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T innitus, the perception of phantom sound in the absence
of external stimuli, is more than an auditory phenom-

enon. It is increasingly recognized as a nervous system disor-
der implicating networks involved in attention, emotion, and
self-referential processing. Neuroimaging research, espe-
cially with functional magnetic resonance imaging (fMRI),
has increasingly moved from focusing on localized auditory
cortex dysfunction to examining aberrant large-scale brain net-
work connectivity (Maudoux and Lefebvre, 2014). In this con-
text, the study by Altunkaya et al. makes a timely and
methodologically notable contribution by applying constrained
Independent Component Analysis (ICA) with both static and
dynamic functional connectivity (dFC) analysis to resting-state
fMRI data from individuals with chronic, non-bothersome tin-
nitus due to acoustic trauma (Altunkaya et al., 2025).
Their central finding is that tinnitus patients, compared to

matched controls, spend significantly more time in a weakly
connected brain state, a pattern interpreted as reduced net-
work segregation and temporal rigidity. This supports a
growing hypothesis: that tinnitus involves not just hyperac-
tivity or maladaptive plasticity in auditory pathways but a
failure of the brain to dynamically transition between func-
tional states, becoming “stuck” in inefficient configurations
(Xie et al., 2024).
Constrained ICA, as applied here, represents an important

refinement over conventional ICA. By incorporating prior spa-
tial information to guide component extraction, the authors
improve anatomical interpretability while preserving a data-
driven analytical framework (Lin et al., 2010). This hybrid
approach allows them to identify five core resting-state net-
works, including the default mode network, salience network,
and executive control network, and analyze static and time-
varying connectivity among 23 regions of interest. These
methodological choices are consistent with previous findings
suggesting that tinnitus involves disrupted interactions among
attentional, executive control, and self-referential systems
(Husain and Khan, 2023).
A more novel aspect of the study is the use of dFC cluster-

ing to identify transient connectivity “states.” Unlike previ-
ous tinnitus studies focused on static or seed-based FC,
Altunkaya et al. reveal that tinnitus patients occupy a low-
connectivity state for longer durations than healthy controls.

Although the number of identified states was limited to two,
the selection was guided by standard internal validation met-
rics (Silhouette and Calinski-Harabasz scores), and the
authors rightly emphasize the importance of avoiding over-
fitting in small-sample studies (Altunkaya et al., 2025).

This increased dwell time in a less integrated state sug-
gests impaired metastability, the brain’s ability to flexibly
switch between configurations. Such findings resonate with
network models of depression, pain, and insomnia, where
altered state transitions and dwell times have also been
observed (An et al., 2024; Liu and Wan, 2025; Xin et al.,
2025). The implication is clear: tinnitus may not be solely a
disorder of increased auditory gain but a trait-like disruption
of dynamic brain state regulation.

Although the cohort included only non-bothersome tinni-
tus patients (based on Tinnitus Handicap Inventory [THI]
scores), the presence of rigid connectivity dynamics in this
group suggests that such alterations may not simply reflect
distress or symptom severity. Rather, they may represent a
trait-like neural signature, with potential relevance for prog-
nosis or treatment stratification. As observed in the field, cor-
relations between functional connectivity metrics, hearing
loss, and THI scores were weak, likely due to small sample
size and modeling limitations. Nonetheless, network-level
rigidity may constitute a foundational biomarker, independ-
ent of current symptom severity, and future studies should
examine whether these patterns predict progression to both-
ersome tinnitus or treatment response in more diverse popu-
lations (Piarulli et al., 2023).

Patients exhibiting increased rigidity and reduced net-
work segregation may benefit from interventions aimed at
enhancing neural flexibility, such as neuromodulation, neu-
rofeedback, or mindfulness-based cognitive therapy. To
better understand the mechanistic underpinnings of this
“stuck brain” state, future work should incorporate advanced
computational models capable of capturing directionality and
information flow. While the current study relies on clustering
and state transitions based on correlation matrices, approaches
such as dynamic causal modeling, Granger causality, or time-
resolved transfer entropy may help identify which brain
regions or networks drive these persistent low-connectivity
states. These models could enhance mechanistic understanding
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and support the development of stratification tools for progno-
sis or treatment guidance in tinnitus.

Notably, the study by Panda et al. (Panda et al., 2023) in
disorders of consciousness employed whole-brain causality
models to reveal impaired posterior integration and thalamo-
frontotemporal broadcasting. Applying similar techniques to
tinnitus could clarify whether thalamocortical loops, insular
hubs, or frontoparietal control systems constrain the brain’s
ability to flexibly transition between states. For instance, per-
sistent thalamic gating failure could plausibly underlie both
sensory intrusion (i.e., the phantom sound) and impaired
state switching.

The study’s generalizability is limited by its small, all-
male sample (19 tinnitus patients and 19 controls). While
demographic homogeneity reduces variance, it restricts rele-
vance to broader populations, including women and those
with bothersome tinnitus. Future research should replicate
these results in larger, more diverse, and ideally longitudinal
samples to assess predictive value.

Methodologically, the study highlights a key issue in dFC
research: lack of standardization. There is no consensus on
the optimal number of connectivity states or their interpreta-
tion. Harmonized protocols and cross-validation frameworks
are needed, as recently proposed in dynamic brain network
research (Allen et al., 2014).

In conclusion, the work by Altunkaya et al. offers valuable
insights into the dynamic neural basis of tinnitus. By com-
bining constrained ICA with dFC analysis, the study sup-
ports a shift from viewing tinnitus as a localized auditory
issue to a disorder of impaired brain dynamics. The identifi-
cation of a prolonged weakly connected state suggests a
“stuck brain” profile, potentially serving as a biomarker for
prognosis or treatment selection. This framework may guide
personalized interventions, including neuromodulation strat-
egies aimed at restoring network flexibility.
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