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Abstract

Background and Objectives: Sarcopenia is a common yet underrecognized condition in cancer
patients and is associated with increased treatment-related toxicity, functional decline, and
poor clinical outcomes. Practical, rapid, and bedside-applicable tools are needed to detect
sarcopenia early in routine oncology practice. This study aimed to evaluate the diagnostic
value of rectus femoris muscle ultrasonography within an integrated clinical assessment
combining handgrip strength and bioelectrical impedance analysis for the detection of sar-
copenia in cancer patients. Materials and Methods: In this prospective cross-sectional study;,
147 adult patients with malignancy were evaluated using a multimodal sarcopenia assess-
ment framework. Muscle strength was assessed by handgrip dynamometry, muscle mass
was estimated using bioelectrical impedance analysis (BIA)-derived appendicular skeletal
muscle mass index (ASMI), and muscle morphology was evaluated using ultrasonographic
measurements of the rectus femoris and biceps brachii muscles. Sarcopenia was defined and
classified according to the EWGSOP2 criteria. Associations between clinical variables, BIA
parameters, and ultrasonographic measurements were analyzed. Receiver operating charac-
teristic (ROC) curve analyses were performed to assess the diagnostic performance of muscle
ultrasonography for sarcopenia detection. Results: The mean age of the study population was
60.2 £ 11.2 years, and 51% of participants were male. Confirmed sarcopenia was identified
in 12.2% of patients, while 27.2% were classified as having probable sarcopenia. Sarcopenic
patients were significantly older (68.5 £ 7.6 vs. 59.0 & 11.2 years, p = 0.001) and had lower
handgrip strength (15.8 £ 6.0 vs. 24.3 &+ 8.4 kg, p < 0.001) and ASMI values (5.96 & 0.64 vs.
7.23 + 1.18 kg/m?, p < 0.001). Rectus femoris muscle thickness was significantly reduced in
patients with sarcopenia (6.40 & 1.42 vs. 8.19 & 2.21 mm, p = 0.001). Rectus femoris muscle
thickness demonstrated good diagnostic performance for sarcopenia detection (AUC = 0.752;
95% CI: 0.650-0.853; p = 0.001), with an optimal cut-off value of <7.59 mm (sensitivity 83.3%,
specificity 61.2%). Conclusions: Rectus femoris muscle ultrasonography is a practical, rapid
bedside assessment for detecting sarcopenia in cancer patients. When integrated with hand-
grip strength and BIA, this multimodal approach provides a feasible, radiation-free strategy
for early sarcopenia screening in routine oncology practice.
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1. Introduction

Sarcopenia is a condition characterized by a progressive decline in skeletal muscle
mass, muscle strength, and physical performance, and it is strongly associated with adverse
clinical outcomes. Although traditionally considered an age-related phenomenon, sarcope-
nia is now recognized to be closely linked to malignancy, chronic systemic inflammation,
inadequate nutritional intake, and cancer-related metabolic disturbances [1,2]. In patients
with cancer, sarcopenia has been associated with a broad spectrum of adverse clinical
outcomes, including postoperative complications, functional decline, reduced survival,
and an overall increase in treatment-related toxicity, as consistently demonstrated in large-
scale systematic reviews and meta-analyses [3-6]. Specifically among patients receiving
chemotherapy, sarcopenia has been linked to a higher risk of chemotherapy-related toxicity,
which may result in dose reductions, treatment delays, or treatment discontinuation, as
well as a greater incidence of severe treatment-related adverse events [7]. Collectively,
these findings highlight sarcopenia not merely as a comorbid condition but as a potentially
modifiable risk factor that directly influences treatment tolerance and clinical outcomes.

Early identification and accurate assessment of sarcopenia are therefore essential for
implementing nutritional interventions, exercise strategies, and individualized treatment
planning. Nevertheless, sarcopenia frequently remains underrecognized in routine clinical
practice. Conventional anthropometric measures, such as body mass index, are insufficient
because they fail to differentiate between lean tissue and fat mass [8]. Although computed
tomography (CT) and magnetic resonance imaging (MRI) are considered the gold-standard
methods for assessing skeletal muscle mass, their routine use for screening purposes is lim-
ited by radiation exposure, high cost, and restricted accessibility [9,10]. Consequently, there
is a clear need for rapid, reliable, and clinically feasible alternative assessment methods in
oncology settings.

Bioelectrical impedance analysis (BIA) is a widely used, non-invasive, and portable
method for evaluating body composition in clinical practice. Both European and Asian
sarcopenia consensus guidelines support the use of BIA for estimating muscle mass [11].
In oncology populations, low muscle mass, as measured by BIA, has been associated with
poor clinical outcomes and increased mortality [12]. However, BIA measurements may be
influenced by factors such as hydration status, edema, and ascites, and these limitations
should be carefully considered when interpreting results.

In recent years, muscle ultrasonography has emerged as a promising tool for assessing
sarcopenia. By allowing direct visualization and measurement of muscle thickness and
cross-sectional area, ultrasonography provides real-time morphological information with-
out radiation exposure. Its bedside applicability, repeatability, and user-friendly nature
make it particularly attractive for integration into oncology practice [13,14]. Ultrasono-
graphic measurements of the rectus femoris muscle, in particular, have demonstrated
strong correlations with overall skeletal muscle mass and functional capacity [15]. Accumu-
lating evidence suggests that muscle ultrasonography may achieve diagnostic performance
comparable to BIA- and CT-based assessments and may offer greater sensitivity in selected
patient populations [16,17]. Accordingly, muscle ultrasonography holds considerable
potential for broader application in the diagnosis and management of sarcopenia.

In this context, further studies are needed to evaluate the clinical utility of BIA and
muscle ultrasonography for identifying sarcopenia in patients with cancer. The rectus
femoris was selected as a representative lower-limb muscle for ultrasonographic assessment
due to its established role in sarcopenia research and its strong association with mobility
and functional performance. Quadriceps muscles, particularly the rectus femoris, have been
widely used in ultrasound-based sarcopenia assessment protocols and have demonstrated
correlations with whole-body muscle mass and clinical outcomes [13,14].
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In addition, the biceps brachii was included to enable assessment of upper-limb muscle
morphology and to explore potential regional differences in muscle loss. Previous studies
have shown that upper-extremity muscle thickness correlates with appendicular lean mass
and muscle strength, supporting its use in sarcopenia research [17,18]. Evaluating both
lower- and upper-extremity muscles may provide a more comprehensive representation
of appendicular muscle involvement, particularly in oncology populations where muscle
wasting may be heterogeneous.

The primary objective of the present study was to evaluate the diagnostic performance
of rectus femoris muscle ultrasonography for detecting sarcopenia in an oncology popula-
tion. Secondary objectives included examining the associations between ultrasonographic
measurements of both the rectus femoris and biceps brachii, BIA-derived skeletal muscle
parameters, and handgrip strength, as well as assessing the practical applicability of these
radiation-free modalities in routine oncology practice.

2. Materials and Methods
2.1. Ethical Approval and Participant Rights

The study was approved by the Clinical Research Ethics Committee of Sancaktepe
Sehit Prof. Dr. Ilhan Varank Training and Research Hospital (Decision No: E-46059653-
050.04-273314831, Date: 11 April 2025). All procedures were conducted in full accordance
with the ethical principles of the Declaration of Helsinki (1975). All participants received
detailed verbal and written information about the study, and written informed consent was
obtained before enrollment.

2.2. Study Design and Participants

This prospective cross-sectional study was conducted at the Medical Oncology Out-
patient Clinic of Sancaktepe Sehit Prof. Dr. Ilhan Varank Training and Research Hospital
between 3 April 2025 and 1 October 2025. Adult patients (>18 years) with a malignancy
diagnosis who were under regular follow-up or receiving active systemic antineoplastic
treatment were eligible for inclusion. All clinical assessments and measurements were
performed consecutively on the same day during routine outpatient visits to ensure data
standardization. All eligible patients who met the inclusion criteria during the study period
were consecutively enrolled. No a priori sample size or power calculation was performed,
as the study was designed as an exploratory, real-world observational investigation.

2.3. Inclusion and Exclusion Criteria

Patients who were able to comply with the predefined measurement protocol (hand-
grip dynamometry, BIA, and ultrasonography) and who provided written informed consent
were included.

To maintain data reliability and measurement accuracy, patients meeting any of the
following criteria were excluded:

Functional and Neuromuscular Limitations: Primary neuromuscular disorders that
could directly affect muscle strength or mass assessment (e.g., paraplegia, quadriplegia),
severe hand osteoarthritis, advanced peripheral neuropathy, or peripheral arterial disease.

Technical and Physical Barriers: Presence of implanted electronic devices that could
interfere with BIA measurements (e.g., pacemakers, implantable cardioverter-defibrillators),
limb amputation, joint contractures, or a history of active fracture involving the hand, foot,
or lower extremity at the time of assessment.

Fluid Balance Disorders: Conditions that could distort tissue imaging or increase
measurement error in BIA and ultrasonographic assessments, including severe peripheral
edema, generalized anasarca, clinically significant ascites, or pleural effusion.
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Clinical or cognitive conditions (ECOG =3, pregnancy,
non-compliance) (n =4)
Incomplete assessment or lack of informed consent (n = 3)

Clinical and Cognitive Conditions: Severe cognitive impairment or neuropsychiatric
disorders that could prevent compliance with measurement instructions (particularly
during handgrip testing), pregnancy, and poor general condition precluding tolerance of
the assessment procedures (Eastern Cooperative Oncology Group performance status > 3).

Based on these criteria, 147 patients with complete datasets were included in the final
analysis (Figure 1).

)

Patients screened for eligibility

(n=163)
v ) Sarcopenia Definition Criteria
Excluded (n = 16) (EWGSOP2)
Functional and neuromuscular limitations (n =4) » Handgrip strength
Technical/physical barriers affecting measurements (n =3) + Men: < 27 kg
Fluid balance disorders (edema, ascites, pleural effusion) (n = 2) « Women: < 16 kg

o ASMI (BIA)

+ Men: < 7.0 kg/m?
— B J « Women: < 5.5 kg/n?

+ Handgrip strength assessment completed
+ Bioelectrical impedance analysis completed
+ Ultrasonographic muscle measurements completed

+

= S A — Classification

Patients included in the final a;\iysi; (n=147)

® Normal: Normal muscle strength
& normal muscle mass
Probable Sarcopenia: Low muscle
J strength + normal muscle mass

@ No Sarcopenia: 82 (55.8%) 82 (55.8%)

b @ Sarcopenia: Low muscle strength
Sarcopenia Status (n = 147) + low muscle mass
@ Sarcopenia: 18 (12.2%) @ Isolated Low Muscle Mass:
@ Isolated Low Muscle Mass: 7 (4.8%) Normal muscle strength + low muscle mass
Probable Sarcopenia: 40 (27.2%)

Source: EWGSOP?2 criteria

Figure 1. Patient Flow Diagram and Classification of Sarcopenia According to EWGSOP?2 Criteria.

2.4. Data Collection and Clinical Assessments

Demographic data (age, sex) and detailed clinical characteristics (cancer type, TNM
stage, time since diagnosis, comorbidities, and current oncologic treatments) were obtained
from the hospital’s electronic medical record system and archived patient files, supple-
mented by face-to-face interviews using standardized case report forms. Comorbidities
were recorded as documented chronic conditions based on medical records; however, a
formal comorbidity index (e.g., Charlson Comorbidity Index) was not applied. Height and
body weight were measured for all participants, and body mass index (BMI) was calcu-
lated as kg/m?. A formal nutritional assessment using standardized screening tools (e.g.,
MNA, NRS-2002, or MUST) was not performed. Following anthropometric assessments,
each participant underwent sequential evaluation of sarcopenia components: handgrip
strength assessment for muscle function, bioelectrical impedance analysis for body compo-
sition and total muscle mass, and ultrasonographic measurements of the rectus femoris
and biceps brachii muscles to quantitatively assess muscle morphology (thickness and
cross-sectional area).

2.5. Assessment of Muscle Strength (Handgrip Strength)

Muscle strength was assessed using a calibrated hydraulic handgrip dynamometer
(Baseline® Hydraulic Hand Dynamometer, New York, NY, USA). Measurements were per-
formed in accordance with the standardized testing position recommended by the American
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Society of Hand Therapists (ASHT) [19]. Participants were seated comfortably with the
shoulder adducted, the elbow flexed at 90°, the forearm in a neutral position, and the wrist
maintained in a neutral position. Measurements were obtained from the dominant hand. To
minimize fatigue, three maximal isometric contractions were performed with one-minute
rest intervals between trials. Standardized verbal encouragement was provided during each
attempt to ensure maximal effort. The mean value of the three measurements was recorded in
kilograms (kg) and used for statistical analyses. This approach was preferred to minimize the
impact of potential outliers and trial-to-trial variability, thereby providing a more stable esti-
mate of maximal voluntary muscle strength in this oncology population. Handgrip strength
was selected as the primary indicator of muscle function, in line with the recommendations of
the European Working Group on Sarcopenia in Older People 2 (EWGSOP2), which defines
reduced muscle strength as the key feature of probable sarcopenia [1].

2.6. Body Composition Analysis (Bioelectrical Impedance Analysis)

Body composition was assessed using a single-frequency bioelectrical impedance
analysis (BIA) device (Tanita SC-330MA, Tanita Corporation, Tokyo, Japan). To minimize
measurement variability, all assessments were conducted according to a standardized
protocol [8]. Measurements were performed in the morning following an overnight fast.
Participants were instructed to refrain from food intake for at least 8 h, avoid vigorous
physical activity for 24 h, and abstain from alcohol and caffeine for at least 12 h before the
assessment. Fluid intake was restricted for 2-3 h before measurement, and participants
were asked to empty their bladders immediately beforehand. After removal of all metal
accessories, measurements were obtained barefoot on a flat surface to ensure adequate
electrode contact, as recommended by established guidelines [8].

Participants stood upright on the device with their arms slightly abducted and
remained motionless during the assessment. Height, body weight, and bioelectrical
impedance values were automatically recorded. Skeletal muscle mass (SMM) was es-
timated using the equation proposed by Janssen et al., which has been validated against
magnetic resonance imaging (MRI) [20]:

SMM (kg) = ((Height?/R) x 0.401) + (Sex x 3.825) + (Age x —0.071) + 5.102, where
height is expressed in centimeters, R represents resistance in ohms, sex is coded as 1 for
men and 0 for women, and age is expressed in years.

To standardize muscle mass for body size, the appendicular skeletal muscle mass
index (ASMI) was estimated based on previously reported skeletal muscle distribu-
tion data suggesting that appendicular muscle mass represents approximately 75%
of total skeletal muscle mass [21-23]. Accordingly, ASMI was calculated as: ASMI
(kg/m?) = (SMM x 0.75)/height?>(m?). Low muscle mass was defined using EWGSOP2-
recommended cut-off values (<7.0 kg/m? for men and <5.5 kg/m? for women) [1].

2.7. Ultrasonographic Muscle Assessment

Muscle ultrasonography was performed using a wireless, handheld ultrasound sys-
tem (Model: WLPCCFB025; Sonostar Technologies, Guangzhou, China) equipped with a
high-frequency (7.5-10 MHz) linear-array transducer. Imaging was displayed on a portable
laptop via a dedicated wireless connection. To minimize inter-observer variability and
ensure measurement standardization, all examinations were conducted by a single in-
vestigator who was formally trained and certified in musculoskeletal ultrasonography.
Participants remained in the supine position for at least 5 min before imaging to allow
adequate fluid redistribution. All assessments were performed in B-mode following stan-
dardized imaging protocols previously described in methodological studies [13]. Gain
and depth settings were standardized and kept constant across all participants according
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to the predefined imaging protocol. To avoid muscle deformation, a generous amount of
coupling gel was applied, and the transducer was positioned perpendicular to the muscle
with minimal pressure. The rectus femoris was selected as a representative lower-limb
muscle due to its established use in ultrasound-based sarcopenia assessment and its strong
association with mobility and functional outcomes. The biceps brachii was included to
assess upper-limb muscle status, enabling evaluation of regional muscle distribution and
appendicular involvement in sarcopenia.

Rectus Femoris Measurements: Participants were evaluated in the supine position
with both lower extremities fully extended and relaxed to minimize gravitational and
postural influences on quadriceps morphology during ultrasound assessment, consistent
with commonly used ultrasonographic sarcopenia protocols. The measurement site was
defined as the midpoint between the anterior superior iliac spine and the superior border
of the patella, as described in standardized protocols such as the ECOSARC study [24].
Quadriceps cross-sectional area measurements were performed in line with validation
studies using wide field-of-view ultrasound systems [25]. Rectus femoris muscle thickness
(RF-MT) and cross-sectional area (RF-CSA) were measured on B-mode images. Each
parameter was assessed three times consecutively during the same session, and the mean
value was used for statistical analysis.

Biceps Brachii Measurements: Biceps brachii thickness was measured with participants
in a seated position, with the arm relaxed and supported to prevent involuntary muscle
activation. The measurement site was standardized at the midpoint between the acromion
and the antecubital fossa in accordance with recommended anatomical landmark-based
ultrasound protocols for muscle assessment. Biceps brachii muscle thickness and cross-
sectional area were measured using the same standardized transverse B-mode technique.
Muscle thickness was defined as the perpendicular distance between the superficial and
deep aponeuroses, and cross-sectional area was calculated using the system’s built-in area
measurement function [14,26].

All ultrasound images were acquired using consistent device settings and digitally
stored. To ensure reliability and reproducibility, all ultrasonographic assessments were
performed by the same investigator following a predefined study protocol [13,17]. Echo
intensity analysis was not performed, as the study focused primarily on structural muscle
morphology parameters (thickness and cross-sectional area).

2.8. Definition and Classification of Sarcopenia

Sarcopenia was defined according to the diagnostic algorithm and cut-off values pro-
posed in the revised EWGSOP2 consensus report (Figure 1). According to this framework,
low muscle strength was considered indicative of probable sarcopenia, whereas low muscle
mass was required to confirm the diagnosis [1].

Diagnostic Parameters and Cut-Off Values:

Muscle Strength: Low muscle strength was defined as handgrip strength <27 kg for
men and <16 kg for women [1].

Muscle Mass: Low muscle mass was defined as ASMI values <7.0 kg/ m? in men and
<5.5kg/ m? in women, as measured by BIA [1].

2.9. Participant Classification

Based on the combined assessment of muscle strength and muscle mass, participants
were classified into four categories:

Normal: Both muscle strength and muscle mass are above the established cut-
off values.

Probable Sarcopenia: Reduced muscle strength with preserved muscle mass.
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Sarcopenia: Concurrent reduction in both muscle strength and muscle mass.

Isolated Low Muscle Mass: Reduced muscle mass in the presence of preserved mus-
cle strength.

This classification approach is fully aligned with EWGSOP2 and international guide-
lines, allowing objective identification of both early functional impairment and established
sarcopenia [1]. Severe sarcopenia was not evaluated in this study, as physical perfor-
mance assessments (e.g., gait speed or chair stand test) were not performed. For the
purpose of statistical analyses, participants were dichotomized into sarcopenia and non-
sarcopenia groups.

2.10. Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics software (version 26.0;
IBM Corp., Armonk, NY, USA). The distribution of continuous variables was assessed
using the Shapiro-Wilk test. Variables with a normal distribution were summarized as
mean =+ standard deviation, while non-normally distributed variables were reported as
median with interquartile range (IQR). Categorical variables were presented as frequencies
and percentages.

Comparisons between patients with and without sarcopenia were performed accord-
ing to data distribution. The independent-samples f-test was used for normally distributed
continuous variables, and the Mann-Whitney U test was applied for non-normally dis-
tributed continuous variables. Categorical variables were compared using the chi-square
test or Fisher’s exact test, as appropriate.

Associations between handgrip strength, parameters derived from bioelectrical
impedance analysis, and ultrasonographic muscle measurements were examined using
correlation analyses. Pearson correlation coefficients were applied for normally distributed
variables, whereas Spearman rank correlation coefficients were used when normality as-
sumptions were not met.

To identify factors independently associated with sarcopenia, univariable logistic
regression analyses were initially performed. Variables with p-values < 0.10, together
with clinically relevant covariates, were subsequently included in multivariable logistic
regression models. To minimize multicollinearity, separate models were constructed for
RE-MT and RF-CSA. Results were expressed as odds ratios (ORs) with corresponding 95%
confidence intervals (CIs). Model calibration was assessed using the Hosmer-Lemeshow
goodness-of-fit test. Given the limited number of sarcopenia events in the study population,
the number of variables included in multivariable models was deliberately restricted to
reduce the risk of overfitting and unstable estimates. Therefore, parsimonious models
were constructed, including clinically relevant covariates (age and sex) alongside one
ultrasonographic parameter per model.

Receiver operating characteristic (ROC) curve analyses were performed to evaluate the
diagnostic performance of ultrasonographic parameters in identifying sarcopenia. The area
under the ROC curve (AUC) was calculated, and optimal cut-off values were determined
using the Youden index. Sensitivity and specificity corresponding to each cut-off value
were reported. All statistical tests were two-sided, and p-values < 0.05 were considered
statistically significant.

3. Results
3.1. Participant Characteristics

A total of 147 patients with malignancy were included in the study. The mean age was
60.18 £ 11.21 years, with males accounting for 51% of the study population. Mean height
was 161.99 £ 9.35 cm, mean body weight was 69.62 £ 12.66 kg, and the mean body mass
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index (BMI) was 26.37 4 5.50 kg/m?. Breast and gynecological cancers constituted the
most frequent malignancy group (36.7%), followed by gastrointestinal cancers (30.6%). The
median time since cancer diagnosis was 154 days (IQR: 58.75-462.75). Metastatic disease
was present in 17.7% of patients, while 56.5% had at least one documented comorbidity.
Detailed baseline demographic and clinical characteristics are presented in Table 1.

Table 1. Baseline demographic and clinical characteristics of the study population.

Total Patients (n = 147)

Age (years)

60.18 £11.212

Sex, n (%)

Female 72 (49%)
Male 75 (51%)
Height (cm) 161.99 £9.352
Weight (kg) 69.62 + 12.66 @

BMI (kg/m?)

26.37 £5.502

Malignancy Group, n (%)

Respiratory 35 (23.8%)

Gastrointestinal 45 (30.6%)

Breast/Gynecological 54 (36.7%)
Urological 9 (6.1%)
Other 4 (2.7%)

Time since diagnosis (days)

154 [58.75-462.75] P

Metastatic disease, 1 (%)

Yes 26 (17.7%)

No 121 (82.3%)

Comorbidities, n (%) 83 (56.5%)
Number of comorbidities 2[1-3]P

Footnote: *: Mean =+ Standard Deviation, ®: Median [Interquartile Range]. BMI: Body Mass Index.

3.2. Muscle Strength and Body Composition

The mean handgrip strength of the study population was 23.28 + 8.58 kg. Reduced
muscle strength, corresponding to probable sarcopenia according to EWGSOP?2 criteria,
was observed in 39.5% of patients. Bioelectrical impedance analysis demonstrated a mean
total muscle mass of 46.45 & 7.57 kg, a mean skeletal muscle mass (SMM) of 24.82 + 4.87
kg, and a mean appendicular skeletal muscle mass index (ASMI) of 7.08 + 1.20 kg/m?.
Based on the combined evaluation of muscle strength and muscle mass, 12.2% of patients
were classified as having confirmed sarcopenia, 27.2% as probable sarcopenia, and 4.8%
as isolated low muscle mass. Muscle strength and body composition parameters are
summarized in Table 2.

Table 2. Assessment of Muscle Strength and BIA-derived Body Composition Parameters.

Total Patients (n = 147)

Handgrip strength (kg)
Dominant hand 23.28 + 8.58 @
Low muscle strength (Probable sarcopenia) 58 (39.5%)
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Table 2. Cont.

Total Patients (n = 147)

Body composition (BIA)
Total Muscle mass (kg) 4645+ 7572
SMM (kg) 2482 +£4.872
ASMI (kg/m?) 7.08+1.20°
Sarcopenia status, n (%)
Sarcopenia 18 (12.2%)
Isolated Low Muscle Mass 7 (4.8%)
Probable Sarcopenia 40 (27.2%)
No Sarcopenia (Normal) 82 (55.8%)

Footnote: ?: Mean + Standard Deviation. SMM: Skeletal Muscle Mass, ASMI: Appendicular Skeletal Muscle Mass
Index. Probable Sarcopenia: Defined by low muscle strength (Handgrip strength < 27 kg for males, <16 kg for
females). Isolated Low Muscle Mass: Normal muscle strength but low muscle mass (ASMI below the cut-off
thresholds). Sarcopenia: Confirmed by the presence of both low muscle strength (Handgrip) and low muscle
quantity (ASMI and BIA). ASMI Cut-off Points: Low muscle mass was defined as ASMI < 7.0 kg/m? for males
and <5.5 kg/m? for females.

3.3. Ultrasonographic Muscle Measurements Results

Ultrasonographic evaluation revealed a mean RF-MT of 7.98 £ 2.20 mm and a mean
RF-CSA of 2.03 & 0.60 cm?. For the upper extremity, mean biceps brachii muscle thickness
was 8.80 £ 2.33 mm, and the median cross-sectional area was 2.15 [1.61-2.65] cm?. A
detailed summary of ultrasonographic parameters is provided in Table 3.

Table 3. Ultrasonographic Assessment of Rectus Femoris and Biceps Brachii Muscle Architecture.

Total Patients (n = 147)

Rectus femoris ultrasound (right side)

Muscle thickness (mm) 798 +2.204

Cross-sectional area (cm?) 2.03+0.602

Biceps brachii ultrasound (right side)
Muscle thickness (mm) 8.80 £2.332
Cross-sectional area (cm?) 2.15[1.61-2.65] P

Footnote: %: Mean + Standard Deviation, P: Median [Interquartile Range].

3.4. Comparison Between Sarcopenia and Non-Sarcopenia Groups

Patients classified as having sarcopenia were significantly older than those without
sarcopenia (68.50 & 7.64 vs. 59.02 £ 11.16 years; p = 0.001) and were more frequently male
(p =0.001). In addition, the distribution of cancer types differed significantly between groups
(p = 0.003), with a higher prevalence of sarcopenia observed among patients with respiratory
system malignancies. All bioelectrical impedance analysis—derived muscle parameters were
significantly lower in the sarcopenia group, including total muscle mass (42.81 £ 4.29 vs.
46.96 £+ 7.80 kg; p = 0.002), skeletal muscle mass (21.81 & 3.20 vs. 25.24 + 4.93 kg; p < 0.001),
and ASMI (5.96 + 0.64 vs. 7.23 + 1.18 kg/m?; p < 0.001). Handgrip strength was also
markedly reduced in patients with sarcopenia (15.79 & 6.01 vs. 24.32 £ 8.38 kg; p < 0.001),
and all sarcopenic patients fulfilled the criteria for low muscle strength. Group comparisons
are summarized in Table 4. RF-MT and RF-CSA were significantly lower in patients with sar-
copenia than in those without (p = 0.001 and p = 0.003, respectively). Similarly, biceps brachii
muscle thickness and cross-sectional area did not differ significantly between sarcopenic and
non-sarcopenic patients. These findings are presented in Table 5.
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Table 4. Comparison of Demographic, Clinical, and BIA-Derived Characteristics Between Patients

with and Without Sarcopenia.

Sa(;cciplesr)ua Non-Sarcopenia (n =129) p-Value
Age, years (mean =+ SD) 68.50 £ 7.64° 59.02 +11.16° 0.001 &*
Sex, n (%) 0.001 4+
Female 2 (11.1%) 70 (54.3%)
Male 16 (88.9%) 59 (45.7%)
BMI (kg/m?) 2748 £4.852 26.57 £5.23¢ 0.486 ©
Malignancy Group, n (%) 0.003 4+
Respiratory 9 (50%) t 26 (20.2%)
Gastrointestinal 7 (38.9%) 38 (29.5%)
Breast/Gynecological 1 (5.6%) 53 (41.1%) t
Urological 0 (0%) 9 (7%)
Other 1 (5.6%) 3(2.3%)
e Sl?gaeyi;agnoms 167 [34-536.50] P 153 [61.50-446.50] P 0.838 ¢
Metastatic disease, 1 (%) 2 (11.1%) 24 (18.6%) 0.741f
Comorbidities, n (%) 13 (72.2%) 70 (54.3%) 0.150 d
Number of comorbidities 3[1.50-3] P 2[1-3]"b 0.737 ¢
Handgrip strength (kg)
Dominant hand 15.79 + 6.01 2 2432 +8.382 <0.001 *
Low muscle strength 18 (100%) 40 (31%) <0.001 4*
Body composition (BIA)
Total muscle mass (kg) 42.81 +4.292 46.96 +7.802 0.002 “*
SMM (kg) 21.81 +£3.202 25.24 + 4932 <0.001 <*
ASMI (kg/m?) 5.96 + 0.64 2 72341182 <0.001 **

Footnote: ?: Mean + Standard Deviation, : Median [Interquartile Range], : Independent T Test, 9: Chi-Square
Test, ¢: Mann—-Whitney U Test, f. Fisher’s Exact Test. t: Indicates a statistically significant difference between
groups. *: Statistically significant (p < 0.05). BMI: Body Mass Index, SMM: Skeletal Muscle Mass, ASMI:
Appendicular Skeletal Muscle Mass Index.

Table 5. Comparison of Ultrasonographic Parameters Between Patients with and Without Sarcopenia.

Sarcopenia

(1 = 18) Non-Sarcopenia (n =129) p-Value
Rectus femoris ultrasound
(right side)

Muscle thickness (mm) 6.40 1422 8.19+2212 0.001 <*
Cross-sectional area (cm?) 1.72£041° 2.08 0612 0.003 <*
Biceps brachii ultrasound

(right side)

Muscle thickness (mm) 7.88+2392 892+2302 0.076 ¢

Cross-sectional area (cm?) 1.88 [1.38-2.59] P 2.15[1.67-2.65] P 0.260 4

Footnote: : Mean + Standard Deviation, °: Median [Interquartile Range], ©: Independent T Test, : Mann—
Whitney U Test. *: Statistically significant (p < 0.05).
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3.5. Correlation Analyses

Handgrip strength demonstrated significant positive correlations with RE-MT (r = 0.371,
p < 0.001) and RF-CSA (r = 0.414, p < 0.001). Appendicular skeletal muscle mass index
was also positively correlated with rectus femoris muscle thickness (r = 0.195, p = 0.018)
and RF-CSA (r = 0.180, p = 0.029). In addition, a weak but statistically significant positive
correlation was observed between ASMI and biceps brachii cross-sectional area (r = 0.172,
p = 0.038). Correlation results are detailed in Table 6.

Table 6. Correlation between BIA-derived muscle parameters, handgrip strength, and ultrasono-
graphic measurements.

Handgrip Total Muscle

Strength Mass SMM ASMI
r p r p r p r p

Rectus femoris

MT 2 0371 <0.001* 0253 0.002* 0.156 0.060 0.195 0.018*

CSA? 0.414 <0.001* 0284 <0.001* 0.135 0.104 0.180 0.029*
Biceps brachii

MT @ 0.298 <0.001* 0241 0.003* 0.108 0.192 0.117 0.159

CSA®P 0.377 <0.001* 0.217 0.008* 0.123 0.139 0.172 0.038 *

Footnote: Pearson correlation analysis was used for parameters marked with a, and Spearman correlation analysis
was used for parameters marked with b. r: indicates the correlation coefficient. Statistically significant correlations
are indicated with an asterisk (p < 0.05). SMM: Skeletal Muscle Mass, ASMI: Appendicular Skeletal Muscle Mass
Index, MT: Muscle Thickness, CSA: Cross-Sectional Area.

3.6. Factors Associated with Sarcopenia

Multivariable logistic regression analyses identified age, male sex, and ultrasono-
graphic parameters of the rectus femoris muscle as independent factors associated with
sarcopenia. In Model 1, each one-year increase in age was associated with a 7.1% in-
crease in the odds of sarcopenia (OR = 1.071; 95% CI: 1.002-1.143; p = 0.042), while male
sex was associated with a substantially higher risk (OR = 9.313; 95% CI: 1.926—45.036;
p = 0.006). Decreased rectus femoris muscle thickness remained independently associated
with sarcopenia (OR = 0.613; 95% CI: 0.436-0.862; p = 0.005) in Table 7.

Table 7. Logistic Regression Analysis of Factors Associated with Sarcopenia.

B S.E. Wald OR (%95 CI) r

Model 1
Age (years) 0.068 0.034 4.131 1.071 (1.002-1.143) 0.042 *
Sex (Male) 2.231 0.804 7.701 9.313 (1.926-45.036) 0.006 *
RF-MT (mm) —0.489 0.174 7.918 0.613 (0.436-0.862) 0.005 *

Model 2
Age (years) 0.078 0.033 5.473 1.081 (1.013-1.154) 0.019 *
Sex (Male) 2.203 0.801 7.572 9.056 (1.885-43.504) 0.006 *
RF-CSA (cm?) —1.140 0.544 4.391 0.320 (0.110-0.929) 0.036 *

Footnote: Multivariate logistic regression analyses were adjusted for age and sex. The Hosmer-Lemeshow test
indicated good model fit for both models (Model 1: p = 0.922; Model 2: p = 0.867). OR: Odds Ratio, CI: Confidence
Interval, RE-MT: Rectus Femoris Muscle Thickness, RF-CSA: Rectus Femoris Cross-Sectional Area. *: Statistically
significant (p < 0.05).
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In Model 2, age (OR = 1.081; 95% CI: 1.013-1.154; p = 0.019) and male sex (OR = 9.056;
95% CI: 1.885-43.504; p = 0.006) remained significant predictors of sarcopenia. A reduc-
tion in RF-CSA was also independently associated with sarcopenia (OR = 0.320; 95% CI:
0.110-0.929; p = 0.036). Hosmer-Lemeshow goodness-of-fit tests indicated adequate model
calibration for both models (Model 1: p = 0.922; Model 2: p = 0.867). Regression results are
summarized in Table 7.

3.7. Diagnostic Performance of Ultrasonographic Measurements

Receiver operating characteristic (ROC) curve analysis was performed to assess the
diagnostic accuracy of ultrasonographic parameters in identifying sarcopenia (Figure 2).
Rectus femoris muscle thickness demonstrated good discriminative ability, with an area
under the curve (AUC) of 0.752 (95% CI: 0.650-0.853; p = 0.001). The optimal cut-off value
for RF-MT was <7.59 mm, with a sensitivity of 83.3% and a specificity of 61.2%.

ROC Curve
- Source of the
]_ Curve
RF-MT
—— RF-CSA

Feference Line

0.0 :

n.z 0.4 0.6 0.5 1.0
1 - Specificity
Diagonal segments are produced hy ties,
Figure 2. ROC curves of ultrasonographic parameters for predicting sarcopenia.

RF-CSA showed moderate diagnostic performance, with an AUC of 0.681 (95% CI:
0.571-0.791). An optimal cut-off value of <2.07 cm? yielded a sensitivity of 88.9% and a
specificity of 51.2%. Detailed ROC analysis results are presented in Table 8. ROC analysis
was not performed for biceps brachii variables, as these parameters did not demonstrate
statistically significant discriminatory capacity between sarcopenia and non-sarcopenia
groups in the initial comparative analyses.
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Table 8. Diagnostic Performance of Ultrasonographic Parameters in Detecting Sarcopenia.
AUC Sensitivity Specificity
Parameters 95% CI) Cut-Off (%) (%)
RF-MT 0.752 (0.650-0.853) <7.59 mm 83.3 61.2 0.001 *
RF-CSA 0.681 (0.571-0.791) <2.07 cm? 88.9 51.2 0.013 *

Footnote: Smaller values of RF-MT and RF-CSA indicate a higher likelihood of sarcopenia. *: Statistically
significant (p < 0.05). AUC: Area Under the Curve, RF-MT: Rectus Femoris Muscle Thickness, RF-CSA: Rectus
Femoris Cross-Sectional Area.

4. Discussion

In this prospective cross-sectional study, sarcopenia in patients with cancer was evalu-
ated using a multimodal approach integrating handgrip strength, bioelectrical impedance
analysis (BIA), and ultrasonographic muscle measurements. The main findings indicate
that both sarcopenia and probable sarcopenia are common among oncology outpatients. In
addition, lower-extremity ultrasonographic parameters (rectus femoris) showed a strong
association with sarcopenia, whereas upper-extremity (biceps brachii) measurements did
not. RF-MT and RF-CSA also demonstrated high diagnostic performance for predicting
sarcopenia, independent of age and sex.

In our cohort, the prevalence of confirmed sarcopenia was 12.2%, while 27.2% of
patients were classified as having probable sarcopenia according to EWGSOP2 criteria.
Reported prevalence rates in cancer populations vary widely depending on tumor type,
disease stage, and the diagnostic criteria used [4,27,28]. The relatively modest prevalence
of confirmed sarcopenia in our cohort may partly be explained by the exclusion of patients
with poor general condition (ECOG > 3), which may have resulted in underrepresentation
of more functionally impaired individuals. Notably, the high rate of probable sarcope-
nia observed in our study supports the concept that functional decline (reduced muscle
strength) may precede overt structural loss of muscle mass (atrophy) [29,30]. This finding
highlights the clinical importance of early functional screening in oncology practice beyond
routine radiological imaging.

Handgrip strength was significantly lower in patients with sarcopenia. Moreover,
handgrip strength showed positive correlations with both BIA-derived skeletal muscle
mass (SMM) and appendicular skeletal muscle mass index (ASMI), as well as with ul-
trasonographic measurements of the rectus femoris muscle. These results are consistent
with previous studies reporting that handgrip strength is a critical indicator of functional
capacity and fatigue in patients with cancer [31]. Given the high prevalence of cancer-
related fatigue and physical deconditioning during systemic therapy, handgrip strength
assessment represents a rapid, practical, and clinically valuable tool that complements
structural evaluations of muscle mass.

BIA-derived ASMI was significantly reduced in sarcopenic patients, emphasizing
the utility of BIA as a practical method for estimating muscle mass in oncology settings.
However, it is well recognized that BIA measurements—particularly in patients with
advanced disease—can be influenced by hydration status, edema, and fluid retention [4,32].
These methodological limitations underscore the importance of incorporating additional
assessment modalities that are less susceptible to fluid-related factors and allow direct
visualization of muscle.

A notable finding of this study is the strong relationship between ultrasonographic
measurements of the rectus femoris muscle and sarcopenia. Rectus femoris muscle thick-
ness, cross-sectional area, and circumference were all significantly reduced in sarcopenic pa-
tients. In contrast, biceps brachii measurements did not differ significantly between groups.
This pattern is consistent with previous evidence suggesting that lower-extremity mus-
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cles may serve as more sensitive indicators of systemic muscle loss than upper-extremity
muscles [17,18]. The absence of significant differences in biceps brachii measurements may
imply that upper-extremity muscles are relatively preserved during the earlier stages of sar-
copenia. By contrast, the rectus femoris—an antigravity muscle group—plays a critical role
in mobility, balance, and functional independence and may therefore be more vulnerable to
inactivity, inflammation, and cancer-related catabolic processes. Previous ultrasound-based
studies likewise reported that rectus femoris parameters are more effective than upper-limb
measurements for detecting sarcopenia and functional impairment [17,18]. Furthermore,
intramuscular fat infiltration (myosteatosis), which simple thickness measures may not
fully capture, is associated with reduced muscle quality and may affect different muscle
groups to varying degrees [33].

Multivariable logistic regression analyses identified age and male sex as independent
predictors of sarcopenia, consistent with established epidemiological data [29,34-36]. Im-
portantly, rectus femoris ultrasound parameters remained significantly associated with
sarcopenia even after adjustment for these demographic factors. This finding indicates that
muscle ultrasound provides valuable clinical information beyond traditional risk factors,
supporting its role as a predictive assessment tool rather than merely a descriptive mea-
sure. However, the imbalance in metastatic disease distribution between groups (lower
proportion in the sarcopenic group) may have influenced comparisons, as disease burden
can affect muscle mass, systemic inflammation, and functional status. This heterogeneity
should be considered when interpreting group differences.

ROC curve analysis strongly supported the diagnostic value of ultrasonographic
evaluation of the rectus femoris muscle. Rectus femoris muscle thickness demonstrated
good discriminative performance, with an area under the curve (AUC) of 0.752 and an
optimal cut-off value of <7.59 mm. This level of diagnostic accuracy is consistent with prior
sarcopenia studies and highlights the clinical relevance of rectus femoris cut-off values for
screening. However, no universally accepted ultrasonographic cut-off values currently exist,
and previously reported thresholds vary depending on population characteristics, measure-
ment protocols, and anatomical landmarks. In geriatric and non-oncology cohorts, rectus
femoris thickness cut-offs have ranged across different values, reflecting methodological
heterogeneity. Therefore, the threshold identified in our study should be interpreted within
the specific clinical and demographic context of our oncology population. Ultrasound
offers a radiation-free, bedside, and repeatable method for muscle assessment, which may
facilitate integration into routine oncology practice [14,17]. Importantly, ultrasonography
should not be interpreted as a replacement for CT-based muscle assessment in the absence
of direct comparative validation, as no head-to-head analysis between these modalities
was performed in the present study.

However, the relatively lower specificity observed in ROC analyses warrants careful
clinical interpretation. Lower specificity implies a higher false-positive rate, meaning that
a proportion of non-sarcopenic patients may be classified as “at risk” when ultrasound-
derived cut-off values are used in isolation. In routine oncology practice, this may lead
to additional confirmatory testing or supportive interventions. Nevertheless, the clinical
acceptability of moderate specificity depends largely on the intended use of the assessment.
If ultrasonography is applied as a rapid bedside screening tool, prioritizing sensitivity
may be clinically appropriate in order to minimize missed cases, particularly in oncology
populations where early identification of reduced muscle reserves may influence nutritional
strategies, rehabilitation planning, and treatment tolerance evaluation. In this context, false-
positive classifications are less likely to result in harm if they prompt low-risk supportive
measures rather than irreversible therapeutic decisions. Conversely, if ultrasound-derived
thresholds are intended for confirmatory diagnosis or high-stakes clinical decision-making,
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higher specificity would be preferable. Therefore, the proposed cut-off values should be
interpreted as exploratory and context-dependent and ideally incorporated into a stepwise
diagnostic framework combining ultrasonographic findings with strength testing and
clinical assessment. Future external validation in larger oncology cohorts is necessary to
refine threshold selection and improve specificity.

Clinically, these findings are highly relevant. Sarcopenia is increasingly recognized
as a modifiable condition that can affect treatment tolerance, quality of life, and survival
in patients with cancer [27,28]. Early identification of patients at risk enables the timely
implementation of nutritional support, resistance exercise programs, and individualized
treatment strategies. Therefore, combining ultrasonographic muscle assessment with
handgrip strength and BIA may optimize risk stratification and support personalized care,
particularly in settings with limited access to advanced imaging.

Several limitations should be acknowledged. The single-center design may limit the
generalizability of our findings. Ultrasonographic measurements were performed by a sin-
gle trained investigator, precluding assessment of inter-observer variability. Additionally,
echo intensity was not analyzed; therefore, muscle quality and intramuscular fat infiltration
could not be assessed. Physical performance was not assessed; therefore, severe sarcopenia
could not be determined according to EWGSOP2 criteria. Moreover, nutritional status was
not formally assessed using standardized screening tools, which may have influenced mus-
cle mass and strength parameters. In addition, skeletal muscle mass was estimated using
single-frequency bioelectrical impedance analysis, which may be influenced by hydration
status and fluid distribution, particularly in oncology populations where fluid imbalance
is common. Furthermore, the relatively small number of patients classified as sarcopenic
may limit the stability and generalizability of subgroup analyses and ROC-derived cut-off
values. Given the limited number of sarcopenic cases, the statistical power to detect sub-
group differences may have been reduced. In addition, multivariable regression analyses
were necessarily restricted to a small number of covariates to reduce the risk of overfit-
ting. Patients with poor general condition (ECOG performance status > 3) were excluded,
which may have led to underrepresentation of more functionally impaired individuals and
potentially influenced the observed prevalence of sarcopenia. The imbalance in metastatic
disease distribution between groups may also have confounded comparisons and limits
causal interpretation. Comorbidities were not quantified using a standardized comorbidity
index (e.g., Charlson Comorbidity Index), which may have limited a more comprehensive
evaluation of their potential influence on sarcopenia risk. No a priori sample size or power
calculation was performed, which may limit the statistical precision of the findings. Finally,
the cross-sectional nature of the study does not allow evaluation of longitudinal changes in
muscle mass or their direct impact on long-term clinical outcomes such as survival.

Our study also has important strengths that contribute to the literature. The prospec-
tive design and standardized measurement protocols increase data reliability and repro-
ducibility. Most importantly, sarcopenia was evaluated using a comprehensive multimodal
framework integrating functional (handgrip strength), quantitative (BIA), and morphologi-
cal (ultrasound) parameters rather than relying solely on muscle mass assessment. To our
knowledge, few prospective studies have examined rectus femoris muscle architecture in
such detail in oncology populations within a multimodal diagnostic framework. This study
is also among the limited number of prospective investigations in Turkey to examine rectus
femoris muscle architecture in patients with cancer and to provide specific cut-off values.
In this respect, our findings offer a tangible contribution to both local and broader litera-
ture regarding bedside sarcopenia screening in oncology practice, providing preliminary
evidence for the feasibility of ultrasonographic assessment as a screening component while
underscoring the need for external validation before broader clinical implementation.
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5. Conclusions

This prospective cross-sectional study demonstrates that both sarcopenia and probable
sarcopenia are highly prevalent among patients with cancer followed in routine oncology
practice. A multimodal assessment strategy integrating handgrip strength, bioelectrical
impedance analysis (BIA), and ultrasonographic muscle measurements provides a com-
prehensive, reliable, and clinically feasible model for sarcopenia screening. In particular,
ultrasonographic measurements of the rectus femoris muscle—specifically muscle thickness
and cross-sectional area—showed high diagnostic performance for predicting sarcopenia,
independent of age and sex, supporting their role as independent markers of muscle im-
pairment. Incorporating this morphological assessment into routine oncology care may
facilitate early identification of patients at risk and enable timely nutritional and rehabil-
itative interventions. Overall, close monitoring of muscle health using this multimodal
approach has the potential to improve treatment tolerance, preserve quality of life, and
enhance clinical outcomes in patients with cancer.
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