiomech.2020.110016
http://dx.doi.org/10.1053/j.jrn.2014.06.010
http://dx.doi.org/10.3389/fphys.2021.706699
http://dx.doi.org/10.1242/jeb.128017
http://dx.doi.org/10.1002/jcsm.12720
http://dx.doi.org/10.1136/bjsports-2016-096458
http://dx.doi.org/10.1007/s41999-020-00433-9
http://dx.doi.org/10.1371/journal.pone.0253750
http://dx.doi.org/10.1016/j.exger.2014.07.001
http://dx.doi.org/10.1097/JES.0b013e31823b5f13
http://dx.doi.org/10.1519/JSC.0000000000003667
http://dx.doi.org/10.1016/j.pmrj.2017.05.001
http://dx.doi.org/10.7717/peerj.15665
https://peerj.com/


Scanlon TC, Fragala MS, Stout JR, Emerson NS, Beyer KS, Oliveira LP, Hoffman JR. 2014.
Muscle architecture and strength: adaptations to short-term resistance training in older adults.
Muscle and Nerve 49(4):584–592.

Shariat A, Cleland JA, Danaee M, Alizadeh R, Sangelaji B, Kargarfard M, Ansari NN,
Sepehr FH, Tamrin SBM. 2018. Borg CR-10 scale as a new approach to monitoring office
exercise training. Work 60(4):549–554 DOI 10.3233/WOR-182762.

Son J, Rymer WZ, Lee SSM. 2020. Limited fascicle shortening and fascicle rotation may be
associated with impaired voluntary force-generating capacity in pennate muscles of chronic
stroke survivors. Clinical Biomechanics 75(4):105007 DOI 10.1016/j.clinbiomech.2020.105007.

Spiteri K, Broom D, Bekhet AH, de Caro JX, Laventure B, Grafton K. 2019. Barriers and
motivators of physical activity participation in middle-aged and older adults—a systematic
review. Journal of Aging and Physical Activity 27(6):929–944 DOI 10.1123/japa.2018-0343.

Suchomel TJ, Nimphius S, Bellon CR, Stone MH. 2018. The importance of muscular strength:
training considerations. Sports Medicine 48(4):765–785 DOI 10.1007/s40279-018-0862-z.

Suchomel TJ, Nimphius S, Stone MH. 2016. The importance of muscular strength in athletic
performance. Sports Medicine 46(10):1419–1449 DOI 10.1007/s40279-016-0486-0.

Takai Y, Ohta M, Akagi R, Kanehisa H, Kawakami Y, Fukunaga T. 2009. Sit-to-stand test to
evaluate knee extensor muscle size and strength in the elderly: a novel approach. Journal of
Physiological Anthropology 28(3):123–128 DOI 10.2114/jpa2.28.123.

Ticinesi A, Meschi T, Narici MV, Lauretani F, Maggio M. 2016. Muscle ultrasound and
sarcopenia in older individuals: a clinical perspective. Journal of the American Medical Directors
Association 18(4):290–300 DOI 10.1016/j.jamda.2016.11.013.

Tieland M, Trouwborst I, Clark BC. 2018. Skeletal muscle performance and ageing. Journal of
Cachexia, Sarcopenia and Muscle 9(1):3–19 DOI 10.1002/jcsm.12238.

Timmins RG, Ruddy JD, Presland J, Maniar N, Shield AJ, Williams MD, Opar DA. 2016.
Architectural changes of the biceps femoris long head after concentric or eccentric training.
Medicine and Science in Sports and Exercise 48(3):499–508
DOI 10.1249/MSS.0000000000000795.

Zampogna E, Pignatti P, Ambrosino N, Cherubino F, Fadda AM, Zappa M, Spanevello A,
Visca D. 2021. The 5-repetition sit-to-stand test as an outcome measure for pulmonary
rehabilitation in subjects with Asthma. Respiratory Care 66(5):769–776
DOI 10.4187/respcare.08452.

Lizama-Pérez et al. (2023), PeerJ, DOI 10.7717/peerj.15665 17/17

http://dx.doi.org/10.3233/WOR-182762
http://dx.doi.org/10.1016/j.clinbiomech.2020.105007
http://dx.doi.org/10.1123/japa.2018-0343
http://dx.doi.org/10.1007/s40279-018-0862-z
http://dx.doi.org/10.1007/s40279-016-0486-0
http://dx.doi.org/10.2114/jpa2.28.123
http://dx.doi.org/10.1016/j.jamda.2016.11.013
http://dx.doi.org/10.1002/jcsm.12238
http://dx.doi.org/10.1249/MSS.0000000000000795
http://dx.doi.org/10.4187/respcare.08452
http://dx.doi.org/10.7717/peerj.15665
https://peerj.com/

	Effect of sit-to-stand-based training on muscle quality in sedentary adults: a randomized controlled trial
	Introduction
	Materials and Methods
	Primary outcomes
	Secondary outcomes
	Results
	Discussion
	Conclusions
	flink8
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


