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Abstract

Chronic insomnia represents a massive,
escalating global health crisis that
increasinglyimpacts working-age adults (ages 30—40)
alongside older cohorts. Traditional Western
pharmaceuticals and conventional Traditional
Chinese Medicine (TCM) pattern-differentiation
models frequently encounter therapeutic plateaus.
This paper identifies a critical clinical "blind spot" in
mainstream sleep medicine: structural disorders of
the upper cervical spine (specifically the C1 and C2

vertebrae).

Clinical statistics compiled by California

University - Silicon Valley (CUSV) indicate that
40% of chronic insomnia cases are primarily driven by C1-C2 subluxation, hypertrophy, listhesis, or
bulging. Mechanistically, these structural irregularities exert localized mechanical pressure,
continuously pinching the cervical sympathetic chain. This produces sustained sympathetic

hyperactivity that overrides parasympathetic dominance during recumbency.

To bridge this diagnostic gap, we present an architectural framework for a specialized Al Agent
integrated with TCM clinical workflows. By analyzing real-time patient-intake dictation and cross-
referencing multi-modal data (including Four Pillars Diagnosis, Western laboratory values, and spinal
structural biomarkers), the Al Agent eliminates diagnostic omissions, identifies complex mixed

patterns, and generates comprehensive, professional, multi-modal treatment regimens.

1. Introduction: The Global Shift in Insomnia Epidemiology
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Insomnia is a pervasive public health challenge with profound socioeconomic,
psychiatric, and physiological consequences. Epidemiological metrics from the World Health
Organization (WHO) indicate that over 30% of the global adult population reports
experiencing regular insomnia symptoms, with approximately 16% meeting the formal
clinical thresholds for chronic insomnia disorder. In the United States, tracking data from the
Centers for Disease Control and Prevention (CDC) reveals that 30.5% of American adults
suffer from short sleep duration (fewer than 7 hours per night), and 15.4% report severe
difficulty falling asleep most days or every day.

Crucially, the demographic distribution of insomnia has fundamentally shifted. While
historically conceptualized as an affliction primarily targeting geriatric generations (aged 50—
60 and above), contemporary data highlights a significant surge among younger working-age
cohorts (aged 30—40). This generational compression is largely driven by ubiquitous blue-
light exposure from screens, elevated work-related psychological stress, irregular shift
schedules, and the domestic boundaries blurred by remote-work economic structures.

Despite an explosion of public health messaging and a multibillion-dollar sleep-aid
market, national sleep metrics have remained flat over the past decade. This stagnation
indicates that conventional medical frameworks fail to address the complete physiological
spectrum of sleep disturbances.

2. Etiological Failure and the Limits of Conventional Paradigms

The stubborn persistence of chronic insomnia stems from several structural failures in
mainstream diagnostic and treatment models:
2.1 Limitations of Monotherapy and Lifestyles

Unaddressed Root Causes: Western pharmacological options (e.g., GABA-A receptor
agonists, dual orexin receptor antagonists) offer symptomatic relief by sedating the central
nervous system but fail to resolve underlying physiological or structural imbalances.

Incomplete Lifestyle Modifications: While Cognitive Behavioral Therapy for Insomnia
(CBT-I) and sleep hygiene parameters are theoretically effective, long-term adherence
remains low due to modern workspace demands and persistent occupational stress.

Chronic Unmanaged Stress: Sustained psychological stress locks the hypothalamic-
pituitary-adrenal (HPA) axis into constant hyper-reactivity, resulting in nocturnal cortisol
spikes that disrupt normal sleep architecture.

2.2 The Diagnostic Vulnerabilities of Traditional TCM Practices

Within Traditional Chinese Medicine, insomnia (Bu Mei) is effectively categorized by
Zang-Fu organ pattern differentiation. However, conventional human practitioners encounter
significant diagnostic variability.

The standard "Four Pillars of Diagnosis" (Looking, Listening/Smelling, Asking,
Touching) require immense subjective clinical experience. Practitioners frequently struggle to
identify complex, overlapping patterns—such as concurrent Spleen Blood Deficiency and
Liver Yang Excess. This leads to inaccurate pattern identification, misdirected treatment
modalities (e.g., tonifying a patient who requires clearing/purging), and eventual therapeutic
failure.

3. The Structural Blind Spot: Upper Cervical Dynamics and Sympathetic Hyperactivity
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The most significant deficiency in mainstream sleep medicine is the complete omission
of the structural spine from the diagnostic etiology of insomnia. While Western medicine
isolates sleep to neurochemical and polysomnographic brain states, and traditional TCM
focuses primarily on the disharmony of Qi, Blood, Yin, and Yang within the internal organs,
clinical practice and statistical tracking at CUSV have identified a profound anatomical
driver: Upper Cervical Spinal Disorders.

3.1 Neuroanatomy of the C1-C2 Sympathetic Loop

The superior cervical ganglion (SCG) sits anterior to the transverse processes of the C2
and C3 vertebrae, supplying critical sympathetic innervation to the internal carotid artery,
cranial structures, and the pineal gland.

[C1-C2 Vertebral Subluxation/Bulging]

V¥ (Mechanical Compression)

[Superior Cervical Ganglion & Sympathetic Chain]

V¥ (Nocturnal Sustained Pinching)
[Sympathetic Hyperactivity]

V¥ (Blocks Melatonin / Accelerates Core Heart Rate)
[Cerebral Cortical Arousal] —W [Inability to Enter Slow-Wave Sleep]

When a patient exhibits structural irregularities at the Atlantoaxial (C1-C2) segment—
including osteophytic hypertrophy, listhesis (slippage), degenerative deterioration, or discal
bulging—the structural alignment of the upper cervical spine becomes highly unstable.
During recumbency (lying down), the entire weight of the human head presses directly back
onto these misaligned vertebrae, subjecting the adjacent sympathetic chain to sustained
mechanical pinching.

This localized compression triggers an uninhibited influx of sympathetic efferent
activity, elevating norepinephrine levels, maintaining cerebral cortical arousal, and preventing
the autonomic nervous system from transitioning into the parasympathetic dominance
required to enter slow-wave and REM sleep.

3.2 The Paradox of Sitting vs. Supine Sleep Positions

This underlying structural pathology explains a classic, highly specific clinical
phenomenon observed in severe insomnia cohorts: the positional sleeping paradox.

Many patients can readily fall asleep while sitting completely upright in a chair or
recliner. However, the moment their body tilts or slumps, waking them up, they move to a
bed to lie down, only to find themselves completely unable to sleep for the rest of the night.

In the Sitting Position: The vertical axis of the spine allows gravity to distribute the
weight of the cranium axially down the vertebral bodies. The C1 and C2 segments remain in a
vulnerable but temporarily non-compressing orientation, leaving the sympathetic chain
unpinched.
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In the Supine/Lateral Position: Once the patient lies down, the weight of the head forces
the subluxated or bulged C1-C2 segments to shift horizontally. This applies constant, direct
pressure to the superior cervical sympathetic networks, immediately inducing autonomic
hyper-alertness and waking the patient.

4. Epidemiological Distribution of Insomnia Classifications

To accurately evaluate the landscape of chronic sleep disorders, CUSV compiled clinical
statistics across an observational cohort of 100 long-term insomnia patients. The distribution
reveals that upper cervical spinal disorders constitute the largest single etiology in treatment-
resistant cases.

Diagnostic Category Distribution

Pathophysiological & TCM mechanisms with cohort prevalence

DIAGNOSTIC

CATECORY PATHOPHYSIOLOGICAL / TCM CORE MECHANISM COHORT %
° C1-C2 Spinal Mechanical pinching of cervical sympathetic chain; 20%
Disorders positional hyper-arousal °
o Excessive blood heat; emotional stagnation turning to
® Liver Yang Excess e _— 26%
fire rising up
[ ] Bsychological HPA-axis hyper-reactivity; elevated nocturnal cortisol — 18%

Stress

Hyper-metabolic emotional state; disturbance of the
@® Heart Fire Blazing v - ! ! i - 7%
Shen (Spirit)

Spleen Blood Failure of nutrient absorption; insufficient blood to

Sl - %o
Deficiency anchor the Shen L2

Heart-Kidney Failure of Water and Fire communication; Yin deficiency

< Ld 3%
Disharmony with empty heat °

6 diagnostic categories Total cohort: 100%

When a patient presents with multi-factorial insomnia, traditional Western clinicians rely
solely on lab values, sleep studies, and subjective psychological metrics, completely missing
the structural cervical component. Concurrently, traditional TCM practitioners rely purely on
their standard pulse and tongue configurations, leaving the physical spine as an overlooked
blind spot. Consequently, the patient remains trapped in chronic sleep fragmentation.

5. The AI Agent Solution: Intelligent Intake and Pattern Synthesis

To eliminate diagnostic omissions and unify these disparate fields, we propose
implementing a clinical Al Agent Architecture. This system functions as an advanced
cognitive partner during patient intake, running concurrently with the physician's standard
workflow.

5.1 Real-Time NLP Transcription and Clinical Parsing

During the initial patient consultation, the clinician utilizes the ambient dictation and
natural language processing (NLP) features of the Al platform. The system records and parses
the verbal exchange:
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[Patient Intake Audio] —P [NLP Transcription Engine] —W [Clinical Entity

Extractor]
|
I
|
v v v
[TCM Symptom Clusters] [Western Biomarkers]

[Biomechanical Signals]

« "Bitter taste, red tongue sides" * "TSH: Normal" » "Wakes up
when lying down"

* "Palpitations, poor memory" * "Cortisol: High" * "Chronic
upper neck stiffness"

5.2 Algorithmic Verification and Blind-Spot Prevention

When the clinician issues the prompt: "Analyze intake data and generate the unified
differential diagnosis," the Al Agent executes a dual-engine analytical sequence:

The TCM Expert Knowledge Engine: Synthesizes the parsed somatic signs (e.g., tongue
mapping, pulse qualities, temperature preferences) to output an accurate Zang-Fu pattern
matrix.

The Biomechanical Cross-Check Routine: Scans the text specifically for positional
sleeping paradoxes, history of whiplash, neck stiffness, or occipital headaches.

Crucial Guardrail Function: If the human clinician is untrained in or overlooks spinal
palpation data, and the patient mentions neck discomfort or positional wakefulness, the Al
Agent triggers an automated alert:

— “Warning: Intake markers suggest a 78% probability of C1-C2 structural
involvement. Please evaluate upper cervical alignment via manual palpation or order a digital
cervical X-ray/MRI before finalizing the treatment plan.”

6. Comprehensive Multi-Modal Treatment Architecture

Once the integrated diagnosis is confirmed, the Al Agent instantly synthesizes a
professional, highly personalized, multi-modal clinical strategy designed for the patient.
—» 1. Herbals: Custom Modified Suan Zao Ren Tang
I—P 2. Acupuncture: Local Cervical Du Mai + Distal Organ Points
[AI Agent Output] I—P 3. Biomechanical: Specific Left/Right Sleeping Ergonomics
L—» 4. Pillow Architecture: Precise Height & Material Calibration
1. Phytotherapy (TCM Herbal Formula)

Core Formula: Suan Zao Ren Tang combined with Tian Ma Gou Teng Yin to address
joint Liver Yang Excess and Spinal-induced Wind-Arousal.

Targeted Adjuvants: Inclusion of Ge Gen (Puerariac Radix) and Qiang Huo
(Notopterygii Rhizoma) to selectively dilate the vertebral-basilar arterial system, relax the
deep posterior cervical musculature, and alleviate tension surrounding the C1-C2 segments.
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2. Acupuncture and Manual Therapy (Tonal Modalities)

Cervical Decompression Points: Deep, cautious insertion at bilateral Hua Tuo Jia Ji (C1—
C3), Feng Chi (GB20), and An Mian to directly decompress the superior cervical ganglion
and lower sympathetic tone.

Somatic Balancing Points: Taichong (LV3) to subvert Liver Yang, and Shenmen (HT7)
to pacify the central nervous system.

3. Biomechanical and Postural Ergonomics

Avoidance of Rotational Shear: The patient is instructed to avoid sleeping positions that
introduce excessive rotational torque on the C1-C2 joint space. Lateral sleeping must be
balanced using a neutral spinal line.

Pillow Height and Material Calibration: The Al calculates the ideal geometric support
profile based on the patient's biometrics. The recommendation mandates an ergonomically
optimized pillow utilizing dynamic materials (such as orthopedic memory foam contours or
targeted herbal fill matrices) to maintain the natural cervical lordosis, prevent forward head
posture, and eliminate nocturnal compression of the superior cervical sympathetic chain.

7. Conclusion

Chronic insomnia cannot be resolved by isolating the brain from the structural columns
that support it. The high prevalence of C1-C2 cervical disorders (40%) identified in CUSV
clinical tracking demonstrates that spinal alignment is an essential pillar of sleep medicine.
By integrating the systemic diagnostic depth of Traditional Chinese Medicine with the precise
structural insights of upper cervical mechanics—and anchoring both within an advanced,
automated Al Agent framework—modern medicine can eliminate its longest-standing
diagnostic blind spot. This methodology delivers reliable, scalable, and genuinely curative
care for sleep disorders worldwide.
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Clinical Efficacy and Mechanism of "Tu-Xing"
Acupuncture Needle Array Combined with Distal
Acupoints for Functional Abdominal Bloating Based
on the Gut-Brain Axis Theory
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Abstract

Objective: To observe the clinical efficacy of the abdominal"Tu-Xing" acupuncture needle array
combined with distalacupoints (Neiguan, Zusanli) for functional abdominal bloatingfrom the
bidirectional regulatory perspective of the gut-brainaxis, and to explore its potential mechanism.

Methods: A retrospective analysis was conducted on theclinical data of 8 patients with

functional abdominal bloating.
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Patients were treated with the characteristic Tu-Xing needlearray combined with core distal
acupoints, 1-2 times per week,for a total of 1-6 sessions. Changes in the severity ofabdominal bloating
and gut-brain axis-related symptoms, suchas mood, sleep, and appetite, were observed.

Results: After treatment, abdominal bloating was significantlyrelieved in all 8 patients, with

total symptom scores markedlydecreased. Concurrently, "brain-end" symptoms
improvedsynchronously: insomnia and daytime fatiguesignificantlylessened in 5 patients; 3 patients
successfully activated thevagus nerve and exhibited strong appetite post-acupuncture; ltypical case
showed fading of dark bands on both sides of thetongue as bloating subsided; another case with
severespleen-deficiency obesity achieved notable abdominalcircumference reduction.

Conclusion: The abdominal "Tu-Xing" needle array combined

with distal acupoints effectively alleviates abdominal bloatingand reverses sleep disorders through
multi-level bidirectionalregulation along the "central-peripheral-local" axis. Themechanism is derived
from vagus nerve activation andregulation of gut-brain peptide balance.

Key words: Functional abdominal bloating; Gut-Brain AxisTu-Xing acupuncture needle array;
Distal acupoints; Vagusnerve
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Hu Jieyi, Hu Yuanyuan

Zhoukou Overseas Chinese Hospital, Zhoukou City, Henan Province, China

1 Clinical Data

A 29-year-old female patient (initials Hu) had suffered from Hashimoto’s thyroiditis for
more than three years. Insomnia developed and progressively worsened over the previous six
months. In the week prior to consultation, she slept only around three hours per night,
accompanied by irritability, anxiety, heavy-headedness, marked memory decline, general
fatigue and facial puffiness. Her tongue was pale-tender with thin white coating, and the pulse
was thready and feeble.

2 TCM Syndrome Differentiation

Prolonged illness consumes qi and yin, leading to spleen qi deficiency and impaired
transportation and transformation, which manifests as fatigue, facial edema and pale tongue.
Insufficient spleen function impedes the generation of qi and blood, resulting in
malnourishment of the heart spirit. Combined with emotional distress, liver qi stagnation
transforms into pathogenic fire disturbing the spirit, hence insomnia, irritability, anxiety and
dizziness. A thready feeble pulse confirms the pattern of dual deficiency of qi and yin.

3 Therapeutic Principle & Medication

Therapeutic principle: Nourish yin and invigorate the spleen, soothe liver stagnation,
nourish the heart and calm the spirit.

- Morning formula: Huangjing Fuling Beverage (10g per sachet, extracts of Polygonati
Rhizoma, Poria Cocos, Lycii Fructus, Maca, Citri Reticulatae Pericarpium etc.), one sachet
daily.

- Evening formula: Fuling Baizao Tea (10g per sachet, extracts of Poria Cocos, Lilii
Bulbus, Ziziphi Spinosae Semen, Perillaec Folium etc.), one sachet daily.
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Administration: Infuse with plain boiled water or warm milk for oral intake.
4 Therapeutic Outcomes

On the very first night after taking Fuling Baizao Tea, the patient felt mentally tranquil
and fell asleep quickly with sound sleep.

- After half a month of treatment: Dizziness was substantially alleviated; irritability and
anxiety improved remarkably with stable and prolonged sleep duration.

- After one month: Physical strength gradually recovered, memory improved and facial
puffiness subsided completely.

- After three months: Normal sleep was restored with abundant energy and cheerful
mood; thyroid gland swelling shrank markedly.

Half-year follow-up showed no insomnia recurrence, stabilized thyroid function
indicators, and full return to regular work and daily life.

5 Formula Composition Analysis

The core therapeutic strategy of this case lies in tonifying spleen and kidney in the
daytime, nourishing heart spirit at night.

Huangjing Fuling Beverage

Polygonati Rhizoma (Huangjing), sweet and neutral, acts on the spleen, lung and kidney
meridians as the monarch herb, replenishing qi and nourishing yin, invigorating the spleen,
moistening the lung and tonifying the kidney to target the root cause of dual qi-yin deficiency.

Maca warms kidney yang and relieves fatigue; paired with Huangjing, it supplements
both yin and yang to boost daytime vitality.

Poria Cocos invigorates the spleen and drains dampness; Citri Reticulatae Pericarpium
regulates qi and eliminates phlegm. Poria also calms the heart spirit, while dried tangerine
peel prevents greasiness from tonic herbs impairing stomach digestion and relieves facial
edema. Lycii Fructus nourishes liver and kidney essence and moistens the lung.

Fuling Baizao Tea

Ziziphi Spinosae Semen (Suanzaoren), sweet-sour and neutral, enters the heart, spleen,
liver and gallbladder meridians, the premier medicinal for vacuity vexation insomnia; it
nourishes heart and liver to tranquilize spirit. Lilii Bulbus clears heart heat to soothe
restlessness and moisten the lung, relieving patient’s anxiety and vexation. High-dose Poria
Cocos reinforces spleen and calms heart spirit, synergizing with wild jujube seed to
strengthen sedative efficacy. Perillae Folium, aromatic and warm, moves qi to relax the
middle jiao and soothe constrained liver qi; unblocked qi flow stabilizes mental state to cure
insomnia induced by liver failing to maintain free flow of qi.

6 Conclusion

Huangjing Fuling Beverage and Fuling Baizao Tea derive from the author’s ancestral
secret recipes and have been inscribed on the Intangible Cultural Heritage List. Long-term
clinical practice proves their reliable efficacy against lowered immunity, chronic fatigue,
insomnia and anxiety. Satisfying curative effect was achieved in this case of insomnia
secondary to Hashimoto’s thyroiditis. Both preparations feature pleasant taste and convenient
administration, deserving wider clinical popularization.

48



Reviewer Commentary

Reviewer: Dr. [%: A&

Strengths
AR SR TR SR, 28 B Se b A FRORAR R A R IR B 2T 21 FROT 75 6 R & R B 35
Tl PR S BAERR VI o V0 SC 3 Y A R UE B S8R I, D) B S WA AR 0K o B RBUART i PR S B 75 5K, D7)
PR

WIXCHRRIRKR TR HHIE T Tk JTROWEE 7 ST e G5B S A T 1 B} 58 38 75
BRREEEATR,

ARGERH ORI HIR T I B R AR SRS R R kb 2 R B IR AR 2 T AR R 2,
JFFARAS P 7 e T 5 25 5 v P AR U AR 5 5 1 S o GO SO 20 T A IR I 4% P R SR IR PRI
W B —E BIHTE. YhT BB AR B B AT E .

FEZHRIE NP RE . AR AR 1697 5 S G R R IRV & A BRI KR 7847

AR BUIR IR 28 BB 38 R R AR R ARG IR b4 WL, B AT PE B I6 Y7 0 IL R M = AR &R . R
TR ERRF KRG, BA DL R a2 R NPT Ik B 7 (8 3& A K W 35, 10 A IR g
I, A — @A E . XTIERE WHE R A S5 8 ORI 877,

REGIT LR G AT, BB B E R o

Suggestions

(B MIRAREE S0 3OS M JE R WA AE DL AS 2 18D 38 B (Abstract); 2. 5l /b 2 (Keywords); 3. 5/ 7 2%
PPN FRTEE 4. B ARG 7 TS /D 528 S0k 6. 5D BEAR AL DA B . B & 00 RIEEAR L (B AR IS
R 2R SO SR

{HHF OO R—IR FIHR T QN B A FF T KFEEA HE— 2B 304

B T AT AT AE B A R R DA AR BROR IR 2 AR DG S IR = 845 TSH. FT3+ FT4. TPOA B . TGAb.
B BUR MR A S5 R . D SRR AL TE 2 B 97 30k e b A D R D7 £ s . SCP 3R 3] “ BUIR R
BN “HRIRDIEE R E IER 7 S48 (BRI B E K. FEIHESE ARZEEA 2 B 220
HAFIN5H .

BT A B 252 B, AR A AT BLAR TR S B, B A R I LA Se e R HR T 7 5. BhAh, “ 4R
W7 g TERTEARAE R UL, I K R I . AR SE (BT AT REEEAN AL

Overall Comments

AR B I RSB A P R & (B = A EEZ W, X FE A e =
HEEHE ~ FEIRER I R T RO AR A, Pt — R e SR AR AKE

49



Paper 8

A Reproducible Maintenance Window and Reversible
Functional State in Chronic Cervical Spinal Cord Injury: A 32-

Month Longitudinal Observation
Cheung, Kwan Yuet

Extended Abstract

Background

Chronic spinal cord injury (SCI) has traditionally been regarded as a condition in
whichneurological recovery reaches a plateau
following the initial rehabilitation period.
Consequently,long-term rehabilitation has primarily
focused on maintaining functional gains rather
thanexpecting continued neurological change.
However, accumulating evidence  suggests
thatresidual neuroplasticity may persist years after
injury, allowing meaningful functionalimprovement
beyond the conventional recovery window.
Although previous studies havedocumented the
magnitude of recovery in chronic SCI, considerably
less is known about thebehavior of recovered
neurological function once substantial recovery has
already occurred.

An important but largely unexplored question
is whether recovered neurological functionremains

continuously stable after recovery, or whether it
undergoes  reproducible  temporalchanges in
response to alterations in therapeutic input. Understanding these temporalcharacteristics may have
important implications for long-term rehabilitation planning becausepreservation of recovered function
may be as clinically important as achieving recovery itself.

The present study therefore aimed not to quantify neurological recovery, but to characterize
thetemporal organization of recovered neurological function during treatment withdrawal
andreintroduction in an individual with chronic cervical SCI.

Objective

To investigate whether recovered neurological function in chronic cervical spinal cord
injuryfollows a reproducible temporal pattern during alterations in treatment frequency and todetermine
whether maintenance, deterioration, and recovery occur according to an organizedtemporal sequence.

Methods
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A prospective 32-month longitudinal observation was conducted in a male patient with
chroniccervical spinal cord injury (C4 AIS-D) more than five years after injury. Before the
presentinvestigation, the patient had already achieved substantial neurological and functional
recoveryfollowing prolonged rehabilitation, including improvements in upper-extremity
motor control,sensory function, bladder awareness, independent ambulation, and activities of
daily living.

A structured 21-day A-B-A observation design was implemented to evaluate the
relationshipbetween treatment frequency and recovered neurological function. During Phase
Al, treatmentwas administered every three days. Phase B consisted of a prolonged seven-day
treatmentinterval, and Phase A2 involved restoration of the original treatment schedule.

The treatment protocol remained identical throughout the study, with treatment
frequencyrepresenting the only planned experimental variable. Daily assessments included
spasmseverity, Modified Ashworth Scale (MAS), sensory symptoms, sleep quality, standing
tolerance,and task-specific distal motor performance using a standardized bottle-cap
manipulation task.

Long-term neurological recovery was documented using standardized functional
outcomemeasures together with clinically meaningful changes in activities of daily living.

Results

Substantial long-term neurological recovery was observed over the 32-month
rehabilitationperiod, including improvementsin muscle strength, upper-limb dexterity, gait
performance,sensory function, bladder awareness, and functional independence. The patient
progressedfrom dependence for feeding, personal hygiene, toileting, and mobility to
independentself-feeding, self-care, community ambulation, and functional object
manipulation.

Despite these substantial long-term improvements, recovered neurological function did
notremain continuously stable during the A-B-A observation period.

Following treatment withdrawal, functional performance remained relatively stable
during aninitial maintenance window lasting approximately two to three days. Functional
deteriorationconsistently emerged approximately three to five days after the final treatment
session andprogressed toward peak impairment during the extended treatment interval.
Increasedspasticity, worsening neuropathic symptoms, impaired sleep quality, reduced
standing tolerance,and deterioration of task-specific distal motor performance occurred
concurrently across multipleneurological and functional domains.

Following treatment reintroduction, symptom-related outcomes-including burning
sensation,nocturnal spasms, sleep quality, and distal hand performance-improved rapidly
within the first24 hours. Recovery of muscle tone, standing tolerance, and postural function
occurred moregradually over the subsequent two to four days. This temporal dissociation
suggested thatdifferent components of recovered neurological function recovered over distinct
time courses.

Importantly, similar temporal changes were reproduced across repeated observation
phases,indicating that the observed sequence represented a reproducible temporal pattern
rather thanisolated symptom fluctuations.

Conclusion
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This study demonstrates that recovered neurological function in chronic cervical spinal
cordinjury may remain dynamically modifiable more than five years after injury and
following 32months of longitudinal rehabilitation.

Rather than remaining continuously stable after substantial recovery has been
achieved,recovered neurological function repeatedly followed a reproducible temporal
sequenceconsisting of an initial maintenance window, a predictable deterioration threshold
followingtreatment withdrawal, and subsequent recovery after treatment reintroduction. These
temporaldynamics occurred consistently across multiple neurological and functional domains,
includingspasticity, sensory symptoms, sleep quality, muscle tone, standing tolerance, and
task-specificdistal motor performance.

Importantly, these observations were made after substantial long-term neurological
recoveryhad already occurred, indicating that continued functional regulation and long-term
recovery arenot mutually exclusive phenomena. The principal contribution of this study
therefore lies not indemonstrating additional neurological recovery, but in characterizing how
recoveredneurological function behaves over time once recovery has been achieved.

Collectively, these findings suggest that recovered neurological function may exhibit
areproducible temporal organization during long-term rehabilitation. Recognition of
thesetemporal properties including the presence of a maintenance window and a
deteriorationthreshold-may complement conventional measures of recovery magnitude and
provide a newconceptual framework for optimizing rehabilitation scheduling aimed at
preserving long-termneurological function in individuals with chronic SCI.

Future  prospective studies  involving  larger  patient  cohorts  and
objectiveneurophysiologicalmeasurements are warranted to determine whether similar
temporal characteristics represent ageneral feature of chronic spinal cord injury and whether
individualized maintenance windowscan be incorporated into long-term rehabilitation
strategies.
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