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Purpose: This study aimed to determine the validity of ultrasonographic measurement of the rectus femoris muscle (RFM) thickness 
as a screening tool for low appendicular muscle mass (ASM) to diagnose sarcopenia and to determine the cut-off point of RFM 
thickness in the Thai population.
Patients and methods: We enrolled 857 community-dwelling adults aged 60 years and older who were diagnosed with sarcopenia 
using the Asian Working Group for Sarcopenia-2019 algorithm. The RFM thickness was measured using ultrasonography and 
compared with bioelectrical impedance analysis (BIA) data. The sensitivity, specificity, positive predictive value (PPV), and negative 
predictive value (NPV) were evaluated, and the area under the receiver operating curve (AUROC) was used to determine the accuracy 
of the test.
Results: A total of 857 participants were included in the study. Overall, when the cut-off values of RFM thickness of ≤1.1 cm were 
used for male and ≤1 cm for female, the highest sensitivity for sarcopenia diagnosis was 90.9% and specificity was 92.2%. The PPV 
was 76.6, and the NPV was the highest at 97.3. The highest sensitivity for the diagnosis of severe sarcopenia was 92.5% and 
specificity was 97.4%. The AUROC of the cut-off point of RFM thickness for the diagnosis of sarcopenia was 0.92 (95% confidence 
interval [CI], 0.89−0.94); for severe sarcopenia, it was 0.95 (95% CI, 0.92−0.98).
Conclusion: Measuring RFM thickness using ultrasonography is a feasible and reliable screening test for sarcopenia, and the cut-off 
values of ≤1.1 cm for male and ≤1 cm for female showed the highest accuracy for confirming low ASM in the Thai population.
Keywords: sarcopenia, rectus femoris muscle, ultrasonography, bioelectrical impedance

Introduction
In 2010, the European Working Group on Sarcopenia in Older People (EWGSOP) defined sarcopenia as an age-related 
progressive and generalized loss of skeletal muscle mass and muscle function (muscle strength and/or physical 
performance).1–3 Sarcopenia affects all aspects of life, such as physical disability, poor quality of life, and can increased 
mortality rate.1 A meta-analysis revealed the pool prevalence of sarcopenia varied from 9.9% to 40.4%.4 Among the 
Asian population, the Asian Working Group for Sarcopenia (AWGS) updated an algorithm for the diagnosis of 
sarcopenia in 2019,2 which was similar to that proposed by EWGSOP.5

There were differences in the techniques used to evaluate changes in muscle mass and function. Based on muscle 
mass measurements, EWGSOP and AWGS recommend magnetic resonance imaging (MRI),6,7 computed tomography 
(CT),8,9 dual-energy X-ray absorptiometry (DXA),10 and bioelectrical impedance analysis (BIA).11,12 These are con-
sidered the gold standards for muscle mass measurements. However, the use of these techniques is limited by 
availability, cost, and facility.13 Limitations of MRI include the cost, time restraints, and limited ability to use for 
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frail older adults with cognitive impairment. The limitations of CT are that are cost, exposure to radiation, and it is time- 
consuming. DXA is also expensive, exposes patients to a small dose of radiation, and has limited accessibility. The 
limitations of BIA are dependence on the hydration status and it cannot be used if patients have electrical device 
implants.11,12,14 However, ultrasonography15 has been identified as a quick and inexpensive medical tool for muscle 
mass measurement and does not expose the patients to radiation. Additionally, ultrasound can be used even in medically 
ill patients and acute care settings. Several studies have demonstrated that ultrasonography can measure muscle mass 
loss, qualitative changes, and diseases, such as chronic obstructive pulmonary disease,16,17 chronic kidney disease,18 and 
post-stroke.19 Ultrasonography is more reliable and valid when performed on large muscles.20,21 The studies reveal that 
ultrasonographic measurements of the quadriceps muscles (the rectus femoris (RF), vastus intermedius, vastus lateralis, 
and vastus medialis) were highly reproducible in both the sarcopenia and non-sarcopenia groups. The intra-class 
correlation is between 0.90−0.99.20,21 In addition, another study demonstrated that rectus femoris muscle thickness 
(RFM) correlated with lean body mass compared with DXA.22 Rustani et al study showed the measurement of RF 
thickness as a screening tool for sarcopenia and a cut-off point of <0.9 cm for male and <0.7 cm for female.23 The rectus 
femoris muscle originates from the ilium and moves straight down the leg and attaches to the patellar by the quadriceps 
femoris tendon. It is easy to use ultrasound measurement in a supine position on the anterior aspect of the thigh.20–22 

A study showed good correlation for naïve and experienced ultrasound operators and excellent correlation for experi-
enced operators.16

To date, there has been no validation study on the use of ultrasonography to measure the muscle thickness of the RF 
to evaluate sarcopenia in the Thai population. Our study aimed to determine the validity of ultrasonographic measure-
ment of RFM21,22 thickness as a screening test for sarcopenia and to fine-tune the cut-off point of RFM thickness in the 
people in the Thai population. This is an emerging line of research and obtaining cut-off points constitutes an advance for 
its use in the Thai population and for future comparison with other populations.

Materials and Methods
Study Design
The study was part of a an existing population-based cohort study, the “Bangkok Falls study”, which was conducted from 
2019–2021 to identify the factors that contribute to falls among community-dwelling older adults.24 Inclusion criteria 
were older adults aged 60 years and older who lived in one of five sub-districts in the Dusit District of Bangkok, 
Thailand, who were able to walk at least 6 m, and were expected to live in the community for at least two years. 
Exclusion criteria were older adults who had severe cognitive impairment (defined using the six-item cognitive screening 
test25 with a score of >12 points), taking medications that could affect body composition (eg, steroids and diuretics), 
inability to lie down, use of electronic devices or metal implants, those who were unable to speak Thai, and were visually 
and hearing impaired. The study protocol was approved by the Ethics Committee of Vajira Hospital, Navamindradhiraj 
University, and was conducted in compliance with the principle stated in the Declaration of Helsinki. All participants 
provided informed consent before inclusion in the study.

Data Collection at the Hospital
Baseline characteristics, such as age, gender, education level, and a history of falls in the previous year, were collected. 
Body mass index (BMI) (calculated as follows: weight(kg)/height(m)2), activity of daily living, results of the six-items 
cognitive screening test, Charlson’s comorbidity score (CCI), frailty phenotype, results for the Berg balance test, time up 
and go, calf circumference measurement, muscle strength testing using handgrip strength, five-time sit to stand test, and 
the appendicular skeletal muscle mass (ASM) using the BIA (male [M], <7.0 kg/m2; female [F], <5.7 kg/m2) were 
documented.

Physical examinations, including calf circumference measurement, muscle strength, five-time sit-to-stand test, and 
BIA, were performed by trained research assistants (RAs) (experienced nurses and three RAs with a bachelor’s degree in 
health science) after training with a principal investigator and physiotherapist who had experience in caring for older 
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adults for at least 5 years. Two emergency physicians performed ultrasonographic measurement after testing for intra- 
rater reliability (intra-class correlation coefficient; ICC).

Sarcopenia Definition and Diagnosis
Sarcopenia was defined according to the definition proposed by AWGS-2019,2 which defines it as having a low ASM 
with either low muscle strength or low physical performance. Severe sarcopenia was defined as having a low ASM with 
both low muscle strength and low physical performance.

The Process of Sarcopenia Measurements
Screening for cases (possible sarcopenia).

The participants were screened by measuring the calf circumference (male <34 cm and female <33 cm).2

Muscle Strength Measurement
Muscle strength was evaluated using the handgrip strength test. Handgrip strength was measured by trained RAs using 
the grip dynamometer model TK-1201 (TAKEI KIKI KOGYO, Japan). The RAs asked participants to use their dominant 
hand to lift the handgrip dynamometer and squeeze it for 10–15 s. The measurements were performed twice, the 
maximum weight measured from hand grip strength was used (abnormalities were identified as M <28 kg; F <18 kg).

Physical Performance Measurement
Physical performance was evaluated using the five-time sit-to-stand test, which measures the time taken to stand five 
times from a sitting position without using the arms of a straight-backed armchair.

Measurement of Appendicular Skeletal Muscle Mass
The ASM was measured using the BIA (M, <7.0 kg/m2; F, <5.7 kg/m2) that was performed using the Inbody Dial device 
(Korea) with a multi-frequency, tetra-polar electrode.

Ultrasonographic Measurement of the Rectus Femoris Muscle (RFM) Thickness
The ultrasonography was performed using a B-mode linear transducer (5.0−7.5 MHz).16 The RFM thickness was 
assessed on the participant’s right thigh. Patients were laid down in a supine position with their knees relaxed, extended, 
their toes pointed towards the ceiling, and they rested for 1 min before the measurement. The point of assessment was 
between the anterior superior iliac spine and the upper lateral epicondyle of the femur.26 The point was marked on the 
skin to ensure proper transducer placement when repeating the scan. The transducer was placed perpendicular to the 
transverse axis of the thigh, with minimal pressure to reduce excessive muscle compression. The RFM thickness was 
defined as the distance between the superficial fascia and deep fasciae of the muscle. The RFM thickness was measured 
twice, and the average value was reported. The thickness of the RFM was reported in centimeters.

The baseline cut-off points of the thickness of the RFM for male <0.9 cm and <0.7 cm for female followed the study 
by Rustani et al.23

Statistical Analysis
Demographic and clinical information was described for each participants. Continuous variables are expressed as median 
(interquartile range [IQR]) and as percentages for categorical variables. Differences in continuous and categorical 
variables between men and women were assessed using the Wilcoxon rank-sum test, chi-square test or Fisher’s exact 
test, respectively. The accuracy of ultrasonography RFM thickness measurements in predicting sarcopenia was evaluated 
using the area under the receiver operating curve (AUROC) analysis. Clinical usefulness at cut-off values was also 
assessed by sensitivity, specificity, negative predictive value (NPV), and positive predictive value (PPV). Intra-class 
correlation coefficients were calculated. The intraclass correlation coefficient value for the RFM thickness was 0.95. The 
Kappa statistic and percentage of agreement were performed to test for the intra-observer reliability between the 
ultrasound and BIA.
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The optimal cut-off was evaluated using the Liu method, which maximizes the product of sensitivity and specificity, 
and the Youden method, which maximizes their sum. Statistical significance was set at P < 0.05. Stata version 15.1 (Stata 
Corp., College Station, Texas) was used for the analysis.

Results
A total of 1001 participants were included in the cohort and 902 participants completed the one-month follow-up at the 
hospital. We excluded 45 participants from the study; eight participants used diuretics and two used steroids, 10 could not 
lay down due to underlying medical conditions; and 25 participants did not want to wait for the ultrasound examination.

We included 857 participants who underwent the ultrasonography and physical examinations. The median patient age 
was 70 years (IQR, 66−75 years). Two-thirds of the participants were female; a total of 588 (68.61%) participants. The 
median BMI was 24.5 (IQR, 22−27.7) kg/m2 (Table 1).

Figure 1. After screening for sarcopenia using the calf circumference measurements, results showed that 318 (37.1%) 
participants had a calf circumference of <34 cm in male and <33 cm in female. Based on the BIA, handgrip strength, and 

Table 1 Characteristics of Participants

Total (N=857) Male Female P-value

Age (years), median (IQR) 70 (66–75) 70 (66–75) 70 (66–75) 0.54
Education <0.001

No education/primary school 557 (65) 143 (53.2) 414 (70.4)

Secondary school/diploma 260 (30.3) 111 (41.3) 149 (25.3)
Bachelor degree or higher 40 (4.7) 15 (5.6) 25 (4.3)

Body mass index (BMI), median (IQR) 24.5 (22–27.7) 23.7 (21.2–26.4) 24.9 (22.3–28.3) <0.001

BMI group, n(%) 0.003
< 18.5 46 (5.4) 16 (6) 30 (5.1)

18.5–22.9 250 (29.2) 96 (35.7) 154 (26.2)

23–24.9 177 (20.7) 61 (22.7) 116 (19.7)
≥ 25 384 (44.8) 96 (35.7) 288 (49)

6-CIT score, median (IQR) 6 (4–8) 6 (4–8) 6 (4–8) 0.18

6-CIT score group, n(%) 0.01
≤ 7 506 (59) 167 (62.1) 339 (57.7)

8–9 241 (28.1) 81 (30.1) 160 (27.2)

≥ 10 110 (12.8) 21 (7.8) 89 (15.1)
Activities of Daily Living score, median (IQR) 90 (85–90) 90 (85–90) 90 (85–90) 0.28

Activities of Daily Living score < 90 262 (30.6) 78 (29) 184 (31.3) 0.50

Charlson comorbidity index (CCI), median (IQR) 3 (2–4) 3 (2–4) 3 (2–4) 0.18
CCI score ≥ 3, n(%) 570 (66.5) 190 (70.6) 380 (64.6) 0.08

Frailty score, median (IQR) 2 (1–3) 2 (1–3) 2 (1–3) 0.55

Frailty score ≥ 3, n(%) 255 (29.8) 80 (29.7) 175 (29.8) 0.99
Sensory impairment 36 (4.2) 13 (4.8) 23 (3.9) 0.54

History of falls in the past 1 year 237 (27.7) 68 (25.3) 169 (28.7) 0.29

Had difficulty to exercise 66 (7.7) 17 (6.3) 49 (8.3) 0.31
Mini nutritional assessment (MNA) score 0.70

24–30 524 (61.1) 167 (62.1) 357 (60.7)
17–23.5 319 (37.2) 99 (36.8) 220 (37.4)

<17 14 (1.6) 3 (1.1) 11 (1.9)

MNA score < 24 333 (38.9) 102 (37.9) 231 (39.3) 0.70
Berg Balance Scale (BBS) 53 (51–55) 54 (52–56) 53 (50–55) 0.02

BBS < 45 113 (13.2) 38 (14.1) 75 (12.8) 0.58

Time up and go 11.8 (9.9–14.2) 11.3 (9.4–13.6) 12 (10.1–14.5) 0.001
Proximal muscle weakness 113 (13.2) 31 (11.5) 82 (14) 0.33

Polypharmacy ≥ 5 125 (14.6) 41 (15.2) 84 (14.3) 0.71
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physical performance evaluations, 198 (22.2%; 95% confidence interval [CI], 25.2−31.2) participants had sarcopenia and 
84 (9.4%; 95% CI, 7.5−11.5) participants had severe sarcopenia. Based on the RFM thickness determined using 
ultrasonography with a cut-off point of <0.9 cm for male and <0.7 cm for female, handgrip strength, and physical 
performance evaluations, 116 (13.5%; 95% CI, 11.3−16.0) participants had sarcopenia and 50 (5.8%; 95% CI, 4.4−7.6) 
had severe sarcopenia.

We performed an analysis of the RFM thickness stratified by gender. In female, using the cut-off point of <0.7 cm 
showed the lowest sensitivity of 42.6% (95% CI, 33.7−51.9) for sarcopenia diagnosis. The specificity was highest among 
the cut-off points of <0.8, ≤ 0.9, and ≤ 1.0 cm at 95.5 (95% CI, 93.2−97.2). The PPV was 71.2 (95% CI, 59.4−81.2), and 
the NPV was 86.4 (95% CI, 83.1−89.2). Severe sarcopenia showed a diagnosis performance similar to that seen in 
sarcopenia; it had the lowest sensitivity of 34.7 (95% CI, 21.7−49.6) and good specificity of 89.6 (95% CI, 86.7−92.1). 
The PPV was 23.3 (95% CI, 14.2−34.6), and the NPV was 86.4 (95% CI, 83.1−89.2). For sarcopenia diagnosis, we found 
that using the cut-off point of RFM thickness ≤1.0 cm showed the highest sensitivity of 93.4% (95% CI, 87.5−97.1) and 
good specificity of 91.6% (95% CI, 88.7−94). The PPV was 74.5 (95% CI, 66.8−81.2), and the NPV was highest at 
98.2% (95% CI, 96.4−99.2); for severe sarcopenia, it had the highest sensitivity of 93.9% (95% CI, 83.1−98.7), and the 
highest specificity of 97.4% (95% CI, 95.7−98.6) (Table 2). Additionally, the AUROC for sarcopenia diagnosis was the 
highest at 0.93 (95% CI, 0.9−0.95), with a cut-off point of RFM thickness of <0.8 cm and of ≤1.0 cm. For severe 
sarcopenia, the AUROC was the highest at 0.96 (95% CI, 0.92−0.99), with a cut-off point of RFM thickness of ≤1.0 cm 
(Figure 2).

In male, using the cut-off point at <0.9 cm, the lowest sensitivity of sarcopenia was 53.8% (95% CI, 41–66.3). The 
specificity of 96.1 (95% CI, 92.4−98.3) was the highest among the cut-off points of <1.0, ≤1.0, and ≤1.1 cm. The PPV 
was 81.4 (95% CI, 66.6−91.6), and the NPV was 86.7 (95% CI, 81.6−90.9). Severe sarcopenia showed similar diagnostic 

Figure 1 Enrollments of subjects and diagnosis for sarcopenia with low appendicular muscle mass (ASM) based on bioelectrical impedance analysis (BIA) and low rectus 
femoris muscle thickness based on ultrasound.
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performance as sarcopenia; the lowest sensitivity was 61.3% (95% CI, 42.2−78.2) and the specificity of 89.9% (95% CI, 
85.4−93.4). The PPV was 44.2 (95% CI, 29.1−60.1), and the NPV was 94.7 (95% CI, 90.9−97.2). For sarcopenia 
diagnosis, the study showed highest sensitivity of 86.2% (95% CI, 75.3−93.5) and good specificity of 93.6% (95% CI, 
89.3−96.6), with a cut-off point of RFM thickness of ≤1.1 cm. The PPV was 81.2 (95% CI, 69.9−89.6), and the NPV was 
highest at 95.5 (95% CI, 91.6−97.9). For severe sarcopenia diagnosis, the highest sensitivity was 90.3 (95% CI, 74.2−98) 
and the high specificity of 97.5% (95% CI, 94.6−99.1) (Table 2) were observed. Additionally, for sarcopenia diagnosis, 
the AUROC was the highest at 0.90 (95% CI, 0.85−0.94) when the cut-off point of RFM thickness was ≤1.1 cm. For 
severe sarcopenia diagnosis, the AUROC was the highest at 0.94 (95% CI, 0.89−0.99) when the cut-off point of RFM 
thickness was ≤1.1 cm (Figure 2).

Table 2 The Performance of Ultrasound to Detect Low Appendicular Muscle Mass (ASM) in Sarcopenia and 
Severe Sarcopenia Group (Compared with Bioelectrical Impedance Analysis (BIA) as a Gold Standard for 
Detection of Low ASM) Separated by Gender

Rectus femoris muscle thickness (cm.) The Cut-Off Values in Female (F)

< 0.7 < 0.8 ≤ 0.9 ≤ 1

Sarcopenia

Sensitivity 42.6 (33.7–51.9) 93.4 (87.5–97.1) 88.5 (81.5–93.6) 93.4 (87.5–97.1)
Specificity 95.5 (93.2–97.2) 91.6 (88.7–94) 92.5 (89.7–94.7) 91.6 (88.7–94)

Positive predictive value 71.2 (59.4–81.2) 74.5 (66.8–81.2) 75.5 (67.6–82.3) 74.5 (66.8–81.2)

Negative predictive value 86.4 (83.1–89.2) 98.2 (96.4–99.2) 96.9 (94.8–98.3) 98.2 (96.4–99.2)
AUROC 0.69 (0.65–0.74) 0.93 (0.9–0.95) 0.91 (0.87–0.94) 0.93 (0.9–0.95)

% Agreement 84.5% 91.7% 87.6% 92%

Kappa statistic 44.8 0.76 0.60 0.78
Severe sarcopenia

Sensitivity 34.7 (21.7–49.6) 51 (36.3–65.6) 87.8 (75.2–95.4) 93.9 (83.1–98.7)
Specificity 89.6 (86.7–92.1) 98.1 (96.6–99.1) 81.4 (77.9–84.6) 97.4 (95.7–98.6)

Positive predictive value 23.3 (14.2–34.6) 71.4 (53.7–85.4) 30.1 (22.7–38.3) 76.7 (64–86.6)

Negative predictive value 86.4 (83.1–89.2) 95.7 (93.6–97.2) 98.7 (97.1–99.5) 99.4 (98.3–99.9)
AUROC 0.62 (0.55–0.69) 0.75 (0.68–0.82) 0.85 (0.8–0.9) 0.96 (0.92–0.99)

% Agreement 92.9% 96.8% 94.2% 97.1%

Kappa statistic 0.41 0.80 0.57 0.83

Rectus femoris muscle thickness (cm.) The cut-off values in male (M)

< 0.9 cm < 1.0 cm ≤ 1.0 cm ≤ 1.1 cm

Sarcopenia
Sensitivity 53.8 (41–66.3) 86.2 (75.3–93.5) 81.5 (70–90.1) 86.2 (75.3–93.5)

Specificity 96.1 (92.4–98.3) 93.6 (89.3–96.6) 94.1 (90–96.9) 93.6 (89.3–96.6)

Positive predictive value 81.4 (66.6–91.6) 81.2 (69.9–89.6) 81.5 (70–90.1) 81.2 (69.9–89.6)
Negative predictive value 86.7 (81.6–90.9) 95.5 (91.6–97.9) 94.1 (90–96.9) 95.5 (91.6–97.9)

AUROC 0.75 (0.69–0.81) 0.9 (0.85–0.94) 0.88 (0.83–0.93) 0.9 (0.85–0.94)

% Agreement 85.9% 91.1% 90.3% 91.8%
Kappa statistic 0.56 0.76 0.73 0.78

Severe sarcopenia

Sensitivity 61.3 (42.2–78.2) 77.4 (58.9–90.4) 83.9 (66.3–94.5) 90.3 (74.2–98)
Specificity 89.9 (85.4–93.4) 97.9 (95.2–99.3) 83.6 (78.3–88.1) 97.5 (94.6–99.1)

Positive predictive value 44.2 (29.1–60.1) 82.8 (64.2–94.2) 40 (28–52.9) 82.4 (65.5–93.2)
Negative predictive value 94.7 (90.9–97.2) 97.1 (94.1–98.8) 97.5 (94.4–99.2) 98.7 (96.3–99.7)

AUROC 0.76 (0.67–0.85) 0.88 (0.8–0.95) 0.84 (0.77–0.91) 0.94 (0.89–0.99)

% Agreement 94.1% 96.3% 95.5% 96.7%
Kappa statistic 0.67 0.82 0.77 0.84
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Overall, when we used the cut-off point of RFM thickness of ≤1.1 cm for male and ≤1 cm for female, the sensitivity 
for sarcopenia diagnosis was highest at 90.9% (95% CI, 85.8−94.6), and the specificity was 92.2% (95% CI, 89.9−94.1). 
The PPV was 76.6 (95% CI, 70.4−82.0), and the NPV was highest at 97.3 (95% CI, 95.7−98.4). The sensitivity for 
severe sarcopenia diagnosis was the highest at 92.5% (95% CI, 84.4−97.2) and the specificity was 97.4% (95% CI, 96.1 
−98.4) (Table 3). The AUROC of the cut-off point of RFM thickness for male was determined to be ≤1.1 cm, and for 
female, it was determined to be ≤1 cm. For the diagnosis of sarcopenia, it was 0.92 (95% CI, 0.89−0.94), and for the 
diagnosis of severe sarcopenia, it was 0.95 (95% CI, 0.92−0.98) (Suppl 1 Figure 3). In addition, the prevalence of 
sarcopenia and severe sarcopenia was determined to be 25.9% (95% CI, 23.0−28.9) and 11% (95% CI, 8.9−13.3), 
respectively, with the new cut-off point (male at ≤1.1 cm and female at ≤1 cm) (Table 4).

Discussion
The present study is the first large population-based study to estimate the use of RFM thickness for sarcopenia screening 
in a Thai population. The main finding of this study was that RFM thickness evaluated using ultrasonography was 
a reliable and valid tool for sarcopenia screening in older adults.

We implemented recommended cut-off values or the most appropriate cut-off point according to the Youden index, and 
followed the methods of RFM thickness measurement by Chang KV.26 The study showed cut-off values of ≤1 cm in female 

Figure 2 The area under the curve (AUROC) of sarcopenia (A) and severe sarcopenia (B) for male and the AUROC of sarcopenia (C) and severe sarcopenia (D) for 
female.
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and ≤1.1 cm in male and had the highest sensitivities for both sarcopenia (90.9% [95% CI, 85.8−94.6]) and severe sarcopenia 
(92.5% [95% CI, 84.4−97.2]). It also showed good specificity. Additionally, the AUROC was the highest among other cut-off 
values for both sarcopenia (0.92 [95% CI, 0.89−0.94]) and severe sarcopenia (0.95 [95% CI, 0.92−0.98]). The cut-off values 
were larger than those seen in the study by Rustani et al in Italy.23 With cut-off values of 0.7 cm. for female and 0.9 cm. for 
male, with 100% sensitivity and 64% specificity. The AUROC for all patients was 0.8966. The explanation for the 
differences in muscle thickness cut-off values from the study by Rustani et al can be attributed to the use of different 
methods for the measurement of RFM thickness. The study measured the RFM thickness between the lateral epicondyle and 
greater trochanter of the femur in a supine position, with the transducer placed on the long axis. In addition, the study 
showed that total sarcopenia results obtained with BIA had a higher rate of sarcopenia than those obtained using ultrasound 
measurement of RFM thickness with a cut-off point of < 0.9 cm. for male and <0.7 cm. for female (BIA prevalence 31.1% 

Figure 3 The area under the curve (AUROC) of sarcopenia (A) and severe sarcopenia (B).

Table 3 The Performance of Ultrasound to Detect Low Appendicular Muscle Mass (ASM) in Sarcopenia and Severe 
Sarcopenia Group (Compared with Bioelectrical Impedance Analysis (BIA) as a Gold Standard for Detection of Low 
ASM

The Overall Cut-Off Values in Male (M) and Female (F)

Rectus Femoris Muscle Thickness (cm.) M< 0.9, F < 0.7 M<1, F< 0.8 M≤ 1, F≤ 0.9 M≤ 1.1, F≤ 1

Sarcopenia

Sensitivity 46.5 (39.2–53.9) 66.8 (59.6–73.5) 86.1 (80.3–90.7) 90.9 (85.8–94.6)

Specificity 95.7 (93.8–97.1) 94.5 (92.5–96.1) 93 (90.8–94.8) 92.2 (89.9–94.1)
Positive predictive value 75 (66.1–82.6) 77.2 (69.9–83.4) 77.4 (71.1–82.9) 76.6 (70.4–82)

Negative predictive value 86.5 (83.8–88.9) 91.1 (88.7–93.1) 96 (94.2–97.4) 97.3 (95.7–98.4)
AUROC 0.71 (0.67–0.75) 0.81 (0.77–0.84) 0.9 (0.87–0.92) 0.92 (0.89–0.94)

% Agreement 84.9% 91.5% 88.5% 92%

Kappa statistic 0.49 0.76 0.64 0.78
Severe sarcopenia

Sensitivity 45 (33.8–56.5) 61.3 (49.7–71.9) 86.3 (76.7–92.9) 92.5 (84.4–97.2)

Specificity 89.7 (87.3–91.8) 98.1 (96.8–98.9) 82.1 (79.2–84.7) 97.4 (96.1–98.4)
Positive predictive value 31 (22.8–40.3) 76.6 (64.3–86.2) 33.2 (26.8–40) 78.7 (69.1–86.5)

Negative predictive value 94.1 (92.1–95.7) 96.1 (94.5–97.3) 98.3 (97–99.2) 99.2 (98.3–99.7)

AUROC 0.67 (0.62–0.73) 0.8 (0.74–0.85) 0.84 (0.8–0.88) 0.95 (0.92–0.98)
% Agreement 93% 96.6% 94.6% 97%

Kappa statistic 0.52 0.81 0.65 0.83
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and ultrasound prevalence 19.3%). The main reasons is that the low cut-off value improve the specificity to detect sarcopenia 
whereas the sensitivity decline. When using the new cut-off value the prevalence increased to 36.9%.

Our results had lower cut-off values than those reported by Fukumoto et al in Japan. While the present study had 
more sensitivity and AUROC,21 the study by Fukumoto et al found that in male with low skeletal muscle index, the RFM 
thickness cut-off value was determined to be 1.51 cm, the sensitivity was 69.2%, specificity was 83.7%, and AUROC 
was 0.775. For female, the RFM thickness cut-off value was determined to be 1.43 cm, sensitivity was 60%, specificity 
was 67%, and AUROC was 0.654. This study measured the muscle thickness between the lateral epicondyle and greater 
trochanter of the femur in a sitting position with the hip flexed at 90°. Isometric contraction of RFM depends on the 
angulation of the knee and hip joints during knee extension. One study showed that hip flexion close to 90°provided 
greater torque and electromyography activity of maximal voluntary isometric contraction.27–29

Although EWGSOP and AWGS-2019 provided valid and effective tool for the diagnosis of sarcopenia, there were 
some limitations in real practice. This was particularly observed in critically ill patients with acute conditions, 
hospitalized patients who were immobile, patients with cognitive impairment who could not perform handgrip strength 
or gait and speed tests, and patients with an altered status who could not undergo CT or MRI. Consequently, the demand 
for a rapid, reliable, and accurate tool for the diagnosis of sarcopenia brings us to the use of ultrasonography for 
measuring RFM thickness as mentioned previously.21 Ultrasonographic measurement of RFM thickness is a simple and 
reliable method to detect low muscle mass for sarcopenia and can be used in an occupied clinical setting or screening for 
a large population. In this manner, ultrasonography can be used as a screening tool when BIA is not available or cannot 
be performed owing to the presence of a metal or pacemaker implant.

Limitations
This study had several limitations. Ultrasonographic imaging is widely used in clinical practice; however reliability and 
accuracy are based on the techniques and expertise of the operator. Second, ultrasonographic imaging was performed in 
the supine position. Thus, the cut-off values obtained in this study may not be fully applied to RFM thickness measured 
in positions other than the supine position. Third, RFM thickness was not adjusted for any body constitution. A standard, 

Table 4 The Prevalence of Sarcopenia and Severe Sarcopenia Based on bioelectrical impedance analysis (BIA) 
and Ultrasound Cut-off Values

Sarcopenia or 
Severe Sarcopenia

Prevalence %(95% CI)

BIA
Sarcopenia: Low ASM + low muscle strength or low physical 
performance

187 21.8% (19.1–24.7)

Severe sarcopenia: Low ASM + low muscle strength and 

low physical performance

80 9.3%(7.5–11.5)

Ultrasonography (cut-off value) Low rectus femoris muscle thicknes: <0.9 cm. for 
male, < 0.7 cm. for female

Sarcopenia: Low RFM thickness+ low muscle strength or 
low physical performance

116 13.5% (11.3–16)

Severe sarcopenia: Low RFM thickness + low muscle 

strength and low physical performance

50 5.8%(4.4–7.6%)

Ultrasonography (new cut-off value) Low rectus femoris muscle thickness: ≤ 1.1 cm. 
for male, ≤ 1 cm. for female

Sarcopenia: Low RFM thickness + low muscle strength or 

low physical performance

222 25.9% (23–28.9)

Severe sarcopenia: Low RFM thickness + low muscle 

strength and low physical performance

94 11% (8.9–13.3)
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appropriate method for adjusting muscle thickness to body constitution measurements has not yet been established, and 
raw muscle thickness data have been used in most studies that attempted to estimate cut-off values. We did not evaluate 
for the actual hydration statuses of the participants, and some of the factors that may affect the BIA results could not be 
considered such as morbid obesity. Finally, we could not evaluate the long-term outcomes of patients with sarcopenia or 
severe sarcopenia who were evaluated using ultrasonography as compared to those evaluated using BIA.

Conclusion
In one Asian country, ultrasonographic detection of RFM thickness is feasible and reliable as a screening tool for the 
diagnosis of sarcopenia. The cut-off value for male was ≤1.1 cm, and for female, it was ≤1.0 cm. It showed the 
highest accuracy for confirming a low ASM. Future studies should evaluate and validate these findings in different 
settings, such as ambulatory settings and emergency settings, for the ultrasound detection of sarcopenia and its 
outcomes.
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