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Abstract

Obijective: Quantitative changes, such as a decrease in muscle mass, and qualitative changes, such as

an increase in the amount of intramuscular non-contractile tissue, occur with aging. However, it is

unclear whether quantitative or qualitative changes in back muscles are associated with spinal

alignment in the standing position. We investigated the association of sagittal spinal alignment with

muscle thickness as an index of the mass of lumbar back muscles and muscle echo intensity as an

index of the amount of non-contractile tissue within these muscles.

Methods: Study participants comprised 36 middle-aged and elderly women. Thickness and echo

intensity of erector spinae, psoas major, and lumbar multifidus muscles were measured using an

ultrasound imaging device. Standing sagittal spinal alignment, determined from thoracic kyphosis

and lumbar lordosis angles, and the sacral anterior inclination angle was measured using the Spinal

Mouse.

Results: Stepwise regression analysis performed using muscle thickness, echo intensity, and age as

independent variables showed that erector spinae muscle thickness was a significant determinant of

the thoracic kyphosis angle. Psoas major muscle thickness and echo intensity of the lumbar

multifidus muscle were significant determinants of the sacral anterior inclination angle.

Conclusion: Our results suggest that an increase in thoracic kyphosis is associated with a decrease in

the mass of the erector spinae muscle, and that a decrease in pelvic anterior inclination is associated



with a decrease in the mass of the psoas major muscle and an increase in the amount of

non-contractile tissue within the lumbar multifidus muscle.
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1. Introduction

It is well established that age-related changes in spinal alignment in the standing position such as

increased kyphosis (Kado et al., 2013; Takeda et al., 2009) and pelvic posterior inclination (Takeda

et al., 2009) occur in middle-aged and elderly women. In fact, 20%—-40% of elderly people develop

hyperkyphosis, which may be caused by deformity of the vertebral body, degeneration of

intervertebral disks, and muscle weakness (Kado, Prenovost, & Crandall, 2007a). Hyperkyphosis

leads to a decline in mobility, with effects such as decreased walking speed (Miyazaki et al., 2013;

Katzman, Vittinghoff, & Kado., 2011) and falls (Kado et al., 2007b). Therefore, improvement in

spinal alignment and prevention of kyphosis progression are important for middle-aged and elderly

people, especially in elderly women who have a higher risk of osteoporotic fracture (Swezey., 2000).

Although muscle weakness may contribute to hyperkyphosis alignment in the standing position, a

previous study demonstrated no association of trunk flexor strength with lumbar lordosis and sacral

anterior inclination angles (Kim et al., 2006). However, it has been revealed that a decrease in trunk

extensor strength is associated with thoracic kyphosis and lumbar lordosis angles, and the sacral

anterior inclination angle in the standing position (Sinaki et al., 1996). A previous study using

computed tomography also indicates that the muscle density of lumbar back muscles including

erector spinae and lumbar multifidus muscles is associated with thoracic kyphosis in the elderly

individuals (Katzman et al., 2012). These studies suggest that kyphosis progression with aging may



be associated with back muscles rather than abdominal muscles.

It has been verified that muscle thickness (MT) on ultrasound imaging, which is strongly

correlated with muscle mass on magnetic resonance imaging (Miyatani et al., 2004), influences

muscle strength (Fukumoto et al., 2012). Muscle strength is influenced by not only muscle quantity,

such as muscle mass, but also muscle quality, such as the amount of intramuscular non-contractile

tissue (i.e., adipose and fibrous tissue). It has been recently demonstrated that muscle echo intensity

(EI) on ultrasound imaging, which is utilized as an objective assessment of muscle quality represents

the amount of intramuscular non-contractile tissue (Pillen et al., 2009; Reimers et al., 1993). EIl of

upper and lower extremity muscles increases with aging (Arts., 2010; Ikezoe., 2012a) and these

qualitative changes are associated with muscle strength in middle-aged and elderly women

(Fukumoto et al., 2012).

With regard to a decrease in back muscle mass, the thickness of psoas major and erector spinae

muscles in elderly women who are able to perform activities of daily living independently is lower

than that in young women, whereas no difference is observed in the thickness of the lumbar

multifidus muscle between the two groups (Ikezoe et al., 2011a,b; lkezoe et al., 2012b). Thus, many

studies investigated the effect of age on atrophy of back muscles. However, there have been few

studies focusing on age-related qualitative changes in back muscles (McLoughlin et al., 1994).

Furthermore, no study has individually evaluated quantitative or qualitative changes in back muscles,



and examined whether their changes in each back muscle influence sagittal spinal alignment, i.e.

thoracic kyphosis and lumbar lordosis angles, and the sacral anterior inclination angle in the standing

position, in middle-aged and elderly women.

This study had two aims. First, we investigated the effect of age on MT as an index of the mass of

lumbar back muscles and muscle El as an index of the amount of non-contractile tissue within these

muscles using ultrasound. Second, we examined the association of sagittal spinal alignment in the

standing position with the thickness and EI of lumbar back muscles in middle-aged and elderly

women.

2. Participants and methods

2.1. Participants

Study participants comprised 36 middle-aged and elderly women who were living independently

in Kyoto, Japan. The participants were excluded if they had low back pain; a history of orthopedic,

neurological, respiratory, or circulatory disorders; previous spinal surgery; or a history of low back

pain lasting 3 months or more.

All participants provided written informed consent, and the protocol was approved by the Ethics

Committee of the Kyoto University Graduate School and Faculty of Medicine.



2.2. Ultrasound measurement

MT and EIl were measured using a B-mode ultrasound imaging device (LOGIQ Book Xp; GE

Healthcare Japan, Tokyo, Japan) with an 8-MHz linear array probe. Longitudinal ultrasound images

of erector spinae and psoas major muscles and transverse ultrasound images of the lumbar multifidus

muscle were taken bilaterally in the prone position (Figure 1). Measurement sites were as follows:

erector spinae and psoas major muscles (Ikezoe et al., 2011a,b) were assessed 7 cm lateral from the

L3 spinous process, and the lumbar multifidus muscle (lkezoe et al., 2012) was assessed 2 cm lateral

to the L4 spinous process. A 58-dB gain was used for all muscles, and dynamic focus depth was set

to the depth of the muscles. Dynamic range (69 Hz) and time gain compensation in the neutral

position were set for measurement.

From the obtained images, EI was determined using image processing software (ImageJ; National

Institutes of Health, Bethesda, MD, USA). Regions of interest were set at the depth of 2.0-3.5 cm

for the erector spinae muscle, 1.5-2.5 cm for the lumbar multifidus muscle, and 3.5-5.0 cm for the

psoas major muscle, avoiding the surrounding fascia. The mean EIl of the region was assessed by

computer-assisted 8-bit gray-scale analysis and was expressed as a value between 0 (black) and 255

(white). Enhanced EI indicates an increase in the amount of intramuscular fibrous and adipose tissue.

The mean values of the thickness and EI for the right and left muscles were used for statistical

analyses.



Furthermore, to examine the intrarater reliability of the ultrasound technique for measuring the

thickness and EI of erector spinae, lumbar multifidus, and psoas major muscles, two images of each

muscle were taken on two separate days in eight healthy volunteers (age, 23.5+ 1.5 years).

2.3. Measurement of spinal alignment in the standing position

Standing sagittal spinal alignment (thoracic kyphosis and lumbar lordosis angles, and the sacral

anterior inclination angle) was measured using the Spinal Mouse (Index Ltd., Tokyo, Japan). The

Spinal Mouse is an electronic computer-aided measuring device that measures intersegmental angles

in a non-invasive manner. The Spinal Mouse was guided along the midline of the spine, starting at

the spinous processus of C7 and finishing at S3. The thoracic kyphosis angle was calculated from the

sum of 11 segmental angles from Th1/2 to Th11/12. The lumbar lordosis angle was calculated from

the sum of six segmental angles from Th12/L1 to L5/S1. The sacral anterior inclination angle was

calculated from the difference between the sacral angle and the vertical plane. Spinal alignment was

measured three times, and the mean value was used for analyses. Previous studies (Kellis et al.,

2008; Guermazi et al., 2006) demonstrated a high degree of intrarater reliability and validity for

alignment measurement in the standing position using the Spinal Mouse.

2.4. Statistical analyses
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Statistical analyses were performed using SPSS version 20.0 (IBM Japan; Tokyo, Japan).

Spearman’s correlation coefficient was used to investigate the relationship between MlI, El, spinal

alignment, and age after each variable was evaluated using Shapiro-Wilk tests. Stepwise regression

analysis, using MI, El, and age as the independent variables, was employed to investigate

associations with spinal alignment. The variance inflation factor (VIF) was computed to monitor for

a multicollinearity effect. Furthermore, intraclass correlation coefficients [ICCs (1.1)] were

calculated to examine intrarater reliabilities of MT and ElI measurements. P values of <0.05 were

considered significant.

3. Results

Table 1 presents participant characteristics and MT, EI, and spinal alignment measurements in the

standing position.

In the reliability analysis of MT measurement, ICC (1.1) values were 0.824 for the erector spinae

muscle, 0.899 for the lumbar multifidus muscle, and 0.947 for the psoas major muscle. For El

measurement, ICC (1.1) values were 0.894 for the erector spinae muscle, 0.831 for the lumbar

multifidus muscle, and 0.664 for the psoas major muscle.

Table 2 lists correlation coefficients between MT, El, spinal alignment, and age. The lumbar

lordosis angle showed a significant negative correlation with age, i.e., the lumbar lordosis angle
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decreased with age. MT, El, and thoracic kyphosis and sacral anterior inclination angles were not

significantly correlated with age.

Stepwise regression analysis revealed that only the thickness of the erector spinae muscle was a

significant and independent determinant of the thoracic kyphosis angle, i.e., the thoracic kyphosis

angle increased with a decrease in the thickness of the erector spinae muscle. The VIF value was

1.00. In stepwise regression analysis for the lumbar lordosis angle, no significant variable was found.

The thickness of the psoas major muscle and EI of the lumbar multifidus muscle were significant

and independent determinants of the sacral anterior inclination angle, i.e., the sacral anterior

inclination angle decreased with a decrease in the thickness of the psoas major muscle and an

increase in El of the lumbar multifidus muscle. The VIF value was 1.01 (Table 3).

4, Discussion

Kyphosis progression with aging has been shown to be associated with balance in standing (Choi

et al., 2011) and the risk of falling (Kado et al., 2007). However, the association of sagittal spinal

alignment with the mass of lumbar back muscles and the amount of non-contractile tissue within

these muscles has not been clarified. The present study examined the association of sagittal spinal

alignment with MT as an index of the mass of lumbar back muscles and muscle El as an index of the

amount of non-contractile tissue within these muscles in middle-aged and elderly women.
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Our results showed that both the thickness and EI of lumbar back muscles were not significantly

correlated with age. Ikezoe et al. (2011a,b; 2012) demonstrated that the thickness of erector spinae

and psoas major muscles in elderly women is lower than that in young women. Our study targeted

only middle-aged and elderly women, which may be the reason why no correlation with age was

observed.

Stepwise regression analysis showed that the thoracic kyphosis angle increased with a decrease in

the thickness of the erector spinae muscle. Antigravity muscles, such as the erector spinae muscle,

which are located at the back of kyphosis thoracic vertebrae, play an important role in maintaining

posture. lkezoe et al. (2012) demonstrated that remarkable atrophy of antigravity muscles occurs in

elderly women. Our results suggest that a decrease in the mass of the erector spinae muscle may

influence thoracic kyphotic posture in middle-aged and elderly women. However, our result is

inconsistent with the result indicating the association between muscle density of lumbar back

muscles and thoracic kyphosis in the elderly individuals that previous study (Katzman et al., 2012) has

demonstrated. The inconsistency of the results might be influenced by differences in study

participants and in methods for measurement i.e. including erector spinae and lumbar multifidus

muscles.

Although the lumbar lordosis angle showed a significant negative correlation with age, stepwise

regression analysis showed that there was no association between the lumbar lordosis angle and both
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the thickness and EI of back muscles. Powell et al. (1986) demonstrated that the prevalence of

lumbar disk degeneration reaches approximately 90% in elderly women aged >71 years.

Furthermore, a longitudinal study (Takeda et al., 2009) revealed that a decrease in the lumbar

lordosis angle is associated with lumbar disk anterior degeneration. Therefore, a decrease in the

lumbar lordosis angle may be related to lumbar disk degeneration rather than the mass of lumbar

back muscles or the amount of non-contractile tissue within these muscles.

Stepwise regression analysis also showed that the sacral anterior inclination angle decreased with

a decrease in the thickness of the psoas major muscle and an increase in El of the lumbar multifidus

muscle. The psoas major muscle is an antigravity postural muscle. lkezoe et al. (2011a)

demonstrated that there is remarkable atrophy of the psoas major muscle in healthy elderly women

compared with young women. Our results suggest that age-related atrophy might occur in the psoas

major muscle, which may lead to decreased pelvic anterior inclination. The lumbar multifidus

muscle also plays an important role in maintaining the upright posture of the pelvis (O'Sullivan et al.,

2006). Previous studies (Ikezoe et al., 2012; McLoughlin et al., 1994) showed that the amount of

adipose tissue within the lumbar multifidus muscle increases with aging, whereas the thickness of

this muscle does not differ between elderly women who are able to perform activities of daily living

independently and young women. Therefore, an age-related change in El (i.e., an increase in the

amount of non-contractile tissue within the lumbar multifidus muscle), which is greater than the
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change in MT, may lead to decreased pelvic anterior inclination.

The present study has several limitations. One limitation is that our MT and EIl measurements

targeted only lumbar back muscles. Another limitation is that this study was a cross-sectional study.

Hyperkyphotic posture due to deformity of the vertebral body and degeneration of intervertebral

disks with aging (Keorochana et al., 2011; Takeda et al., 2009) may lead to inactivity of lumbar back

muscles, i.e., may cause changes in the thickness and EI of these muscles. However, it has been

reported that strength training for back muscles is effective for improving hyperkyphotic posture

(Katzman et al., 2007) or preventing kyphosis progress (Ball et al., 2009) in middle-aged and

elderly women. Therefore, we assumed that the changes in the thickness and EI of lumbar back

muscles may influence spinal alignment.

5. Conclusions

This study showed that sagittal thoracic and pelvic alignments in the standing position are associated

with not only muscle quantity (i.e. muscle size) but also muscle quality (i.e. El, the amounts of

fibrous and adipose tissue within the muscle) of lumbar back muscles.
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Table 1. Characteristics and muscle thickness, muscle echo intensity, and spinal alignment

measurements in healthy middle-aged and elderly female participants.

Mean + SD Range
Characteristics
Age (years) 724 +8.0 54.0-91.0
Height (cm) 150.2 +4.5 140.1-161.0
Weight (kg) 488+7.7 37.4-65.5
MT (cm)
Erector spinae 2.23+0.48 1.22-3.20
Lumbar multifidus 2.34£0.35 1.29-2.95
Psoas major 1.40+0.40 0.80-2.43
El
Erector spinae 71.1+£121 49.8-101.5
Lumbar multifidus 77.3x74 61.5-90.2
Psoas major 41.0+£9.7 21.1-60.1
Spinal alignment (°)
Thoracic kyphosis 36.1+13.7 13.0-86.0

Lumbar lordosis 12771 —10.0t0 24.0



Sacral anterior inclination 3.3+5.2 —10.0t0 16.0

MT: muscle thickness, EI: muscle echo intensity, SD: standard deviation

22
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Table 2. Relationships between muscle thickness, muscle echo intensity, spinal alignment, and age.

Age
Erecter spinae MT 0.07
Lumbar multifidus MT —0.02
Psoas major MT -0.14
Erecter spinae El —0.09
Lumbar multifidus EI —-0.21
Psoas major El 0.14
Thoracic kyphosis —0.16
Lumbar lordosis —-0.34"
Sacral anterior inclination —0.04

"P < 0.05

MT: muscle thickness, EI: muscle echo intensity



Table 3. Results of stepwise regression analyses.

24

Partial Standard partial
Dependent Independent

regression regression t value P value 95% Confidence interval
variables variables

coefficient coefficient

Lower Upper
Thoracic kyphosis
R?2=0.23 MT of Erecter spinae —13.76 —0.48 -3.22 <0.01 —22.42 —5.09
Sacral anterior
inclination
R?2=0.32 MT of psoas major 6.49 0.51 3.49 <0.01 271 10.28
El of Lumbar multifidus -0.22 -0.32 -2.21 <0.05 -0.43 -0.02

MT: muscle thickness, EI: muscle echo intensity, R?: Coefficient of determination



lumbar multifidus

psoas major

Figure 1. Representative ultrasound images of lumbar back muscles.
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