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A study on the characteristics of standing posture of
elderly women with sarcopenia in Korea

Min-Jeong Kim, Tae-Young Kim, Yeon-A Choi, Ji-Hyoung Chin, Shin-Young Lee*

College of Education, Hankuk University of Foreign Studies, Seoul, Korea

This study intended to analyze the characteristics of standing posture
and factors related to sarcopenia of elderly women in Korea to provide
basic data for the development of rehabilitation programs designed to
prevent and control of the sarcopenia of elderly women. A total of 194
elderly women, aged over 65 years old, living in Gyeonggi-do, were se-
lected to diagnose the presence of sarcopenia through bioelectrical
impedance analysis (BIA) and muscle function test (gait speed and grip
strength). The subjects were then distinguished into normal group
(NG=92), presarcopenia group (PG=86), and sarcopenia group
(SG=16); the standing posture of elderly women was captured with the
three-dimensional (3D) imaging technique (PA200), and an analysis of
variance (ANOVA) was carried out for the collected data through IBM
SPSS Statistics ver. 23.0. The frontal measurements of standing posture,

INTRODUCTION

Aging accompanies diverse physiological changes affecting
body composition (Ilich et al., 2014). Along with the increasing
age, the body fat (BF) is redistributed into abdominal fat while
the muscle and bone are infiltrated by fat (Cruz-Jentoft et al.,
2010). The amount of skeletal muscle has been reported to be de-
creasing approximately 0.8% every year after 40 years of age,
0.8%-1% for males or 0.64%-0.70% for females every year after
75 years of age (Grimby and Saltin, 1983; Mitchell et al., 2012).
In particular, the loss of skeletal muscle of women appears involv-
ing with menopause (Maltais et al., 2009; Taaffe et al., 2005), re-
duces the muscular and physical strength, and increases the fre-
quency of a fall and fracture leading to the potential increase of
mortality (Cruz-Jentoft et al., 2010). These are thus evaluated as
important health indicators of elderly women.

the pelvic level, R-patella center, and L-patella center, appeared with
significant differences from each other whereas, the side measure-
ments of standing posture, the R-earhole position, L-earhole position,
R-shoulder position, L-shoulder position, R-pelvic angle, L-pelvic angle,
R-knee position, and L-knee position, were also found with significant
differences from each other. As a consequence, an intervention to be
focusing on obese control was found necessary to prevent or to delay
the presence of sarcopenia of elderly women. The positional displace-
ment found from head, knee, and pelvis also necessitates the introduc-
tion of rehabilitation program customized for elderly women suffering
the sarcopenia.
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Sarcopenia is defined as reduced amount of muscle mass, re-
duced muscle strength, and reduced physical function (Chen et
al., 2014) attributable to following factors: aging, decreaseda-
mount of exercise, reduced intake of protein, sexhormone, and
growth hormone, and changes of cytokine that causes inflamma-
tion etc. (Limpawattana et al., 2015).

World Health Organization assigned a nosological code (Intet-
national Classification of Diseases, Tenth Revision, Clinical Modi-
fication code) to the sarcopenia in the early 2017, signifying it was
recognized as an independent disease. Many previous studies report-
ed sarcopenia, being involved with diverse factors deteriorating
the health of senile people; the increased risk of a hurt from a fall,
physical dysfunction, depression, deteriorated quality of life, and
increase in the rates of hospitalization, morbidity, and mortality.
Further, its relevance to osteoporosis, obesity, type II diabetes mel-
litus, cardiovascular disease, and metabolic disorder was also proved,;
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these suggest an important clinical significance of sarcopenia ap-
parently (Janssen et al., 2002; Janssen, 2006; Jung et al., 2013;
Kim et al., 2014b; Lim et al., 2010; Limpawattana et al., 2015).

Korea entered the aging society rapidly comparing to advanced
countries. Along with the rapid increase in the population of aged
people, the rapid increase in the expenditure of medical cost, par-
ticularly due to the increasing cases of sarcopenia and obesity, is
predicted (Jung et al., 2017). Thus, the studies to be delving into
issues related with the preparation of future society capable of sav-
ing medical cost are necessitated (Kim and Choi, 2013).

The efforts, trying to maintain healthy lives of aged people
through the early detection of sarcopenia, active treatment there-
of, and minimization of the changes in physical composition due
to aging, need to be taken.

However, there are foreign diagnostic standards currently in
use. This also necessitates further studies focusing on the estab-
lishment of spontaneous diagnostic standards that are clinically
applicable.

The loss of muscle mass of elderly women brings them reduced
muscular functionality and changed physique; this possibly be a
cause of hurt from a fall (Rose, 2003). Besides, vertebral retroflex-
ion refers to postural deformity in which the head is tilted forward
(Balzini et al., 2003), which is due to aging at 20%-40% (Bar-
tynski et al., 2005).

A 34% of elderly people aged over 65 years old were reported
as members of a group of the risk of a hurt from a fall wherein,
over 70% of them were reported as women (Kim et al., 2013).
Thus, the issues related with posture and sarcopenia of old women
are of concern to prevent them from a hurt induced by a fall.

As presented so far, effective information of sarcopenia of Kore-
an old women available for clinical application are still insuffi-
cient. The subluxation, due to the loss of skeletal muscle, may
bring dysfunction and a hurt caused by a fall thereby, increases the
risk of death of old women. However, the studies, delved into the
issues related with varying postural characteristics which are de-
pendent on the loss of skeletal muscle, are few. Thus, this study
intended for the identification of characteristics of erect standing
posture of Korean old women, to be varying according to the
presence of sarcopenia, to contribute to the solutions for health
problems of senile women.

MATERIALS AND METHODS

Participants
The subjects participated in this study were selected from a
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Table 1. Physical characteristics of subject (n=194)

Variable Mean+SD

Age (yr) 76.72+5.71
Height (cm) 149.41+5.28
Weight (kg) 57.18+8.64
Fat free mass (kg) 36.76+4.00
Body fat (%) 3553+4.13
Body mass index (kg/m?) 2561+357
ASM? (kg) 14.67+1.57
SMIP (%) 2589+2.46

SD, standard deviation; ASM, appendicular skeletal muscle mass; SMI, skeletal
muscle index.

IASM =[(Ht?/R x 0.104)}+{age x-0.050)+(gender x 2.954)+(weight x 0.055)}+5.663,
where Ht is height (cm), R is bioelectrical impedance analysis resistance in 250 V,
and gender women is 0 (Kim et al., 2014). "SMI= ASM/weight x 100.

population of 200 senile women aged over 65 years, capable of
standing alone and walking independently. Among the entire
population, the 194 subjects, who understood the purposes of this
study and agreed to participate in the study with respective writ-
ten informed consent, were selected as subjects of this study.
Physical characteristics of the 194 subjects are as summarized in
Table 1.

Measurement of sarcopenia

To diagnose the presence of sarcopenia of each subject, the mea-
surements of body composition and muscular function were col-
lected. The subjects were suggested to wear light clothes to mea-
sure the body composition (weight, BF%, fat free mass, and body
mass index [BMI]). By using the mean value of resistance of the
four extremities measured with BIA (ACCUNIQ BC360, SEL-
VAS Healthcare, Inc., Seoul, Korea), the estimates of the mass of
skeletal muscle were calculated through the formulae of appendic-
ular skeletal muscle mass (ASM) (Kim et al., 2014a) and skeletal
muscle index (SMI) (Lim et al., 2010).

Measurement of muscle function

The measurements of gait speed and grip strength were collect-
ed for the examination of muscular function. The stop watch was
used to collect the measurements of gait speed of each subject
walked freely for the distance of 4 m; the total time of the walk-
ing distance of 4 m was collected with the precision of centisec-
ond; and the index of 4/gait speed (sec) was calculated. The grip
strength is highly correlated with systemic muscular strength; it
can be substituted for the measurements of muscular strength of
lower extremities; it can also be a measurement predicting conse-
quences similarly to the measurement of lower extremities (Cesari
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Fig. 1. Total measurement photos. (A) Attitude measurement by body image photo. (B) Shisei analysis system.

et al., 2006; Pahor et al., 2009). For the measurement of grip
strength of each subject, the grip dynamometer (TKK-5401,
Takei, Tokyo, Japan) was used to collect the two measurements
from both hands of each subject; the highest value among entire
measurements was recorded with the precision of 0.1 kg.

Sarcopenia diagnostic

To collect the diagnostics of sarcopenia, the algorithm and stan-
dards of muscular function (gait speed <0.8 m/sec, grip
strength < 18 kg) presented by the Asian Working Group for Sar-
copenia (Chen et al., 2014), and the SMI% cutoff 23%, the scope
less than 2 standard deviation (SD) of the 1,268 young females
presented by Korea National Health and Nutrition Examination
Survey IV (2008-2009) of Kim et al. (2012), were applied to the
diagnosis of sarcopenia. Thereby, the entire subjects were classified
into the groups of NG (n=92; normal muscular functionality and
mass of skeletal muscle), PG (n=86; low muscular functionality
and ordinary mass of skeletal muscle), and SG (n= 16; low muscu-
lar functionality and mass of skeletal muscle).

Measurement of standing posture

For the measurement of standing posture of subjects, the Shisei
innovation system (PA200, The Big Sports Co., Osaka, Japan),
enabled to identify the kept balance of postural alignment
through an analysis of systemic posture and physique of 3D image
of subjects, operated by experienced clinical specialist, was used.

The equipment can measure the anterior, posterior, left-side,
and right-side postures of subject distinguished by the median
line. In this study, the front-postures, comprising the head level,
shoulder level, pelvis level, central position of the left and right
patella and the side-postures comprising the position of ear hole,
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position of shoulder, angle of pelvis (angle between the anterior
superior iliac spine and the posterior superior iliac spine), position
of femur, and position of knees, were used. The picture of mea-
surement with an attachment of markers is as presented in Fig. 1.

Data analysis

All the data collected in this study were analyzed through the
IBM SPSS Statistics ver. 23.0 (IBM Co., Armonk, NY, USA). Af-
ter distinguishing each group of subjects according to the diag-
nostics of sarcopenia, the one-way ANOVA was carried out to
identify the variables related with the loss of skeletal muscle mass
and characteristics of each position of standing posture. The post
hoc analysis was carried out with scheffe; the level of statistical sig-
nificance for all statistics was set a=0.05.

RESULTS

The results, obtained from the comparison of body composition
and diagnostic factors of each group, are as summarized in Table 2.

The following variables related with the loss of skeletal muscle
were all found with significant differences between each group:
age (P <0.001, SG, PG>NG), height (P<0.001, PG<NG),
weight (P<0.001, SG>PG, NG), BF% (P <0.001, SG > PG,
NG), BMI (P <0.001, SG>PG, NG), ASM (P <0.05, PG<NG),
SMI% (P <0.001, SG < PG, NG), GS (P <0.001, SG < PG<NG),
and grip strength (P <0.001, SG, PG <NG). The results, ob-
tained from the comparison of the characteristics of standing pos-
ture, are as presented in Table 3.

In the front posture, the measurements of pelvic level (P <0.01,
SG>NG), R-patella center (P <0.001, PG>NG), and L-patella
center (P<0.01, SG, PG> NG) were found with significant dif-
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Table 2. Characteristics of sarcopenia diagnostic factors and body composition by group

Variable SG(n=16) PG (n=86) NG (n=92) F P-value Scheffe
Body composition
Age (yr) 79.44+524 78.88+5.72 7423+4.71 20.028 0.000%** SG, PG>NG
Height (cm) 148.46+6.62 147.70+5.34 151.17+4.38 10914 0.000%** PG<NG
Weight (kg) 66.63+10.41 54.28+7.58 58.25+7.88 17.731 0.000%** SG>PG, NG
BF (%) 41.84+1.81 34.65+3.75 3525+3.83 26.347 0.000%** SG>PG, NG
BMI (kg/m?) 30.13+3.28 24.90+3.36 2548+327 16.932 0.000%** SG>PG, NG
Diagnosis factor
ASM (kg) 14.67+2.06 14.32+1.58 15.01+1.39 4.461 0.013* PG<NG
SMI (%) 22.07+0.80 26.48+2.29 26.00+2.22 27.879 0.000%** SG<PG, NG
Gait speed (m/sec) 0.56+0.05 0.63+0.12 0.87+0.06 171.809 0.000%** SG<PG<NG
Grip strength (kg) 17.08+4.78 16.50+3.09 22.48+3.05 80.295 0.000*** SG, PG<NG

Values are presented as mean + standard deviation. Gait speed (m/sec)=4/time index.
SG, sarcopenia group; PG, presarcopenia group; NG, normal group; BF, body fat; BMI, body mass index; ASM, appendicular skeletal muscle mass; SMI, skeletal muscle index.

*P<0.05. ***P<0.001.

Table 3. Characteristics of standing posture by group

Variable SG (n=16) PG (n=86) NG (n=92) [F P-value Scheffe
Standing posture

Head level (mm) 19.13+10.08 2295+15.77 18.28+14.71 2.253 0.108 -

Shoulder level (mm) 12444792 10.19+7.51 8.82+6.74 2.051 0.131 -

Pelvic level (mm) 8.56+5.82 7.88+6.37 542+3.86 5.827 0.003** SG>NG
Patella center (mm)

Right 101.38+15.49 105.40+18.89 93.77+14.29 11.030 0.000*** PG>NG

Left 101.38+19.61 101.41+21.45 91.68+12.45 7.396 0.001** SG, PG>NG
Earhole position (mm)

Right 27.88+22.79 39.88+28.23 20.15+17.57 16.269 0.000%** PG>NG

Left 4363+2462 4045+2858 27.37+2058 7.389 0.001** SG>NG
Shoulder position (mm)

Right 21.00+15.65 26.95+22.34 16.52+14.83 6.9% 0.001** PG>NG

Left 17.56+15.95 26.90+21.50 16.85+13.52 1577 0.001** PG>SG, NG
Pelvic angle ()

Right 18.37+569 1558+6.78 12.87+552 1772 0.001** SG>NG

Left 19.28+534 14.85+6.90 1232578 9.782 0.000%** SG>PG, NG
Femur position (mm)

Right 27.00+£17.19 3283+17.54 35.10+15.05 1.770 0.173 -

Left 29.38+16.37 28.23+16.63 34.20+16.78 2.940 0.055 -
Knee position (mm)

Right 37.63+17.71 413142455 31.05+20.24 4831 0.009** PG>NG

Left 348142277 4562+2381 31.78+19.66 9.118 0.000%** PG>NG

Values are presented as mean + standard deviation.

SG, sarcopenia group; PG, presarcopenia group; NG, normal group.

**P<0.01. ***P<0.001.

ferences between each group. Whereas, in the side-posture, mea-
surements of R-earhole position (P <0.001, PG >NG), L-earhole
position (P<0.01, SG>NG), R-shoulder position (P <0.01,
PG >NG), L-shoulder position (P <0.01, PG >SG, NG), R-pelvic
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angle (P <0.01, SG>NG), L-pelvic angle (P <0.001, SG> PG,
NG), R-knee position (P <0.01, PG>NG), and L-knee position
(P <0.001, PG>NG), were found with significant differences be-
tween each group.

https://doi.org/10.12965/jer.1836060.030



Kim MJ, etal. e Standing posture of elderly women with sarcopenia

J

DISCUSSION

Body composition & sarcopenia diagnostic factors

The prevalence and significance of sarcopenia are interpreted
variously; an integrated comprehension thereof is thus unavailable
yet. The muscle indicator is defined as the value less than 2SD of
mean value of the indicators of ASM compensated by weight
(Janssen et al., 2002) and compensated by height (Baumgartner et
al., 1998) of the young reference group of the age between 20 to
below 40 years old.

The ASM/height (cm)” indicator is based on the amount of
skeletal muscles in the four extremities measured mainly with
dual energy x-ray absorptiometry (DXA), and is suitable for the
prediction of mortality due to the loss of skeletal muscle; it has
advantages of higher level of reproducibility of measurement of
the amount of skeletal muscle and relative accuracy of the mea-
surement (Kim and Choi, 2013).

However, it is inadequate to Asian races, and has limitations in
predicting the reduced mobility of senile people. The necessity to
take the account of the amount of BF of female subjects of which
BF% is higher than male subjects, has been raised (Newman et
al., 2003). In particular, the indicator obtained from the compen-
sation of weight was found adequate and preferred to the indicator
obtained from the compensation of height for the diagnosis of sar-
copenia of elderly women (Kong et al., 2016; Wen et al., 2011).
Thus, in this study, the SMI% (ASM/weight x 100) indicator was
used for the diagnosis of sarcopenia.

In Korea, the estimation formula which is crossly applicable for
the identification of the correlation between BIA method and
DXA, that could compensate the difference in cutoff attributable
to different measurement method, was recently presented; this
enabled the convenient and accurate field measurement (Kim et
al., 2014a).

However, the cutoff thereof is yet to be presented thereby, the
cutoff, which was employed in the large scaled study conducted
by Kim et al. (2012) and Jung et al. (2013), with domestic senile
people, was used in this study.

Prior studies have reported the prevalence of sarcopenia ranged
19%-24% of elderly females aged 65 years old and, up to 25.6%
of the elderly females aged over 80 years old (Kim et al., 2012).
Through the muscle indicator (SM1%) employed in this study,
Kim et al. (2012) and Jung et al. (2013) reported 11.8% and
5.2% of the prevalence of sarcopenia respectively, which are some-
how different from 8.2% of the prevalence of sarcopenia resulted
in this study. This was concluded to be attributable to the differ-
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ent definitions of the loss of muscle mass in prior studies that di-
agnosed the sarcopenia of subjects with the sole employment of
muscle indicator excluded the muscular function.

In general, the subjects of BMI over 23 and 25 kg/m’” are classi-
fied into groups of ‘overweight’ and ‘obese’ in Asian countries
whereas, the subjects of BMI over 30 kg/m’ are classified as those
of the group of ‘obese” subjects.

Diverse previous studies have reported the observed favorable
states of health and low mortality of the elderly people belonged
to the group of ‘overweight’ of its BMI 25-30 kg/m’ (Flegal et
al., 2013; Stenholm et al., 2008). These necessitate the new stan-
dards of obese indicators applicable to senile people (Kim and
Choi, 2013).

Tyrovolas et al. (2016) suggested the prediction of sarcopenic
obesity would be available with the SMI (%) induced from body
weight. The subjects in the group of SG participated in this study
manifested significantly high BMI corresponding to this sugges-
tion. The subjects in the group of PG were found with normal
weight whereas, the subjects in the group of NG showed the
characteristics of overweight.

Further, the gait speed of subjects in each group appeared in the
following order of SG, PG, and NG, suggesting the subjects with
sarcopenia correspond to lower gait speed whereas, the grip
strength of subjects in the groups of SG and PG appeared lower
than that of the subjects in the group of NG; this suggests the de-
creasing grip strength corresponding to the degree of the loss of
muscle mass.

The subjects of the group of SG who exhibited lower level of
muscular function also shared the characteristics of sarcopenic
obesity. Baumgartner (2000) reported the risk of functional disor-
der, 11 times higher from women of sarcopenic obesity aged over
60 years. Baumgartner et al. (2004) participated in the 8-year fol-
low-up study for subjects of sarcopenic obesity hosted by the New
Mexico Aging Process Study; the authors reported the prevalence
of physical disability of subjects of sarcopenic obesity 2-3 times
higher than that of the subjects of either sole sarcopenia or sole
obesity; supporting the results presented by Baumgartner (2000)
and Baumgartner et al. (2004).

In the meantime, Kang and Park (2014) compared the subjects
of senile females in groups of ‘normal (BMI, 22.69 kg/m?) and
‘overweight (BMI, 27.35 kg/m’) and, reported the subjects in the
‘normal” group showed better posture control capability and effi-
cient walking capability.

Due to the BMI of 25.48 kg/m’ of the subjects of overweight
which was close to normal weight of the subjects in the group of
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NG participated in this study, the favorable muscular functional
capability of the subjects of NG seems ascribable thereto. Where-
as, though the subjects of PG showed normal BMI, the less effi-
cient walking capability of the subjects in the group of PG seems
attributable to the significant difference in the muscle mass (ASM)
from that of the subjects in the group of NG.

As the waking characteristics of normal elderly people undergo-
ing normal degenerative process, the development of hip joint
flexion, weakening of plantar flexion muscle and ankle joint, as
well as low gait speed, are observed (Lee et al., 2002). The results
obtained from this study also showed that the difference in mus-
cular function was promoted by sarcopenic obesity. Thus, the obe-
sity control of elderly women with sarcopenia should be priori-
tized to extend their life span.

Standing posture

Approximately 94% of overall degradation of physical function
and strength are attributable to changes in musculoskeletal sys-
tem (Balzini et al., 2003). And as a compensation for the loss of
muscle fiber and resulting reduction of muscle force and physical
damages thereof, the changes in alignment of posture and walk-
ing pattern of elderly people are frequently observed; these are fol-
lowed by their head bent forward and postetior-anterior or lateral
flexion of thoracic vertebra. The resulting posture signifies the
limited mobility and inefficient walking of elderly people (Rose,
2003).

Unbalanced posture of senile people may cause low back pain,
neck pain, and chronic pains, and it may bring them a significant-
ly deteriorated quality of life or a hurt from a fall. Thus, in respect
of the health of elderly people, the postural characteristics should
be taken into account as well as the provision of suggestions for
them to keep proper postures ordinarily.

In this respect, an ideal posture of body is accomplished with
one’s external auditory meatus aligned on the vertical line of body.
From the body seen on the sagittal plane, the vertical line of body
connecting to the external auditory meatus through crossing over
slightly inside of anklebone, centerline of knees, and slightly be-
hind the center of hip joint, constitutes an ideal posture of body
(Haughie et al., 1995).

The system of posture control seems simple but, it requires
complex control process of musculoskeletal system by which, the
optimal posture of minimized muscular strain and physical load
based on structurally balanced body, can be kept (Bae et al.,
2001).

The bad posture of body, kept for a long while, may cause part
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of the body deviating from an original alignment of body. And to
compensate the deviation, other parts of body subsequently move;
this will promote the postural deformation resulting in the unbal-
anced posture of body (Perttunen et al., 2004).

The results obtained from the analyses of standing postures of
the subjects in the group of SG participated in this study showed
the observations of unbalanced postures which were comprised of
the following: unbalanced height of pelvis, unbalanced central po-
sition of left knee, unbalanced left external auditory meatus, and
unbalanced left and right angles of pelvis. Besides, the subjects in
the group of PG of presarcopenia also manifested unbalanced pos-
tures with the right external auditory meatus, left and right
shoulder positions, and left and right distance between the tibia
lateral and the baseline.

The subjects in groups of SG and PG also exhibited the tenden-
cies of antetior pelvic flexion deviated from the normal range of
the angle of pelvis of 11.3+4.3 (Levine and Whittle, 1996) with
the forward flexed postural pattern characterized by the bending
of knees and pelvic inclination (Lewis and Sahrmann, 2015).

In particular, the subjects in the group of SG showed significant
difference of the angle of pelvis in the normal range. This was
concluded to be attributable to the big frontal pelvis inclination
owing to the pelvis, rotated to keep the erect position of the body
of which weight inclined abdomen-ward of the subjects, in the
group of SG characterized by the anterior pelvis tilt and obesity.
The frontal pelvis inclination seems attributable to the reduced
area of pelvic movement and decreased gait speed (Lee, 2013).

By comparing with the mean values obtained from the study
conducted by Yang and Lee (2017) who analyzed the body align-
ment of healthy university female students by using the same
posture measurement equipment, the subjects of the group of NG
were observed with partial postural deformation due to aging
from the positions of tilted head, of patellae of the center of knees,
of hip joint, and of knees. However, these represented the stand-
ing posture more favorable than those of the subjects in groups of
SG and PG.

Since the subjects, of which muscular function was beneath set
standard but their muscle mass was higher than set cutoff, were
mostly included in the group of the subjects of decreasing anterior
muscle, the unbalanced posture partially identified from the
group seems ascribable thereto.

The subjects, classified as members in the group of decreasing
anterior muscle like the group of PG participated in this study,
are reported as those of high risk of transference to sarcopenia
(Landi et al., 2012). Thus, the preventive management for the
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subjects in the group of anterior muscle reduction needs to be in-
troduced by distributing the subjects into the risk group of sarco-
penia (Kong et al., 2016).

As a consequence, the study solely delved into the postural
characteristics resulted from the presence of sarcopenia of subjects
may not enable us to identify relationships of the factors involved
therein. Further, because of the insufficient number of subjects
participated in this study, the generalization of the apparent re-
sults obtained from this study may also be disturbed.

However, the significance of this study may be found from the
trial intended for the identification of postural characteristics of
elderly women suffering or related with sarcopenia. Thus, the re-
sults obtained from this study are expected to be contributing to
the development of rehabilitation programs focused on the health
management of elderly people suffering or involved with sarcope-

nia.
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