SCIENTIFIC REPLIRTS

morphology, strength and function
in older adults

Received: 21 February 2017 Behnaz Shahtahmassebi?, Jeffrey J. Hebert?, Mark D. Hecimovich®? & Timothy J. Fairchild*
Accepted: 18 August 2017 :
Published online: 07 September 2017 - Skeletal muscle plays an important role in performing activities of daily living. While the importance

of limb musculature in performing these tasks is well established, less research has focused on the
muscles of the trunk. The purpose of the current study therefore, was to examine the associations
between functional ability and trunk musculature in sixty-four community living males and females
aged 60 years and older. Univariate and multivariate analyses of the a priori hypotheses were performed
and reported with correlation coefficients and unstandardized beta coefficients (3) respectively. The
univariate analysis revealed significant correlations between trunk muscle size and functional ability
(rectus abdominis: six-minute walk performance, chair stand test, sitting and rising test; lumbar
multifidus: timed up and go) as well as trunk muscle strength and functional ability (trunk composite
strength: six-minute walk performance, chair stand test, Berg balance performance, sitting and rising
test). After controlling for covariates (age and BMI) in the multivariate analysis, higher composite trunk
strength (3= 0.34) and rectus abdominis size (3= 0.33) were associated with better performance in the
sitting and rising test. The importance of incorporating trunk muscle training into programs aimed at
improving balance and mobility in older adults merits further exploration.

Age-related decreases in skeletal muscle size are accompanied by diminished muscle strength and function®2 In
turn, these muscular and functional decrements are associated with a reduced quality of life* and increased risk
of falls* among older adults. This increased risk of falls is a major health concern in terms of injury, disability and
mortality, and is associated with an escalating socioeconomic burden®.

Previous studies investigating the relationship between muscle strength and functional outcomes in older
adults have focused on peripheral musculature by examining handgrip strength and knee extensor strength®.
However, more recent research has begun to focus on age-related changes in the trunk musculature*’=° due to
the important role of these muscles in performing activities of daily living, balance, mobility, and falls prevention
in older adults'®-'2. A recent systematic review'? identified associations between trunk muscle strength/muscle
attenuation (i.e., higher fat infiltration) and balance, functional ability, and risk of falls in older adults. In addition,
the review identified a high level of heterogeneity between studies, and thus recommended further assessment of
trunk muscle strength/composition, balance, and functional ability in older adults'.

Therefore, the primary aim of this study was to examine the associations between trunk muscle morphology
(size), strength, and functional ability in older adults. We hypothesized that trunk muscle morphology and trunk
muscle strength will be positively associated with functional ability in older adults. A secondary aim of this study
was to investigate the association between trunk muscle morphology and strength in healthy older adults.

Results
Sixty-four participants (38 female) with a mean (Standard Deviation; SD) age of 69.8 (7.5) years participated in
this study. Descriptive data of the cohort are presented in Table 1.

Univariate Analysis. The univariate analysis between trunk muscle morphology and functional outcome
measures (Table 2) revealed that a larger Rectus Abdominis (RA) cross sectional area (CSA) was associated with
better six-minute walk time (6MWT; r=0.27, p=0.029), 30 second chair stand test (CST; r=0.33, p=10.007)
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% population 100% 40.6% 59.4%
Age (years) 69.8 (7.5) 68.8 (7.6) 70.4 (7.4)
Body mass index (kg/m?) 27.3(4.7) 27.9 (3.5) 27.0 (5.4)
History of falls over past 12 months

No falls 82% 92% 74%

Falls 18% 8% 26%
Self-reported physical activity

Not very active (rarely leaves house) 3.1% 0% 5.3%

Moderately active (1-2 training sessions/week) 53.1% 57.7% 50.0%

Very active (>3 training sessions/week) 43.8% 42.3% 44.7%
Right total lateral abdominal muscles, cm 1.6 (0.4) 1.9 (0.5) 1.49 (0.3)
Left total lateral abdominal muscles, cm 1.6 (0.39) 1.8 (0.4) 1.4(0.3)
Total lateral abdominal muscles (mean right/left), cm | 1.6 (0.4) 1.8 (0.4) 1.4(0.3)
Rectus abdominis, cm?* 4.1(1.4) 5.3(1.2) 3.2(0.7)
Lumbar multifidus L4/L5, cm 3.1(0.5) 3.3(0.4) 3.0(0.4)
Lumbar multifidus L5/S1, cm 3.0(0.5) 3.2(0.5) 2.9(0.5)
Composite trunk muscle size, cm 8.5(1.2) 9.2(1.1) 8.1(1.0)
Trunk flexion strength, N 125.0 (50.9) 166.3 (40.1) 96.8 (36.1)
Trunk extension strength, N 89.4 (44.9) 123.9 (41.5) 65.7 (29.4)
Trunk right lateral flexion strength, N 65.7 (29.6) 81.3(33.4) 54.9 (21.2)
Trunk left lateral flexion strength, N 57.3(26.0) 72.6 (26.8) 46.9 (19.8)
Trunk lateral flexion strength (mean right/left), N 61.5(26.5) 76.9 (28.2) 50.9 (19.4)
Composite trunk strength, N 337.5(124.5) 444.2 (94.0) 264.5(83.4)
Six Minute Walk Test, m 559.8 (87.9) 595.6 (86.3) 535.3(81.4)
30-Second Chair Stand Test, reps 16.2 (4.45) 17.3(5.2) 15.5(3.6)
Sitting and Rising Test, points 5.7 (2.15) 6.5(1.5) 5.1(2.3)
Berg Balance Scale 52.0 (4.52) 52.7 (4.6) 51.6 (4.4)
Timed Up and Go Test, sec 7.4 (1.92) 7.2(2.3) 7.5 (1.6)

Table 1. Descriptive characteristics of study cohort stratified by sex. Values are presented as mean (standard
deviation; SD) or as total number and percentages. cm (muscle thickness in centimeters), cm? (muscle cross
sectional area in square centimeters), L4/L5 lumbar spinal level at L4 and L5, L5/S1 lumbar spinal level at L5 and
S1, reps number of repetitions.

performance and sitting and rising test (SRT (r=0.29, p=0.018) performance. While the thickness of LM-L5/
S1 was positively correlated with TUG (r=0.26, p=0.037). The univariate associations between trunk muscle
strength and functional outcomes (Table 3) revealed greater trunk extension strength was associated with better
6MWT (r=0.35, p=0.004), SRT (r=0.38, p=0.002) and BBS (r=0.25, p=0.042) outcomes; while lateral flex-
ion strength was associated with better performance in the 6 MWT (r=10.33, p=0.007), CST (r=0.32, p=0.010),
SRT (r=0.40, p=0.001) and the BBS (r=0.32, p=0.007). Composite trunk strength was associated with better
performance in the 6SMWT (r=10.35, p=10.004), CST (r=0.30, p=0.016), SRT (r=10.40, p=10.001) and the BBS
(r=0.29, p=0.017).

The univariate associations between trunk muscle morphology and strength are presented in Table 4. The
major findings were that a larger TLAM thickness (All p <0.007) and a larger CSA of the RA (All p <0.001) were
consistently associated with increased trunk flexion, trunk extension, trunk lateral flexion and composite trunk
muscle strength.

Multivariate Analysis. The multivariate analysis between muscle morphology and functional meas-
ures (Table 5) showed that after controlling for covariates, the CSA of the RA was associated with the 6 MWT
(6=-0.27; p=0.050) and the SRT (5=0.33; p < 0.001) outcome. After controlling for covariates, there was a
significant association between composite trunk strength and the performance in the SRT (8= 0.34; p < 0.001).

The multivariate analysis exploring the relationship between trunk muscle morphology and strength (Table 6)
demonstrated significant associations between trunk flexion strength and the CSA of the RA (3=0.45; p=0.001)
along with the TLAM thickness (3= 0.29; p=0.003). After controlling for sex and age, the CSA of the RA was
associated with composite trunk strength (3= 0.34; p =0.007).

Discussion

The most important outcomes of this study were: i) univariate analyses revealed small-moderate positive corre-
lations between trunk muscle morphology, strength and functional outcome measures; ii) after controlling for
covariates (age, sex/BMI) the CSA of the RA demonstrated significant associations with functional outcomes
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Six Minute Walk —0.67 0.33 —0.20 0.27 —0.05 —0.10 0.23 0.16 0.21 0.06
Test, m (<0.001) | (0.006) | (0.101) (0.029) (0.682) 0431) |(0.057) |(0.195) [(0.093) | (0.616)
30-Second Chair | —048 | 020 —0.12 0.33 —0.22 —022 | 023 0.15 0.20 —0.07
Stand Test,reps | (<0.001) | (0.107) | (0.321) (0.007) (0.076) 0.071) |(062) |(0.227) |(0.106) | (0.558)
Sittingand Rising | —0-59 | 032 —0.33 0.29 —0.14 —020 | 020 0.15 0.18 —0.02
Test, points (<0.001) | (0.010) | (0.009) (0.018) (0.266) (0.104) (0.109) (0.229) (0.143) (0.848)
—0.71 0.12 —0.13 0.20 —0.19 —0.21 0.23 0.18 0.21 —0.04
Berg Balance Scale
(<0.001) | (0.341) |(0.272) (0.105) (0.118) (0.091) | (0.067) (0.141) (0.085) (0.699)
Timed Upand Go | 075 —008 | 0.10 —0.14 0.24 0.26 —0.17 —0.16 —0.17 0.12
Test, s (<0.001) | (0.512) | (0.431) (0.248) (0.055) (0.037) | (0.169) (0.184) (0.162) (0.342)
Age,y — — — —0.28 0.08 0.14 —0.25 —-0.21 —0.24 —0.02
(0.023) (0.527) (0.244) | (0.042) | (0.087) (0.051) (0.819)
— — — 0.73 0.29 0.20 0.46 0.47 0.48 0.46
sex (<0.001) (0.020) (0.101) (<0.001) | (<0.001) | (<0.001) | (<0.001)
BMI (kg/m’) — — — 0.37 0.41 0.40 0.44 0.51 0.49 0.52
(0.002) (0.001) (0.001) | (<0.001) |(<0.001) |(<0.001) | (<0.001)

Table 2. Univariate analysis of associations between functional measures, descriptive characteristics (age,

sex and BMI) and trunk muscle morphology. Values are presented are Pearson correlation coefficients, except
sex was presented by point biserial correlation (exact p values). Bolded estimates are statistically significant at
p<0.05and p <0.01. BMI body mass index, cm (muscle thickness in centimeters), cm? (muscle cross sectional
area in square centimeters), CSA cross sectional area, L4/L5 lumbar spinal level L4/L5, L5/S1 lumbar spinal
level L5/S1, Composite trunk muscle size comprised the thickness of bilateral lateral abdominal muscles, rectus
abdominis, lumbar multifidus L4/L5, lumbar multifidus L4/L5, n number of participants, reps repetitions, s
seconds.

Six Minute Walk 0.23 0.35 0.29 0.28 0.33 0.35
Test, m (0.059) (0.004) (0.018) (0.025) (0.007) (0.004)
30-Second Chair | 0-19 0.22 0.30 0.32 0.32 0.30
Stand Test,reps [ (0.128) (0.072) (0.016) (0.009) (0.010) (0.016)
Sitting and Rising | 0-22 0.38 0.40 0.33 0.40 0.40
Test, points (0.076) (0.002) (0.001) (0.007) (0.001) (0.001)

0.17 0.25 0.33 0.27 0.32 0.29
Berg Balance Scale

(0.175) (0.042) (0.007) (0.030) (0.007) (0.017)
Timed Upand Go | —0-14 —0.14 —0.17 —0.18 —0.19 —0.19
Test, s (0.248) (0.268) (0.169) (0.148) (0.127) (0.132)

—0.24 —0.20 —0.27 —0.24 —0.27 —0.28
Age,y

(0.056) (0.111) (0.027) (0.057) (0.019) (0.022)
S 0.67 0.64 0.44 0.48 0.48 0.71

ex

(<0.001) | (<0.001) |(<0.001) |(<0.001) |(<0.001) |(<0.001)

0.47 0.004 0.06 0.08 0.07 0.22
BMI (kg/m?)

(<0.001) | (0.974) (0.622) (0.499) (0.509) (0.070)

Table 3. Univariate analysis of associations between functional measures, descriptive characteristics (age, sex
and BMI) and trunk muscle strength. Values are presented are Pearson correlation coefficients, except sex was
presented by point biserial correlation (exact p values). Bolded estimates are statistically significant at p <0.05
and p <0.01. BMI body mass index, Composite trunk strength comprised trunk strength flexion, extension and
lateral flexion (the average of right and left).

(6MWT and SRT scores), while composite trunk strength was significantly associated with performance in the
SRT; iii) measures of trunk strength appeared to demonstrate stronger and more consistent univariate associ-
ations with functional ability than measures of trunk morphology, although this was not demonstrated in the
multivariate analysis. The findings of the current study align with our stated hypotheses, although the relationship
between trunk muscle morphology and function were not as consistent as the relationships between trunk muscle
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Rectus abdominis, cm? | Lumbar multifidus, cm Total lateral abdominal muscles, cm C . I
CSA L4/L5 L5/S1 Right Left Mean muscie size, cm
0.80 0.27 0.21 0.68 0.68 0.70 0.54
Trunk flexion strength, N
(<0.001) (0.026) (0.086) (<0.001) | (<0.001) |(<0.001) | (<0.001)
0.51 0.20 0.13 0.40 0.33 0.38 0.33
Trunk extension strength, N
(<0.001) (0.106) (0.284) (0.001) (0.007) (0.002) (0.006)
Trunk right lateral flexion 0.4 —0.01 —0.060 | 0.38 0.41 0.41 0.17
strength, N (<0.001) (0.884) (0.637) | (0.002) (0.001) (0.001) (0.164)
Trunk left lateral flexion 0.4 —0.00 —0.04 | 037 0.38 0.39 0.18
strength, N (<0.001) (0.988) (0.700) | (0.002) (0.002) (0.001) (0.152)
Trunk lateral flexion strength | 0-46 —0.01 —0.05 | 0.40 0.41 0.42 0.18
(mean right/left), N (<0.001) (0.929) (0.651) | (0.001) (0.001) (0.001) (0.138)
0.71 0.18 0.11 0.59 0.58 0.60 0.42
Composite trunk strength, N
(<0.001) (0.148) (0.374) | (<0.001) | (<0.001) |(<0.001) | (<0.001)

Table 4. Univariate analysis of associations between trunk muscle morphology and strength Values are
presented are Pearson correlation coefficients (exact p values). Bolded estimates are statistically significant

at p <0.05 and p <0.01. BMI body mass index, cm (muscle thickness in centimeters), cm? (muscle cross
sectional area in square centimeters), Composite trunk muscle size comprised the thickness of bilateral lateral
abdominal muscles, rectus abdominis, lumbar multifidus L4/L5, lumbar multifidus L4/L5, Composite trunk
strength comprised trunk strength flexion, extension and lateral flexion (the average of right and left), CSA cross
sectional area, n number of participants, N newton.

strength and function. Specifically, composite trunk muscle size was not associated with any functional outcomes,
which is in contrast to composite trunk strength, which was associated with four out of five (6MWT, CST, SRT,
BBS) functional tasks. In addition to the above main findings, age, sex, and/or BMI had strong influences on
performance in various functional tasks.

The univariate analysis between trunk muscle morphology and function revealed only small to mod-
erate relationships between the CSA of the RA and three functional outcomes (6MWT, CST, SRT); while
LM thickness at the L5/S1 demonstrated an association with the TUG task (Table 2). Importantly how-
ever, the composite trunk muscle size demonstrated no significant associations with functional outcomes.
After adjusting for covariates in the multiple linear regression models, only the CSA of the RA (5=0.33;
Table 5) was retained in the model (R?= 0.60) for the SRT outcome. The ability to sit and rise from the floor
unassisted (measured with the Sitting and Rising Test; SRT) has been identified as a predictor of all-cause
mortality and is an important functional measure in older adults'’, wherein each one-point increase in the
SRT is associated with a 21% reduction in all-cause mortality'’. It is noteworthy that BMI (3= —0.52) and
age (3= —0.57) were the covariates retained in the model, suggesting younger participants with lower BMI
performed better during this task. To the authors’ knowledge, only one previous study'! has explored the
relationship between trunk muscle morphology (lumbar paraspinal, lateral abdominal, and rectus abdom-
inis muscles) and performance of functional tasks in healthy older adults (70-79y.0.). Similar to the findings
of the present study, Hicks et al. found that after controlling for covariates (age, sex, race, height, total body
fat and thigh muscle composition) the average trunk muscle area was not associated with performance on
the Health ABC Physical Performance Battery.

The univariate analysis between strength and functional ability demonstrated consistent positive associations
(Table 3) although only composite trunk strength (3= 0.34; Table 5) was retained in the final multivariate model
(R*=0.60) for the SRT, along with age (3= —0.56) and BMI (3= —0.47). The associations between trunk mus-
cle strength and functional tasks (BBS and TUG) have previously been explored in two studies” °. Suri et al.!®
demonstrated that isometric trunk extension strength was moderately correlated with the BBS (r=0.41, p < 0.05)
which is consistent with our findings (r=0.25, p < 0.05). Of note, Suri et al.' suggested the variance explained by
trunk extension endurance was either equivalent to or exceeded the variance explained by limb strength across all
three adopted measures of performance (Berg Balance Scale; Unipedal Stance Test; Short Physical Performance
Battery). The association between measures of trunk muscle strength and performance on the TUG has previ-
ously been examined by Granacher et al.” and in accord with the findings of the current study (All p >0.1) they
found no significant associations. The difference in the associatoins between the TUG and the BBS with trunk
muscle strength are unclear and while speculative, they may in part be due to the TUG requiring multiple dimen-
sions of balance and mobility while the BBS comprises a number of static tasks which may be more reliant on
trunk stabilisation. It is noteworthy that the univariate associations between functional tasks and trunk muscle
strength were not greater for the derived composite score (Table 5).

In addition to the findings above, our study demonstrated strong positive correlations between trunk muscle
morphology (size) and trunk muscle strength (Table 4). Specifically, RA CSA (3= 0.45; Table 6) was retained
in the multivariate model (R*=0.70) for trunk flexion strength, along with sex. TLAM thickness (3= 0.29;
Table 6) was retained in the final multivariate model (R?=0.70) for trunk flexion strength, along with sex. RA
CSA (3=0.34; Table 6) was retained in the model (R?>=0.58) for composite trunk strength, along with age and
sex. The results of the current study are in line with the findings of Andersen et al.'*, who examined the associa-
tion between trunk muscle cross-sectional area (CT; attenuation) and trunk strength in older adults (>65y.0.).
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Trunk muscle morphology and functional measures
Six Minute Walk Test, m

Age —0.70 <0.001
Model Sex 0.53 <0.001 0.46 <0.001

Rectus abdominis CSA, cm? —0.27 0.050
30-Second Chair Stand Test, sec

Age —0.42 <0.001
Model 0.25 <0.001

Rectus abdominis CSA, cm? 0.21 0.064

Sitting and Rising Test, points

Age —0.57 <0.001
Model BMI 0.60 <0.001 —0.52 <0.001

Rectus abdominis CSA, cm? 0.33 <0.001
Timed Up and Go Test, cm

Age 0.58 <0.001
Model 0.58 <0.001

Lumbar multifidus L5/S1, cm 0.15 0.068

Trunk muscle strength and functional measures
Six Minute Walk Test, m

Age —0.63 <0.001
Model Sex 0.508 <0.001 0.21 0.063

Trunk extension strength, N 0.08 0.449
30-Second Chair Stand Test, reps

Age —0.42 <0.001
Model 0.25 <0.001

Trunk lateral flexion strength (mean right/left), N 0.21 0.066
Sitting and Rising Test, points

Age —0.56 <0.001
Model BMI 0.60 <0.001 —0.47 <0.001

Composite trunk strength, N 0.34 <0.001
Berg Balance Scale

Age —0.67 <0.001
Model 0.52 <0.001

Trunk right lateral flexion strength, N 0.14 0.112

Table 5. Multiple linear regression analysis of the relationship between trunk muscle morphology and strength
with functional measures The levels of significance are set at p <0.05 and p <0.01. BMI body mass index, cm
(muscle thickness in centimeters), cm? (muscle cross sectional area in square centimeters), Composite trunk
strength comprised trunk strength flexion, extension and lateral flexion (the average of right and left), » number
of participants, N newton, reps repetitions.

Andersen et al.* reported that trunk muscle attenuation was associated with absolute strength, however, the
association between trunk muscle cross-sectional area and absolute strength was larger across all studied mus-
cles (anterior abdominal muscles; posterior abdominal muscles; paraspinal muscles; combined). These findings
appear consistent with the general role abdominal muscles play in providing stability in the trunk region'® rather
than acting as a prime mover. The finding that age and sex strongly correlate with trunk muscle morphology and
strength (Tables 2 and 3) is also consistent with previous studies!* 1617,

It is noteworthy that the univariate analysis revealed more consistent associations between trunk muscle
strength and functional performance (Table 3) than compared to trunk muscle morphology and functional
performance (Table 2). However, these associations did not translate to the multivariate analyses, where
the descriptive characteristics and most notably age (Table 5) played the dominant role in explaining the
variance in outcome measures. It is surprising that the CSA of the RA demonstrated more consistent asso-
ciations with functional measures than other muscle groups such as the LM, since the RA is not a primary
muscle involved in these activities. Trunk muscle (psoas muscle) sarcopenia has previously been identified
as an objective measure of frailty'® and has been found to strongly correlate with post-surgical mortality
(liver transplant!; adrenocortical carcinoma®; aortic aneurysm'$). While speculative, this may suggest the
associations between the RA CSA and functional measures in this study may be due to the RA CSA provid-
ing a measure of frailty in this population, rather than suggesting a direct involvement of the RA in the per-
formance of these tasks. This speculation lends support from the fact that the CSA of the RA was retained in
the model for performance of SRT, which is a task which has previously been identified as being a predictor
of all-cause mortality'>.

The study presented herein had several strengths, including i) comprehensive examination of the associa-
tions between trunk muscle morphology, strength, and functional ability across multiple domains in healthy
older adults; ii) the maximum isometric trunk torque (Nm) data being normalized to trunk height (cm),
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Trunk flexion strength, N
Rectus abdominis CSA, cm? 0.60 <0.001
Model 1 Total lateral abdominal muscles | 0-68 <0.001
(mean right/left), cm 0.28 0.005
Sex 0.19 0.060
Model 2 Rectus abdominis CSA, cm? 070 <0.001 0.45 0.001
(mean righue om0 029 0.003
Trunk extension strength, N
Model Sex 0.40 <0.001 056 <0001
Rectus abdominis CSA, cm? 0.10 0.469
Trunk right lateral flexion strength, N
Age —0.19 0.096
Model Sex 0.18 <0.001 0.29 0.082
Rectus abdominis CSA, cm? 0.17 0.326
Trunk left lateral flexion strength, N
Model Sex 0.22 <0.001 035 0.0%
Rectus abdominis CSA, cm? 0.18 0.264
Trunk lateral flexion strength (mean right/left), N
Sex 0.35 0.032
Model Age 0.25 <0.001 -0.19 0.096
Rectus abdominis CSA, cm? 0.14 0.383
Composite trunk strength, N
Rectus abdominis CSA, cm? 0.56 <0.001
Model 1 '(l;?lt:i ia;fglﬂ/?:f(:ir:;?al muscles | 0-52 <0.001 021 0.079
Age —0.14 0.100
Model 2 Sex 0.58 <0.001 0.44 0.001
Rectus abdominis CSA, cm? 0.34 0.007

Table 6. Multiple linear regression analysis of the relationship between trunk muscle morphology and strength.
The levels of significance are set at p <0.05 and p <0.01. BMI body mass index, cm (muscle thickness in
centimeters), cm? (muscle cross sectional area in square centimeters), Composite trunk strength comprised trunk
strength flexion, extension and lateral flexion (the average of right and left), CSA cross sectional area, n number
of participants, N newton.

allowing comparison across study participants®" 22, However, several factors may limit the interpretation
and application of findings from this study. While the number of participants (n = 64) was sufficient to
conduct the analyses, the number of predictor variables in the models (i.e., multivariate linear regression)
were restricted. Secondly, the participants in this study were healthy and moderately active older adults.
Therefore, the results may not generalize to other populations such as individuals with mobility or balance
limitations). Specifically, the study cohort performed well in the BBS (52.0 &= 4.5) and TUG (7.4 & 1.9 sec),
wherein cut-offs of 452° and less than 10 seconds? are regarded as established criterion to identify older
adults with high risk of falls and good physical mobility respectively. Accordingly, only 18% of the cohort
in this study reported a fall in the previous 12-month period (Table 1). As with others studies, the results
herein relate specifically to the testing methodology adopted; namely trunk muscle morphology, trunk mus-
cle strength and functional ability. While each outcome measure was assessed across multiple domains, the
outcomes are unlikely to represent all components of trunk muscle morphology, strength, mobility, and
balance. Further, while ultrasound imaging is a reliable and valid assessment of trunk muscle morphology,
it may not accurately capture important intrinsic characteristics in muscle quality (e.g. intermuscular fat
infiltration) that accompany aging. Additionally, ultrasound imaging may be complicated by excessive adi-
pose tissue (i.e., individuals who are obese) and this occurred in two individuals in the cohort, and the who
presented a challenge for capturing the total muscle belly. Finally, this study utilized a cross-sectional study
design, and thus the findings of this study cannot be used to infer causation.

The extant literature assessing the relationships between physical function and age-related declines in muscle
morphology and strength are largely focused on measures of peripheral musculature 2 with only limited stud-
ies exploring these associations with trunk musculature”'»!!. The current study builds on these previous studies
and provides a comprehensive account of the relationships between trunk muscle morphology (size), strength,
and functional ability in a cohort of healthy, older participants. Specifically, our findings revealed significant
associations between trunk muscle morphology and trunk muscle strength with performance of functional tasks
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in older adults. The extent to which these associations are due to either direct involvement of this musculature in
task performance, or due to an indirect association (i.e., trunk muscle morphology and/or strength as a surrogate
marker of frailty) remains to be fully established. Considering that the trunk musculature is responsive to exercise
training?®, the cross-sectional findings herein provide additional support for the incorporation of trunk muscle
training into exercise programs aimed at improving functional performance in older adults. However, interven-
tional research targeting these muscles is required to validate the importance of trunk muscle training to improve
functional performance in an aged cohort.

Methods

This cross-sectional study examined the associations between trunk muscle morphology, strength, and functional
ability (functional outcome measures categorized into either functional mobility or balance outcome measures)
in healthy older adults. The study used baseline data of participants enrolled into a Randomized Controlled
Trial (ACTRN12613001176752) between February 2014 and October 2015. The Murdoch University Human
Research Ethics Committee approved the study protocol (No. 2013/140), and all experiments were performed in
accordance with relevant guidelines and regulations. All participants provided written informed consent prior
to enrolment.

Participants. Men and women aged 60 years and older were recruited from the local community and aged
care facilities. Participants were excluded if they i) had previously undergone lumbar spine surgery, ii) had any
medical condition(s), or were taking prescribed medication that precluded safe participation in an exercise inter-
vention, or iii) were unable to communicate in English.

Anthropometric and demographic characteristics. Body weight was measured using a digital scale
(Scales Plus, Perth, WA, Australia) and height (standing and seated) using a wall-mounted stadiometer (Surgical
Medical Supplies Pty Ltd, Adelaide, SA, Australia). Seated height (the length of the trunk) was assessed using
the distance from the highest point on the head to the sitting surface and was measured using the wall-mounted
stadiometer. Physical activity levels and demographic data were collected through self-report.

Functional mobility and balance. Functional mobility was assessed using the Six Minute Walk Test
(6MWT?), the 30-second Chair Stand Test (CST?®), and the Sitting and Rising Test (SRT"?). The scores of the
6MWT were reported as the distance (m) walked during the 6 minutes while the CST results were based on the
number of successful repetitions in 30 sec?®. The SRT measures the individual’s ability to sit and rise unassisted
from the floor with partial scores assigned from the two required actions of sitting (5 points) and rising (5 points)
and a final composite SRT score then reported (ranging from 0 to 10'?). Balance was assessed using the Berg
Balance Scale (BBS*) and the Timed Up and Go Test (TUG?*). The BBS comprises 14 items of static and dynamic
balance tasks, and scores are presented as a summed score with a maximum of 56 points. The TUG results were
presented in time (seconds) to complete the task.

Trunk muscle morphology. An ultrasound unit (SonoSite™, Bothell, WA, USA) with a 60 mm broadband
curved array (5-2 MHz) was used to measure the size of the rectus abdominis (RA), internal oblique (I0), exter-
nal oblique (EO), transversus abdominis (TrA) and lumbar multifidus (LM) muscles (Fig. 1). Previous studies
using ultrasound imaging to measure trunk muscle size in older adults have demonstrated high inter-rater and
intra-rater reliability (ICC > 0.86)%**. Images of the lumbar multifidus (LM) were obtained at the L4-5 level (L4/
L5) with the participant in the prone position using methods described in previous studies®!. Rectus abdominis
(RA) thickness and cross-sectional area (CSA), as well as transversus abdominis (TrA), internal oblique (I0) and
external oblique (EO) thickness was measured with participants in the supine, hook-lying position. The images
were captured with the middle of the muscle belly centered in the field of view and at the end of a normal exhala-
tion to control for the influence of respiration®'. For acquisition of the RA, the inferior border of the transducer
was placed immediately above the umbilicus and moved laterally from the midline until the muscle cross-section
was centered in the image®. Image acquisition was performed three times bilaterally and exported for offline
analysis using Image J (SonoSite™, Bothell, WA, USA). All measures were averaged across the three repetitions
to reduce measurement error’'.

A composite trunk muscle size variable was created for the total lateral abdominal muscles (TLAM) by sum-
ming the thickness of TrA, IO, and EO. A second composite trunk muscle size variable was created from the
TLAM (left and right) thickness, rectus abdominis, and lumbar multifidus (average of right and left) at lumbar
spinal level L4/L5 (L4/L5) and L5/S1 (L5/S1).

Trunk muscle strength. Maximal isometric strength in trunk flexion, extension, and lateral flexion was
assessed using an Isokinetic dynamometer (Humac NORM, Computer Sports Medicine, Stoughton, MA, USA)
with the trunk extension-flexion (TEF) modular component; which has been reported to be a reliable and valid
method for measuring trunk muscle strength® 3. The participant was positioned and fastened into the machine
as per manufacturer instructions and previous study description®. The strength testing was performed in the
same order each time: trunk flexion, extension and then lateral flexion (right, left). Prior to testing, participants
performed a standardized warm-up consisting of one set (10 repetitions) of range of motion exercises and up
to five practice trials. For maximal efforts, contractions were held for 3 seconds and the peak torque from two
attempts recorded. A familiarization trial preceded each measure and the participant rested for 45 seconds
between each repetition®®. Verbal encouragement was provided during each effort. Maximum isometric trunk
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Figure 1. Ultrasound images of the lateral, anterior abdominal and posterior trunk muscles at rest.

(a) Thickness measurements of lateral abdominal muscles were made between the superficial and deep borders
of the external oblique, internal oblique, and transversus abdominis muscles in the middle of the muscle belly;
(b) Thickness measurements of lumbar multifidus were made between the posterior-most portion of the L4/

L5 and L5/S1 facet joints, and the plane between the muscle and subcutaneous tissue; (c) Measurement of

the rectus abdominis muscle thickness was obtained between the deep and superficial borders of the rectus
abdominis muscle; (d) Measurement of the cross-sectional area of the rectus abdominis muscle was obtained by
tracing the interior border of the rectus abdominis muscle.

torque (Nm) data was normalized by adjusting for trunk height (cm) and converting the peak torque to maxi-
mum force (N) [Maximum force = Peak torque/Moment arm (trunk height)]. Therefore, all data on trunk muscle
strength are presented as maximum force. A composite trunk strength score was calculated by summing the
maximum forces from flexion, extension, lateral flexion right and lateral flexion left.

Data analysis. All data management and statistical analyses were performed using IBM SPSS version 21.0
softwaref. The relationships between trunk muscle morphology, trunk muscle strength and functional out-
come measures, were examined with univariate and multivariate analyses. We first explored these relations with
Pearson’s correlation coefficients (r) for continuous independent variables or point-biserial coefficients for dichot-
omous independent variables. Where independent variables demonstrated significant correlations (p <0.05) with
the outcome measures, these were then included in separate multivariate linear regression models. When only
one muscle predictor was identified at the univariate step, it was force entered into the model along with signif-
icant demographic covariates. When more than one muscle predictor was identified by the univariate analysis,
they were entered into a hierarchical model. The muscle predictor explaining the greatest variance in the outcome
measures was then included in step two with the significant demographic covariates. If more than three variables
qualified for entry (e.g., a combination of two demographic variables and two potential predictors), we selected
the strongest demographic variable only. Standardized beta coefficients (3) were generated for each of the varia-
bles retained in the final model and adjusted R? values were calculated at each step. The level of significance was
setat p <0.05.

Data availability. The data that support the findings of this study are available from the corresponding
author (TJF) on request.

References
1. Goodpaster, B. H. et al. The loss of skeletal muscle strength, mass, and quality in older adults: the health, aging and body composition
study. ] Gerontol A Biol Sci Med Sci 61, 1059-1064 (2006).
2. Metter, E. J., Conwit, R., Tobin, J. & Fozard, J. L. Age-associated loss of power and strength in the upper extremities in women and
men. ] Gerontol A Biol Sci Med Sci 52, B267-276 (1997).
3. Heathcote, G. Autonomy, health and ageing: transnational perspectives. Health Educ Res 15, 13-24 (2000).

| 7: 10907 | DOI:10.1038/s41598-017-11116-0



www.nature.com/scientificreports/

10.
11.
12.
13.

14.

15.
16.
17.
18.

19.
20.

21.
22.
23.
24.

25.
. Shahtahmassebi, B., Hebert, J. J., Stomski, N. J., Hecimovich, M. & Fairchild, T. J. The effect of exercise training on lower trunk

27.
28.

29.

30.
31.

32.
33.

34.
35.

36.

. Kasukawa, Y. et al. Relationships between falls, spinal curvature, spinal mobility and back extensor strength in elderly people. ] Bone

Miner Metab 28, 82-87 (2010).

. Sartini, M. et al. The epidemiology of domestic injurious falls in a community dwelling elderly population: an outgrowing economic

burden. Eur ] Public Health 20, 604-606 (2010).

. Martien, S. et al. Is knee extension strength a better predictor of functional performance than handgrip strength among older adults

in three different settings? Arch Gerontol Geriatr 60, 252-258 (2015).

. Granacher, U, Lacroix, A., Roettger, K., Gollhofer, A. & Muehlbauer, T. Relationships between trunk muscle strength, spinal

mobility, and balance performance in older adults. ] Aging Phys Act 22, 490-498 (2014).

. Pfeifer, M. et al. Vitamin D status, trunk muscle strength, body sway, falls, and fractures among 237 postmenopausal women with

osteoporosis. Exp Clin Endocrinol Diabetes 109, 87-92 (2001).

. Sakari-Rantala, R., Era, P,, Rantanen, T. & Heikkinen, E. Associations of sensory-motor functions with poor mobility in 75- and

80-year-old people. Scand ] Rehabil Med 30, 121-127 (1998).

Suri, P, Kiely, D. K., Leveille, S. G., Frontera, W. R. & Bean, J. E. Trunk muscle attributes are associated with balance and mobility in
older adults: a pilot study. PM R 1, 916-924 (2009).

Hicks, G. E. et al. Cross-sectional associations between trunk muscle composition, back pain, and physical function in the health,
aging and body composition study. ] Gerontol A Biol Sci Med Sci 60, 882-887 (2005).

Granacher, U,, Gollhofer, A., Hortobagyi, T., Kressig, R. W. & Muehlbauer, T. The importance of trunk muscle strength for balance,
functional performance, and fall prevention in seniors: a systematic review. Sports Med 43, 627-641 (2013).

Brito, L. B. et al. Ability to sit and rise from the floor as a predictor of all-cause mortality. Eur J Prev Cardiol 21, 892-898
(2014).

Anderson, D. E., Bean, ]. E, Holt, N. E., Keel, . C. & Bouxsein, M. L. Computed tomography-based muscle attenuation and electrical
impedance myography as indicators of trunk muscle strength independent of muscle size in older adults. Am | Phys Med Rehabil 93,
553-561 (2014).

Cholewicki, J., Juluru, K. & McGill, S. M. Intra-abdominal pressure mechanism for stabilizing the lumbar spine. ] Biomech 32, 13-17
(1999).

Anderson, D. E. et al. Variations of CT-based trunk muscle attenuation by age, sex, and specific muscle. ] Gerontol A Biol Sci Med Sci
68,317-323 (2013).

Singh, D. K, Bailey, M. & Lee, R. Decline in lumbar extensor muscle strength the older adults: correlation with age, gender and spine
morphology. BMC Musculoskelet Disord 14, 215, doi:10.1186/1471-2474-14-215 (2013).

Lee, J. S. J. et al. Frailty, core muscle size, and mortality in patients undergoing open abdominal aortic aneurysm repair. ] Vasc Surg
53,912-917 (2011).

Englesbe, M. J. et al. Sarcopenia and Mortality after Liver Transplantation. ] Am Coll Surgeons. 211, 271-278 (2010).

Miller, B. S. et al. Worsening Central Sarcopenia and Increasing Intra-Abdominal Fat Correlate with Decreased Survival in Patients
with Adrenocortical Carcinoma. World ] Surg. 36, 1509-1516 (2012).

Kocjan, A. & Sarabon, N. Assessment of isometric trunk strength - the relevance of body position and relationship between planes
of movement. J Sports Sci Med 13, 365-370 (2014).

Asaka, M. et al. Elderly oarsmen have larger trunk and thigh muscles and greater strength than age-matched untrained men. Eur J
Appl Physiol 108, 1239-1245 (2010).

Berg, K. O., Wood-Dauphinee, S. L., Williams, J. I. & Maki, B. Measuring balance in the elderly: validation of an instrument. Can J
Public Health 83(Suppl 2), S7-S11 (1992).

Podsiadlo, D. & Richardson, S. The timed “Up & Go™: a test of basic functional mobility for frail elderly persons. ] Am Geriatr Soc 39,
142-148 (1991).

Clark, B. C. & Manini, T. M. What is dynapenia? Nutrition 28, 495-503 (2012).

muscle morphology. Sports Med 44, 1439-1458 (2014).

Lipkin, D. P, Scriven, A. J., Crake, T. & Poole-Wilson, P. A. Six minute walking test for assessing exercise capacity in chronic heart
failure. Br Med J (Clin Res Ed) 292, 653-655 (1986).

Jones, C. J., Rikli, R. E. & Beam, W. C. A 30-s chair-stand test as a measure of lower body strength in community-residing older
adults. Res Q Exerc Sport 70, 113-119 (1999).

Sions, J. M., Velasco, T. O., Teyhen, D. S. & Hicks, G. E. Ultrasound imaging: intraexaminer and interexaminer reliability for
multifidus muscle thickness assessment in adults aged 60 to 85 years versus younger adults. ] Orthop Sports Phys Ther 44, 425-434
(2014).

Stetts, D. M., Freund, J. E., Allison, S. C. & Carpenter, G. A rehabilitative ultrasound imaging investigation of lateral abdominal
muscle thickness in healthy aging adults. J Geriatr Phys Ther 32, 60-66 (2009).

Koppenhaver, S. L. et al. Reliability of rehabilitative ultrasound imaging of the transversus abdominis and lumbar multifidus
muscles. Arch Phys Med Rehabil 90, 87-94 (2009).

Teyhen, D. S. et al. Rehabilitative ultrasound imaging of the abdominal muscles. ] Orthop Sports Phys Ther 37, 450-466 (2007).
Kienbacher, T. et al. Reliability of isometric trunk moment measurements in healthy persons over 50 years of age. ] Rehabil Med 46,
241-249 (2014).

Guilhem, G., Giroux, C., Couturier, A. & Maffiuletti, N. A. Validity of trunk extensor and flexor torque measurements using
isokinetic dynamometry. ] Electromyogr Kinesiol 24, 986-993 (2014).

Karatas, G. K., Gogus, F. & Meray, J. Reliability of isokinetic trunk muscle strength measurement. Am J Phys Med Rehabil 81,
79-85 (2002).

Van Damme, B. B. L. et al. Velocity of isokinetic trunk exercises influences back muscle recruitment patterns in healthy subjects.
Electromyogr Kinesiol 23, 378-386 (2013).

Acknowledgements
The authors would like to thank Dr Golnaz Shahtahmassebi for her statistical advice.

Author Contributions
B.S., J.H., M.H. and T.J.E. conceived the study and B.S., J.H. and T.].E. prepared the manuscript. All authors
reviewed the manuscript.

Additional Information
Competing Interests: The authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

SCIENTIFICREPORTS |7: 10907 | DOI:10.1038/s41598-017-11116-0 9


http://dx.doi.org/10.1186/1471-2474-14-215

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
CE | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS |7: 10907 | DOI:10.1038/s41598-017-11116-0 10


http://creativecommons.org/licenses/by/4.0/

	Associations between trunk muscle morphology, strength and function in older adults

	Results

	Univariate Analysis. 
	Multivariate Analysis. 

	Discussion

	Methods

	Participants. 
	Anthropometric and demographic characteristics. 
	Functional mobility and balance. 
	Trunk muscle morphology. 
	Trunk muscle strength. 
	Data analysis. 
	Data availability. 

	Acknowledgements

	Figure 1 Ultrasound images of the lateral, anterior abdominal and posterior trunk muscles at rest.
	Table 1 Descriptive characteristics of study cohort stratified by sex.
	Table 2 Univariate analysis of associations between functional measures, descriptive characteristics (age, sex and BMI) and trunk muscle morphology.
	Table 3 Univariate analysis of associations between functional measures, descriptive characteristics (age, sex and BMI) and trunk muscle strength.
	Table 4 Univariate analysis of associations between trunk muscle morphology and strength.
	Table 5 Multiple linear regression analysis of the relationship between trunk muscle morphology and strength with functional measures.
	Table 6 Multiple linear regression analysis of the relationship between trunk muscle morphology and strength.




