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Abstract

Introduction: The basal ganglia (BG) have traditionally been 
implicated in movement initiation, selection, and termina-
tion,1 yet their contribution to speech motor control remains 
under-explored.2 Recent intraoperative recordings from our 
group and others demonstrate articulator-specific activation 
of the subthalamic nucleus (STN) during speech produc-
tion.3-5

Furthermore, our recent work analyzing cortical evoked po-
tential following STN stimulation suggests monosynaptic 
projections from the superior temporal gyrus (STG) to the 
STN,6 possibly via the hyperdirect pathway.7

We hypothesized that STN single units track auditory cues, 
providing a sensorimotor context relevant to speech.
Method: We conducted intraoperative recordings in Parkin-
son’s disease (PD) patients undergoing awake DBS surgery. 
Two cohorts were studied: Cohort 1 (n = 25, 21M/4F, age 
65.4±7.1y, IRB #20070368), from 2017–2019 at The Univer-
sity of Pittsburgh (Pitt); Cohort 2 (n = 23, 17M/6F, age 63±9y, 
IRB #2019P003841), from 2020–2024 at MGH. Microelec-
trode recordings (MER) captured STN single-unit activity 
during an auditory cue presentation and speech production 
tasks. Sorted units (Plexon) were required to meet well-defi-
ned stability and isolation criteria. Instantaneous firing rates 
(FR) were analyzed in 50ms windows, and significant devia-
tions from baseline were detected (permutation test, p < 0.05, 
FDR corrected).
Results: In Cohort 1, participants performed a conso-
nant-vowel (CV) syllable triplet repetition task. As previous-
ly reported,4 STN units modulated their FR during speech 
production. Interestingly, we identified STN neurons whose 
FR were modulated by the auditory presentation of the CV 
syllables. A subset of these auditory-responsive units exhi-
bited phoneme and sequence specificity; notably, all these 
auditory-feature-encoding units were activated during overt 
speech. In a second task (Cohort 2), subjects read aloud sen-
tences in either a QUIET condition or in cocktail-party NOI-
SE to elicit the Lombard effect (i.e., an involuntary increase 
in speech volume with background noise). We replicated in 
this data our findings of speech-related STN modulation. 
However, although the Lombard effect was robustly elicited, 

units that modulated their FR during speech did not show 
increased activity in the NOISE condition. Interestingly, we 
discovered an independent population of units whose FR sca-
led with background noise level.
Discussion: These data position the STN as a site of integra-
tion of acoustic information into BG loops governing speech 
motor control. The fact that only production-active neurons 
encode phonemic and sequence details during listening su-
ggests these units carry sensorimotor information relevant 
for fluent articulation. Noise-sensitive units may underlie 
automatic adjustments in vocal effort (Lombard effect). Gi-
ven that DBS often enhances speech volume yet impairs ar-
ticulation precision and intelligibility, we propose a model in 
which BG output modulates articulatory gain, prosody, and 
volume based on sensorimotor context.
Conclusions: The STN is a key BG input nucleus whose neu-
rons encode acoustic information regarding phones, sequen-
ce, and background noise. These auditory single-unit respon-
ses suggest the STN provides essential sensorimotor context 
for speech motor control.
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