
Introduction

Age-related neurological and muscular changes lead to low 
strength in older people with an increased risk of functional 
decline (1). Residents of nursing homes, in particular, often 
have excessive muscle weakness (2) due to multiple chronic 
diseases, inactivity and malnutrition (1). To prevent adverse 
health outcomes, assessment of muscle disorders, and 
preservation or improvement in muscle strength are essential 
(3).

For several decades, the age-related muscle disorder 
sarcopenia has been mainly attributed to a reduction in muscle 
mass (1). Recently, however, it has been shown that the 
relationship between strength and muscle mass is inconsistent 
in older people and that strength decreases to a higher extent 
than mass with aging (4). Explanatory models have now 
highlighted the potential role of muscle quality and neural 
function, in addition to muscle mass, as key determinants of 
muscle strength (4). Muscle quality has been shown to decrease 
with age but is suspected to change more due to muscle disuse, 
which often accompanies aging (5). In the clinical context of 

strength, muscle quality refers to contractile characteristics of 
muscle fibres (5) and can be determined e.g. by the ratio of 
muscle strength per body mass or muscle imaging techniques 
(6). The quality of muscular contraction is thought to be 
diminished by multiple factors (5), including the accumulation 
of intramuscular connective and adipose (non-contractile) 
tissue (7), muscle fibre necrosis and inflammation that change 
the density and heterogeneity of the muscle structure (8). 

Evaluation of intramuscular non-contractile tissue 
has been recently applied in research that focuses on age-
related changes in muscle as well as in patients with muscle 
impairments such as muscular dystrophy (5, 9). While 
Magnetic Resonance Imaging has been widely used to quantify 
morphologic abnormalities in muscles, B-mode ultrasound 
imaging has been shown to be a reliable alternative in clinical 
settings, complementing functional measures of muscles and 
demonstrating disease progression by changes in thickness 
and echo intensity (9). Clinical trials evaluating healthy older, 
community-living people have shown that strength consistently 
declines along with altered muscle quality, however its 
relation to muscle quantity is controversial (10-12). Moreover, 
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muscle quality has been shown to be positively related to gait 
performance (12, 13). Despite the high informative value of 
ultrasound measures in detecting muscle changes in healthy 
elderly, there is a lack of studies using ultrasound in older (≥ 65 
years), particularly in oldest-old (≥ 85 years), comorbid people 
(14).

Only a few studies to date have evaluated muscle 
characteristics in nursing-home residents. As muscle strength 
decreases with age, particularly rapidly after the age of 80 
years (15), the proportional contribution of muscular and 
neurological changes leading to strength decline also changes 
(4, 15). Particularly in people with a very low muscle condition 
such as in nursing-home residents (1, 2, 16), the muscle might 
show a specific pattern of biological changes. Moreover, as the 
evaluation of muscle function by assessments typically used in 
older adults is limited in people with very low muscle condition 
due to physical restrictions (17), evaluation of ultrasound-
derived muscle changes might be a valuable alternative for 
this cohort. Therefore, morphologic changes in muscle, and 
relationships between strength, function and physical activity 
in this population merit separate attention to improve clinical 
assessment of sarcopenia in this population. So far, it has been 
shown in computer-tomographical scans that cross-sectional 
area of the quadriceps femoris was related to knee extensor 
strength and gait speed in frail, older nursing-home residents 
(18). However, whether there is a relationship between 
ultrasound measures of muscle morphology and strength of 
the lower extremities in nursing-home residents has not been 
explored to date (7).

The objectives of this study were 1. To explore potential 
relationships between sonographic measures of muscle 
quantity, quality and strength of the knee extensors in older 
nursing-home residents, specifically including oldest-old 
people, and 2. To examine the relationships of knee extensor 
characteristics and gait speed within subgroups based on 
physical activity level.

Methods

Study design
An observational, cross-sectional proof-of-concept (19) 

study design was used to explore the potential relationships 
between muscle strength, sonographically measured thickness, 
indices of quality, and physical function in a convenience 
sample of older, comorbid residents of a nursing-home in 
Switzerland, including oldest-old people (≥ 85 years). 

Participants recruitment
Residents were included if they were able to walk, with or 

without the aid of a walking device, and cognitively able to 
understand study content. Exclusion criteria were a) severe 
impairment in decision making (Cognitive performance scale > 
4 points) (20), b) acute illness, c) a history of acute lower limb 
pathology within the last 6 months (fracture and/or surgery) and 
d) skin disorders involving the anterior thigh.

All participants provided informed consent following a 
verbal and written explanation of the study procedures, which 
complied with the principles of the Declaration of Helsinki for 
ethical research in humans. The study received approval from 
the local ethics committee (Ethikkommission Nordwest- und 
Zentralschweiz (EKNZ), project-ID 2017-00839).

Data collection

Participants demographics
Age, height and body mass of the participants and number 

of chronic diseases that may affect muscle characteristics 
(metabolic, musculoskeletal, neurological, psychiatric, 
respiratory disease, renal insufficiency and cancer) were 
extracted from nursing assessments and medical history. 

Muscle strength, muscle morphology, physical function and 
physical activity were examined by a physiotherapist trained 
and experienced in musculoskeletal assessments.

Muscle strength
Maximal isometric strength of the knee extensor was 

measured with a hand-held dynamometer (Microfet®, 
CompuFET, Hoggan Health Industries, Biometrics Europe). 
For measurements, participants were seated on a plinth, with 
their back and thighs fully supported, knee positioned at 90° 
and lower leg hanging freely. The curved transducer pad of the 
dynamometer was positioned at 80% of the length of the tibia. 
Participants were requested to push against the dynamometer as 
hard as possible for 3 seconds.

The peak force measured during two trials was recorded 
in kg. Relative strength was calculated by normalizing peak 
force to body mass. Isometric muscle strength determined by 
hand-held dynamometry in older adults has been shown to be 
comparable to strength values measured with the gold standard 
method of isokinetic strength testing (21) with a high test-retest 
reliability (ICC 0.90-0.98) (22).

Muscle morphology
Real-time, B-mode ultrasonography (Nemio MX Type SSA-

590A, Toshiba, Japan) with a 12-MHz linear transducer array 
(45 mm footprint) was used to obtain two transverse scans 
of the rectus femoris and vastus intermedius muscles at a 
site two-thirds of the distance between the antero-superior 
iliac spine and the superior pole of the patella. Standardized 
sonographic settings were used for all participants and images 
were acquired using a uniform protocol developed for older 
adults (23). Ultrasound images were post-processed using a 
MATLAB code (MathWorks®, Massachusetts, USA). Muscle 
thickness was calculated as the distance between the fascial 
layers that distinguish muscles from the subcutaneous fat layer, 
and muscles from bone. Thickness values were expressed as 
a percentage of total thigh thickness to account for individual 
body composition (23). Sonographic measures of quadriceps 
thickness have been previously shown to be highly correlated 
(r = 0.98) with gold standard measures obtained from Magnetic 
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Resonance Imaging (14), and have a reported intra-rater 
reliability of ICC 0.88-.099 in older people (8, 23).

Muscle echotexture was characterized by echo intensity 
and heterogeneity, determined over a rectangular region of 
interest. Echo intensity was estimated by calculating the 
mean grayscale value in unspecified units (UU), ranging 
between 0–255. High values reflected hyperechoic tissue 
which reportedly reflects the accumulation of non-contractile 
tissue (9), muscle fibre necrosis and inflammation (8). Tissue 
heterogeneity was estimated by calculating the standard 
deviation (SD) of grayscale value (24). Low SD reflected low 
heterogeneity which indicates homogenous tissue structure 
and evenly distributed non-contractile tissue within muscle 
(24). Homogeneous muscle tissue patterns have been shown 
to be positively associated with muscle disorders (24), and 
age-related strength differences (25). Quantification of 
tissue heterogeneity has been demonstrated to be sensitive in 
detecting neuromuscular disorders including myopathy and 
muscle dystrophy (26).

Physical function
Preferred gait speed was evaluated over a 4m distance. 

This method is commonly used for evaluation of functional 
performance in older adults and shows excellent test-retest 
reliability in older people with comorbidities (17).

Physical activity
Physical activity was evaluated using the German Physical 

Activity 50+ questionnaire (27), which measures the duration 

of various household and leisure time activities and allows for 
estimation of energy expenditure based on the Compendium for 
Physical Activities (28). Its performance characteristics have 
been reported elsewhere (27). Energy expenditure was reported 
in kcal/week and dichotomized into low- and normal physical 
activity based on cut off values of 383 and 270 kcal/week for 
men and women, respectively (29). For evaluation of physical 
activity, participants as well as nurses responsible for their care, 
who closely observe the nursing-home residents 24h/7d were 
interviewed, to increase precision of the responses.

Statistical analysis
Normal distribution of the data was evaluated using the 

Shapiro-Wilk test. Normally distributed data have been 
reported as mean (SD), not normally distributed data as median 
(range). For normally distributed data, Pearson’s correlation 
coefficient was used to evaluate correlations between measures 
of muscle strength, muscle morphology, physical performance 
and physical activity, and to analyze relationships between 
knee extensor characteristics within the physical activity 
subgroups. For not normally distributed data, Spearman’s 
correlation coefficient was used accordingly.

Results

Descriptive Analysis
The study sample included n=24 participants (18 women), 

median age (range) 86.5 (68-103) years, with n=12 participants 
in each physical activity-subgroup (Table 1).
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Table 1
Descriptive characteristics of the participants

Normal physical activity
Mean (SD)/ median 

(range)

Low physical activity 
Mean (SD)/ median 

(range)

Total group
Mean (SD)/ median 

(range)
Demographics
n 12 12 24
Sex† (female, n) 9 9 18
Age† (years) 88 (69-103) 86 (68-98) 86.5 (68-103)
Height† (m) 1.6 (1.49-1.70) 1.6 (1.49-1.72) 1.6 (1.49-1.72)
Body mass† (kg) 67.6 (39.5-86.0) 73.0 (44.0-87.2) 69.6 (39.5-87.2)
Number of chronic diseases (n) 2.7 (1.2) 3.9 (1.4) 3.3 (1.4)
Leg characteristics
Knee extensor strength/ body mass (kg/kg) 0.2 (0.08) 0.16 (0.03) 0.18 (0.06)
Quadriceps thickness in percentage of total thickness† (%) 50 (43-73) 48 (35-73) 50 (35-73)
Rectus femoris grayscale† (UU) 113 (82-173) 116 (72-127) 113 (72-173)
Rectus femoris grayscale SD† (UU) 32 (24-39) 34 (18-43) 32 (18-43)
Physical function and physical activity
Gait speed over 4 meters† (m/s) 0.60 (0.38-1.09) 0.55 (0.19-0.85) 0.56 (0.19-1.09)
Physical activity (kcal/week) 1297 (1445) 77 (100) 682 (1182)
†data not normally distributed
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Correlation analysis (n=24)
Knee extensor strength normalized to body mass was 

not significantly correlated to sex or measures of muscle 
morphology, physical function or physical activity (Table 2).

Correlations within physical activity subgroups (n=12 each)  
To determine if a higher activity level, mainly achieved by 

walks in the garden and outside the nursing-home, is important 
to determine relationships of morphological measures and 
strength of the quadriceps, the sample was divided into two 
subgroups categorized by the physical activity cut-off value 
of 270kcal for women and 383kcal for men. The cut off 
value determines whether a person is at risk for frailty (29). 
Both subgroups included n=12 participants with an energy 
expenditure of mean (SD) 68 kcal/week (100) in the slow group 
and 1297 kcal/week (1445) in the group with normal physical 
activity.

Within the subgroup with normal physical activity, knee 
extensor strength was positively correlated with tissue 
heterogeneity (r = 0.727, p = .007) but not with muscle 
thickness (r = 0.014, p = .966). Similarly, muscle tissue 
heterogeneity was positively correlated with gait speed (r = 
0.588, p = .044). However, within the subgroup of people with 
low physical activity, there were no significant correlations 
among knee extensor strength normalized to body mass, 

comorbidities, muscle thickness and muscle echo intensity and 
heterogeneity, or gait speed (Table 3). 

Correlations of rectus femoris tissue heterogeneity with 
knee extensor strength, in those with normal and low physical 
activity are shown in Figure 1. Figure 2 presents two ultrasound 
images with different muscle tissue heterogeneity. 

Discussion

This study explored potential relationships among ultrasound 
derived indices of muscle quality characteristics, muscle 
function (gait speed) and physical activity in older, multimorbid 
nursing-home residents. This proof-of-concept study targeting 
muscle aging mechanisms showed that ultrasound assessments 
explored the relationship between muscle quality, strength 
of the knee extensors and gait speed in older (68-103 years) 
nursing-home residents with normal physical activity. 
Ultrasound imaging seems to be a useful measure for detecting 
physical activity-related muscle differences in this cohort, 
contributing to comprehensive sarcopenia assessment. It can 
be useful to detect differences in muscle quality associated 
with limitations in muscle function in people not capable of 
performing functional measures of strength. 

While knee extensor strength values in the current study 
are comparable to strength values reported for nursing-home 

Table 2
Correlations among demographic parameters, quadriceps muscle strength and morphology, physical function  

and physical activity (n= 24)

Age Height CD KES QT RG RGSD GS PA
Sex r 0.021† -0.105† -0.189† 0.097† -0.445†* 0.083† -0.042† -0.174† -0.042†

P .923 .627 .378 .651 .029 .698 .847 .417 .845
Age r -0.013† 0.176† -0.084† -0.078† 0.263† -0.284† -.480†* -0.042†

P .953 .411 .697 .716 .214 .179 .017 .847
Height r -0.314† 0.027† -0.034† -0.012† -0.200† 0.258† 0.148†

P .135 .902 .875 .955 .348 .224 .489
CD r -0.401 0.138† -0.117† -0.173† -0.403† -0.201

P .052 .519 .585 .419 .051 .347
KES r 0.031† 0.262† 0.237† 0.364† -0.014

P .885 .217 .264 .081 .948
QT r -0.037† -0.099† -0.023† 0.049†

P .865 .645 .915 .819
RG r 0.181† -0.120† -0.141†

P .398 .575 .512
RGSD r 0.024† -0.148†

P .912 .490
GS r 0.272†

P .199
CD = number of chronic diseases, KES = knee extensor strength normalized to body mass, QT = quadriceps thickness in relation to total thickness, RG = Rectus grayscale, RGSD = rectus 
grayscale standard deviation, GS = gait speed, PA = physical activity, Significance p<.05; †correlations determined by Spearman’s Correlation Coefficient; Body mass was excluded from 
the correlation analysis as muscle strength has been normalized to mass.
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residents of other European countries (18), strength and 
muscle morphology were not related to age. Although muscle 
characteristics change over the lifespan, differences within 
a group of older, comorbid people might be more related to 
disuse than to age per se (1). The relationship between knee 
extensor strength, muscle thickness and muscle morphology 
differed depending on the physical activity level in this 
sample of participants. The cut-off value for low- and normal-
physical activity (279/383 kcal per week) in the current study 
is equivalent to the energy expended by a 50-kg body mass 
woman whose only activity is to walk at a comfortable speed 
for 20 minutes a day, 5 times a week. Physical activity at this 
level reflects very little activity even for nursing home residents 
and is considered to be indicative of high disability (16). 

In elderly residents with normal physical activity, tissue 
heterogeneity, a measure of muscle quality (6, 25), correlated 

with knee extensor strength but not thickness. This finding is 
consistent with previous literature in community-living elderly 
(10-13). Muscle quality might, therefore, be a more appropriate 
indicator of age-related changes in muscle strength than 
muscle thickness. In the present study, muscle heterogeneity 
was not only related to strength in the subgroup with normal 
physical activity but also to gait speed, an important measure 
of functional status (1). Even if a causal relationship cannot be 
established by these data, they indicate mutual impact between 
these factors. It is possible that minimizing the accumulation 
of non-contractile tissue in muscle through physical activity 
interventions (5) could also effectively improve non-
contractile tissue dispersion and positively affect gait. Further 
research evaluating the impact of physical activity on muscle 
heterogeneity could verify this suggestion. 

Within the low physical activity subgroup, no significant 

Table 3
Correlation analysis between muscle characteristics of the knee extensor and gait speed within subgroups of physical activity

KES CD QT RG RGSD GS
Normal physical activity
sex r 0.139† -0.148† -0.139† -0.307† 0.028† -0.168†

P .666 .647 .666 .332 .931 .603
KES r -0.472 0.014† 0.371† 0.727†* 0.228†

P .121 .966 .236 .007 .477
CD r 0.100† 0.030† -0.289† -0.694†*

P .757 .927 .363 .012
QT r -0.084† 0.077† 0.186†

P .795 .812 .564
RG r 0.056† -0.245†

P .863 .442
RGSD r 0.588†*

P .044
Low physical activity
sex r -0.028† -0.291† -0.697†* 0.474† -0.084† -0.139†

P .931 .359 .012 .120 .796 .666
KES r 0.062 0.042† 0.126† 0.056† 0.427†

P .848 .897 .697 .863 .167
CD r 0.241† -0.339† -0.237† 0.007†

P .451 .281 .458 .982
QT r -0.182† -.112† 0.203†

P .572 .729 .527
RG r 0.322† 0.007†

P .308 .983
RGSD r -0.350†

P .265
CD = number of chronic diseases, KES = knee extensor strength normalized to body mass, QT = quadriceps thickness in relation to total thickness, RG = Rectus grayscale, RGSD = rectus 
grayscale standard deviation, GS = gait speed, PA = physical activity; †correlations determined by the Spearman’s correlation coefficient; *significance, p<.05
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relationships were observed between knee extensor strength 
and common sonographic measures of muscle morphology 
(muscle thickness and echo intensity). This finding cannot 
be compared to the literature as, to our knowledge, this is the 
first study to evaluate those relationships in nursing-home 
residents concerning physical activity. One potential reason 
for the present results might be that once muscle strength drops 
below a certain threshold, morphological interactions are less 
apparent. Alternatively, it is possible that the sonographic 
approach in the present study is not sufficiently sensitive to 
detect physical activity-related differences in muscle of highly 
reduced condition. The detection of catabolic biomarkers in 
blood samples could potentially give more detailed information 
about muscular changes (5). Another reason might be that 
neurological components of strength were not considered in 
this study as an explanatory factor for low strength. However, 
echotexture analysis of ultrasound images provides important 
information in the context of age-related muscle disorder even 
in older, comorbid nursing-home residents. 

The present findings are indicative of the following 
hypotheses: 1. Muscle quality contributes to age-related 
decrease in strength in nursing-home residents. Further research 
is needed to verify this hypothesis and should also focus on 
the neurological determinant of muscle strength. 2. Grayscale 
SD evaluated by echo intensity of ultrasound images could be 
used to detect differences in age-related muscle quality. The 
accordance of different methods detecting heterogeneity in 
muscle structure would have to be evaluated. 

Figure 2
Correlations between rectus femoris tissue heterogeneity and 

knee extensor strength

Two ultrasound images with similar grayscale value of muscle tissue (region indicated 
by yellow line) but different in grayscale standard deviation (SD): (A) higher grayscale 
SD (heterogeneous tissue) of a participant with normal physical activity level, (B) lower 
grayscale SD (homogenous tissue) of a participant with low physical activity level; the 
length of the yellow arrow defines the muscle thickness between subcutaneous tissue 
above it and bone below.

Limitations
One potential limitation of this study is that tissue 

heterogeneity is likely to vary within a given muscle and may 
be dependent on subcutaneous tissue thickness (25). While this 
study adopted a standardized region of interest for estimating 

Figure 1
Correlations between rectus femoris tissue heterogeneity and knee extensor strength

Scatterplot of rectus femoris tissue heterogeneity and knee extensor strength normalized to body mass in those with normal physical activity (A) and low physical activity (B).

A B

A B
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tissue heterogeneity, it should be recognized that calculation 
of parameters at the midpoint of the muscle, without taking 
subcutaneous tissue into consideration, may not be reflective 
of the whole muscle unit. The findings are, however, consistent 
with other studies in which tissue heterogeneity has been 
shown to be altered in neuromuscular disease and age-related 
muscle wasting (24, 25). Secondly, we cannot be certain that 
the isometric strength measurements involved maximal effort 
of the participants. Discrepancies between voluntary muscle 
contraction und maximal possible contraction could have been 
detected by electrical muscle stimulation using the interpolated 
twitch technique (30) but this is not feasible outside of 
laboratory settings. Therefore, the assessment of maximal 
isometric voluntary contraction is an appropriate alternative as 
it has been shown to be reliable in strength detection of older 
adults in clinical settings (22). Although further studies are 
needed to verify the results, the findings of the present study 
provide new insights into muscle characteristics in older, 
including oldest-old, institutionalized people.

Conclusions

The present results provide proof-of-concept that muscle 
tissue heterogeneity, a sonographically measured index of 
muscle quality, is positively related to knee extensor strength 
and gait speed, in older nursing-home residents with normal 
physical activity level. The findings indicate that the 
assessment of muscle quality from ultrasound images might be 
a more appropriate method to detect age-related differences in 
muscle than the evaluation of muscle thickness, at least in older 
people with normal physical activity. Given the sample size of 
the current study (n = 24), assessment of ultrasound-derived 
muscle morphology in a larger population sample is warranted. 
Inclusion of these assessments may be recommended as part of 
a comprehensive assessment of sarcopenia and for monitoring 
the outcome of preventative interventions designed to improve 
muscle strength and function in older individuals. 
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