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Abstract

Ultrasound shear wave elastography (SWE) can provide accurate in vivo measurements of the 

effect of advanced age on muscle elasticity. Our objective was to determine whether passive 

muscle elasticity was influenced by posture, chronological age, sex, body mass index, and clinical 

measures of upper extremity function for healthy adults. The dominant arm of 33 male and 33 

female participants (ranging from 20-89 years old) was examined using a Supersonic Imagine 

Aixplorer ultrasound SWE system. The mean and standard deviation of shear wave velocity 

(SWV) was measured from elastography maps for five upper extremity muscles examined at rest: 

anterior deltoid (AD), biceps brachii (BB), clavicular (CL) and sternocostal (SC) region of the 

pectoralis major and middle trapezius (MT). Linear mixed models for each muscle were used to 

assess how SWV was influenced by humeral elevation, chronological age, sex, BMI and three 

functional measures. All significances are reported at α=0.05. Humeral elevation influenced shear 

wave velocity at a statistically significant level for AD, BB, SC and MT (all p<0.047). 

Chronological age was a significant predictor of mean SWV for the sternocostal region of the 

pectoralis major and the middle trapezius (both p<0.03). These same muscles were also less 

homogenous (based on their standard deviations) with increased age, particularly for female 

participants. Performance-based functional assessments of the upper extremity were predictors of 

mean SWV for the clavicular region of the pectoralis major (all p<0.04). These results suggest 

ultrasound SWE has potential utility for assessing age-related changes to muscle elasticity, but 

these associations were muscle-dependent.
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INTRODUCTION

Musculoskeletal disorders have a significant impact on society, with 28% of the world 

population reporting at least one rheumatic or musculoskeletal disease as of 2013 (Palazzo et 

al., 2014). Specific to the upper extremity, the majority of the adult world population 

experiences upper limb pain regularly, with ~ 20% of individuals having upper limb pain 

that lasts longer than a month at some point in their lifetime (Hill et al., 2010; Walker-Bone 

et al., 2004). The prevalence of these disorders is associated with decreased quality of life of 

older adults (Netuveli et al., 2006). Deficits in physical functioning (including reduced 

strength and mobility, increased pain, and increased stiffness) are also associated with 

advanced age (Buckwalter et al., 1993; Hill et al., 2010; Palazzo et al., 2014). A common 

functional limitation with certain musculoskeletal disorders and aging is increased joint and 

muscle stiffness. Increased stiffness inhibits individuals from participating in work and 

leisure activities necessary to maintain general health, financial security, and social 

relationships (Buckwalter et al., 1993). These deficits can progress to a partial or complete 

loss of independence during activities of daily living (Buckwalter et al., 1993; Hill et al., 

2010; Larsson et al., 1997; McPhail et al., 2014; Palazzo et al., 2014).

The stiffness properties of muscle provide immediate protection for a muscle before reflex 

or voluntary control of the muscle occurs (Cui et al., 2008). This protection is important for 

older adults using their upper extremity to arrest a fall to the ground (DeGoede et al., 2003). 

Muscle stiffness is a structural property influenced both by tissue elasticity and muscle 

architecture (Cui et al., 2008). Muscles experience a shift in their fiber composition with 

increasing age (Claflin et al., 2011), resulting in progressive declines in the number and size 

of fast twitch muscle fibers (Lexell et al., 1988). Elderly adults also exhibit increased 

collagen and fat content of muscle (Gao et al., 2008; Gosselin et al., 1998; Visser et al., 

2005). These intramuscular changes lead to sarcopenia (Lexell et al., 1988), increased 

muscle elasticity (Wood et al., 2014) and ultimately increased muscle stiffness (Gao et al., 

2008; Gosselin et al., 1998).

Recent developments in ultrasound shear wave elastography (SWE) provides a reliable and 

valid assessment tool for quantifying in vivo muscle elasticity (Bercoff et al., 2004; Koo et 

al., 2014; Nordez and Hug, 2010; Shinohara et al., 2010). Increases in muscle elasticity 

across the lifespan have been identified with SWE for upper extremity muscles like the 

biceps brachii (Alfuraih et al., 2019; Eby et al., 2015) and supraspinatus (Baumer et al., 

2018). However, age-related changes in muscle elasticity are muscle dependent given the 

gastrocnemius and soleus muscles respectively exhibit decreased or no change in elasticity 

with increased age (Akagi et al., 2015). These findings support the need to investigate the 

association between age and muscle elasticity across a broad range of muscles with SWE. 

Furthermore, these inconsistencies in age-related changes to muscle elasticity may reflect 

that chronological age is a poor indicator of an individual’s functional capabilities (Crane et 

al., 2013; Zemkova et al., 2016). In addition, prior studies investigating aging and muscle 

elasticity with SWE focus on obtaining average measures of muscle elasticity and do not 

consider age-related changes to the homogeneity of muscle elasticity within a given muscle 

(Domire et al., 2009).
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Therefore, the objective of the current study was to assess whether changes in passive 

muscle elasticity for five upper extremity muscles (biceps brachii (BB), the sternocostal 

(SC) and clavicular (CL) regions of the pectoralis major, the anterior deltoid (AD), and the 

middle trapezius (MT)) are more reflective of chronological age or the functional status of 

the upper extremity. These muscles are all involved with stabilizing and moving the shoulder 

through its vast range of motion, but have varying fiber type compositions and force-length 

relationships as the arm is elevated (Srinivasan et al., 2007). We hypothesized that 1) 

humeral elevation would influence passive elasticity for each muscle differently, 2) 

functional status of the upper extremity is a better predictor of muscle elasticity than 

chronological age, and 3) muscle elasticity will become less homogenous with advanced 

age. Combined, this information will serve to establish a baseline for differentiating healthy 

aging from pathologic changes to muscle in older adults.

METHODS

Subjects

The University of Michigan Institutional Review Board approved all study procedures 

(IRB#: HUM00135096), and written informed consent was obtained from each participant 

prior to the collection of any data. Sixty-six healthy participants (33 males, 33 females; 

mean (SD) body mass index (BMI): 26.8 (4.4) kg/m2) ranging from age 20 to 89 years old 

were enrolled in the study (Table 1). Participants had no reported history of any orthopedic 

injuries or neuromuscular pathologies to the upper extremity. All participants were asked to 

self-report their shoulder pain and disability using the Shoulder Pain and Disability Index 

(SPADI).

Experimental Protocol

Each participant was seated in the Biodex chair (Biodex Medical Systems, Shirley, New 

York). The dominant arm was placed in a plastic removable fiberglass cast extending from 

the hand to just below the shoulder. The cast was attached to a servomotor to support the 

arm against gravity. Within the cast, the elbow was fixed at 90 degrees and the wrist was 

neutral. The glenohumeral joint was aligned with the center of rotation of the servomotor by 

manually adjusting the height and base of the chair. The motor was controlled in real time 

using the Matlab Simulink Real Time Toolbox (2017a Mathworks Inc, Natick, MA), and 

allowed the position of the arm in relation to the trunk to be standardized for each subject.

Participants were examined in five arm postures all along the frontal plane: 105, 90, 75, 60 

and 45 degrees of humeral elevation relative to the trunk (Figure 1). Five muscles around the 

upper extremity were examined as participants were relaxed, including the anterior deltoid 

(AD), biceps brachii (BB), clavicular (CL) and sternocostal (SC) region of the pectoralis 

major and middle trapezius (MT). The data were acquired in a randomized order, first by 

randomizing the examined muscle, and then by randomizing the humeral elevation angle.

A Supersonic Imagine Aixplorer ultrasound SWE system (Aix-en-Provence, France) 

connected to an SL15-4 linear transducer was used to acquire objective elastography 

measures from each muscle. At each position, the probe was placed over the belly of the 
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muscle of interest. Three images were acquired from the muscle at each humeral elevation 

angle before continuing to the next angle. The transducer was removed from the skin and 

repositioned between each image acquisition. The position and orientation of the transducer 

was considered satisfactory when individual muscle fascicles could be clearly identified on 

the corresponding B-mode ultrasound image. These B-mode images were superimposed 

with an elastography color map positioned in the belly of the muscle (Figure 2). The color 

map provides pixel by pixel calculations of shear wave velocity (SWV). The size of the 

color map was consistent between subjects (2.5 cm x 1 cm), but the depth of the color map 

was changed depending on the anatomy of the examined muscle and participant. In total, 75 

images were acquired from each participant. One experimenter collected all ultrasound 

images.

A series of functional measures previously correlated with upper extremity function in older 

adults (Onder et al., 2005; Onder et al., 2002) were acquired from each participant, including 

measures of manual coordination and dexterity, activities of daily living and hand grip 

strength (Martins et al., 2015; Poole and Mason, 2007). Manual dexterity and coordination 

were assessed by measuring the time to place 10 pegs using a Purdue Pegboard test 

(Lafayette Instruments, Lafayette, IN). This test was repeated three times on the dominant 

arm and averaged together. The ability to perform activities of daily living with the upper 

extremity was assessed by measuring the time to button a shirt. The shirt was placed on the 

back of a chair and time to put the shirt on and button six buttons were measured three times 

and averaged together. Finally, hand grip strength was measured using a hand dynamometer 

(Lafayette Instruments, Lafayette, IN). Each participant held their dominant arm parallel to 

the ground and straight in front of their chest while seated to complete the test and the 

maximum force from three trials was recorded.

Data and Statistical Analysis

All shear wave elastography images were exported from the ultrasound machine onto a 

DICOM server and the images were then objectively analyzed using a custom-written 

MATLAB algorithm previously described in detail (Lee et al., 2015; Leonardis et al., 2017). 

In general, the semi-automated algorithm is used to identify a region of interest on the 

ultrasound machine corresponding to the muscle belly and then extracts the SWV and the 

quality map for each pixel within the selected region for each image. This method avoids the 

inclusion of adipose tissue and aponeurosis in the color map that would bias the SWV 

measure. The algorithm calculated the mean and standard deviation of SWV within the 

region of interest for each image only using the pixels that achieved a quality map value 

above 0.7.

All statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC). The effect 

of chronological age on BMI, dynamometer grip strength, Purdue Pegboard time, or time to 

button a blouse was evaluated using separate linear regression models for each covariate. 

Separate linear mixed effects models for each muscle were used to test our primary 

hypotheses that 1) humeral elevation would influence passive elasticity for each muscle 

differently, and 2) functional status of the upper extremity is a better predictor of SWV than 

chronological age. Average SWV was treated as an outcome measure, and the humeral 
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elevation angle was treated as a within-subjects factor (45° – reference level, 60°, 75°, 90°, 

105°). Each subject was treated as a random factor. Chronological age was treated as a 

continuous variable. The model was adjusted by sex (female – reference level), BMI and the 

three functional assessments to determine if these biologically relevant covariates were a 

better predictor of SWV than chronological age. We included age*sex and age*angle 

interaction terms within our statistical framework to determine if potential age-related 

changes in muscle elasticity differed by sex or humeral elevation angle. Bonferroni-

corrected pairwise comparisons were performed to determine how mean SWV changes with 

respect to the humeral elevation angle. We also examined a secondary hypothesis that 

muscle elasticity will become less homogenous with advanced age using the same linear 

mixed model framework, but with the standard deviation of the SWV map as the outcome 

measure. For all analyses, a P-value < 0.05 was considered to be statistically significant.

RESULTS

All participants enrolled in this study self-reported no shoulder pain and disability using the 

SPADI patient-reported outcome measure, with an average score across all participants of 

1.4 (out of 130). Across all participants, increased chronological age was significantly 

associated with increased BMI (p = 0.026), reduced hand grip strength (p = 0.004), and 

increased time to complete the Purdue Pegboard time (p = 0.003) or button a shirt/blouse (p 

< 0.001) (Table 1).

The effect of humeral elevation for each of the examined muscles’ SWV can be visualized 

using the shear wave elastography color maps, with typical data for younger and older males 

and females displayed in Figure 3. Brighter colors are indicative of higher SWVs, and cooler 

colors indicate lower SWVs. Postural differences can be observed by comparing each 

column, which represents one of five humeral elevation angles where ultrasound images 

were acquired. These images exhibit the general trends in our data, including increases in 

SWV of the biceps and sternocostal region of the pectoralis major with humeral elevation 

and that the older participants often had stiffer muscles than the younger participants. The 

clavicular region of the pectoralis major exhibits the highest SWV values of the examined 

muscles.

The influence of age, sex, humeral elevation angle, BMI, and upper extremity function on 

muscle elasticity was examined using linear mixed models for each muscle (Table 2). Across 

all participants, humeral elevation consistently influenced muscle elasticity (Figure 4). 

Increases in the humeral elevation angle resulted in a reduced SWV for the anterior deltoid 

and middle trapezius muscles. Humeral elevation angles of 75, 90 and 105 degrees were 

significantly associated with decreased SWV compared to 45 degrees for the anterior deltoid 

(all p< 0.047). The significant decrease in SWV for the MT was observed when the arm was 

elevated to 105 degrees when compared to humeral elevation angles of 45, 60, and 75 

degrees (all p < 0.039). On the contrary, elevating the arm to 105 degrees significantly 

increased SWV for both the biceps brachii (both p < 0.001 when compared to 45 and 60 

degrees) and sternocostal region of the pectoralis major (all p <0.001 when compared to 45, 

60, 75, and 90 degrees). Humeral elevation was not a significant effector for the clavicular 

region of the pectoralis major (all p > 0.12).
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Chronological age was compared to both mean SWV and the standard deviation of SWV for 

the five muscles in Figure 5. Chronological age was a significant predictor of SWV for both 

the sternocostal region of the pectoralis major (p = 0.011) and the middle trapezius (p = 

0.006). The middle trapezius exhibited a significant age * sex interaction on SWV (p = 

0.034), with increasing chronological age leading to greater SWV’s for females than males, 

and a significant age * humeral elevation angle interaction on SWV at 105 degrees (p < 

0.001). Chronological age was not a significant effector for the anterior deltoid, biceps 

brachii or clavicular region (all p > 0.16). The standard deviation of the SWV indicates the 

homogeneity of muscle tissue within the SWV map. The middle trapezius muscle displayed 

increased standard deviations across the SWV maps with increasing chronological age (p = 

0.006) (Table 3). The middle trapezius also exhibited a significant age * sex interaction on 

the standard deviation of SWV (p = 0.015), with females exhibited greater variability than 

males with increased age. Finally, the sternocostal region of the pectoralis major displayed a 

significant age*humeral elevation angle interaction at 105 degrees on the standard deviation 

of SWV (p = 0.038).

Since chronological age is not indicative of an individual’s functional status, we also 

compared ultrasound SWE measures to each participant’s performance on three functional 

clinical assessments of the upper extremity. All three functional scores were significant 

effectors for the pectoralis major clavicular region (all p < 0.033). SWV was increased in 

participants with stronger hand grip strength, more difficulty completing the time to button a 

shirt/blouse test, and reduced time to complete the abbreviated Purdue Pegboard test. 

Increased hand grip strength using a hand dynamometer was a significant predictor of SWV 

for the sternocostal region of the pectoralis major and the middle trapezius (both p < 0.04).

Other biologically relevant factors that could influence SWV are sex and BMI. Sex was not 

a significant effector for mean SWV any muscle (all p > 0.17), but females exhibited a 

greater standard deviation of the SWV map for the sternocostal region of the pectoralis 

major (p = 0.003). BMI was only a significant effector for mean SWV of the biceps brachii 

(p = 0.013) where decreased BMI was associated with increased SWV. BMI was not 

significant for mean SWV for the other four muscles (all p > 0.35). Increased BMI was 

related to increased SWV standard deviations for both the clavicular region of the pectoralis 

major and the middle trapezius (both p < 0.028).

DISCUSSION

Ultrasound SWE is of growing interest in the evaluation of healthy and pathologic muscles. 

However, there is limited evidence regarding how relevant biological factors like age and 

sex, along with overall functional capabilities influence SWE assessments. This study 

provided new insights into these knowledge gaps by examining how in vivo elasticity 

measurements from five upper extremity muscle changes across the lifespan using 

ultrasound SWE. These muscle elasticity measures were examined against changes in 

humeral elevation, age, sex, BMI and functional measures. We hypothesized that 1) humeral 

elevation would influence passive elasticity for each muscle differently, 2) functional status 

of the upper extremity is a better predictor of SWV than chronological age, and 3) muscle 

elasticity will become less homogenous with advanced age. Our main findings were that 
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humeral elevation influenced passive muscle elasticity for all muscles except the clavicular 

region of the pectoralis major and age was a significant predictor of muscle elasticity for 

only the middle trapezius and sternocostal region of the pectoralis major. We also observed 

muscle tissue homogeneity for the middle trapezius and sternocostal region of the pectoralis 

major was reduced with increased chronological age, particularly for female participants.

Humeral elevation had a significant effect on SWV for all examined muscles except for the 

clavicular region of the pectoralis major. Increased humeral elevation resulted in greater 

SWV for the biceps. SWV increases as muscles are passively stretched (Chernak et al., 

2013; Koo et al., 2014), suggesting our observed changes in these muscles likely result from 

increasing passive muscle force as the arm was elevated. Increased SWV at higher elevation 

angles may allow these muscles to maintain passive shoulder stability at these positions. The 

muscle moment arms for the biceps and sternocostal region of the pectoralis major decrease 

with humeral elevation (Ackland et al., 2008; Landin et al., 2008), so increased passive force 

would be necessary to produce equal or greater torques at higher elevation angles. On the 

contrary, SWV was significantly reduced as humeral elevation increased for the anterior 

deltoid and middle trapezius muscles. This suggests the two muscles contribute more to 

shoulder stability at lower elevation angles and their muscle fibers are likely shortened as the 

shoulder becomes more elevated (Klein Breteler et al., 1999). The only muscle that was not 

influenced by humeral elevation was the clavicular region of the pectoralis major. This is 

consistent with previous findings that the clavicular region largely contributes to shoulder 

flexion and not elevation (Leonardis et al., 2017).

This study examined changes in muscle elasticity across the lifespan for five upper extremity 

muscles. Chronological age was only a significant predictor of muscle SWV for the 

sternocostal region of the pectoralis major and the middle trapezius. Both muscles exhibited 

increased mean SWVs with age, indicative of increasing muscle stiffness. Similarly, we 

observed increases in the variability of these SWV measures with increased age for both 

muscles, particularly for female participants. Combined, these changes may contribute to 

increased shoulder joint stiffness, pain, and loss of function often associated with advanced 

aging (Buckwalter et al., 1993; Eby et al., 2015). Healthy aging is also associated with 

altered muscle fiber composition, including a reduction in the number and size of type II 

muscle fibers (Claflin et al., 2011). Previous studies indicate that the middle trapezius is 

primarily a type I dominant muscle while the sternocostal region of the pectoralis major is 

primarily type II dominant muscle (Lindman et al., 1991; Srinivasan et al., 2007). Therefore, 

our results suggest that changes in muscle elasticity with advanced aging is not fiber type 

specific. We observed increased muscle elasticity variability for these muscles, which is 

reflective of muscle tissue becoming more heterogeneous with increased age (Domire et al., 

2009). This may reflect changes to the extracellular matrix of muscle, including increased 

collagen cross-linking, and fat infiltration with age (Haus et al., 2007; Marcus et al., 2010). 

Future work is warranted to directly compare changes to intermuscular connective tissue 

with SWE-based measures of muscle elasticity.

Chronological age is a poor indicator of an individual’s functional capabilities, as active and 

sedentary older adults can exhibit significant biomechanical differences in strength, speed 

and power (Crane et al., 2013; Zemkova et al., 2016). Therefore, we also compared how 
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changes in muscle elasticity relate to validated upper extremity functional assessments in 

older adults (Onder et al., 2005; Onder et al., 2002). This included the time to button a shirt 

or blouse and the hand grip strength. Overall, we only found the SWV of the clavicular 

region of the pectoralis major was significantly related to all three functional assessments. 

Hand grip strength was also significantly related to SWV of the middle trapezius. The timed 

blouse test required flexion of the shoulder to be able to successfully put on the shirt. Since 

the clavicular region of the pectoralis major contributes largely to shoulder flexion 

(Leonardis et al., 2017), the observed increase in time to put on a shirt or blouse may 

indicate a stiffening of this muscle. Reduced hand grip strength is predictive of impaired 

upper body strength (Bohannon, 1998), and the positive relationship between SWV of the 

middle trapezius and hand grip strength may be indicative of reduced muscle stiffness in 

these muscles as older adults become weaker with advanced age. Overall, these findings 

highlight the need to evaluate the functional capabilities of older adults when evaluating 

muscle elasticity with SWV.

Limitations of this work include that our study design was limited to movement of the 

glenohumeral joint within the frontal plane even though the shoulder joint functions can 

both translate and rotate in six degrees of freedom. Given age-related changes to muscle 

elasticity were found to be muscle dependent, our findings are limited to the five muscles 

examined here and do not apply to other muscles crossing the shoulder girdle. It was not 

feasible to directly assess muscle activity with electromyography and acquire ultrasound 

images; muscle activity was monitored using the B-mode images in real-time by the 

ultrasonographer to ensure the muscle was not contracting before collecting the elastography 

data. Since the muscles were only examined in a relaxed state, future work is needed to 

predict how age and function relate to muscle elasticity during volitional contraction. 

Finally, our study only examined the dominant arm of subjects, with the vast majority of 

participants being right-handed. Future work is needed to investigate potential hand 

dominance differences in material properties of fiber regions and how various pathologies of 

the shoulder joint influence material properties.

In conclusion, ultrasound SWE has potential utility to assess age-related changes to muscle 

but these associations were muscle-dependent. Chronological age was only significantly 

related to muscle SWV for the sternocostal region of the pectoralis major and the middle 

trapezius. Identifying associations between upper extremity muscle elasticity and biological 

factors like age, gender, BMI, and functional status can aid the development of normative 

insights into how the material properties of muscle change with advanced age. Our findings 

provide normative values for evaluating a variety of upper extremity disorders with 

ultrasound SWE. In particular, our results provide new insights into whether ultrasound 

SWE measures acquired from a given upper extremity muscle are more related to healthy 

aging or pathology. Ultrasound SWE can also help assess the efficacy of rehabilitation 

strategies to improve function and the overall quality of life of older adults (Eby et al., 2015; 

Koo et al., 2014).
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Figure 1: 
Schematic of experimental setup with the examined humeral elevation angles overlaid over 

each other.
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Figure 2: 
Ultrasound transducer locations for the anterior deltoid (AD), biceps brachii (BB), middle 

trapezius (MT), and the clavicular (CL) and sternocostal (SC) regions of the pectoralis 

major.
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Figure 3: 
Typical shear wave elastography maps for the five examined muscles. For each muscle, each 

row shows the images from a representative young female, young male, older female, and 

older male participants. Each column indicates the resultant color map at a given humeral 

elevation angle. A legend for the color maps is shown in the upper right corner.
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Figure 4: 
The effect of humeral elevation on the shear wave velocity (SWV) recorded at rest from all 

five examined muscles. Significant humeral elevation angles from each muscle’s linear 

mixed model (relative to 45 degrees) are signified with brackets and asterisks (* p < 0.05, ** 

p < 0.01, *** p < 0.001).
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Figure 5: 
Influence of chronological age on (a) mean shear wave velocity (SWV) and (b) the standard 

deviation of the SWV map for five examined muscles (anterior deltoid, biceps brachii, 

clavicular and sternocostal regions of the pectoralis major, and middle trapezius). Blue filled 

circles represent data from male participants and red filled circles represent data from female 

participants. For each muscle, data is only displayed for the humeral elevation angle that 

produced the largest SWV for the group. The anterior deltoid and middle trapezius are 

displayed at 45 degrees, the clavicular region of the pectoralis major is displayed at 75 

degrees, and the biceps brachii and sternocostal regions of the pectoralis major are displayed 

at 105 degrees. The resultant fit of the linear mixed model for each sex (blue solid line – 

male; red dashed line – female) with shaded regions indication 95% confidence intervals. 

For each muscle, the model was fit using the parameters provided in Table 3, and calculated 

using the median body mass index (26.5 kg/m2) and functional scores (hand dynamometer: 

36.2 kg; Purdue Pegboard time: 22.1 sec; time to button shirt/blouse: 29.3 sec) for the entire 

group.
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Table 1:

Univariate linear regression models describing the relationship between chronological age and relevant 

covariates.

Regression Coefficient

Adjusted R2Intercept Age (years)

Body Mass Index (kg/m2) 23.7 (1.5)*** 0.059 (0.026)* 0.06

Hand dynamometer (kg) 47.5 (3.8)*** −0.20 (0.07)** 0.11

Purdue pegboard time (s) 16.6 (2.7)*** 0.15 (0.05)** 0.11

Time to button blouse (s) 14.2 (4.7)** 0.37 (0.08)*** 0.22

Significant parameters are bolded with an asterisk signifying significance level

*
p < 0.05,

**
p < 0.01,

***
p < 0.001
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Table 2:

Parameter estimates of mean shear wave velocity shown by each variable within the linear mixed effects 

model for each muscle.

Measures

Mean Shear Wave Velocity (m/s)
(* p < 0.05, ** p < 0.01, *** p < 0.001)

AD BB CL SC MT

Intercept 2.0* 2.8*** 2.5*** 1.6*** 1.5***

Age 0.0072 0.0023 0.0039 0.0087* 0.019**

Sex (Reference: Female)

   Male −0.2 −0.27 −0.31 −0.26 0.28

Age* Sex (Reference: Female)

   Age*Male −0.00079 0.0014 0.0022 −0.00025 −0.016*

Humeral Elevation Angle (Reference: 45 degrees)

   60 degrees −0.041 −0.00006 −0.019 0.15 0.053

   75 degrees −0.096 0.093 0.19 0.29 0.33

   90 degrees −0.0009 0.22* 0.25 0.54** 0.14

   105 degrees −0.16 0.19* 0.22 0.79*** 0.62*

Age*Humeral Elevation Angle (Reference: 45 degrees)

   Age*60 degrees −0.0018 0.0012 0.0014 −0.00089 −0.0011

   Age*75 degrees −0.0022 0.0016 −0.0022 0.0014 −0.0067

   Age*90 degrees −0.0051 0.0007 −0.004 0.0024 −0.005

   Age*105 degrees −0.0011 0.0012 −0.0059 0.0051 −0.017***

BMI 0.0072 −0.02* 0.012 0.011 0.008

Dynamometer 0.0098 0.0046 0.017* 0.013* 0.024*

Purdue Pegboard Time −0.0013 −0.0047 −0.022* 0.0017 0.017

Time to Button Blouse −0.0019 0.0024 0.017** −0.0041 −0.0056

Significant parameters are bolded with an asterisk signifying significance level

*
p < 0.05,

**
p < 0.01,

***
p < 0.001
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Table 3:

Parameter estimates for the standard deviation of the shear wave velocity maps shown by each variable within 

the linear mixed effects model for each muscle.

Measures

SD of Shear Wave Velocity Map (m/s)
(* p < 0.05, ** p < 0.01, *** p < 0.001)

AD BB CL SC MT

Intercept 0.24* 0.68* 0.068 0.36* 0.049

Age 0.001 −0.0029 0.00022 −0.0021 0.0033**

Sex (Reference: Female)

   Male 0.0081 0.15 −0.092 −0.3** 0.13

Age* Sex (Reference: Female)

   Age*Male 0.000026 −0.0025 0.00095 0.0026 −0.0031*

Humeral Elevation Angle (Reference: 45 degrees)

   60 degrees −0.077 −0.45* 0.0036 −0.032 0.027

   75 degrees −0.042 −0.44 0.081 −0.1 0.075

   90 degrees −0.0037 −0.43 0.051 −0.18* 0.036

   105 degrees 0.008 −0.44 0.075 −0.22** 0.1

Age*Humeral Elevation Angle (Reference: 45 degrees)

   Age*60 degrees 0.0013 0.0058 −0.00026 −0.00057 −0.00036

   Age*75 degrees 0.00079 0.0055 −0.0012 0.0011 −0.0008

   Age*90 degrees 0.00012 0.0055 −0.00083 0.002 −0.00004

   Age*105 degrees −0.00008 0.0058 −0.0014 0.0027* −0.0014

BMI −0.00047 −0.0063 0.0083*** 0.0004 0.0072*

Dynamometer −0.00058 0.00085 0.00042 0.0056 −0.00090

Purdue Pegboard Time −0.0016 −0.0009 −0.00033 0.000048 −0.00016

Time to Button Blouse 0.0016 −0.00068 0.00045 0.0018 −0.00034

Significant parameters are bolded with an asterisk signifying significance level

*
p < 0.05,

**
p < 0.01,

***
p < 0.001
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