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Abstract

Background Fast gait speed is being increasingly recognized as an important clinical tool in older adults. However, the
underlying muscular and functional contributors to fast gait speed performance remain poorly understood.

Aim We sought to determine predictors of fast gait speed in older adults. We hypothesized that lower-extremity skeletal
muscle size and quality would be strong predictors.

Methods Ninety community-dwelling older adults (33 men, 57 women; mean + SD age =74 + 6 years) participated. B-mode
ultrasonography was used to capture images of the vastus lateralis, rectus femoris, and gastrocnemius in the transverse plane.
Each participant performed 30-second chair stand, heel-rise, functional reach, and grip strength tests. Fast gait speed was
measured using the NIH Toolbox 4-Meter Walk Test. ImageJ software was used to quantify cross-sectional area (CSA),
subcutaneous tissue thickness, and echo intensity. Two separate stepwise regression analyses were performed, one using
muscle morphology variables as independent variables, and another including the functional outcomes.

Results The ultrasound variables exhibited weak-to-moderate correlations with fast gait speed (Il range =0.168-0.416). The
initial regression analysis indicated that the combination of medial gastrocnemius CSA and subcutaneous tissue thickness
explained 22.8% of the variance in fast gait speed. The secondary analysis indicated that 30-second chair stand, heel-rise,
and grip strength performance explained 45.5% of the variance.

Conclusion While medial gastrocnemius morphology is important, measures of upper and lower-extremity muscle function
are better predictors of fast gait speed. These results highlight a dissociation between skeletal muscle morphology and fast
gait speed.

Keywords Ultrasound - Echo intensity - Muscle quality - Fast gait speed - Functional tests

Introduction

In the absence of progressive exercise programming, many
older adults experience declines in physical function [1].
The inability to perform activities of daily living and the
loss of independence due to these impairments have been
associated with depression [2], anxiety [3], and all-cause
mortality [4]. As such, public health officials and researchers
are increasingly recognizing the need for assessment tools
that can be used to quickly identify older adults who may be
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at an increased risk of musculoskeletal injury and in need
of preventative interventions. One simple solution may be
the measurement of comfortable gait speed. Classic work
by Winter et al. [5] demonstrated that older adults alter their
gait mechanics to allow for more stability and safety. Such
changes include a smaller step length, increased double limb
support time, decreased power when pushing off, and a flat-
foot landing as compared to a traditional heel strike [5]. Gait
speed also predicts multiple adverse outcomes, such dis-
ability, cognitive impairment, falls, and mortality [6]. For
these reasons, measurement of comfortable gait speed in
clinical settings has been strongly recommended by experts,
with 0.8 m/s being designated as an important cut-point for
deciding when intervention is necessary [6].

In addition to comfortable gait speed, some investiga-
tors have examined the potential clinical utility of fast gait
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speed. Although studies are limited, evidence suggests that
fast gait speed performance is linked to the neuromuscu-
lar system’s ability to produce force rapidly, which may
be mediated by parameters such as voluntary activation,
corticospinal excitability/inhibition, and/or motor unit fir-
ing rates [7-9]. For example, Clark et al. [10] reported
significant differences in the rate of muscle activation for
the gastrocnemius in older adults with slow versus fast
10-m gait speed. It should be noted, however, that attempts
to explain additional variance in fast gait speed have pro-
duced varying results, perhaps in part due to investigators
utilizing dissimilar independent variables. Clark et al. [11]
reported that the combination of age, muscle and fat mass
variables, and the rate of electromyographic rise accounted
for~72% and ~44% of the variance in fast gait speed for
men and women, respectively. Mantel et al. [12] was able
to explain more than 80% of the variance in fast gait speed
utilizing a variety of tests focused on both balance and
strength. More recently, Stock et al. [13] reported that
both peak torque and the rate of torque development dur-
ing a maximal isometric squat test explained ~25% of the
variance in fast gait speed in older adults. Interestingly,
relative to other measures, assessments of muscle mass
have not been useful in predicting fast gait speed [11, 13],
providing support for a mechanistic dissociation between
skeletal muscle morphology and lower-extremity function
[14, 15].

Within the last decade there has been a substantial
increase in the number of investigators using B-mode
ultrasonography to assess skeletal muscle morphology in
older adults [16, 17]. Though these topics can also be stud-
ied using MRI and CT, the cost and portability of B-mode
ultrasonography make its use a realistic option for many
investigators wishing to conduct research in the community.
While measurements of adiposity and skeletal muscle size
[e.g., muscle thickness and cross-sectional area (CSA)] have
long been common, the scientific community has recently
shown widespread interest in using echo intensity (EI) as
a measurement of muscle quality [18, 19]. The theoretical
basis of EI is derived from the notion that skeletal muscle
tissue and non-contractile tissues differ in the amplitude
of sound of the returning signal [18]. Specifically, skeletal
muscle presents as very dark, whereas adipose and fibrous
tissue appear much lighter [20]. As such, El is an ultrasound-
derived measure that computes the mean gray value of a
given region of interest, or the amount of returning ech-
oes per a given area. While EI has been shown to be sensi-
tive to exercise training adaptations [21], concentric-only
muscle actions [22], and disuse immobilization [23], many
reports in the literature have suggested that EI is associated
with various aspects of muscle function in the older adult
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population [24-26]. Given the apparent weak association
between fast gait speed and muscle mass in older adults [11,
13], limited literature with small sample sizes concerning
such a relationship with EI is thus far encouraging [27, 28].

There is compelling evidence to suggest that declines in
lower-extremity muscle function during older adulthood are
not synonymous with declines in muscle mass. Longitudinal
data from 1,880 older participating in the Health, Aging, and
Body Composition Study demonstrated that annualized rates
of leg strength decline (3.4% in white men, 4.1% in black
men, 2.6% in white women, and 3.0% in black women) were
roughly three times greater than the rates of loss of leg lean
mass (~ 1% per year) [29]. Equally fascinating, data from a
subset of the participants showed that maintaining or gaining
muscle mass did not prevent longitudinal declines in muscle
strength [29]. Given these findings, Clark and Manini [14]
proposed that the age-related loss of muscle mass (sarco-
penia) and voluntary muscle strength (dynapenia) are dif-
ferent concepts. As a result, researchers from a variety of
disciplines have performed studies in older adults to parse
out these differences [30, 31].

The purpose of the present study was to use a comprehen-
sive battery of skeletal muscle and functional tests to predict
fast gait speed performance in older adults. Our primary
hypothesis was that EI, but not necessarily CSA, would be
a strong predictor of fast gait speed. Given the importance
of plantarflexion power in the gait cycle [32], we specu-
lated that morphology of the gastrocnemius would be the
strongest predictor of fast gait speed. In an attempt to explain
further variance, a secondary aim was to determine if other
functional assessments which are commonly utilized in the
older adult population predicted fast gait speed performance.

Materials and methods
Study design

This study utilized a cross-sectional design in
adults > 60 years of age. Data collection occurred during
the spring of 2019. All participants were recruited from the
Learning Institute for Elders group, a 501(c)3 organization
in partnership with and hosted by the University of Central
Florida. All testing occurred at the University of Central
Florida School of Kinesiology and Physical Therapy’s Neu-
romuscular Plasticity Laboratory and the Innovative Mobil-
ity Initiative Lab during a single, 90-min visit. The personnel
involved in data collection and analysis remained consistent
across all participants, with each investigator performing a
specific task. The tests were performed in the order in which
they have been described below.
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Participants

Ninety older adults (33 men, mean + SD age =76 +6 years,
mass=85.4+17.0 kg, height=178.0+£7.2 cm; 57 women,
mean + SD age=75+6 years, mass=65.8 +11.0 kg,
height=162.2 +5.7 cm) participated in this study. Major
inclusion criteria included age > 60 years and having the
ability to walk at least 20 feet without an assistive device.
Major exclusion criteria included having any significant
cognitive deficits, the inability to follow directions during
assessment, and neurological, neuromuscular, or musculo-
skeletal disorders that could impair the ability to perform
any of the functional performance tests. All participants
were made aware of the study procedures prior to enroll-
ment and consented to participate. The University of Central
Florida’s Institutional Review Board approved of this study
(ID # IRB0O0001138).

B-mode ultrasonography image acquisition

The B-mode ultrasonography image acquisition and analysis
performed in this study was largely based off the work of
Young et al. [18]. All images were captured with a portable
B-mode imaging device (GE Logiq e BT12, GE Healthcare,
Milwaukee, WI, USA) and a multi-frequency linear-array
probe (12 L-RS, 5-13 MHz, 38.4-mm field of view, GE
Healthcare, Milwaukee, WI, USA). The panoramic func-
tion (LogiqView, GE Healthcare, Milwaukee, WI, USA)
was used to obtain images of the dominant (based on kick-
ing preference) vastus lateralis (VL), rectus femoris (RF),
medial gastrocnemius (MG) and lateral gastrocnemius (LG)
in the transverse plane. For all participants, imaging of the
VL and RF was performed first, followed by the MG and
LG. All imaging was performed with the participants rest-
ing on a padded treatment table. Specifically, VL and RF
imaging was performed with the participants in the supine
position, whereas MG and LG assessments were performed
in the prone position, both with pillow support provided as
needed. As recent evidence has demonstrated no significant
effect of supine duration on measures of muscle morphol-
ogy [33], the participants did not rest for a prolonged period
before data collection. The VL and RF images were taken
at a location corresponding to 50% of the distance between
the greater trochanter and superior patella. It is important to
note that this measurement site represents 50% of the entire
length of the VL, but not the RF. All gastrocnemius images
were taken at a location corresponding to the largest circum-
ference of the lower leg [34], which was measured prior to
assessment. For both locations, a high-density foam pad was
secured around the limb with an adjustable strap to ensure a
stable probe movement in the transverse plane. Ultrasound
settings (Frequency: 10 MHz, Gain: 55 dB, Dynamic Range:
72) were kept consistent across participants. The default

image depth used for the RF and VL was 5.0 cm, whereas
4.0 cm was used for the MG and LG. For participants with
limbs too large to capture the entire muscle, image depth was
increased to the smallest increment necessary such that the
deep border was clear during analysis. A generous amount
of water-soluble transmission gel (Aquasonic 100 ultrasound
transmission gel, Parker Laboratories, Inc., Fairfield, NJ,
USA) was applied to the skin such that it immersed the probe
surface during testing to enhance acoustic coupling. Three
images of each muscle were taken, and the means of the
three values for each variable have been reported (Fig. 1).

B-mode ultrasonography image analysis

The ultrasound images were digitized and examined with
Imagel software (version 1.51, National Institutes of Health,
Bethesda, MD, USA) after the study. The polygon function
was used to outline the border of each muscle. Care was
taken to ensure that fascia along the borders of each muscle
was not included in the analyses. Anatomical CSA was cal-
culated for each muscle (cm?). EI was assessed by computer-
aided gray-scale analysis using the histogram function. The
raw EI values were determined as the corresponding index
of muscle quality ranging between 0 and 255 arbitrary units
[A.U. (black =0; white =255)]. Subcutaneous adipose tissue
thickness (SCAT) was quantified with Imagel’s straight-line
function as the distance between the skin-muscle interface
and the superior border of each muscle’s aponeurosis at three
locations (left, center, right) [35]. The EI values were then

Fig. 1 Example of RF ultrasonography data collection
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corrected for SCAT using the following equation created by
Young et al. [18] (Fig. 2).

Corrected EI = Raw EI
+ (Subcutaneous fat thickness [cm] X 40.5278)

30-second chair stand test

The protocol for the 30-second chair stand test was adapted
from Jones et al. [36]. The test was administered using a chair
without arms and a seat height of 17 inches. The chair was
placed against a wall to prevent it from moving during test-
ing. The participant began seated in the middle of the chair,
with their back straight, arms crossed, and feet approximately
shoulder-width apart. The instructions provided were to rise
to a full stand and then return back to a fully seated position.
The participant was encouraged to complete as many full rep-
etitions as possible within 30 s. Following a demonstration by
the investigator, the participant was encouraged to perform a
practice trial of one repetition, followed by the 30-second test
trial. The total score was the number of correctly executed
stands performed within 30 s.

Heel-rise test

The protocol for the heel-rise test was adapted from Luns-
ford and Perry [37]. The test was administered with the par-
ticipant in a standing position. The participant was instructed
to rise and lower on the ball of their dominant foot as many
times as possible. During testing, the participant was allowed
to touch the wall in front of them for balance. The test was
terminated if a participant leaned too far forward, exces-
sively flexed their knee, or decreased plantar-flexion range
of motion by more than 50%. Following a demonstration by
the investigator, the participant was encouraged to perform

Fig.2 Example B-mode ultrasonography image of the RF. All images
were taken in the transverse plane with the participant lying on a
treatment table. All images were captured and analyzed by the same
investigator
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as many repetitions as possible, and the total score was the
number of correctly executed heel rises.

Functional reach test

The protocol for the functional reach test was adapted from
Duncan et al. [38]. To begin, a yardstick was secured to the
wall, level with the participant’s right acromion. The partici-
pant was asked to stand so their shoulders were perpendicu-
lar to the wall and then instructed to flex their right arm to
shoulder height while making a fist. The position of the end
of their third metacarpal was recorded. The participant was
then instructed to reach as far forward as possible without los-
ing their balance or taking a step. The position of the end of
their third metacarpal was recorded again. The trial was termi-
nated if a participant’s upper extremity touched the wall or if
they took a step forward. During testing, one investigator was
responsible for monitoring form and recording measurements,
while another investigator was responsible for guarding the
participant. Following testing, functional reach was defined
as the mean difference between positions over three trials.

Grip strength test

The protocol for grip strength testing was adapted from
Hamilton et al. [39]. The test was administered with the
participant in a seated position with their elbow flexed to
approximately 90°. A handheld dynamometer was placed in
the participant’s dominant hand and the testing procedure
was explained. The participant was instructed to squeeze
the dynamometer as hard as possible and then relax for 3 s
between trials. Three trials were conducted, during which
the investigator was allowed to provide encouragement to
squeeze harder. During testing, the measurement unit used
was kilograms. Following testing, grip strength was defined
as the mean over three consecutive trials.

Assessment of Fast Gait Speed

Fast gait speed was measured using the NIH Tool-
box 4-Meter Walk Test [40]. This test is adapted from the
4-meter walk test in the Short Physical Performance Bat-
tery [41]. Participants were asked to walk a short distance
(4 m) at a fast pace during one practice trial, followed by
two timed trials. Raw scores were recorded as the time in
seconds required to walk 4 m on each of the two-timed trials,
with the better trial being used for analysis. Lastly, the time
in seconds required to walk 4 m during the best trial was
converted to meters per second (Fig. 3).



Aging Clinical and Experimental Research

Fig.3 Example of the measurement of fast gait speed using the NIH
Toolbox 4-Meter Walk Test

Statistical analyses

The mean, median, SD, and range were computed for all
descriptive variables. A Pearson product moment correlation
(r) was used to determine the relationship between fast gait
speed and CSA, SCAT, and EI for each of the four muscles.
Correlation coefficients of »=0.10, 0.30, and 0.50 repre-
sented weak, moderate, and strong associations, respectively
[42]. The 95% confidence interval (CI) for each correlation
coefficient was also computed. Stepwise regression evalu-
ated two prediction analyses. The initial analysis utilized
each of the muscle morphology variables as independent
variables. The secondary analysis included the muscle
morphology variables and the functional outcomes as inde-
pendent variables. To monitor multicollinearity, the vari-
ance inflation factor (VIF) was calculated using the equation
VIF=1/(1-%). A VIF greater than 10 has been suggested
to indicate problematic multicollinearity [43]. All statistical
procedures were performed using SPSS (Version 24.0, IBM
Corporation, Armonk, NY, USA). An alpha level of p <0.05
was utilized to determine statistical significance for all data
analyses.

Results

Descriptive data for the skeletal muscle morphology and
functional performance outcomes have been displayed
in Tables 1 and 2, respectively. As shown in Table 3, 11
out of the 12 muscle morphology variables demonstrated

Table 1 Descriptive statistics for all ultrasound variables

LG

MG

VL

RF

SCAT (cm) EI(A.U.) CSA(cm?  SCAT (cm) EI(AU) CSA(cm®» SCAT(cm) EI(A.U) CSA(cm?)  SCAT (cm) EI(A.U.)

CSA (cm?)

97.6

0.80
0.66
0.35
0.05
1.95

6.24
597
2.06
243
12.55

91.7

0.95
0.96
0.37
0.19
1.96

11.3

102.4

1.01
0.98
0.58

15.0
0.11

109.2
103.8

1.18
1.12
0.60
0.16

3.

5.0

Mean

95.4

88.4

10.4

99.2

14.1

Median
SD

26.5

25.3

35
4.9
19.5

315

4.5

30.1
56.8
197.1

22
1.8

12.3

46.8
198.9

50.3
172.8

443
2163

8.0
353

Minimum

3.00

53

Maximum
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Table 2 Descriptive statistics for fast gait speed and functional out-
comes i=
(o]
Fast gait  30-sec-  Heel-rise  Functional Grip 8 % g w
speed ond chair (repeti- reach (cm) strength ) ; Cf S =
(m/s) stand tions) (kg)
(repeti- [P
tions) o § g g -
5 S S 8
Mean 1.93 12 9 31.2 27.1 17 7' S
Median 1.84 12 8 31.6 23.8
SD 0.41 4 6 6.9 9.6 N
Minimum  1.27 0 0 10.6 13.5 . <|8 33 2
Slolv|lass s
Maximum 3.36 28 34 48.5 56.5 g |10 oo S
4 £
g 825«
statistically significant associations with fast gait speed. g ~|=e=1 8
However, all of the correlations were considered weak-to- % ol B e
moderate. Tables 4 and 5 display the results from the regres- E < q
sion analyses. The initial regression analysis indicated that 2 > 5 E a é
the combination of MG CSA and SCAT explained 22.8% 8 91T T'9
of the variance in fast gait speed (R*=0.228, adjusted ﬁ
R*=0.210, F=12.7, p<0.001). MG EI and all measures S -
from the VL, RF, and LG were excluded. The secondary i o | < [y QI g9
. . 2 n|la oS o
analysis demonstrated that performance during the 30-sec- b =10 S
ond chair stand, heel-rise, and grip strength tests explained o0 o
45.5% of the variance (R2=0.455, adjusted R%2=0.435, é o é ES
F=23.6, p<0.001), but each of the morphological variables ‘§ _ S 3 Ol 'é
and functional reach were excluded. 3 mprr s
i i 2 E18 $3
Discussion £ S|ss71 3
[3) %) [ (=)
Q
The findings from previous studies have suggested that fast f
gait speed is a useful assessment tool in older adults [10, 44]. é
The purpose of this study was to determine the predictors g N
of fast gait speed, with the primary hypothesis being that E 2
B-mode ultrasound derived EI would explain a substantial 3 g
portion of variance. The results indicated that most of the E <| g gL g
ultrasound variables exhibited weak-to-moderate correla- '% 81835 S
tions with fast gait speed (Irl range =0.168-0.416). In con- g o
trast to our primary hypothesis, stepwise regression revealed § S E §
that the combination of MG CSA and SCAT significantly é 1239 2
predicted fast gait speed. Equally fascinating, performance g Sl L S
on the 30-second chair stand, heel-rise, and grip strength S 2w
tests explained even greater variance, with no further contri- 3 N IS = S
bution from the muscle morphology variables and functional g § g| UO: o| 3
reach. 2
B-mode ultrasonography has been frequently used to %
measure characteristics of muscle morphology over the last = v b § —
decade, and recently there has been increased interest in 2 o é g g S §
using EI to determine muscle quality [16-19]. A muscle Z
that is considered high quality appears dark on an ultrasound A @)
image and contains small amounts of non-contractile tissue. % §
Low muscle quality is associated with a muscle that appears s - N
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Table4 Stepwise .rcgression Independent variable R? Adjusted R? Unstandardized S Standardized f P
summary for. predicting fast (standard error)
gait speed with skeletal muscle
morphology variables Model 1 0.174  0.164 <0.001
Intercept 2.37(0.112)
MG SCAT —0.469 (0.110) - 0417
Model 2 0.228 0.210 0.015
Intercept 2.053 (0.169)
MG SCAT —0.466 (0.107) —-0414
MG CSA 0.028 (0.011) 0.234
Table5 Stepwise .regression . Independent variable R? Adjusted R? Unstandardized S Standardized f p
summary for predicting fast gait (standard error)
speed with the skeletal muscle
morphology and functional Model 1 0326 0318 <0.001
performance variables Tntercept 1.265 (0.108)
30 s chair stand 0.054 (0.008) 0.571
Model 2 0.424 0411 <0.001
Intercept 0.949 (0.130)
30 s chair stand 0.050 (0.008) 0.526
Grip strength 0.014 (0.004) 0.316
Model 3 0.455 0.435 0.032
Intercept 0.961 (0.128)
30 s chair stand 0.039 (0.009) 0.408
Grip strength 0.013 (0.004) 0.312
Heel rise 0.015 (0.007) 0.211

lighter and greyer, with higher amounts of non-contractile
tissue [20]. Multiple studies have shown muscle quality is
associated with various aspects of function in older adults.
Cadore et al. [26], as well as Mota and Stock [17], reported
that RF EI was significantly correlated with lower extrem-
ity strength in elderly men. Radaelli et al. [21] suggested
strength training performance of elderly women and muscle
quality were significantly correlated. Lopez et al. [24] con-
cluded there was a significant correlation between quadri-
ceps EI and performance on the 30-second chair stand test in
elderly men. Wilhelm et al. [25] found a significant correla-
tion between quadriceps EI, functional capacity, and mus-
cular power in older men. Guadagnin et al. [28] reported a
significant correlation between VL EI and gait parameters in
older adults. Given the discrepancy among study designs and
results, further research is required to determine if EI is truly
a reliable predictor of functional capacity in older adults.
According to the results of the present study, clinicians
treating geriatric patients with impaired gait speed should
place more emphasis on the results of functional tests as
opposed to the quality and size of muscular tissue seen on
imaging studies. Our results also suggest that sarcopenia
and declines in muscle tissue over time may not be the best
predictors of functional performance changes and gait speed

in geriatric patients [45]. Functional performance tests, such
as the ones utilized in this study, are commonly employed by
clinicians to assess physiologic parameters associated with
independent functioning [46]. Many of these functional tests
have been validated and proven to be useful in the evaluation
of physical mobility in older adults [46]. Previous studies
have found the 30-second chair stand test can be used to
predict endurance capacity in patients with cardiorespira-
tory dysfunction [47] and recommend it as an evaluation
tool for functional decline and frailty [48]. On the heel-rise
test, older adults demonstrated decreased performance due
to age-related declines in muscle strength and measures
of balance [49]. On the functional reach test, the ability to
maintain balance outside of the center of pressure excur-
sion deteriorates with age and is associated with older adults
attempting to minimize altering their center of gravity to
avoid falling [38]. Lastly, handgrip strength has been shown
to have an inverse relationship with 2-year loss of instrumen-
tal activities of daily living function [50]; more specifically,
each 10 kg increase correlates to 5% decreased odds of los-
ing function in activities of daily living within 2 years [50].

Original work by Goodpaster et al. [29] concluded that
rates of leg strength decline were approximately three times
greater than rates of loss in lean leg mass. Our results support
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this claim given that variance in fast gait speed is better pre-
dicted by functional testing in comparison to morphological
measures. Clark and Manini [14] associated inactivity with
onsets of both sarcopenia and dynapenia; the impact both
these terms have on function in older adults further explains
why functional testing predicts greater variance in fast gait
speed in comparison to morphological characteristics. In
comparison to previous publications, the present study has
important contributions to the current state of literature
explaining predictors of fast gait speed in older adults. First,
these findings suggest that other tests of functional perfor-
mance can be used to infer fast gait speed and its association
to mortality risk without accounting for muscle morphology,
thus validating the use of such tests against ultrasound imag-
ing. Second, it demonstrates clearly that characteristics of
muscle morphology alone are not strong predictors of fast
gait speed. We suggest that improved functional performance
can positively influence fast gait speed, thereby presenting
opportunities for intervention across the life span. On the
contrary, decreased performance on commonly used func-
tional tests may help identify older adults at high risk for
decline in fast gait speed, allowing clinicians to reason which
preventive actions to take for combating further decline.

Seeing how our study demonstrated that fast gait speed is a
highly applicable measure in the identification of older adults
at risk for functional limitations, we suggest fast gait speed be
included as a clinical assessment tool due to its advantages of
being safely performed and requiring low exertion [8]. While
Clark et al. [10] concluded that age-related neuromuscular
activation impairment limits maximum 10-m walking speed,
our study further evaluated the utility of fast gait speed for
use in clinical assessment to detect and monitor age-related
functional decline. Our results have important implications for
designing clinical assessments and interventions to detect and
counter age-related impairments associated with mobility and
disability. Including specific measures of physical performance
in our study provided us with a more comprehensive under-
standing of the older adult and highlighted modifiable vari-
ables that can be targeted by clinicians if found to be abnormal
during assessment. In comparison to Stock et al. [13], which
concluded that measures of absolute and rapid squat strength
were associated with short and long-distance fast gait speed in
older adults, but that leg lean mass was not an important pre-
dictor, our study included a larger sample, several additional
measures of muscle morphology, and functional performance
outcomes to further explain variance in fast gait speed.

The functional tests that best predict variance in fast gait
speed in this study’s participants were the 30-second chair
stand test, heel-rise test, and grip strength test. These find-
ings are in line with previous research that suggests these
three tests are effective for assessing functional capacity in
older adults [48-50]. In line with the results of this study, the
30-second chair stand test has been proven to be effective at
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predicting functional capacity, fall risk, and anticipated age-
related decline in older adults, and discriminating between
sedentary and active older adults [51]. A key finding of this
study was that grip strength was a significant predictor of
fast gait speed. Even though the muscles involved with grip
strength differ from the muscles involved with producing
adequate gait speed, previous studies have shown that gross
grip strength is not limited solely to upper extremity function
[50]. Overall, the results of this study suggest that assess-
ment tools, such as the 30-second chair stand test, heel-rise
test, and grip strength test, can be used to predict functional
performance in older adults [48-50].

The results of the present investigation are not meant to
diminish the significance of imaging studies, for we under-
stand that morphological characteristics are critical for diag-
nosing many disease conditions. Ultrasonography represents
one form of diagnostic imaging; however, clinicians today
have at their disposal a multitude of imaging techniques,
each with their own distinct utility and advantages. For
example, regarding diagnosis of metabolic bone diseases,
such as osteoporosis, plain radiographs offer the advantage
of identifying structural changes and alignment with greater
resolution, while magnetic resonance imaging is superior at
detecting changes in soft tissue and bone marrow earlier in
the disease process [52]. Although osteoporosis represents
only one example of a disease process affecting older adults,
advancements in its diagnosis have seen use of various imag-
ing and assessment techniques. Currently, the gold standard
for diagnosis of osteoporosis is based on bone mineral density
as assessed by dual X-ray absorptiometry [53]. Most recently,
based on the concepts that bone strength depends not only
on bone mass but also on bone quality, and that dual X-ray
absorptiometry does not accurately reflect bone microarchi-
tecture, Bonaccorsi et al. [54] concluded that a novel method,
called Trabecular Bone Scoring, offers an advantage in com-
parison to dual X-ray absorptiometry. Seeing how bone min-
eral density is influenced by body mass index and metabolic
changes in adipose tissue, Boneaccorsi et al. [54] proposed
that Trabecular Bone Scoring can support bone mineral den-
sity assessments in the stratification of older adults with a high
body mass index. As demonstrated by the aforementioned
studies by Woo et al. [52] and Boneaccorsi et al. [54], indi-
vidual imaging techniques and analytical tools contribute their
own strengths and can be complementary to each other in the
diagnosis of geriatric diseases; on this note, we believe that
measures of physical function also prove to significantly bol-
ster the diagnostic process and substantially assist clinicians
in fully understanding an older adult’s health status.
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Limitations

A few methodological considerations and potential limita-
tions are worthy of consideration. It should be noted that the
results of this study are specific to fast gait speed in older
adults 60 years and older. It is unclear if other functional
assessments, or ultrasound images of other muscle groups
(e.g., gluteus maximus), would have brought about different
results. Although we studied both sexes, additional studies
with larger samples are needed to fully determine if dispari-
ties exist between the sexes. Furthermore, the cross-sectional
design of this study did not permit tracking of participants
over time. Perhaps a longitudinal approach would allow us to
determine cause and effect relationships between variables. As
a final note, the external validity of this study is relatively low,
because all participants were recruited from the same educa-
tion learning group, with the majority being Caucasian women
living independently in the greater Orlando, Florida area.

In summary, the results of this study indicated that other
measures of physical function are better predictors of fast
gait speed than lower-extremity CSA, SCAT, and EI, high-
lighting a potential dissociation between skeletal muscle
morphology and gait speed [45]. The relationship between
functional testing and fast gait speed in older adults should
be further investigated in a larger cross-sectional study with
a more equal distribution of men and women. Our sugges-
tions for further research include investigating differences
in pre-functional and functional variables between older
adults in distinct age brackets (i.e., 60-69, 70-79, 80-89,
90-100). In addition, a randomized controlled trial investi-
gating improvement in fast gait speed with various interven-
tions (e.g., strength training, gait training, balance training)
may prove to bolster the results of our current study. As the
present study was the first to test the hypothesis that MG EI
determines the largest variance in fast gait speed, additional
replication studies are needed to confirm these findings.

Funding This study was funded by the Richard Tucker Gerontology
Applied Research Grant, provided by the Learning Institute for Elders
group, an organization in partnership with and hosted by the University
of Central Florida.

Compliance with ethical standards

Conflict of interest All authors declare no conflicts of interest in the
reporting of this research.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional research committee (University of Central Florida’s Institutional
Review Board [#IRB00001138]) and with the 1964 Helsinki declara-
tion and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. Cruz-Jentoft AJ, Bahat G, Bauer J et al (2019) Sarcopenia: revised
European consensus on definition and diagnosis. Age Ageing
48:16-31. https://doi.org/10.1093/ageing/aty 169

2. Chang KV, Hsu TH, Wu WT et al (2017) Is sarcopenia associ-
ated with depression? A systematic review and meta-analysis of
observational studies. Age Ageing 5:738. https://doi.org/10.1093/
ageing/afx094

3. Pasco JA, Williams LJ, Jacka FN et al (2015) Sarcopenia and
the Common Mental Disorders: a Potential Regulatory Role of
Skeletal Muscle on Brain Function? Curr Osteoporos Rep 5:351.
https://doi.org/10.1007/s11914-015-0279-7

4. Newman AB, Kupelian V, Visser M et al (2006) Strength, but not
muscle mass, is associated with mortality in the health, aging and
body composition study cohort. J Gerontol Ser A Biol Sci Med
Sci 61:72-77. https://doi.org/10.1093/gerona/61.1.72

5. Winter DA, Patla AE, Frank JS et al (1990) Biomechanical
walking pattern changes in the fit and healthy elderly. Phys Ther
70:340-347. https://doi.org/10.1093/ptj/70.6.340

6. Studenski S, Perera S, Patel K et al (2011) Gait speed and survival
in older adults. ] Am Med Assoc 1:50. https://doi.org/10.1001/
jama.2010.1923

7. Clark BC, Taylor JL (2011) Age-related changes in motor cortical
properties and voluntary activation of skeletal muscle. Curr Aging
Sci 4(3):192-199. https://doi.org/10.2174/1874609811104030192

8. Thompson BJ, Conchola EC, Palmer TB et al (2014) Effects of
aging on maximal and rapid velocity capacities of the leg exten-
sors. Exp Gerontol 58:128-131. https://doi.org/10.1016/j.exger
.2014.07.019

9. Erim Z, Beg MF, Burke DT et al (1999) Effects of aging on
motor-unit control properties. J Neurophysiol 82:2081-2091. https
://doi.org/10.1152/jn.1999.82.5.2081

10. Clark DJ, Manini TM, Fielding RA et al (2013) Neuromuscu-
lar determinants of maximum walking speed in well-functioning
older adults. Exp Gerontol 48:358-363. https://doi.org/10.1016/j.
exger.2013.01.010

11. Clark DJ, Reid KF, Patten C et al (2014) Does quadriceps neuro-
muscular activation capability explain walking speed in older men
and women? Exp Gerontol 55:49-53. https://doi.org/10.1016/j.
exger.2014.03.019

12. Mantel A, Trapuzzano A, Chizmar S et al (2018) An investigation
of the predictors of comfortable and fast gait speed in community-
dwelling older adults. J Geriatr Phys Ther. https://doi.org/10.1519/
JPT.0000000000000216

13. Stock MS, Thompson BJ, Sobolewski EJ (2019) Age-related dif-
ferences in the predictability of fast gait speed with absolute and
rapid squat strength. J Sci Sport Exerc 1:273-280. https://doi.
org/10.1007/s42978-019-00032-6

14. Clark BC, Manini TM (2008) Sarcopenia # Dynapenia. J Gerontol
A Biol Sci Med Sci 63:829-834. https://doi.org/10.1093/geron
a/63.8.829

15. Clark BC, Manini TM (2010) Functional consequences of sarco-
penia and dynapenia in the elderly. Curr Opin Clin Nutr Metabol
Care 13:271-276. https://doi.org/10.1097/MCO.0b013e3283
37819

16. Yoshiko A, Kaji T, Sugiyama H et al (2017) Effect of 12-month
resistance and endurance training on quality, quantity, and
function of skeletal muscle in older adults requiring long-term
care. Exp Gerontol 98:230-237. https://doi.org/10.1016/j.exger
.2017.08.036

@ Springer


https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1093/ageing/afx094
https://doi.org/10.1093/ageing/afx094
https://doi.org/10.1007/s11914-015-0279-7
https://doi.org/10.1093/gerona/61.1.72
https://doi.org/10.1093/ptj/70.6.340
https://doi.org/10.1001/jama.2010.1923
https://doi.org/10.1001/jama.2010.1923
https://doi.org/10.2174/1874609811104030192
https://doi.org/10.1016/j.exger.2014.07.019
https://doi.org/10.1016/j.exger.2014.07.019
https://doi.org/10.1152/jn.1999.82.5.2081
https://doi.org/10.1152/jn.1999.82.5.2081
https://doi.org/10.1016/j.exger.2013.01.010
https://doi.org/10.1016/j.exger.2013.01.010
https://doi.org/10.1016/j.exger.2014.03.019
https://doi.org/10.1016/j.exger.2014.03.019
https://doi.org/10.1519/JPT.0000000000000216
https://doi.org/10.1519/JPT.0000000000000216
https://doi.org/10.1007/s42978-019-00032-6
https://doi.org/10.1007/s42978-019-00032-6
https://doi.org/10.1093/gerona/63.8.829
https://doi.org/10.1093/gerona/63.8.829
https://doi.org/10.1097/MCO.0b013e328337819e
https://doi.org/10.1097/MCO.0b013e328337819e
https://doi.org/10.1016/j.exger.2017.08.036
https://doi.org/10.1016/j.exger.2017.08.036

Aging Clinical and Experimental Research

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Mota JA, Stock MS (2017) Rectus femoris echo intensity cor-
relates with muscle strength, but not endurance, in younger and
older men. Ultrasound Med Biol 43:1651-1657. https://doi.
org/10.1016/j.ultrasmedbio.2017.04.010

Young H-J, Jenkins NT, Zhao Q et al (2015) Measurement of
intramuscular fat by muscle echo intensity. Muscle Nerve 52:963—
971. https://doi.org/10.1002/mus.24656

Mota JA, Stock MS, Thompson BJ (2017) Vastus lateralis and
rectus femoris echo intensity fail to reflect knee extensor specific
tension in middle-school boys. Physiol Meas 38:1529—-1541. https
://doi.org/10.1088/1361-6579/aa791a

Pillen S, Tak RO, Zwarts MJ et al (2009) Skeletal muscle ultra-
sound: Correlation between fibrous tissue and echo intensity.
Ultrasound Med Biol 35:443-446. https://doi.org/10.1016/j.ultra
smedbio.2008.09.016

Radaelli R, Botton CE, Wilhelm EN et al (2013) Low- and high-
volume strength training induces similar neuromuscular improve-
ments in muscle quality in elderly women. Exp Gerontol 48:710—
716. https://doi.org/10.1016/j.exger.2013.04.003

Stock M, Mota J, DeFranco R et al (2017) The time course of
short-term hypertrophy in the absence of eccentric muscle dam-
age. Eur J Appl Physiol 117:989-1004. https://doi.org/10.1007/
s00421-017-3587-z

MacLennan RJ, Sahebi M, Becker N et al (2020) Declines in
skeletal muscle quality vs size following two weeks of knee joint
immobilization. PEERIJ. https://doi.org/10.7717/peerj.822
Lopez P, Wilhelm EN, Rech A et al (2016) Echo intensity inde-
pendently predicts functionality in sedentary older men. Muscle
Nerve 55:9-15. https://doi.org/10.1002/mus.25168

Wilhelm EN, Rech A, Minozzo F et al (2014) Relationship
between quadriceps femoris echo intensity, muscle power, and
functional capacity of older men. Age. https://doi.org/10.1007/
s11357-014-9625-4

Cadore EL, Izquierdo M, Concei¢do M et al (2012) Echo inten-
sity is associated with skeletal muscle power and cardiovascular
performance in elderly men. Exp Gerontol 47:473—478. https://
doi.org/10.1016/j.exger.2012.04.002

Stock MS, Whitson M, Burton AM et al (2018) Echo intensity ver-
sus muscle function correlations in older adults are influenced by
subcutaneous fat thickness. Ultrasound Med Biol 44:1597-1605.
https://doi.org/10.1016/j.ultrasmedbio.2018.04.009

Guadagnin EC, Priario LA, Carpes FP et al (2019) Correlation
between lower limb isometric strength and muscle structure with
normal and challenged gait performance in older adults. Gait Pos-
ture 73:101-107. https://doi.org/10.1016/j.gaitpost.2019.07.131
Goodpaster BH, Park SW, Harris TB et al (2006) The loss of skel-
etal muscle strength, mass, and quality in older adults: the health,
aging and body composition study. J Gerontol Ser A Biol Sci Med
Sci 61:1059-1064. https://doi.org/10.1093/gerona/61.10.1059
Chang KV, Wu WT, Huang KC et al (2018) Limb muscle quality
and quantity in elderly adults with dynapenia but not sarcopenia:
an ultrasound imaging study. Exp Gerontol 108:54—61. https://doi.
org/10.1016/j.exger.2018.03.019

Hirose D, Hanyu H, Fukasawa R et al (2017) Diabetes-related
dementia is associated with dynapenia, but not with sarcope-
nia. Geriatr Gerontol Int 17:175-177. https://doi.org/10.1111/
2gi. 12791

Huang TW, Shorter KA, Adamczyk PG et al (2015) Mechani-
cal and energetic consequences of reduced ankle plantar-flex-
ion in human walking. J Exp Biol 218:3541-3550. https://doi.
org/10.1242/jeb.113910

Arroyo E, Stout JR, Beyer KS et al (2016) Effects of supine rest
duration on ultrasound measures of the vastus lateralis. Clin Phys-
iol Funct Imaging 38:155-157. https://doi.org/10.1111/cpf.12403

@ Springer

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Wang J, Hu Y, Tian G (2018) Ultrasound measurements of gas-
trocnemius muscle thickness in older people with sarcopenia. Clin
Interv Aging 13:2193-2199. https://doi.org/10.2147/cia.s179445
Burton AM, Stock MS (2018) Consistency of novel ultrasound
equations for estimating percent intramuscular fat. Clin Physiol
Funct Imaging 38:1062-1066. https://doi.org/10.1111/cpf.12532
Jones CJ, Rikli RE, Beam WC (2000) A 30-s chair-stand test
to measure lower body strength in community-residing older
adults. J Aging Phys Act 8:85. https://doi.org/10.1080/02701
367.1999.10608028

Lunsford BR, Perry J (1995) The standing heel-rise test for ankle
plantar flexion: criterion for normal. Phys Ther 75:694-698. https
://doi.org/10.1093/ptj/75.8.694

Duncan PW, Weiner DK, Chandler J et al (1990) Functional
Reach: a New Clinical Measure of Balance. J Gerontol. https://
doi.org/10.1093/geronj/45.6.m192

Hamilton A, Balnave R, Adams R (1994) Grip strength testing
reliability. J Hand Ther 7:163-170. https://doi.org/10.1016/s0894
-1130(12)80058-5

Bohannon RW, Wang YC (2019) Four-meter gait speed: norma-
tive values and reliability determined for adults participating in
the NIH toolbox study. Arch Phys Med Rehabil 100(3):509-513.
https://doi.org/10.1016/j.apmr.2018.06.03 1

Maggio M, Ceda GP, Ticinesi A et al (2016) Instrumental
and non-instrumental evaluation of 4-meter walking speed in
older individuals. PLoS ONE. https://doi.org/10.1371/journ
al.pone.0153583

Cohen J (1988) Statistical power analysis for the behavioral sci-
ences, 2nd edn. Lawrence Erlbaum Associates, Hillsdale
Vincent W, Weir J (1994) Statistics in kinesiology, 4th edn.
Human Kinetics, Champaign

Newman AB, Simonsick EM, Naydeck BL et al (2006) Asso-
ciation of long-distance corridor walk performance with mor-
tality, cardiovascular disease, mobility limitation, and disabil-
ity. J Am Med Assoc 295:2018-2026. https://doi.org/10.1001/
jama.295.17.2018

Woods JL, Iuliano-Burns S, King SJ et al (2011) Poor physical
function in elderly women in low-level aged care is related to
muscle strength rather than to measures of sarcopenia. Clin Interv
Aging 6:67-76. https://doi.org/10.2147/cia.s16979

Rikli RE, Jones CJ (1999) Development and validation of a func-
tional fitness test for community-residing older adults. J Aging
Phys Act 7:129. https://doi.org/10.1123/japa.7.2.129

Vaidya T, Chambellan A, de Bisschop C (2017) Sit-to-stand tests
for COPD: a literature review. Respir Med 128:70-77. https://doi.
org/10.1016/.rmed.2017.05.003

Hansen H, Beyer N, Frglich A et al (2018) Intra- and inter-rater
reproducibility of the 6-minute walk test and the 30-second sit-
to-stand test in patients with severe and very severe COPD. IntJ
Chronic Obstr Pulm Dis 13:3447-3457. https://doi.org/10.2147/
copd.s174248

Jan M, Chai H, Lin Y et al (2005) Effects of age and sex on the
results of an ankle plantar-flexor manual muscle test. Phys Ther
85:1078-1084. https://doi.org/10.1093/ptj/85.10.1078

McGrath R, Robinson-Lane SG, Peterson MD et al (2018) Muscle
strength and functional limitations: preserving function in older
Mexican Americans. ] Am Med Dir Assoc 19:391-398. https://
doi.org/10.1016/j.jamda.2017.12.011

Rikli RE, Jones CJ (2013) Senior Fitness Test Manual, 2nd edn.
Human Kinetics, Champaign

Woo T, Tyrrell PNM, Leone A et al (2019) Radiographic/
MR imaging correlation of spinal bony outlines. Magn Reson
Imaging Clin N Am 27:625-640. https://doi.org/10.1016/].
mric.2019.07.004

Kanis JA, Cooper C, Rizzoli R et al (2008) European guidance for
the diagnosis and management of osteoporosis in postmenopausal


https://doi.org/10.1016/j.ultrasmedbio.2017.04.010
https://doi.org/10.1016/j.ultrasmedbio.2017.04.010
https://doi.org/10.1002/mus.24656
https://doi.org/10.1088/1361-6579/aa791a
https://doi.org/10.1088/1361-6579/aa791a
https://doi.org/10.1016/j.ultrasmedbio.2008.09.016
https://doi.org/10.1016/j.ultrasmedbio.2008.09.016
https://doi.org/10.1016/j.exger.2013.04.003
https://doi.org/10.1007/s00421-017-3587-z
https://doi.org/10.1007/s00421-017-3587-z
https://doi.org/10.7717/peerj.822
https://doi.org/10.1002/mus.25168
https://doi.org/10.1007/s11357-014-9625-4
https://doi.org/10.1007/s11357-014-9625-4
https://doi.org/10.1016/j.exger.2012.04.002
https://doi.org/10.1016/j.exger.2012.04.002
https://doi.org/10.1016/j.ultrasmedbio.2018.04.009
https://doi.org/10.1016/j.gaitpost.2019.07.131
https://doi.org/10.1093/gerona/61.10.1059
https://doi.org/10.1016/j.exger.2018.03.019
https://doi.org/10.1016/j.exger.2018.03.019
https://doi.org/10.1111/ggi.12791
https://doi.org/10.1111/ggi.12791
https://doi.org/10.1242/jeb.113910
https://doi.org/10.1242/jeb.113910
https://doi.org/10.1111/cpf.12403
https://doi.org/10.2147/cia.s179445
https://doi.org/10.1111/cpf.12532
https://doi.org/10.1080/02701367.1999.10608028
https://doi.org/10.1080/02701367.1999.10608028
https://doi.org/10.1093/ptj/75.8.694
https://doi.org/10.1093/ptj/75.8.694
https://doi.org/10.1093/geronj/45.6.m192
https://doi.org/10.1093/geronj/45.6.m192
https://doi.org/10.1016/s0894-1130(12)80058-5
https://doi.org/10.1016/s0894-1130(12)80058-5
https://doi.org/10.1016/j.apmr.2018.06.031
https://doi.org/10.1371/journal.pone.0153583
https://doi.org/10.1371/journal.pone.0153583
https://doi.org/10.1001/jama.295.17.2018
https://doi.org/10.1001/jama.295.17.2018
https://doi.org/10.2147/cia.s16979
https://doi.org/10.1123/japa.7.2.129
https://doi.org/10.1016/j.rmed.2017.05.003
https://doi.org/10.1016/j.rmed.2017.05.003
https://doi.org/10.2147/copd.s174248
https://doi.org/10.2147/copd.s174248
https://doi.org/10.1093/ptj/85.10.1078
https://doi.org/10.1016/j.jamda.2017.12.011
https://doi.org/10.1016/j.jamda.2017.12.011
https://doi.org/10.1016/j.mric.2019.07.004
https://doi.org/10.1016/j.mric.2019.07.004

Aging Clinical and Experimental Research

54.

women. Osteoporos Int 30:3—44. https://doi.org/10.1007/s0019
8-018-4704-5

Bonaccorsi G, Cafarelli FP, Cervellati C et al (2019) A new
corrective model to evaluate TBS in obese post-menopausal
women: a cross-sectional study. Aging Clin Exp Res. https://doi.
org/10.1007/s40520-019-01317-0

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s00198-018-4704-5
https://doi.org/10.1007/s00198-018-4704-5
https://doi.org/10.1007/s40520-019-01317-0
https://doi.org/10.1007/s40520-019-01317-0

	Does skeletal muscle morphology or functional performance better explain variance in fast gait speed in older adults?
	Abstract
	Background 
	Aim 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design
	Participants
	B-mode ultrasonography image acquisition
	B-mode ultrasonography image analysis
	30-second chair stand test
	Heel-rise test
	Functional reach test
	Grip strength test
	Assessment of Fast Gait Speed
	Statistical analyses

	Results
	Discussion
	Limitations
	References




