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[ Abstract] Objective: To evaluate the diagnostic accuracy of a combined ultrasound and multispectral photoacoustic imaging
model for sarcopenia in older adults and compare its performance with a traditional clinical-ultrasound model. Methods: Older
adults who visited the Department of Geriatrics at Peking Union Medical College Hospital from January 2025 to December 2025
were enrolled prospectively, and were diagnosed and grouped according to the diagnostic criteria of the Asian Working Group for
Sarcopenia 2025 (AWGS 2025) consensus. For clinical assessment, body mass index (BMI), handgrip strength, and appendicular
skeletal muscle index (ASMI) were collected. For ultrasound and photoacoustic measurements, the muscle cross-sectional area
(CSA) was obtained at the midpoint of the rectus femoris, and photoacoustic signals at characteristic wavelengths of 820 nm and 930
nm were acquired to construct a multi-wavelength photoacoustic score. Spearman correlation analysis was used to evaluate the
correlation between imaging parameters and clinical indicators. Multivariate logistic regression analysis was performed to screen for
independent associated factors. A traditional clinical-ultrasound model (based on BMI and CSA), a multi-wavelength photoacoustic
score model, and a combined diagnostic model were established, respectively. Receiver operating characteristic (ROC) curves and
the DeLong test were utilized to evaluate and compare the diagnostic performance of each model. Results: A total of 21 sarcopenic
subjects and 29 non-sarcopenic controls were ultimately included in this study. Spearman correlation analysis demonstrated that the
820 nm wavelength signal was significantly positively correlated with ASMI and handgrip strength (+=0.438 and 0.403, respectively,
both P<0.01), whereas the 930 nm signal was significantly negatively correlated with the aforementioned indicators (r=—0.385 and
—0.354, respectively, both P<0.05). Multivariate logistic regression analysis revealed that the multi-wavelength photoacoustic score
was an independent associated factor of sarcopenia in older adults (OR=1.083, 95% CI 1.015-1.156, P=0.015). The area under the
curve (AUC) for the multi-wavelength photoacoustic score model was 0.982 (95% CI 0.945-1.000), with a sensitivity of 95.2%
(95% CI 76.2%-99.9%) and a specificity of 100.0% (95% CI 88.1%-100.0%). The combined model achieved an AUC of 0.984 (95%
CI 0.950-1.000), while the traditional clinical-ultrasound model yielded an AUC of 0.947 (95% CI 0.893-1.000). The DeLong test
showed no statistically significant differences in AUCs when comparing the photoacoustic score model and the combined model
with the traditional model (P>0.05). However, the specificities of both the photoacoustic and combined models were noticeably
higher than that of the traditional clinical-ultrasound model (79.3%,95% CI 60.3%-92.0% ), effectively reducing the false-positive
rate. Conclusion: The multi-wavelength photoacoustic score reflects microcirculatory hypoperfusion and lipid infiltration in the
skeletal muscle of older adults with sarcopenia. By maintaining high sensitivity, this score significantly enhances diagnostic
specificity. When integrated with photoacoustic-ultrasound imaging, it enables complementary morphological and compositional
information, offering a valuable tool for ancillary diagnosis of sarcopenia.
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Fig.1 Methods for measuring rectus femoris parameters using dual-modal ultrasound and photoacoustics
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Tab.1 Comparison of clinical characteristics and ultrasonographic parameters between the two groups
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Fig.3 Comparison of photoacoustic characteristic parameters between the two groups
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X (r=0.288, P=0.042), H MEISHEE T
(r=-0.325, P=0.021). 5z, RENRFEERIL
WA 930 nm {751 BE 5 WL FE bn 2 0 35 6 A
Kefadh, H5ASMI (r=-0.385, P=0.006). fck
127 (r=-0354, P=0.012) K CSA (r=-0.374,

P=0.008) A EA G2 E L.
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Fig.4 Correlation analysis between photoacoustic characteristic

parameters and clinical and ultrasonographic indices

*: P<0.05.
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Tab.2 Univariate and multivariable logistic regression analyses of factors associated with sarcopenia in older adults

. AR AT ZHR ST

ORTH (95% CD) P OR{H (95% CI) PAH
AR 1.073 (0.995~1.157) 0.067 — —
BMI 0.627 (0.474~0.828) 0.001 1.036 (0.559~1.920) 0.910
SPPB 114> 0.544 (0.339~0.874) 0.012 — —
5 YR AL R ] 1.210 (1.004~1.459) 0.046 — —
CSA 0.135 (0.042~0.430) <0.001 0.310 (0.032~2.968) 0.309
800 nm M {55 0.906 (0.819~1.002) 0.054 — —
810 nm G {55 0.906 (0.822~0.999) 0.049 — —
820 nm W {55 0.845 (0.741~0.963) 0.012 — —
930 nm Y+ {5 1.691 (1.205~2.373) 0.002 — —
940 nm {5 5 1.829 (1.154~2.898) 0.010 — —
950 nm Y {55 2.607 (1.417~4.794) 0.002 — —
S0, 0.833 (0.717~0.968) 0.017 — —
ZW RIS 1.093 (1.038~1.151) <0.001 1.083 (1.015~1.156) 0.015

ORMILIELL, CIME{EXIE, BMIAIRESR%E, SPPB K S B 1ARE MK, CSA BB NI,

SO, My il AL

ZH &K logistic FIEFBAME— LA TR KOEH R R IONEEE, OB
TRIMAIVINEE & A R A (OR=1.083, 95%

PP A G RSUIRAS AR BMI #7585 CSA
REPACHIr . MRERTTHNRG, 2

CI1.015~1.156, P=0.015, %2).
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Fig.5 ROC curves for the diagnostic performance of different

models in identifying sarcopenia
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Tab.3 Diagnostic performance of combined ultrasound and photoacoustic imaging for sarcopenia

W TP/FP/TN/FN AUC (95% CI) EAERWIE  REUE (95%CD /%  FRRIE (95%CD /% 2R
IR IZWRT 21/6/23/0 0.947 (0.893~1.000) 100.0 (83.9~100.0) 79.3 (60.3~92.0) 0.793
23S Wby 20/0/29/1 0.982 (0.945~1.000) 95.2 (76.2~99.9) 100.0 (88.1~100.0) 0.952
KA LW 20/0/29/1 0.984 (0.950~1.000) 95.2 (76.2~99.9) 100.0 (88.1~100.0) 0.952

TP WILFAE; FPRBHM:; TN NIZEIE; FN WREIE,

AHIFFE R R 6 7 SRS H AR Tl & 4 WL
DRE R B EURRE . 5 R R, WUVDRE B
(B AL SO, K 800~820 nm G {5 5 i 3
TR, ARG BRI 930 nm {55 ) 5
W, X 5 L AE i B A B A OF AR A —
OO EARET I, L 800 nm A A L
218 H (oxyhemoglobin, HbO,) 5 M4 I 41 &
F1 (deoxygenated hemoglobin, HbR) 45 W i
A W TR M LT A e T, (AR
B 820 nm G5 M4l 2 R A %, XfigE
TR PE BV E P U PR AR AT OC . — 5 T
BEAE PR 1) 820 nm £LFS , JG T 7E AR 21 Y
FURTREAG . Msshn, XA B T B IUZ R
Wb AR A R A MR U S — T, A

820 nmAb, HbO, LI E T HbR, (H3Z0E 1K
TE S M M 25 B A RIS, X6 48 sl Pk e 7 1 i
AT RO YL R, IUE B 820 nm S
(SR E A, AN B T Sy i i WL L 3 o v 1)
Wb, T LR VA BRI TR, Xk
A R R Al TE A B 2 P KSR PRI, SOL KR
RIS G 2= SO . g BREiE
WU B 930 nm 55 19 . T, &SR AE
TR R 1, fE L R AR o
WM R TIANE . R, MAZPRKIETH
820 nm 5 930 nm I KA &, ZEA 1A T EE
PRHAN ARG ST R B AR B WA T 205 K4y
SRR E2 Wi 55

S WG AR RS B A R AR A B R T
B BT IT SR I R S AL 206 1O, ST AE R
137 FH 3 5% 1 AR W 1) LA R AT PR 4 e 1 2
TENLDE B LA B2 ML 9T b, /N R A 3%
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