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Background: Uniform cut-off values cannot be applied to children because
muscle mass changes significantly with growth and different population
groups have different races and lifestyles, so reference values from healthy
children are needed.

Materials and methods: Pediatric patients (<18 years of age) who underwent
abdominal CT for abdominal pain in the emergency room without a past history
from January 2015 to January 2021 were enrolled. Total psoas muscle area
(tPMA) was calculated as bilateral psoas muscle areas drawn semi-automatically
at the levels of L3-4 and L4-5. Graphs for weight and height were drawn and
compared using data from the Korean national growth chart. tPMA distributions
according to sex and age were obtained using quantile regression with smoothed
polynomials. We analyzed correlations of tPMA with weight and height.

Results: A total of 740 pediatric patients were included [M:F = 340:400, 12 years
(interquartile range 9—-16)]. When compared to the Korean national growth chart,
the 50th percentile values for height and weight in study population were not
significantly different. At L3—-4, the 50th percentile tPMA values ranged from
416 to 2,802mm? in males and 370 to 1,501 mm?® in females. The 50th
percentile tPMA values for L4-5 ranged from 556 to 3,563 mm? in males and
from 579 to 2007 mm? in females. In males, tPMA at L3-4 and L4-5 showed
positive correlations with weight (r=0.87; r=0.87, P<0.001, both) and height
(r=0.82; r=0.84, P<0.001, both). tPMA at L3-4 and L4-5 were positively
correlated with weight (r=0.77; r=0.81, P<0.001, both) and height (r=0.61;
r=0.67, P<0.001, both) in females.

Conclusion: We provided sex-specific and age-specific growth charts and
developed an online calculator for tPMA at the levels of L3-4 and L4-5,
which can serve as an evaluation guide for muscle mass in Korean children.
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1 Introduction

Sarcopenia, a medical condition defined by loss of muscle mass and function, is
associated with several adverse outcomes, including loss of motor independence,
reduced quality of life and mortality (1, 2). Previous studies have shown the negative
clinical impact of sarcopenia through longer hospital stays and post-treatment
complications in pediatric patients (3-5).
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Quantification methods for diagnosing sarcopenia are dual-
energy x-ray absorptiometry (DEXA), bioelectrical impedance
analysis, and cross-sectional imaging such as CT or MRI (2).
Although no studies have directly examined the correlation
between total skeletal muscle mass and total psoas muscle area
(tPMA) assessed via CT tPMA
measured at the lumbar level from a single abdominal CT image

in pediatric populations,

has been widely used across various cohorts (6-8). It serves as a
valuable quantitative indicator, even in children, as it can be
measured more easily and quickly than other markers of muscle
mass (9, 10).

In adults, even though a single clear consensus on the
definition of sarcopenia using tPMA has not yet been established,
some studies have uniformly defined it as muscle mass below the
5th percentile or 2 standard deviations of that of young adults
for each sex (2, 11-14). However, a uniform cut-off value cannot
be readily applied to children because muscle mass changes
greatly with growth. A few studies of healthy Canadian,
American and Japanese children have proposed sex-specific and
age-specific reference values for muscle mass (6-8). However,
different
diagnosing sarcopenia in adults, because race and lifestyle such

cut-off values have been suggested even when
as urbanization can vary both across and within populations,
with a past study that analyzed muscle mass using DEXA in the
Korean pediatric population observing a different growth pattern
from those seen in Caucasians (12, 15, 16).

Therefore, our study aimed to complete growth charts
according to sex and age for tPMA at the intervertebral disc
levels of L3-4 and L4-5 using CT images taken from healthy
Korean children and adolescents who visited the emergency
room without any medical history. In addition, we aimed to
identify trends of tPMA according to sex and age and provide an
online calculator on a separate webpage that could provide a
relative percentile for patients of the same sex and age.

2 Materials and methods

2.1 Subjects

This retrospective study was approved by the Institutional
Review Board of the authors’ institution. Pediatric patients under
the age of 18 who underwent abdominal CT for acute abdominal
pain in the emergency room from January 2015 to January 2021
were enrolled. Exclusion criteria were (a) history of previous
surgery or other chronic disease, (b) newly discovered underlying
chronic disease during this visit, (c) measurement failure due to
poor image quality, and (d) missing medical data. Medical
records were reviewed to collect clinical data including sex, age,
weight, and height.

2.2 Image analysis: measurement of tPMA

Abdominal CT images were acquired at 70-100 kVp according
to patient weight (0-15kg: 70 kVp, 15-40 kg: 80 kVp, >40 kg:
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100 kVp) with automatic tube current modulation during the
portal phase (45-60 s from contrast injection). After determining
the L3-4 and L4-5 levels in reference to reformatted sagittal
images, tPMA was retrospectively measured using commercial
software, Aquarius iNtuition Viewer (ver. 4.4.11, Tera-Recon Inc.,
Foster City, CA, USA), which is commonly utilized in various
studies for segmentation tasks, particularly in the evaluation of
tPMA,
supervision (17, 18). Psoas muscles were extracted by applying
Hounsfield unit thresholds between —29 and +150. Following
the automatic segmentation, an experienced image analyzer,

through semi-automated segmentation with expert

blinded to the medical records, reviewed and corrected the
ROIs to ensure accuracy according to standardized procedures.
tPMA was calculated as the sum of the left and right psoas
muscle areas at the level of the L3-4 and L4-5 intervertebral
discs (Figure 1).

2.3 Statistical analysis

Statistical analyses were performed using R software (ver.
43.1, R Foundation Statistical
Austria). variables presented
(interquartile range, IQR). Standard growth charts for tPMA
according to sex were obtained using quantile regression with

for Computing, Vienna,

Continuous are as median

smoothed polynomials using the R package “quantreg” version
5.99.1. The z-score was calculated to represent the relative
distribution of the patient’s tPMA value within the same age
and gender group, based on the 10th, 50th, and 90th
percentiles predicted by LOESS. The estimated 50th percentile
tPMA values were compared with the Wilcoxon rank sum test
or Wilcoxon signed rank test based on the measured level and
sex. Graphs for weight and height according to sex and age
were created. The 50th percentile weight and height of our
study population by sex were compared with the 50th
percentile weight and height derived from the Korean national
growth chart provided by the Korea National Health and
Nutrition Examination Survey (KNHANES) 2017 using the

FIGURE 1
An example of a semi-automatically drawn region-of-interest (ROI)
to measure total psoas muscle area (tPMA).
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Wilcoxon rank sum test to assess the representativeness of the
study population as healthy Korean children (19). Pearson’s
correlation coefficients were calculated to evaluate correlations
between tPMA values at the L3-4 and L4-5 levels, tPMA and
weight, as well as tPMA and height for each sex. P values less
than 0.05 were considered statistically significant.

3 Results

3.1 Comparison of weight and height
growth charts with data from
KNHANES 2017

A total of 740 patients were enrolled [M:F =340:400, 12
years (IQR: 9-16)] from an initial 764 patients, with two
patients excluded due to image measurement errors and 22
patients excluded due to weight and height data missing
from medical records. All included patients were ethnically
Korean children. The mean age of the female patients was
significantly older than the male patients [males: 11 years
[IQR: 8-14], females: 14 years [IQR: 10-16], P <0.001], with
the included patients ranging in age from 1 to 18 years for
males and 3-18 years for females. Only one-year-old male
and two-year-old males were included, while none of the
females included in this study were younger than two years
old (Figure 2).

Weight and height growth charts were generated for males
and females (Figure 3) separately, with the 5th to 95th

10.3389/fped.2024.1443523

percentiles compared to the KNHANES 2017 cohort. The 50th
percentile height of females in our study population was not
significantly different from that of the KNHANES population
[study: 137.2cm [IQR: 121.8-152.6], KNHANES: 135.6 cm
[IQR: 106.7-158.6], P=0.077].
difference in weight between the female populations [study:
34.1 kg [IQR: 18.9-51.0], KNHANES: 32.1 kg [IQR: 17.8-51.0],
P =0.348]. In males, there were no significant differences in the
50th percentile weight [study: 36.0kg [IQR: 19.6-58.8],
KNHANES: 33.2kg [IQR: 18.4-56.8], P=0.164] or height
[study: 136.5cm [IQR: 111.5-161.6], KNHANES: 135.9 cm
[IQR: 107.85-165.9] P=0.434] when our study population was
compared to the KNHANES population.

There was no significant

3.2 Sex-specific growth chart of tPMA

Growth charts of tPMA, with the 5th to 95th percentiles
displayed, were generated for males (Figure 4A) and females
(Figure 4B) separately at both the L3-4 and L4-5 levels. To
validate the goodness-of-fit of the generated growth charts, the
percentage of measurements below the 5th percentile or above
the 95th percentile was calculated. For both male and female, at
the L3-4 and L4-5 levels, the percentages ranged between 4%
and 6%, confirming that the model was well-fitted. The 50th
percentile tPMA values were consistently larger at the L4-5 level
compared to the L3-4 level for both sexes across all ages
(P<0.001, both). tPMA the L3-4 and I14-5
demonstrated significant positive correlations (r = 0.948, P <0.001).

at levels
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FIGURE 2
Number of patients according to age at the time of examination.
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At the L3-4 level, the 50th percentile tPMA values ranged from
416 to 2,802 mm? in males and 370-1,501 mm? in females. Males
exhibited larger 50th percentile tPMA values at the L3-4 level
across all ages [males: 1,037 mm? [IQR: 604-1,876], females:
933 mm? [IQR: 618-1,247], P<0.001], except for the age range
of 3 years 5 months to 6 years 10 months. The difference in
tPMA values between the two sexes was less than 16 mm® for
this specific age range and was not significant (P=0.501). The
difference between males and females increased with age at the
L3-4 level.

The 50th percentile tPMA values at L4-5 ranged from 556
to 3,563 mm? in males and 579-2,007 mm? in females.
Similarly, the 50th percentile tPMA values at the L4-5 level
were larger in males across all ages [males:1,391 mm? [IQR:
798-2,487], females: 1,290 mm? [IQR: 893-1,687], P =0.008]
than females, except for the age range of 2 months to
8 years 2 months. Between 2 months and 8 years 2 months,
the 50th percentile tPMA values at the L4-5 level were
significantly larger in females than in males, with a difference

10.3389/fped.2024.1443523

females: 845 mm?® [IQR: 677-1,013], P=0.030]. At the L4-5
level, the difference between males and females increased
with age.

To facilitate the easy calculation of z-scores and percentiles of
tPMA according to sex and age for patients under 18 years old, an
online calculator (https://pediatricpmakorea.shinyapps.io/kPMA/)
was developed (Figure 5).

3.3 Correlation of tPMA with weight and
height

In males, tPMA at the L3-4 and L4-5 levels demonstrated
significant positive correlations with weight (L3-4 r=0.87,
P<0.001; L4-5 r=0.87, P<0.001) and height (L3-4 r=0.82,
P<0.001; L4-5 r=0.84, P<0.001) (Figure 6). Similarly, in
females, both tPMA at the L3-4 and L4-5 levels also showed
significant positive correlations with weight (L3-4 r=0.77,
P<0.001; L4-5 r=0.81, P<0.001) and height (L3-4 r=0.61,

of less than 96 mm® [males: 754 mm®> [IQR: 623-930], P <0.001; L4-5 r=0.67, P <0.001) (Figure 6).
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FIGURE 3
Comparison of weight and height growth charts in males (A) and females (B) that were drawn using data from the Korea national health and nutrition
examination survey (KNHANES) 2017.

4 Discussion

We proposed sex-specific and age-specific reference values for
tPMA at the intervertebral disc levels of L3-4 and L4-5 for
children between the ages of 1 and 18 years based on a
population that was not statistically different from the
KNHANES 2017 cohort. Additionally, we developed an online
calculator that can generate tPMA percentiles and z-scores with
the input of sex and age, strengthening the practical utility of our
tPMA measurements.

Sarcopenia is generally defined as the natural aging-related loss
of skeletal muscle mass and function (1). Even though sarcopenia
and its impact have received little attention in pediatric settings,
previous reports have shown that children with end-stage liver
disease, inflammatory bowel disease, and kidney failure, have
lower tPMA on CT compared to matched healthy controls.
Although BMI and other anthropomorphic metrics are simple to
calculate, they fail to correctly evaluate body composition and do
tPMA. tPMA can be an

not correlate with important

Frontiers in Pediatrics

independent representative of nutritional status and a predictor
of sarcopenia in adults as well as children (20, 21). Also,
previous pilot studies associated sarcopenia with prolonged
hospital stays and increased post-treatment complications in
pediatric patients suffering from leukemia, inflammatory bowel
disease or chronic liver disease (3-5, 22). However, determining
normal ranges for tPMA in the pediatric population has been
challenging because muscle mass changes greatly with growth
(6-8). CT-based tPMA values at various intervertebral disc levels
have been published for adults and adolescents including the
L2-3, L3, L3-4 and L4-5 levels (21, 23-25). However, standard
values are assumed to differ by race and it is necessary to
incorporate a specific standardized normal tPMA value to
conduct customized sarcopenia research in Korea. Reference
values for each candidate’s vertebral level are required to assess a
consistent site in each study. Therefore, we measured the tPMA
at the two levels that are most likely to be studied. We evaluated
the psoas muscle at two intervertebral disc levels, L3-4 and L4-5
because we expect tPMA values measured at these intervertebral

frontiersin.org
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disc levels to be more precise than those measured at other
locations. Measuring at L3-4 and L4-5 may help reduce the
possibility of location errors compared to measuring tPMA at the
level of the vertebral body. Measurements at other intervertebral
levels, such as L5-S1, could potentially yield less reliable results
due to changes in muscle positioning and pelvic alignment. Also,
since tPMA values at the L3-4 and L4-5 levels were positively
correlated with significance in this study, tPMA values at the
L3-4 level can be acquired and evaluated even with a chest CT if
we extend the field of view.

Lurz et al. reported reference values for tPMA at the L3-4
and L4-5 levels in Canadian children, based on 779 patients
(M:F =499:280) aged 1-16 (6). Reference values for tPMA
have also been reported for an American population of 782
patients (M:F =494:288) aged 1-17 and a Japanese population of
593 patients (M:F=335:258) aged 1-17, but these reference
values were based on measurements taken only at the L3-4 level
(8, 17). We proposed sex-specific and age-specific reference
values for tPMA at the L3-4 and L4-5 levels, based on the

10.3389/fped.2024.1443523

data of 740 patients (M:F =340:400) aged 1-18. Still, the three

previous studies commonly found tPMA to continuously
increase with age, with significant differences between males and
females appearing at approximately age 10, from which male
patients show a steeper climbing curve. Our study also
demonstrated a similar trend, with increased differences between
males and females from the age of 9 years and 5 months at
the L3-4 level and from the age of 9 years and 6 months at
the L4-5 level.

Comparing the 50th percentile of commonly measured tPMA
values at the L3-4 level, the American population (1-17 years
old) had tPMA values that ranged from 342 to 3,051 mm? in
males and 305 to 1,877 mm?® in females, while the Canadian
population (1-16 years old) had values that ranged from 394 to
3,050 mm? in males and 365 to 2,336 mm? in females 6, 7). In
contrast, our results (1-18 years old) showed tPMA ranging from
416 to 2,802 mm? in males and 370 to 1,501 mm?® in females.
The tPMA differences between our study population and the

American and Canadian populations were small at younger ages
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Growth charts of total psoas muscle area (tPMA) in males (A) and females (B) at the L3-4 and L4-5 levels.
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An example of the online calculator (https://pediatricomakorea.shinyapps.io/kPMA) being applied to a 9-year-old female to calculate total psoas
muscle area (tPMA) at L3—4 intervertebral disc level, 8,580 mm? and a z-score —0.24 and percentile of 40.52.
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FIGURE 6

at the L3-4 and L4-5 levels.
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with 416 mm? for males (342 mm? for Americans, 394 mm?> for
Canadians) and 370 mm?® for females (305 mm? for Americans,
365 mm> for Canadians) at 1 year of age. However, tPMA
demonstrated a relatively gradual growth curve as children grew
older, with tPMA at the age of greatest measurement in each
(3,051 mm?
Americans, 3,050 mm? for Canadians) and 1,501 mm?> for

population being 2,802 mm® for males for
females in our study population (1,877 mm* for Americans,
2,336 mm> for Canadian). More specifically, in comparison to
the American population, both males and females in our study
exhibited larger tPMA between the ages 1 and 3. However, as
age increased, the tPMA of our study population also gradually
increased, resulting in smaller tPMA compared to the
American population.

For the Japanese population (1-17 vyears old), the 50th
percentile tPMA ranged from 380 to 2,320 mm? in males and
340-1,490 mm? in females (8), and in the same age range of our
study population, ranged from 416 to 2,550 mm?® and 370-
1,434 mm®, respectively, which was the most similar result
among the reports from other countries. When compared to the
Japanese population, males in our study consistently exhibited
larger tPMA, with differences increasing up to 230 mm? as they
grew older until 17 years old. On the other hand, females in our
study showed relatively smaller tPMA since the age of 9.

For tPMA at the L4-5 level, only the study with the Canadian
population provided reference values of 498-3,513 mm® for
males and 447-2,704 mm® for females (6). In our study
population at the same age (1-16 years), tPMA ranged from 556
to 2,989 mm? in males and 579-1,839 mm? in females, similar to
trends observed for the tPMA at the L3-4 level. Our study
population demonstrated larger tPMA in younger ages, with a
gradual increase eventually resulting in smaller tPMA compared
to the Canadian population as the children grew older. This
difference is thought to arise from variations in race proportions
within each population and therefore suggests that when data
from countries with a large number of Caucasian children, such
as Canada and the US are used as a reference to evaluate Asians,
there is the possibility that sarcopenia may be overdiagnosed
(26). For example, in our study population, the 50 percentile
tPMA values at L3-4 and L4-5 for 10-year-old males were
1,111 mm® and 1,494 mm?, respectively. When data from the
Canadian population of the same sex and age were analyzed, the
corresponding percentiles for these tPMA values were 9.7 and
21.8 for males and females, respectively.

Our study results are consistent with previous data in which
tPMA obtained from CT cross-sections correlated strongly with
weight and height (Figure 6). This was also reported previously
for the Japanese (8) and large Canadian cohort (6). Unlike the
Japanese study where height and weight data was missing for
about 20% of cases, our study population had more complete
medical records and our findings seem more robust since we
provided the full height and weight information.

Thus, our study has the advantage of including both L3-4 and
L4-5 tPMA values, compared to other studies. Furthermore,

because the maximum age range for enrollment is up to 18, our
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data probably provide better reference values when studying
sarcopenia in Asian pediatric, growing adolescent, and young
populations. Additionally, by developing an online calculator as a
reference guide, this data can be easily accessible to researchers.

This study has several limitations. Firstly, it was a retrospective,
single-center study conducted in a tertiary healthcare center. We
aimed to enroll patients without underlying diseases or any
growth or nutritional issues at the time of examination. Children
coming to a tertiary hospital may not necessarily be considered
completely healthy. However, recruiting completely healthy
pediatric volunteers for CT examinations, which involve radiation
exposure, is not considered ethically feasible. Therefore, we opted
to compare our findings with the KNHANES 2017 cohort, a
study conducted with a normal population. Secondly, not many
of our patients were less than three years of age even though we
recruited a substantial number of patients. This is because CT is
not the primary routine modality for screening abdominal pain
in children this young, so there might be a sample bias for
patients who are not yet three years old. Third, our female
population was significantly taller compared to the KNHANES
population. This may be due to growth differences for different
periods. Finally, our study population showed similar tPMA
ranges to the Japanese population. However, growth patterns
may differ depending on lifestyles even within the same race.
Our study revealed differences in tPMA, with males in our study
population having larger tPMA and older female patients
showing smaller tPMA compared to the Japanese population.

In conclusion, we provide age-specific and sex-specific growth
charts for tPMA at the L3-4 and L4-5 intervertebral disc levels,
which can serve as a guide for evaluating muscle mass in Korean
children and adolescents under 18 years old.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Severance
Hospital Institutional Review Board (4-2022-0709). The studies
were conducted in accordance with the local legislation and
Written
participation was not required from the participants or the

institutional requirements. informed consent for
participants’ legal guardians/next of kin in accordance with the

national legislation and institutional requirements.

Author contributions

JK: Formal Analysis, Investigation, Writing - original draft.
ML: Conceptualization, Resources, Writing - review & editing.

frontiersin.org


https://doi.org/10.3389/fped.2024.1443523
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Kim et al.

HL: Writing - review & editing. YK: Formal Analysis, Software,
Visualization, Writing — review & editing. KH: Formal Analysis,
Methodology, Visualization, Writing - review & editing. HY:
Conceptualization, Data curation, Formal Analysis, Investigation,

Project administration, Resources, Supervision, Validation,

Writing - review & editing.

Funding

The author(s) declare that financial support was received
for the research, authorship, and/or publication of this article.
This study was supported by a new faculty research seed money
grant of Yonsei University College of Medicine for 2023
(2023-32-0066).

References

1. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European consensus on definition and diagnosis: report of the
European working group on sarcopenia in older people. Age Ageing. (2010)
39(4):412-23. doi: 10.1093/ageing/afq034

2. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, et al.
Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing.
(2019) 48(1):16-31. doi: 10.1093/ageing/afy169

3. Rayar M, Webber CE, Nayiager T, Sala A, Barr RD. Sarcopenia in children with
acute lymphoblastic leukemia. ] Pediatr Hematol Oncol. (2013) 35(2):98-102. doi: 10.
1097/MPH.0b013e318279¢eea2

4. Suzuki D, Kobayashi R, Sano H, Hori D, Kobayashi K. Sarcopenia after induction
therapy in childhood acute lymphoblastic leukemia: its clinical significance. Int
J Hematol. (2018) 107(4):486-9. doi: 10.1007/s12185-017-2388-9

5. Mager DR, Hager A, Ooi PH, Siminoski K, Gilmour SM, Yap JY. Persistence of
sarcopenia after pediatric liver transplantation is associated with poorer growth and
recurrent hospital admissions. J Parenter Enteral Nutr. (2019) 43(2):271-80. doi: 10.
1002/jpen.1414

6. Lurz E, Patel H, Lebovic G, Quammie C, Woolfson JP, Perez M, et al. Paediatric
reference values for total psoas muscle area. ] Cachexia Sarcopenia Muscle. (2020)
11(2):405-14. doi: 10.1002/jcsm.12514

7. Metzger GA, Sebastiao YV, Carsel AC, Nishimura L, Fisher JG, Deans KJ, et al.
Establishing reference values for lean muscle mass in the pediatric patient. J Pediatr
Gastroenterol Nutr. (2021) 72(2):316-23. doi: 10.1097/MPG.0000000000002958

8. Kudo W, Terui K, Hattori S, Takenouchi A, Komatsu S, Oita S, et al. Establishment
and validation of reference values for abdominal skeletal muscle compartments in
children. Clin Nutr. (2023) 42(5):653-60. doi: 10.1016/j.clnu.2023.02.022

9. Shen W, Punyanitya M, Wang Z, Gallagher D, St-Onge MP, Albu J, et al. Total
body skeletal muscle and adipose tissue volumes: estimation from a single abdominal
cross-sectional image. J Appl Physiol. (2004) 97(6):2333-8. doi: 10.1152/japplphysiol.
00744.2004

10. Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCargar LJ, Baracos VE. A
practical and precise approach to quantification of body composition in cancer
patients using computed tomography images acquired during routine care. Appl
Physiol Nutr Metab. (2008) 33(5):997-1006. doi: 10.1139/H08-075

11. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, lijima K, et al. Asian
working group for sarcopenia: 2019 consensus update on sarcopenia diagnosis and
treatment. ] Am Med Dir Assoc. (2020) 21(3):300-7.e2. doi: 10.1016/j.jamda.2019.
12.012

12. Hamaguchi Y, Kaido T, Okumura S, Kobayashi A, Hammad A, Tamai Y, et al.
Proposal for new diagnostic criteria for low skeletal muscle mass based on computed
tomography imaging in Asian adults. Nutrition. (2016) 32(11-12):1200-5. doi: 10.
1016/j.nut.2016.04.003

13. van der Werf A, Langius JAE, de van der Schueren MAE, Nurmohamed SA, van
der Pant K, Blauwhoff-Buskermolen S, et al. Percentiles for skeletal muscle index, area
and radiation attenuation based on computed tomography imaging in a healthy
Caucasian population. Eur ] Clin Nutr. (2018) 72(2):288-96. doi: 10.1038/
541430-017-0034-5

Frontiers in Pediatrics

12

10.3389/fped.2024.1443523

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

14. Bahat G, Turkmen BO, Aliyev S, Catikkas NM, Bakir B, Karan MA. Cut-off
values of skeletal muscle index and psoas muscle index at L3 vertebra level by
computerized tomography to assess low muscle mass. Clin Nutr. (2021)
40(6):4360-5. doi: 10.1016/j.cInu.2021.01.010

15. Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW, Bahyah KS, et al.
Sarcopenia in Asia: consensus report of the Asian working group for sarcopenia.
J Am Med Dir Assoc. (2014) 15(2):95-101. doi: 10.1016/j.jamda.2013.11.025

16. Kim K, Hong S, Kim EY. Reference values of skeletal muscle mass for Korean
children and adolescents using data from the Korean national health and nutrition
examination survey 2009-2011. PLoS One. (2016) 11(4):0153383. doi: 10.1371/
journal.pone.0153383

17. Lawlor MA, Oliveto JM, Geske JA, Khandalavala BN. Computerized
tomography derived psoas muscle indices in a healthy young population in the
United States. J Frailty Sarcopenia Falls. (2022) 7(1):38-46. doi: 10.22540/JFSF-07-038

18. Moon SW, Lee SH, Woo A, Leem AY, Lee SH, Chung KS, et al. Reference values
of skeletal muscle area for diagnosis of sarcopenia using chest computed tomography
in Asian general population. J Cachexia Sarcopenia Muscle. (2022) 13(2):955-65.
doi: 10.1002/jcsm.12946

19. Kim JH, Yun S, Hwang SS, Shim JO, Chae HW, Lee Y], et al. The 2017 Korean
national growth charts for children and adolescents: development, improvement, and
prospects. Korean J Pediatr. (2018) 61(5):135-49. doi: 10.3345/kjp.2018.61.5.135

20. Lurz E, Patel H, Frimpong RG, Ricciuto A, Kehar M, Wales PW, et al.
Sarcopenia in children with end-stage liver disease. J Pediatr Gastroenterol Nutr.
(2018) 66(2):222-6. doi: 10.1097/MPG.0000000000001792

21. Mangus RS, Bush WJ, Miller C, Kubal CA. Severe sarcopenia and increased fat
stores in pediatric patients with liver, kidney, or intestine failure. ] Pediatr
Gastroenterol Nutr. (2017) 65(5):579-83. doi: 10.1097/MPG.0000000000001651

22. Dedhia PH, White Y, Dillman JR, Adler ], Jarboe MD, Teitelbaum DH, et al.
Reduced paraspinous muscle area is associated with post-colectomy complications
in children with ulcerative colitis. J Pediatr Surg. (2018) 53(3):477-82. doi: 10.1016/
j.jpedsurg.2017.09.006

23. van Vugt JL, Levolger S, de Bruin RW, van Rosmalen J, Metselaar HJ, IJzermans
JN. Systematic review and meta-analysis of the impact of computed tomography-
assessed skeletal muscle mass on outcome in patients awaiting or undergoing liver
transplantation. Am J Transplant. (2016) 16(8):2277-92. doi: 10.1111/ajt.13732

24. Atlan L, Cohen S, Shiran S, Sira LB, Pratt LT, Yerushalmy-Feler A. Sarcopenia is
a predictor for adverse clinical outcome in pediatric inflammatory bowel disease.
] Pediatr  Gastroenterol ~ Nutr. (2021) 72(6):883-8. doi: 10.1097/MPG.
0000000000003091

25. Ritz A, Kolorz J, Hubertus ], Ley-Zaporozhan ], von Schweinitz D, Koletzko S,
et al. Sarcopenia is a prognostic outcome marker in children with high-
risk hepatoblastoma. Pediatr Blood Cancer. (2021) 68(5):¢28862. doi: 10.1002/pbc.28862

26. Rodriguez-Martinez A, Zhou B, Sophiea MK, Bentham J, Paciorek CJ, Iurilli ML,
et al. Height and body-mass index trajectories of school-aged children and adolescents
from 1985 to 2019 in 200 countries and territories: a pooled analysis of 2181
population-based ~ studies with 65 million participants. Lancet. (2020)
396(10261):1511-24. doi: 10.1016/s0140-6736(20)31859-6

frontiersin.org


https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1097/MPH.0b013e318279eea2
https://doi.org/10.1097/MPH.0b013e318279eea2
https://doi.org/10.1007/s12185-�017-�2388-�9
https://doi.org/10.1002/jpen.1414
https://doi.org/10.1002/jpen.1414
https://doi.org/10.1002/jcsm.12514
https://doi.org/10.1097/MPG.0000000000002958
https://doi.org/10.1016/j.clnu.2023.02.022
https://doi.org/10.1152/japplphysiol.00744.2004
https://doi.org/10.1152/japplphysiol.00744.2004
https://doi.org/10.1139/H08-�075
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1016/j.nut.2016.04.003
https://doi.org/10.1016/j.nut.2016.04.003
https://doi.org/10.1038/s41430-�017-�0034-�5
https://doi.org/10.1038/s41430-�017-�0034-�5
https://doi.org/10.1016/j.clnu.2021.01.010
https://doi.org/10.1016/j.jamda.2013.11.025
https://doi.org/10.1371/journal.pone.0153383
https://doi.org/10.1371/journal.pone.0153383
https://doi.org/10.22540/JFSF-07-�038
https://doi.org/10.1002/jcsm.12946
https://doi.org/10.3345/kjp.2018.61.5.135
https://doi.org/10.1097/MPG.0000000000001792
https://doi.org/10.1097/MPG.0000000000001651
https://doi.org/10.1016/j.jpedsurg.2017.09.006
https://doi.org/10.1016/j.jpedsurg.2017.09.006
https://doi.org/10.1111/ajt.13732
https://doi.org/10.1097/MPG.0000000000003091
https://doi.org/10.1097/MPG.0000000000003091
https://doi.org/10.1002/pbc.28862
https://doi.org/10.1016/s0140-�6736�(20)�31859-�6
https://doi.org/10.3389/fped.2024.1443523
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Pediatric reference values for total psoas muscle area in Korean children and adolescents
	Introduction
	Materials and methods
	Subjects
	Image analysis: measurement of tPMA
	Statistical analysis

	Results
	Comparison of weight and height growth charts with data from KNHANES 2017
	Sex-specific growth chart of tPMA
	Correlation of tPMA with weight and height

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


