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EFFECTS OF PHYSICAL ACTIVITY IN  
MUSCLE ULTRASOUND EVALUATION OF AN  

OLDER ADULT POPULATION – A PILOT STUDY
Efeitos da atividade física na avaliação ecográfica muscular  

de uma população idosa – estudo piloto
Rute Santosa,b , Helena Ferrazc 

R
E

S
U

M
O

INTRODUÇÃO: Níveis insuficientes de atividade física em populações idosas têm-se tornado um desafio crescente. O fenótipo da sarcopenia 
pode ter muitas causas além do envelhecimento. A presença de baixo desempenho muscular é necessária para o diagnóstico, além da 
diminuição da massa muscular. A ecografia é uma modalidade de imagem com diversas vantagens, sendo potencialmente útil na avaliação 
das alterações musculares. OBJETIVO: Este estudo piloto teve como objetivo avaliar as alterações da morfologia muscular em idosos 
após um programa de atividade física por meio de parâmetros ecográficos. MÉTODOS: Idosos com mais de 60 anos foram divididos em 
dois grupos não randomizados em um ensaio não cego: um grupo de intervenção (n = 18), que participou de um programa de atividade 
física por 8 semanas; e um grupo controle, incentivado a manter a rotina diária usual (n = 16). Todos os participantes foram submetidos 
a avaliações ecográficas do músculo quadríceps bilateralmente; a espessura e a ecogenicidade dos músculos foram analisadas. Apenas 
seis participantes de cada grupo estavam disponíveis para uma segunda sessão de avaliação. O teste t para amostras independentes foi 
usado para avaliar as diferenças entre os grupos. Um teste t para amostras emparelhadas foi realizado para o IntG na linha de base e pós-
intervenção. RESULTADOS: A espessura muscular apresentou correlação negativa com a idade, enquanto a ecogenicidade apresentou 
correlação positiva. A ecogenicidade apresentou correlação negativa com a espessura muscular. Houve diferenças entre os grupos para as 
medidas. CONCLUSÕES: Alterações na morfologia muscular foram perceptível após a aplicação de um programa de atividade física, neste 
estudo piloto. No entanto, novos estudos são necessários para confirmar esses achados preliminares. A ecografia pode ser um método 
objetivo de baixo custo para avaliação muscular na verificação da eficácia de programas de atividade física em idosos.
PALAVRAS-CHAVE: envelhecimento; músculo quadríceps; exercício físico.
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INTRODUCTION: Insufficient physical activity levels in aging populations have become an increasing challenge. The phenotype of 
sarcopenia has many causes in addition to aging. The presence of low muscle performance is necessary for diagnosis, in addition to 
low muscle mass. The ultrasound is an imaging modality with several advantages, making it potentially useful in assessing muscle 
changes. OBJECTIVE: This pilot study aimed to evaluate muscle morphology changes in older adults after a physical activity program 
using ultrasound parameters. METHODS: Older adults aged over 60 years were divided into two non-randomized groups in an unblinded 
trial: an intervention group (n = 18), who took part in a physical activity program for 8 weeks; and a control group, whose members 
were encouraged to maintain their usual daily routines (n = 16). All the participants were submitted to bilateral quadriceps muscle 
ultrasound evaluations; the thickness and echo-intensity muscles were analyzed. Only six participants of each group were available 
for a second evaluation session. The t-test for independent samples was used to evaluate differences between the groups. A t-test 
for paired samples was performed for the IntG at baseline and post-intervention. RESULTS: Muscle thickness showed a negative 
correlation with age, while echo-intensity showed a positive correlation. Echo-intensity showed a negative correlation with muscle 
thickness. There were differences between the groups for both measurement. CONCLUSIONS: A change in muscle morphology was 
noticeable when a physical activity program was applied in this pilot study. New studies are necessary to confirm these preliminary 
findings. Ultrasound could be a low-cost objective method for muscle evaluation in physical activity programs assessment in older adults.
KEYWORDS: aging; quadriceps muscle, physical activity.
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INTRODUCTION
Aging is a continuous process that includes a life cycle 

that goes from birth to death1 and brings profound social 
normality changes.2 Aging relates to a set of progressively 
accumulating changes affecting individuals’ body structure 
and functions. It is also a stage of life during which morpho-
logical, psychological, hereditary, cultural, intellectual, racial, 
and other factors may have influences.3

From the physiological point of view, the aging process 
is marked by reduced motor skills, flexibility, strength, and 
speed, leading to difficulties performing daily activities and 
maintaining a healthy lifestyle.4

Several changes occur in the body during the aging pro-
cess, especially in the musculoskeletal system. Sarcopenia is 
one of the most significant, consisting of the loss of strength 
and skeletal muscle mass quality.3,5,6 This phenomenon has 
a significant impact on public health due to its recognized 
functional consequences for walking and balance, increasing 
the risk of falling and loss of functional physical indepen-
dence, compounded by an increased risk of chronic diseases 
such as diabetes and osteoporosis.5

Sarcopenia is a geriatric syndrome characterized by pro-
gressive and generalized loss of skeletal muscle mass and stren-
gth, with a risk of adverse outcomes such as physical disability, 
falls, low quality of life, and death.6-8.Its prevalence increases 
from 10% in those aged 60 – 70 years to 30% in those over 80.8  

Older adults with sarcopenia have a decrease in length, 
elasticity, and number of muscle fibers, as well as a loss of 
elasticity of tendons and ligaments, decrease in bone mine-
ral content and bone formation, connective tissue prolifera-
tion and reduction in joint cartilage, basal metabolism rate, 
muscle strength, and daily physical activity levels.3 Moreover, 
the amount of non-contractile intramuscular tissue increa-
ses with aging.9 

On the other hand, the muscle architecture may also 
change with aging. According to some authors, there is an 
approximately 10–16% decrease in the number of fascicles in 
the gastrocnemius muscle. The angle of pennation is 7–16% 
smaller in the older adult population than younger people.9 
Several studies report changes in the specific strength of 
the gastrocnemius muscle, which is reduced in older adults, 
indicating that strength per unit area decreases with aging.10 
On the other hand, there is also a decrease in specific fiber 
tension, which is considered another factor contributing to 
muscle properties changes. 

The reduction in fascicle length with aging suggests smal-
ler numbers of serially arranged sarcomeres, which may have 
implications for the older adult population’s muscles.9 However, 
it should be noted that the physiological manifestations of 

aging may not be solely caused by the aging process but may 
also be influenced by reduced use.9

Ultrasound (US) is a diagnostic imaging method that 
offers several advantages: being portable and not using ioni-
zing radiation, for instance, enables evaluation in any location, 
including institutions or homes, reaching the entire popu-
lation,11–14 enabling more effective and earlier diagnosis.13–16

Several parameters allow US to explore structures in detail, 
especially muscles. Thickness and echo-intensity (EI) are 
two parameters that can be measured quantitatively, revea-
ling muscle quality; they both characterize muscle and can 
be used to evaluate changes induced by exercise, disease, or 
aging.12,13,17-20 Echo-intensity, assessed by US, is the tissue’s 
capacity to reflect ultrasound waves and produce echoes, 
which may contain information on muscle tissue composition. 

For example, in low-density tissues (and liquids), the faci-
lity with which ultrasound beam passes through the diffe-
rent structures results in a smaller proportion being reflected. 
Such anatomy appears hypoechogenic. When the opposite 
is true, i.e., when the US beam finds it more difficult to pass 
through structures (connective tissue and fat, for example), 
a more significant proportion is reflected, causing structu-
res to appear hyperechogenic. A healthy muscle is seen on 
a US image as hypoechogenic, with hyperechogenic fibers. 
In contrast, inactive and pathological muscles, or those with 
degenerative aging processes, exhibit a different configura-
tion, more hyperechogenic and more diffuse. Tendons’ cha-
racteristics are the opposite; they are already hyperechogenic, 
and aging turns them more hypoechogenic.21,22 

Yoshiko et al. 23 showed that walking training may improve 
older individuals’ muscle quality but that combining it with 
home-based resistance training has better results in increa-
sing EI. Both muscle size and muscle quality improved with 
increasing numbers of weeks of a combined walking and 
home-based resistance training intervention.23

Several authors defend the great diversity of benefits 
associated with the practice of physical activity. These include 
increases in longevity, flexibility, functionality, and inde-
pendence; maintenance of bone strength and well-being; 
improved sleep; weight control; decreased cardiovascular 
disease and risk of fractures; and reduced risk of depression 
and dementia.2,24–29

It is necessary and important to develop physical activity 
programs for the older adult to reap the motor skills bene-
fits for carrying out daily living activities and improve well-
-being, health status, and quality of life.25,30 When choosing 
a physical activity program, it is important to consider some 
fundamental aspects, particularly the intensity, duration, fre-
quency, and progression of physical activity. According to 
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age, functional capacity, and other factors, the modality or 
exercise should be suitable for each participant.4 

Additionally, physical activity aims to improve physical 
fitness, health promotion, and reduce risk factors for chronic 
diseases.4,24 Exercises of moderate-intensity based on aerobic 
activities and muscle strength improvement are recommended, 
and exercises that maintain or increase flexibility and balance 
to reduce sedentary lifestyle and prevent falling situations.24 
However, a prior assessment of the older adult’s health status 
and physical condition is essential, to develop a more spe-
cific program and effectively plan progressive activities.2,24

The implementation of physical activity programs has 
been growing, along with creating healthy lifestyle habits, 
such as regular practice of physical activity.2,27 It is essential 
to motivate and encourage regular physical activity in the 
older adult, emphasizing its several benefits and its positive 
outcomes for promoting health and quality of life.2,25 

Several studies report that active older adults show 
improvements in well-being and physical fitness, sugges-
ting that physical activity delays older adults’ disability and 
dependence.2,24,30 The Otago Exercise Program (OTAGO) 
is usually employed in older adult physical activity programs. 
It combines moderate-intensity strength exercises focusing 
on the lower limbs and balance, to be performed for about 
30 minutes at least three times a week. Walking on alternate 
days, at least twice a week, can also be featured. This pro-
gram’s results are very positive in increasing the balance, gait, 
and muscular strength of the lower limbs in older adults.31

The Aga@4life project is a multidisciplinary geriatric 
approach, aiming to promote active and healthy aging by 
implementing an integrated and tailored intervention pro-
gram in a cohort of older adults, using the FallSensing 
Exergames, a wearable sensor-based exercise program based 
on OTAGO.31 It aims to promote active and healthy aging 
through validation and implementation of an innovative 
intervention model, based on the broad geriatric approach 
(AGA), incorporating endogenous resources from the region 
in the intervention plans, adding elements of technologi-
cal innovation, resulting from the creation of remote digi-
tal monitoring platforms. This pilot study aimed to evaluate 
muscle morphology changes in older adults after a physical 
activity program using ultrasound parameters.

METHODS

Participants and ethics
Thirty-four individuals (intervention group = 18; control 

group = 16) of both genders, aged 60 years or over, without 

functional decline and with no prior history of cerebrovas-
cular or neurological disorders, were invited to participate 
in an unblided and non-randomized experimental study in 
January 2018. According to the Declaration of Helsinki 
guidelines, the study was conducted and approved by the 
Research Ethics Committee at the Polytechnic Institute of 
Coimbra (No.6/2017). Anonymity and confidentiality of 
the data collected were assured, and all participants signed 
an informed consent form before admission. 

Procedure
This pilot study examined the relationship between muscle 

architecture changes by ultrasonography and its association 
with a physical activity program’s participation.

All the participants were recruited from a daycare cen-
ter in Portugal, where they spend part of the day. During 
February and March 2018, an individual baseline multi-
disciplinary evaluation was performed, comprising demo-
graphic and clinical information: comorbidities, ongoing 
treatments, diet, physical activity profile, cardiovascular risk 
profile, functional ability, fear of falling, and history of falls 
in the previous 12 months. 

Twenty eight participants aged over 60 years were regis-
tered to participate in a non-randomized experimental study. 
They were divided into two non-randomized groups in an 
unblinded trial according to their enthusiasm for participa-
ting in the study. The intervention group (IntG) (n = 18, 13 
males and 5 females) participated in a program consisting 
of an exercise plan incorporated into a technological system 
using pressure and inertial sensors, feedback, and Exergames 
for eight weeks, three sessions a week with a duration of 
approximately 20 min on each occasion. 31 The control group 
(ConG) (n = 16, 13 males and 3 females) was encouraged to 
maintain their usual daily routines (outdoor aerobic exercise). 
The progression of exercise intensity depended on partici-
pant feedback and recommendations of the original program.

Ultrasound examination
All participants underwent US evaluation of the three heads 

of the quadriceps femoris; vastus medialis (VM) (Figure 1A); 
vastus lateralis (VL) (Figure 1B), and rectus femoris (RF) 
(Figure 1C), bilaterally. Both groups were evaluated at two 
sessions: at baseline and after 8 weeks of intervention. US 
images were acquired at 50% of the distance between the 
upper pole of the patella and the anterior iliac crest. 32

Images were acquired in a supine position, using a General 
Electrics LOGIQe, with a linear-array transducer with varia-
ble frequency band (7–12 MHz). All system-setting para-
meters were optimized individually for each scanned muscle 
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and recorded and kept constant during the session. A water-
-soluble gel was used to provide acoustic contact, and care 
was taken not to compress the dermal surface. Compression 
was minimal and applied in the vertical direction, avoiding 
anisotropy artifacts. 

Values for muscle thickness (MT) and EI were obtai-
ned using Image J (National Institutes of Health, Bethesda, 
MD, USA) by the same operator. The MT was determined 
as the distance between the superficial fascia and each mus-
cle’s deep fascia (Figure 2A).13 A single image was saved 

for each muscle bilaterally, each thigh, in longitudinal view, 
making a total of 256 images. Regions of interest, including 
as much muscle as possible but avoiding bone and surrou-
nding fascia (Figure 2B), were selected for calculation of 
EI, and the mean EI of each muscle was determined using 
a standard histogram grayscale with a value ranging from 0 
(black) to 255 (white).13 

Statistical analysis
Statistical analysis was performed using SPSS version 26.0. 

Data was reported as mean ± standard deviation (SD). The 
normality was determined with the Shapiro-Wilk test. The 
t-test for independent samples was used to evaluate differen-
ces in variables between the two groups (ConG and IntG). 
A t-test for paired samples was performed for the IntG at 

Figure 1. Ultrasound images of the three heads of the quadriceps 
muscle, in longitudinal view: (A) vastus medialis muscle; (B) 
vastus lateralis muscle; and (C) rectus femoris muscle. 

A

B

C

Figure 2. (A) Muscle thickness measurement, avoiding the 
superficial and deep fascias of the vastus lateralis; (B) muscle 
echo-intensity measurement, avoiding the superficial and deep 
fascias of the vastus lateralis, including a maximum of muscle.

A

B
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baseline and post-intervention. The threshold for statistical 
significance was set at p < 0.05. 

RESULTS
The total sample has 34 participants: 26 males and 8 fema-

les. The mean age was 83.24 ± 6.9 years. There were no sta-
tistically differences observed in terms of age (p = 0.76), sex 
(p = 0.69), or sedentary lifestyle (p = 1) between the ConG 
and IntG at the first evaluation. 

Tables 1 and 2 show the data for muscle thickness (MT) 
and echo-intensity (EI) for each three quadriceps femoris 
heads and for the two groups and two sessions, respectively.

At the end of the eight weeks, only six participants of 
each group were available to undergo the post-intervention 
evaluation session. 

For EI, VL had the highest values (91.28 ± 3.25 a.u. for 
the right side and 98.31 ± 9.00 a.u. for the left side), and 
the VM had the lowest values (70.25 ± 11.56 a.u. for the 
right side and 66.56 ± 7.66 a.u. for the left side). MT had a 
negative correlation with age and EI had a significant posi-
tive correlation with age. EI also had a significant negative 
correlation with MT.

 There were no differences between the groups (p < 
0.05) for either measurement, MT or EI, at the base-
line evaluation. However, comparing the two groups 
at post-evaluation, there were differences between the 
groups (p < 0.05) for both measurements, MT and EI 
(p < 0.05)., There were differences in EI values for 
right RF and VI muscles and left VM and VL muscles 
when comparing IntG at baseline and post-interven-
tion (p < 0.05).

Table 1. Data on muscle thickness (cm) measurements (baseline and post-intervention)*.

Thickness  (cm) Control Group Intervention Group 

Muscles 1st session
(n = 16)

2nd session
(n = 6)

1st session
(n = 18)

2nd session
(n = 6)

Right Side

Vastus medialis 1.78 ± 0.38 1.78 ± 0.38 1.89 ± 0.53 1.95 ± 0.29a

Vastus lateralis 1.45 ± 0.38 1.45 ± 0.38 1.52 ± 0.37 1.18 ± 0.31a

Rectus femoris 1.15 ± 0.37 1.15 ± 0.37 1.19 ± 0.3 1.12 ± 0.54a

Left Side   

Vastus medialis 1.74 ± 0.55 1.74 ± 0.55 2.06 ± 0.70 1.74 ± 0.38a

Vastus lateralis 1.35 ± 0.32 1.35 ± 0.32 1.46 ± 0.36 1.33 ± 0.41a

Rectus femoris 1.27 ± 0.42 1.27 ± 0.42 0.97 ± 0.30 1.09 ± 0.42a

*Data presented as mean ± standard deviation; a significant difference between the control group and intervention group post-intervention (p < 0.05).

Table 2. Data of muscle echo-intensity (absent of unit [a.u.]) was measured using a rectangular ROI (baseline and post-intervention).

Echo-Intensity (a.u.) Control Group Intervention Group

Muscles 1st session
(n = 16)

2nd session
(n = 6)

1st session
(n = 18)

2nd session
(n = 6)

Right Side

Vastus medialis 82.79 ± 11.32 82.60 ± 11.02 90.78 ± 10.31 70.25 ± 11.56b

Vastus lateralis 99.22 ± 11.64 98.99 ± 12.00 100.54 ± 8.37 91.28 ± 3.25a,b

Rectus femoris 93.92 ± 12.50 93.50 ± 12.00 92.40 ± 12.17 85.21 ± 11.70a,b

Left Side

Vastus medialis 85.09 ± 11.7 85.00 ± 11.57 85.09 ± 8.49 66.56 ± 7.66a

Vastus lateralis 101.07 ± 12.44 101.97 ± 11.98 103.09 ± 9.78 98.31 ± 9.00a,b

Rectus femoris 92.74 ± 10.77 92.00 ± 09.50 92.61 ± 13.65 89.13 ± 13.44a,b

*Data presented as mean ± standard deviation; a significant difference between the control group and intervention group post-intervention 
(p < 0.05); b difference between the two sessions for the intervention group (p < 0.05).
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DISCUSSION
This study observed low MT values for all three heads of the 

quadriceps femoris, in the range of 1.0 and 2.1 cm, respectively, 
for RF and VM. This is in line with other authors who repor-
ted MT values of around 1.4 cm for RF and 1.5 cm for VI.33-37

Other studies reported EI values around 66.30 a.u. for 
VM, 74.90 a.u. for VL, and 78.30 a.u. for RF,36,38 which are 
lower than the values found in this study. This may be due 
to the age range, which was higher in this study. This may 
reflect the effects of aging and muscle changes on the parti-
cipants, presenting increased connective and adipose tissue 
in muscles and reducing muscle mass (i.e., thickness).1,39-42 
However, compared with other studies with the same age range, 
EI values were similar,23,36,39 and our research may not have 
had enough power to detect statistically significant changes

As expected, younger populations showed higher values for 
MT, and lower values for EI.12,17,41,43-46  There are also differen-
ces between the values when comparing active and sedentary 
older individuals, although these differences are smaller.10,24 
Other authors suggested that older individuals with a lower 
age range have higher MT values and lower EI values.35,36,47,48 

This study also found differences between EI measurements 
taken at the IntG pre and post-intervention assessments, fin-
ding lower values for EI post-intervention in the intervention 
group. Most of the literature confirms these results, showing 
that intervention programs involving physical activity pro-
voke changes in muscle quality, reducing sarcopenia.1,23,37,42,49,50 

According to Radaelli et al.,51 physical activity decreases 
muscle echo-intensity, indicating a greater amount of con-
tractile tissue. Studies reveal age-related changes in muscu-
loskeletal composition, such as an increase in intramuscu-
lar adipose tissue, replacing contractile tissue, and reducing 
muscle mass, leading to an increase in the EI of the muscles 
of the upper and lower extremities.27,29,39,52

Regarding the EI of the muscle, there is an increase in 
intramuscular connective tissue and a decrease in the number 
of capillaries in aging. These changes will contribute to greater 
isolation of each capillary from the adjacent muscle fiber and 
reduced blood supply to muscle fibers,40,53 which may explain the 
increase in muscle echo-intensity in inactive older adult people. 

Studies show that regular exercise leads to an increase in 
muscle vascularization, attenuating the effects of aging, which 
explains the decrease in muscle EI.29,40,53 Thus, the significant 
decrease in the EI of the right RF and VL and the left VM 
and VL muscles observed in this study after the physical 
intervention agrees with what is described in the literature, 
demonstrating, once again, that physical exercise attenuates 
the effects of aging and also that it brings benefits for many 
diseases and health disorders, including sarcopenia.27 

However, this study did not find significant differences in 
MT, which is often suggested by the literature.34 These authors 
report that after older adults undergo a combined strength 
and endurance program, there are significant increases in 
muscle thickness,40 thus combating muscle mass loss asso-
ciated with aging. 

Sáez de Asteasu et al.54 claim that an individualized trai-
ning program, with particular emphasis on muscle power trai-
ning, was associated with improved lower limb muscle power 
output at submaximal loads and maximal muscle strength 
in older patients during acute hospitalization. Maybe the 
intervention used in this study should be reorganized and 
individualized to a greater extent to obtain more significant 
differences and gains in muscle mass, reducing sarcopenia.

This study has some limitations. This pilot study sam-
pling was not randomized, and the researchers and partici-
pants were not masked to intervention during measurements. 
The loss to follow-up higher to 60% in both groups (initial 
sample size: 34:; final sample size: 12), compromising the 
tests’ power. Potential confounders that might interfere with 
the US parameters were not controlled. However, considering 
included participants, those allocated to InG were motiva-
ted, yet some dropped out during the program. 

CONCLUSION
This pilot study found some muscle changes using US 

parameters in older adults, suggesting an increase in muscle 
quality after a physical activity program. These results can-
not be extrapolated to other older populations. Further stu-
dies should be performed to guarantee more robust results. 
These results suggest that muscle ultrasound parameters may 
be a low-cost objective method for muscle evaluation in older 
adults’ physical activity programs assessment.
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