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Abstract
Background: The aim of this study was to investigate the association between walking ability and muscle atrophy
in the trunk and lower limbs.
Methods: Subjects in this longitudinal study were 21 elderly women who resided in nursing homes. The
thicknesses of the following trunk and lower-limb muscles were measured using B-mode ultrasound: rectus
abdominis, external oblique, internal oblique, transversus abdominis, erector spinae, lumbar multifidus, psoas major,
gluteus maximus, gluteus medius, gluteus minimus, rectus femoris, vastus lateralis, vastus intermedius, biceps
femoris, gastrocnemius, soleus, and tibialis anterior. Maximum walking speed was used to represent walking ability.
Maximum walking speed and muscle thickness were assessed before and after a 12-month period.
Results: Of the 17 measured muscles of the trunk and lower limbs, age-related muscle atrophy in elderly women
was greatest in the erector spinae, rectus femoris, vastus lateralis, vastus intermedius, and tibialis anterior muscles.
Correlation coefficient analyses showed that only the rate of thinning of the vastus lateralis was significantly
associated with the rate of decline in maximum walking speed (r = 0.518, p < 0.05).
Conclusions: This longitudinal study suggests that reduced walking ability may be associated with muscle atrophy
in the trunk and lower limbs, especially in the vastus lateralis muscle, among frail elderly women.
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Introduction
There are numerous studies on age-related muscle atrophy using ultrasonographic measurements of muscle
thickness. Strong correlations have been reported between muscle thickness measured by B-mode ultrasound
and site-matched skeletal muscle mass measured by
magnetic resonance imaging [1–4]. Therefore, measurements of muscle thickness using ultrasound can be used
to noninvasively estimate the degree of muscle atrophy
[5]. Kubo et al. [6] reported that the thicknesses of the
vastus lateralis and medial gastrocnemius muscles, as
measured by B-mode ultrasound, decreased significantly
* Correspondence: ikezoe@hs.med.kyoto-u.ac.jp
1
Human Health Sciences, Graduate School of Medicine, Kyoto University, 53
Shogoin Kawahara-cho, Sakyo-ku, Kyoto 606-8507, Japan
Full list of author information is available at the end of the article

with advancing age, whereas no significant age-related
change in muscle thickness was observed for the triceps
brachii muscle. Our previous study using ultrasound
revealed relatively little atrophy of the soleus but marked
atrophy of the psoas major among lower-limb muscles
in elderly women able to walk without assistance [7].
With regard to age-related changes in the size of trunk
muscles, Rankin et al. [8] reported a significant negative
correlation between age and thickness of the abdominal
muscles in healthy subjects aged 20–72 years. Kanehisa
et al. [9] also found that the rectus abdominis muscle
was significantly thinner in elderly than in younger
patients. Ota et al. [10] demonstrated that age-related
muscle atrophy of the rectus abdominis begins at an early
age and that less age-related atrophy is seen in the deep
abdominal muscles such as the transversus abdominis.
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We also reported less age-related atrophy in the deep trunk
muscles (transversus abdominis and lumbar multifidus) of
elderly women who were able to walk [11]. Thus, although
age-related changes in individual muscles have been reported in cross-sectional studies, age-related changes in
trunk and lower-limb muscles have not been examined in
longitudinal studies.
Age-related muscle atrophy (sarcopenia) is a key
component of the frailty syndrome observed in the
elderly [12], while the prevalence of sarcopenia is high in
long-term care populations compared with communitydwelling populations [13]. In frail elderly people who are
institutionalized, decreases in motor function from a lack
of specialized exercise training may occur in as little as
12 months and may lead to difficulty ambulating. In fact,
there is evidence of a relationship between locomotor ability and thinning of the muscles of the trunk and lower
extremities among the frail elderly. Our previous studies
demonstrated that the degree of daily physical activity was
associated with the thickness of the gluteus medius
muscle in frail elderly women [7] and that marked muscle
atrophy was seen in the quadriceps femoris muscles of
elderly women who did not walk for a long period [14].
Further, we reported that in elderly women who were not
able to ambulate independently or perform other activities
of daily living, atrophy of the trunk muscles was more
marked among the antigravity muscles, such as the back
muscles and transversus abdominis [11]. In these crosssectional studies, it remains unclear whether muscle
atrophy led to reduced walking ability or whether muscle
atrophy progressed as a result of inactivity resulting from
reduced walking ability. Therefore, assessments of the
changes in muscle mass and walking ability are required to clarify causality. However, there are no longitudinal studies focusing on the influence of walking
ability among elderly people on trunk and lower-limb
muscle atrophy. Thus, the aim of this study was to
investigate age-related changes in individual muscle
thickness and the relationship between walking ability
and the decline in muscle thickness of the trunk and
lower extremities over time among institutionalized
elderly women.

Methods
Subjects

Subjects were 21 elderly women (mean age 82.4 ±
6.5 years). All subjects were residents of nursing
homes in Kyoto, Japan, who were able to ambulate
independently or with an assistive device and were
without unstable physical conditions. Patients with
physical dysfunctions that may have influenced outcome measures, such as acute neurological impairment
(e.g., acute stroke, Parkinson’s disease, and paresis of
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the lower limbs) or severe musculoskeletal or cognitive
impairment, were excluded.
Our previous study examining habitual physical activity during the daytime in elderly women who resided in
nursing homes such as those in the present study
showed that institutionalized elderly subjects were taking
<2000 steps/day and that they spent most of the day in
sedentary, inactive positions such as sitting and lying
[15]. Therefore, at least in this population, institutionalized elderly women have low habitual physical activity
levels and “frailty.”
Subjects were informed about the study procedures
before testing and provided their written informed
consent before participating. The study was performed
in accordance with the Declaration of Helsinki and was
approved by Kyoto University Graduate School and the
faculty of the medical ethics committee.

Measurements of muscle thickness

Muscle thickness was measured using B-mode ultrasound imaging (LOGIQ Book XP; GE Healthcare
Japan, Tokyo, Japan) with transducers with a range of
5–10 MHz. Seven trunk muscles were examined on
the right side: the rectus abdominis, external oblique,
internal oblique, transversus abdominis, erector spinae, lumbar multifidus, and psoas major. The measurement site of each muscle and patient position
during measurement are shown in Table 1. Previous
studies have demonstrated the high reliability of the
ultrasound technique in measuring the thickness of
trunk muscles [11, 16–19]. As abdominal muscle thickness increases during expiration [20–22], recordings were
made at a consistent point at the end of relaxed expiration
(when the respiratory muscles are relaxed) during the
measurements of abdominal muscle thickness.
Ten lower-limb muscles were examined on the right
side: the gluteus maximus, gluteus medius, gluteus
minimus, rectus femoris, vastus lateralis, vastus intermedius, biceps femoris, gastrocnemius, soleus, and
tibialis anterior. The measurement site of each muscle
and patient position during measurement are shown
in Table 2. Previous studies have shown high reliability
of the ultrasound technique in the measurement of
lower-limb muscle thickness [14, 23–26].
During the examination, care was taken to maintain
the same standardized position of the subjects and the
exact location of the transducer. To improve acoustic
coupling, a water-soluble transmission gel was placed
over the scan head. The transducer was held perpendicular to the skin surface using the minimum pressure
required to achieve a clear image. All muscle thicknesses
were assessed once at the beginning of the study and
once 12 months later.
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Table 1 Measurement positions and measurement sites for trunk muscles
Muscles

Positions

Measurement sites

Rectus abdominis

Supine

3 cm lateral to the umbilicus

External oblique

Supine

2.5 cm anterior to the mid-axillary line, at the midpoint between the inferior rib and the iliac crest

Internal oblique

Supine

2.5 cm anterior to the mid-axillary line, at the midpoint between the inferior rib and the iliac crest

Transversus abdominis

Supine

2.5 cm anterior to the mid-axillary line, at the midpoint between the inferior rib and the iliac crest

Erector spinae

Prone

7 cm lateral to the L3 spinous process

Lumbar multifidus

Prone

2 cm lateral to the L4 spinous process

Psoas major

Prone

7 cm lateral from the L3 spinous process

Assessment of walking ability

Results

Maximum walking speed, which was used to represent
walking ability, was measured over a distance of 5 m.
Participants were provided an additional 2 m to accelerate before the test distance and 2 m to decelerate
afterwards and were asked to walk as fast as they could.
Two trials were performed, and the faster speed (m/s)
was used for the analyses. Maximum walking speed was
assessed once at the beginning of the study and once
12 months later.

Changes in maximum walking speed and muscle
thickness between baseline and 12 months later

Statistical analysis

All data are presented as mean ± standard deviation
(SD). Differences in maximum walking speed and
muscle thickness between baseline and 12 months
later were examined using a Wilcoxon signed-rank
test. We calculated the percent change in maximum
walking speed and percent change in muscle thickness
using the following formula: percent change = (value
after 12 months − baseline value) × (baseline value)−1 ×
100. Spearman’s rank correlation coefficient was used
to investigate the relationship between rates of change
in maximum walking speed and muscle thickness.
Significance was set at p < 0.05.

No major health problems, including acute neurological or
severe musculoskeletal complications or significant weight
loss, occurred during the follow-up period. The maximum
walking speed at 12 months later was significantly slower
than that at baseline (−12.7 ± 14.9 %, p < 0.01) (Table 3).
Table 4 shows muscle thicknesses (mean ± SD) at baseline and 12 months later. The thicknesses of the erector
spinae, rectus femoris, vastus lateralis, vastus intermedius,
and tibialis anterior muscles decreased significantly over
the 12-month period. There were no significant differences in the thicknesses of the rectus abdominis, external
oblique, internal oblique, transversus abdominis, lumbar
multifidus, psoas major, gluteus maximus, gluteus medius,
gluteus minimus, biceps femoris, gastrocnemius, and soleus muscles.
Percent change in muscle thickness compared with
baseline

Table 4 shows the percent change in muscle thickness for
each muscle between baseline and 12 months later. Thinning was greatest for the rectus femoris (−28.3 ± 25.0 %),
followed by the vastus intermedius (−19.8 ± 22.9 %), vastus

Table 2 Positions and sites of measurement of lower-limb muscles
Muscles

Positions

Measurement sites

Gluteus maximus

Prone

30 % proximal between the posterior superior iliac spine and the greater trochanter

Gluteus medius

Prone

Midway between the proximal end of the iliac crest and the greater trochanter

Gluteus minimus

Prone

Midway between the proximal end of the iliac crest and the greater trochanter

Rectus femoris

Supine

Midway between the anterior superior iliac spine and the proximal end of the patella

Vastus lateralis

Supine

3 cm lateral of 60 % distal between the anterior superior iliac spine and the proximal end of the patella

Vastus intermedius

Supine

Midway between the anterior superior iliac spine and the proximal end of the patella

Biceps femoris

Prone

Midway between the ischial tuberosity and the lateral condyle of the tibia

Gastrocnemius

Prone

Medial head of gastrocnemius at 30 % proximal between the lateral malleolus of the fibula and the
lateral condyle of the tibia

Soleus

Prone

30 % proximal between the lateral malleolus of the fibula and the lateral condyle of the tibia

Tibialis anterior

Supine

30 % proximal between the lateral malleolus of the fibula and the lateral condyle of the tibia
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Table 3 Changes in characteristics and maximum walking
speed between baseline and 12 months later
Baseline
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Table 5 Relationships between percent change in maximum
walking speed and percent change in muscle thickness

12 months later

Correlation coefficients

p value

Height (m)

1.48 ± 0.08

1.48 ± 0.09

Rectus abdominis

0.041

0.859

Weight (kg)

47.0 ± 8.7

46.1 ± 8.7

External oblique

0.409

0.065

Body mass index (kg/m2)

21.4 ± 3.4

21.1 ± 3.4

Internal oblique

0.415

0.061

Maximum walking speed (m/s)

1.28 ± 0.37

1.10 ± 0.32**

Transversus abdominis

0.337

0.135

Erector spinae

0.412

0.064

Lumbar multifidus

0.094

0.685

Psoas major

0.195

0.410

Gluteus maximus

0.098

0.709

Gluteus medius

−0.025

0.924

Gluteus minimus

0.128

0.625

**p < 0.01 compared with baseline

lateralis (−17.3 ± 25.2 %), tibialis anterior (−12.8 ± 14.0 %),
and erector spinae (−12.0 ± 35.6 %).
Relationship between change in maximum walking speed
and change in muscle thickness

Table 5 shows the relationship between percent change
in maximum walking speed and percent change in the
thickness of each muscle. Spearman’s rank correlation
coefficient analyses showed that only the percent change
in vastus lateralis muscle thickness was significantly associated with the percent change in maximum walking
speed (r = 0.518, p < 0.05) (Fig. 1).

Rectus femoris

0.399

0.073

Vastus lateralis

0.518

0.016*

Discussion
There were two main findings in this longitudinal study.
First, of the 17 muscles of the trunk and lower limbs
measured, age-related muscle atrophy in frail elderly
women was greatest for the erector spinae, tibialis anterior, and quadriceps femoris muscles such as the rectus
femoris, vastus lateralis, and vastus intermedius muscles.

*Significant correlation at p < 0.05

Vastus intermedius

0.360

0.109

Biceps femoris

0.203

0.390

Gastrocnemius

0.086

0.719

Soleus

0.247

0.293

Tibialis anterior

0.008

0.974

Second, walking ability was associated with age-related
muscle atrophy in the vastus lateralis muscle among frail
elderly women. To our knowledge, this is the first longitudinal report to demonstrate age-related declines in
individual muscles of the trunk and lower limbs and the

Table 4 Changes in muscle thicknesses between baseline and 12 months later
Muscles
Rectus abdominis

Baseline (mm)

12 months later (mm)

6.2 ± 1.9

6.1 ± 1.9

0.4 ± 16.4

Percent change (%)

External oblique

4.9 ± 1.2

4.9 ± 1.5

1.6 ± 22.5

Internal oblique

7.1 ± 2.0

6.8 ± 2.5

−1.1 ± 33.1

3.2 ± 1.0

3.1 ± 1.1

0.8 ± 23.3

26.6 ± 6.4

21.9 ± 5.7*

Transversus abdominis
Erector spinae

−12.0 ± 35.6

Lumbar multifidus

26.8 ± 5.8

26.3 ± 6.3

1.1 ± 25.6

Psoas major

13.7 ± 5.2

11.6 ± 3.1

−5.4 ± 35.7

Gluteus maximus

15.3 ± 4.0

14.8 ± 4.8

−1.7 ± 23.4

Gluteus medius

15.5 ± 4.4

15.2 ± 5.0

−0.1 ± 27.2

Gluteus minimus

12.3 ± 3.9

12.3 ± 4.0

1.6 ± 30.2

Rectus femoris

16.5 ± 4.2

11.5 ± 4.2**

−28.3 ± 25.0

Vastus lateralis

13.2 ± 3.9

10.6 ± 3.4**

−17.3 ± 25.2

Vastus intermedius

10.8 ± 3.1

8.4 ± 2.8**

−19.8 ± 22.9

Biceps femoris

18.3 ± 4.6

17.3 ± 5.5

−2.6 ± 30.8

Gastrocnemius

11.3 ± 3.3

10.9 ± 2.4

1.8 ± 26.4

Soleus

29.3 ± 6.8

28.3 ± 5.5

−0.6 ± 20.8

Tibialis anterior

21.8 ± 3.1

18.7 ± 2.5**

−12.8 ± 14.0

*p < 0.05 compared with baseline; **p < 0.01 compared with baseline
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Fig. 1 Relationship between percent change in walking speed and
vastus lateralis muscle atrophy

relationship between walking ability and sarcopenia in
the trunk and lower-limb muscles.
The muscles of the trunk and lower limbs play important roles in stabilizing the body, maintaining posture,
and controlling spinal and lower-limb movement. Therefore, prevention of age-related atrophy of these muscles
is important for maintaining the ability of the elderly to
perform activities of daily living. In this study, measurement of the thicknesses of 17 muscles of the trunk and
lower limbs revealed no significant differences between
baseline and 12 months later in the thicknesses of the
deep muscles, such as the transversus abdominis, lumbar
multifidus, and soleus. These findings are consistent
with those from our previous cross-sectional studies
[11, 14]. In general, only moderate age-related losses
occur in the deep muscles, which are made up of a
larger proportion of type I fibers [27–29]. The deep
muscles of the trunk and lower limbs can be maintained by a small amount of muscle contraction
during daily physical activities, without any special
exercise training and regardless of the aging process,
in elderly people who are able to walk independently.
Our results suggest, however, that age-related atrophy
may occur in the erector spinae, quadriceps femoris,
and tibialis anterior muscle in as little as 12 months.
In our previous cross-sectional study of elderly subjects who had not walked for a long period of time, we
found that muscle atrophy was greatest in the quadriceps muscles [14]. However, it remains unclear whether
muscle atrophy of the quadriceps femoris progressed as
a result of inactivity or whether muscle atrophy of quadriceps femoris led to disability. The results of the
present longitudinal study also showed that a decline
in walking ability was associated with progression of
muscle atrophy, especially in the vastus lateralis, in
the trunk and lower-limb muscles. Reduced physical
activity leads to a loss of skeletal muscle mass. Lowerlimb muscles, especially antigravity muscles such as
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the quadriceps femoris, which are required for weightbearing activities (i.e., walking and stair climbing), are
likely to be most affected by inactivity and reduced
gravitational loading. Previous studies have documented that muscle mass in the human quadriceps
femoris was reduced by 3 % after 7 days [30], 8 % after
20 days [31], and 14 % after 42 days [32] of bed rest.
Thus, loss of muscle mass in the quadriceps femoris is
exacerbated by periods of inactivity.
Our results indicate that of the quadriceps femoris
muscle group, only the vastus lateralis was associated with
walking speed. The vastus lateralis muscle is important in
controlling knee joint angle during gait. The physiological
cross-sectional area and knee moment arm of the vastus
lateralis muscle are larger than those of the vastus intermedius and rectus femoris muscles [33, 34]. Our results
suggest that reduced walking ability associated with
muscle atrophy, especially in the vastus lateralis muscle,
may lead to further declines in walking ability.
This study has several limitations. The first relates to
our measurement of muscle thickness for determining
muscle mass. In general, muscle cross-sectional area is
thought to reflect muscle size more accurately. However,
the obtained measurement values did not reflect both
the longitudinal axis and transverse axis as we took measurements in only one dimension. Another limitation of
this longitudinal study is its small subject sample size
and a short duration of 12 months. Further, we were
unable to determine the actual cause of the relationship
between muscle atrophy and walking ability, as we did
not examine the differences between more active and
less active subjects. Future longitudinal studies with
larger sample sizes and of longer duration are required
to further clarify the association between the degree of
decline in muscle mass and walking ability, including
lifestyle factors such as habitual physical activity and
sedentary behavior outcomes, in the elderly.
In conclusion, this longitudinal study suggests that
age-related muscle atrophy was greatest in the erector
spinae, quadriceps femoris, and tibialis anterior muscles
among trunk and lower-limb muscles. Additionally, our
findings suggest that reduced walking ability exacerbates
age-related muscle atrophy in the trunk and lower limbs,
especially in the vastus lateralis muscle, among frail elderly women.
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