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[ Identification of studies via databases and registers J

Records identified from databases

(n= 1711}
PubMed (n = 131) Records removed before screening (n = 815):
Web of Science (n = 718) > Duplicate records removed (n =584)
Scopus (n = 255) Conference abstracts, editorials, reviews, case reports, and
Embase (n = 126) animal studies (n = 231)

IEEE Xplore (n = 472)
Cochrane Library (n = 9)

¥ Records excluded (n = T61):
Mot NIRS-based, or NIRS applied outside cerebraliskeletal-
Records screening at title/abstract muscle oxygenation (n = 321)
stage (n = 896) Mo machine-leaming component (n = 238)
No movement, motor task, or exercise component (n = 167)
Mon-human subjects (animal, in vitro, simulation-only) or wrong
publication type missed by initial filter (n = 35)

L 4

Screening

r

screened Full-text articles excluded (n = 93):
;Tgr;;gﬁp:ﬁﬁ} o 4SF::.'IL mathodology insufficient or absent on full-text inspaction (n =
Mo quantitative model-performance metric reported, or NIRS not
contributing to model input (n = 32)
Wrong population or paradigm on full-text review (n = 18)

g Studies included in review (n = 42)
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A Publication year B MIRS modality

8 M Pre- "nzn n -‘.r)

. INIRS + EEG - 8
E 4 .
- fNIRS + amonomic ll
. mtkswizmill
= B Cercbral only
R M mNIRS + sEMG [ S Mugcle ouly
) I I I l . B Hybrid/multimodal
A, Boe B D A NN i 2
ﬂl'\:\?\:?ﬁ\“’\ﬂ?\ N ""'ﬂ;'..a ﬁgﬂéﬁzﬁfﬁﬁfﬂﬁd 0 5 10 5 d]s 20 3
Tudpes
C Population D Motor-task paradigm
Healthy adults [N 2 upper-imb ! [
Stroke |G 7 ) _
Parkinson’s disease [ 2 Giant and lm:mﬂnlmn_ 11
Peripheral arterial disease [ 2 Cycling and endurance [+
Athletes [l 2 Fati I I
“aln
Older adults [l 2 a
Multiple sclerosis ] 1 Postural control l 1
Spinal cord injury [l 1 o Healthy Multimodal rehabilitation | 1 B MotooBCT
Cerebral palsy |1 M Clinical (1 = 15) Surwical Ll B Endurance exercise
Limb amputation ] 1 B Athletes/older adulls urgical motor skill [ M Other
0 5 o 15 20 2% 0 5 0 15 20 25
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Cerebral fNIRS Convergent methods Muscle NIRS
(shared by both tissues)

T‘“mcmu 10-20 montage; Brod RO 2"”54:me astus, lumbar

L mon : I 5 e . W 5,
~me NVC delay ~3-5 5; laterakized e - Supply-demand. capilary | venous
Dominant noise L Dominant noise
~w Scalp [ skull hemodynamacs =  Siding-window leatures ~  Conbraction molion artifacts
~ne  Cardiac, respiratory, Mayer waves v Adipose; skin pgmantation

i1 CHN-~+ aliention/LSTM
Tissue-specific feature Thwg}-&gwlﬁc feature
Short-separation regression Par-sulject calibration -— I: comemon | differantial mode
&  HbO favored; HHR for pathology - Bilateral fusion (Dempster-Shaler)
@  Topographic / atlas mapping - Muliscale entropy / coupling
¥ Y v

=IO of 42 studies
achieved co-located cerebral fNIRS + muscle NIRS with NVC-aware fusion

Closest approximations Building blocks already published What a unified pipeline requires
@ Caoroberal NIRS + biceps sSEMG * NWC decormolution = Simullaneous co-localed recording
(o MRS al muscle site) + HRF latency malch: 3-5 daelay (oormbead INIRES. + muscie NTRS)
. } ided channel selection = NV C-aware fusion
- sEMG + marscle NIRS « Comemen / difierential mode cifferential ime scales (~1-5 5 va 1 )
RSPV GOy 3 UL LR  Tissue-speciic feature transfoms:
fopagraphy vs depth pendlration
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1. Acquisition 2. Proprocessing 3. NVC-aware alignment 4, Cross-tissue fusion 5. Multi-task outputs
e mathedinges co
Carebral INIRS Temparal alignmaent Attention-based Thires cutput heads
. — - across time scales fusion
- EEE  Clinical aores
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