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Background: Hypothyroidism remains a common and clinically significant consequence of thyroid surgery, frequently necessitating 
long-term or lifelong thyroid hormone replacement therapy, which may be associated with adverse effects on cardiovascular health and 
bone metabolism. In the era of treatment de-escalation, active surveillance and local ablation have emerged as important management. 
However, both require precise anatomical localization and rational definition of treatment boundaries. Therefore, a precise anatomical 
framework that enables function-preserving management without compromising oncologic safety is urgently needed. The study 
proposes and comprehensively describes a novel, anatomy-based segmental classification of thyroid, the Luo-Dingyuan Segmental 
Classification (Luo Segmental Classification), to explore its potential clinical applications.
Methods: The Luo Segmental Classification was developed through an integrated analysis of classical thyroid anatomy, vascular 
territories, and lymphatic drainage patterns. Each thyroid lobe is divided longitudinally into upper, middle, and lower thirds and further 
subdivided into anterior and posterior segments according to depth and vascular-lymphatic orientation, resulting in six reproducible 
segments per lobe. The isthmus and pyramidal lobe are defined as an independent anatomical unit. Potential clinical applications were 
evaluated conceptually in imaging, surgery, active surveillance, and ablation.
Results: The thyroid can be consistently divided into anatomically and functionally meaningful segments corresponding to distinct 
vascular and lymphatic territories. Based on this principle, the classification enabled standardized anatomical localization of thyroid 
nodules across ultrasonography (US), computed tomography (CT), and magnetic resonance imaging (MRI). Segment-based localiza
tion allowed precise description of tumor position, facilitated individualized treatment planning, and provided a unified anatomical 
language bridging radiology, surgery, pathology, and interventional therapy. Overall, this framework supported standardized reporting, 
individualized management, and potential reduction of unnecessary thyroid tissue loss and permanent hypothyroidism.
Conclusion: The Luo Segmental Classification provides an anatomy-based framework to promote precise and individualized 
management of thyroid cancer, support function-preserving strategies, and address unmet clinical needs.
Keywords: thyroid cancer, Luo segmental classification, vascular-lymphatic anatomy, hypothyroidism, function-preserving surgery

Introduction
Thyroid surgery is a cornerstone in the management of thyroid cancer.1 However, the traditional thyroid surgery, often 
based on lobectomy or total thyroidectomy, has been increasingly questioned.2,3 While these approaches ensure 
oncologic safety, they may lead to overtreatment in patients with low-risk disease. And the postoperative hypothyroidism 
remains one of the most frequent long-term complications, primarily resulting from the loss of functional thyroid tissue 
during surgical resection.4,5 A substantial proportion of patients require long-term or lifelong thyroid hormone replace
ment therapy, although generally safe, which may be associated with chronic adverse effects involving multiple organ 
systems, particularly the cardiovascular system and bone metabolism.6–8 These issues have prompted growing concern 
regarding the long-term quality of life of thyroidectomy patients.
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Concurrently, high-resolution ultrasonography has enabled the detection of increasingly smaller thyroid nodules, 
leading to a rapid rise in the diagnosis of thyroid microcarcinomas.9,10 Accumulating evidence indicates that most thyroid 
microcarcinomas demonstrate indolent biological behavior, characterized by slow growth, limited invasion, and a low 
incidence of regional or distant metastasis.11 As a result, active surveillance has been widely accepted as a management 
option for carefully selected patients.12,13 During surveillance, tumor progression should be assessed using predefined 
and reproducible criteria, incorporating changes in tumor size, location-specific extension, and emerging features of 
lymphatic spread. A segment-oriented anatomical framework may facilitate consistent interpretation of serial imaging, 
enable earlier identification of clinically meaningful progression, and support timely transition from observation to 
intervention.

Current imaging modalities, including ultrasound (US), computed tomography (CT), and magnetic resonance imaging 
(MRI), generally localize thyroid tumors at the level of the right, left lobe, the isthmus, without further anatomic subdivision. 
However, papillary thyroid carcinoma (PTC) exhibits marked heterogeneity in lymphatic drainage, progression, and meta
static risk depending on intrathyroidal tumor location.14,15 Existing risk stratification systems largely treat the thyroid lobe as 
a homogeneous unit, which may explain the variability observed in lymph node metastasis and treatment outcomes.16–18 Prior 
attempts at thyroid segmentation have been limited to simple descriptive terms such as “upper/middle/lower thirds” in some 
surgical series, and no standardized vascular-lymphatic-based segmentation system has been established. However, compre
hensive perioperative imaging-based structural assessment and longitudinal anatomical tracking are critical for evaluating 
treatment response and predicting long-term outcomes in patients with thyroid cancer.

With the increasing adoption of de-escalated management strategies, such as active surveillance, limited surgical 
resection, and image-guided ablation,18–20 there is a growing need for a reproducible, anatomy-based thyroid segmenta
tion system that can be consistently identified on imaging and correlated with surgical and pathological findings. 
A refined segmental framework may facilitate a shared language among radiologists, surgeons, and endocrinologists, 
improve localization-specific risk assessment, and support more precise decision-making regarding intervention thresh
olds, and treatment extent. Therefore, the development of a functionally and anatomically grounded thyroid segmentation 
system represents an important step toward precision management of thyroid cancer.

Based on this background, we propose the Luo-Dingyuan Thyroid Vascular-Lymphatic Segmentation Classification 
(Luo Segmental Classification), a novel anatomical framework based on thyroid morphology, vascular territory, and 
lymphatic drainage patterns. This classification aims to facilitate precision-oriented thyroid management, and ultimately 
reduce the incidence of permanent hypothyroidism.

Methods
Anatomical Basis of the Luo Segmental Classification
Thyroid Morphology and Vertical Zonation
The thyroid gland is a three-dimensional organ with distinct upper, middle, and lower regions along its longitudinal axis, which 
consists of two lateral lobes connected by an isthmus, with an additional pyramidal lobe present in a subset of individuals, located 
anterior to the trachea and inferior to the larynx. Each thyroid lobe demonstrates a characteristic craniocaudal elongation, 
extending from the level of the thyroid cartilage superiorly to the upper tracheal rings inferiorly.21 This vertical morphology 
represents a fundamental structural feature of the thyroid and provides an essential anatomical basis for precise anatomical 
segmentation.

Arterial Supply and Its Role in Segmentation
The superior thyroid artery typically supplies the upper vertical zone of each lobe, including both anterior and posterior segments, 
and aligns with superficial and deep lymphatic pathways in this region. The inferior thyroid artery predominantly supplies the 
lower vertical zone, with branches extending to posterior segments that are closely related to the central compartment and 
tracheoesophageal groove. The middle vertical zone represents a transitional area with overlapping arterial territories from both 
superior and inferior sources, supporting its designation as a distinct functional region. Branching patterns also correlate with 
anterior-posterior differentiation. Anterior segments generally receive more direct, superficial arterial branches, whereas posterior 
segments are supplied by deeper branches following the posterior surface.22,23 Common vascular variations include absence of the 
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inferior thyroid artery (up to 5% of individuals), presence of a thyroidea ima artery (3–10%), and accessory superior thyroid 
arteries.24 These variations may affect segmental boundary definition, but the classification remains applicable based on typical 
anatomy, and variations should be recognized preoperatively. This vascular orientation reinforces segmental boundaries and 
provides an anatomical rationale for functional and oncologic segmentation.

Venous Drainage and Its Role in Segmental Classification
Venous drainage of the thyroid gland follows a structured yet regionally differentiated pattern that complements arterial 
supply and lymphatic outflow. Rather than serving as an independent basis for segmentation, venous anatomy provides 
supportive evidence for functionally coherent intrathyroidal units. The superior thyroid veins predominantly drain the 
upper vertical zone of each lobe and accompany the superior thyroid artery, while the inferior thyroid veins primarily 
drain the lower zone through an inferior venous plexus. The middle thyroid veins contribute variably to venous outflow 
from the middle zone, reinforcing its transitional vascular character. Together, these venous pathways mirror the 
longitudinal organization of the thyroid gland. Venous drainage also differs by depth. Anterior portions of the thyroid 
tend to drain through more superficial venous channels, whereas posterior portions exhibit deeper venous outflow closely 
related to the tracheoesophageal groove and central compartment anatomy.23 This depth-dependent venous pattern aligns 
with the anterior-posterior differentiation incorporated in segmental classification.

Lymphatic Drainage and Its Segmental Implications
Lymphatic drainage of the thyroid gland demonstrates a structured and regionally oriented pattern that closely reflects intrathyr
oidal anatomy and tumor behavior. Along the longitudinal axis, lymphatic drainage from the upper thyroid region tends to follow 
superior cervical pathways, whereas lymphatic outflow from the lower region more frequently converges toward the central 
compartment. The middle region exhibits overlapping drainage patterns, consistent with its transitional anatomical position.15,25 

This vertical organization parallels the upper-middle-lower framework used in the Luo Segmentation Classification.
Depth-related differences in lymphatic drainage further support anterior-posterior differentiation. Anterior portions of 

the thyroid are more commonly associated with superficial lymphatic channels, while posterior portions demonstrate 
closer anatomical relationships with the tracheoesophageal groove and central compartment lymphatics.26 These depth- 
dependent pathways are clinically relevant, as posteriorly located lesions may have a higher propensity for central 
compartment involvement.

Within the Luo Segmental framework, lymphatic drainage is incorporated as a primary anatomical determinant 
alongside arterial territories, with venous outflow serving as a complementary feature. The convergence of arterial 
supply, lymphatic orientation, and supportive venous drainage reinforces the concept that each segment represents 
a functionally coherent anatomical unit rather than an arbitrary geometric subdivision.

Definition of the Luo Segmental Classification
Segment Delineation
In the Luo Segmental Classification, each thyroid lobe is divided into three vertical zones-upper, middle, and lower-by 
two transverse planes approximating equal thirds of the lobe height. Each zone is further subdivided into anterior and 
posterior segments based on depth relative to the anterior thyroid capsule and vascular-lymphatic orientation. The arterial 
supply, venous drainage, and lymphatic drainage corresponding to each segment are summarized in Table 1, highlighting 
the vascular-lymphatic territories that form the basis of the Luo segmentation framework.

This results in 6 reproducible Luo segments (L segments) per lobe (Figure 1):

● L1, Upper-Anterior Segment
● L2, Upper-Posterior Segment
● L3, Middle-Anterior Segment
● L4, Middle-Posterior Segment
● L5, Lower-Anterior Segment
● L6, Lower-Posterior Segment
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The thyroid isthmus and pyramidal lobe are designated as an independent anatomical unit, referred to as Segment 0 (L0), 
owing to its unique morphology, vascular supply, and lymphatic drainage.

Relationship to Critical Structures
Posterior segments demonstrate closer proximity to the recurrent laryngeal nerve and parathyroid glands, whereas 
anterior segments are more superficial and amenable to minimally invasive intervention. Upper segments are closely 
related to the superior thyroid vessels and the external branch of the superior laryngeal nerve, while lower segments are 
anatomically associated with inferior thyroid vessels and central compartment lymphatics. Posterior segment depth is 
particularly relevant for assessing risk of local invasion into the trachea, esophagus, or recurrent laryngeal nerve, whereas 
anterior segment involvement is less likely to invade these structures.

Results
Applications in Ultrasonography, CT, and MRI Imaging
Imaging plays a central role in thyroid nodule evaluation, risk stratification, and treatment planning.27 The Luo 
Segmental Classification represents a standardized framework that provide a unified anatomical language, and may 
support more consistent cross-sectional and longitudinal interpretation of thyroid imaging across ultrasonography (US), 
computed tomography (CT), magnetic resonance imaging (MRI), and related modalities.

In US, segment-based localization enables more precise and reproducible description of nodule position relative to 
vertical level and depth within the thyroid lobe. While ultrasound is operator-dependent and less objective than CT for 

Table 1 Segmental Vascular Territories and Lymphatic Drainage of the Thyroid Gland

Segment Arterial Supply Venous Drainage Primary Lymphatic Drainage

L1 Superior–anterior Anterior branch of the superior thyroid artery (STA) Superior thyroid vein Levels II–III

L2 Superior–posterior Posterior branch of the superior thyroid artery (STA) Superior thyroid vein Levels II–III / retropharyngeal

L3 Middle–anterior Superior and inferior thyroid arteries (STA + ITA) Middle thyroid vein Level VI

L4 Middle–posterior Inferior thyroid artery (ITA) Middle thyroid vein Level VI / paratracheal

L5 Inferior–anterior Anterior branch of the inferior thyroid artery (ITA) Inferior thyroid vein Levels VI–VII

L6 Inferior–posterior Posterior branch of the inferior thyroid artery (ITA) Inferior thyroid vein Level IV, VII / paraoesophageal

L0 isthmus and pyramidal lobe Bilateral thyroid artery branches Inferior thyroid vein Levels VI–VII

Notes: Lymph node levels refer to the standard neck level classification (e.g., Level II: upper jugular, Level III: middle jugular, Level IV: lower jugular, Level VI: central 
compartment, Level VII: superior mediastinal). Retropharyngeal and paraoesophageal nodes are described anatomically.

Figure 1 The Luo Segmental Classification of the Thyroid Gland. (A) Anterior view showing the six segments per lobe (L1-L6) and the isthmus/pyramidal lobe as Segment 0 
(L0). (B) Left lateral view illustrating showing the left lateral six segments (L1-L6) and segment 0 (L0). (C) Right lateral view illustrating showing the right lateral six segments 
(L1-L6) and segment 0 (L0).
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segmentation, the proposed segmental landmarks (vertical thirds and anterior-posterior depth) are readily identifiable on 
high-resolution thyroid US. Standardized training and the use of consistent acoustic windows may improve reproduci
bility. CT and MRI offer complementary objectivity, especially for posterior segments. Segmental annotation may also 
assist in correlating sonographic findings with surgical and pathological records.

CT and MRI offer complementary value in defining thyroid anatomy, particularly in assessing posterior segments and 
their relationship to the tracheoesophageal groove, esophagus, and central compartment. Within the framework, segment- 
based interpretation may facilitate evaluation of tumor extent, suspected extrathyroidal extension, and regional nodal 
involvement. This approach may be especially relevant in complex or recurrent disease, where precise anatomical 
localization is critical.

By providing a unified segmental reference applicable across imaging modalities, the classification may facilitate 
communication among radiologists, surgeons, and interventional specialists, thereby supporting more precise, individua
lized, and function-preserving management strategies.

Surgical Implications
Surgical management of thyroid cancer requires a balance between oncologic adequacy and preservation of thyroid 
function.28 The Luo Segmental Classification offers an anatomy-based framework that may support preoperative 
planning, intraoperative orientation, and postoperative documentation.

Segment-based localization enables more precise description of tumor position relative to vertical level and depth 
within the thyroid lobe, which may support individualized determination of surgical extent. By delineating functionally 
coherent vascular-lymphatic units, this framework may facilitate selective resection strategies aimed at preserving 
uninvolved thyroid tissue without compromising oncologic safety. Such an approach may be particularly relevant for 
low-risk, localized disease in which overtreatment remains a recognized concern. By “selective resection strategy” we 
refer to partial resection of a single segment (eg, L1 only for a small upper-pole tumor) or limited resection of two 
adjacent segments while preserving the rest of the lobe, rather than performing a conventional lobectomy or total 
thyroidectomy. This approach is analogous to segmentectomy in other organs (eg., lung or liver).

Intraoperatively, segmental orientation may improve spatial awareness of posterior segments adjacent to the 
tracheoesophageal groove and central compartment, potentially supporting assessment of recurrent laryngeal nerve risk 
and parathyroid preservation. Postoperatively, segment-based reporting may enhance consistency in operative records 
and facilitate correlation with imaging and pathological findings.

Overall, by providing a unified anatomical language, the classification may support more precise, function-preserving 
surgical decision-making and improve multidisciplinary communication in thyroid cancer management.

Role in Active Surveillance
Active surveillance (AS) has emerged as a management strategy for carefully selected low-risk thyroid cancers, 
emphasizing minimal intervention while monitoring disease progression.29 Within this context, the Luo Segmental 
Classification provides a standardized anatomical framework that may enhance the precision and reproducibility of 
nodule localization during follow-up.

Segment-based annotation allows for accurate longitudinal tracking of tumor position relative to vertical levels and 
anterior-posterior depth, improving the ability to detect subtle changes over time. This may facilitate consistent 
communication among radiologists, endocrinologists, and surgeons, and support early recognition of lesions that could 
necessitate intervention. In addition, segmental mapping can help correlate imaging findings with historical surgical or 
pathological records when evaluating recurrent or multifocal disease.

By integrating vascular-lymphatic architecture with AS protocols, segment-based localization may support function- 
preserving decision-making, minimize unnecessary surgery while maintain oncologic safety. Overall, the classification 
offers a practical tool to standardize anatomical reporting and optimize patient monitoring in the setting of active 
surveillance.
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Guidance for Thermal Ablation
Thermal ablation has become an increasingly utilized minimally invasive treatment option for selected thyroid nodules, 
particularly low-risk papillary thyroid carcinomas, and symptomatic benign nodules.30 Segment-based localization enables 
precise identification of tumor position within vertical and anterior-posterior axes, which may support accurate probe 
placement and energy delivery while minimizing injury to adjacent critical structures such as the recurrent laryngeal nerve 
and parathyroid glands. By delineating functionally coherent vascular-lymphatic units, the classification may also assist in 
predicting potential pathways of tumor spread and in evaluating proximity to vessels that could affect ablation efficacy.

During follow-up, segment-based mapping allows consistent documentation of ablation sites and facilitates correla
tion with imaging, surgical, or pathological records when necessary. Overall, incorporating segmental anatomy into 
thermal ablation planning and monitoring may enhance precision, support function-preserving strategies, and improve 
multidisciplinary communication in thyroid cancer management.

Discussion
The Luo Segmental Classification represents a functionally oriented and anatomically precise approach to thyroid anatomy, 
developed to support precision medicine and contemporary strategies for treatment de-escalation. By integrating vertical zonation, 
anterior-posterior depth, arterial supply, venous drainage, and lymphatic architecture, the system provides clinically actionable 
anatomical resolution while remaining intuitive, reproducible, and readily applicable across imaging, surgical, and interventional 
contexts. This framework facilitates segment-based localization of tumors, supports function-preserving strategies, and enables 
standardized reporting that may improve multidisciplinary communication among radiologists, surgeons, and pathologists.

Importantly, the Luo classification is intended to complement, rather than replace, existing staging and risk stratification 
systems. While AJCC staging and ATA risk stratification primarily focus on prognostic factors,18,31 the Luo system emphasizes 
spatial localization, functional preservation, and the anatomical basis for individualized management. For small, early-detected 
PTC showing molecular, cytologic, or imaging features suggestive of high malignant potential, this framework may support 
selective, function-preserving thyroid resection. By providing a shared anatomical language, it also helps bridge the gap between 
diagnostic imaging, intraoperative orientation, and postoperative assessment, thereby enhancing the precision and consistency of 
patient care. This approach may be particularly relevant in low-risk or localized disease, where overtreatment is a recognized 
concern, as well as in complex or recurrent cases that require meticulous preoperative planning. The segmental classification may 
also be applicable to ectopic thyroids. For example, lingual or sublingual ectopic thyroids could correspond to upper segments 
(L1-L2), while mediastinal ectopic thyroids might involve lower segments (L5-L6) and possible thyroidea ima artery involve
ment. However, direct anatomical validation is currently lacking.

It is important to acknowledge several limitations of the present study. This work is conceptual and based on 
anatomical and imaging analyses. Future studies should assess interobserver reproducibility, correlations between 
segment-based localization and oncologic outcomes, and the impact of segment-guided management on postoperative 
thyroid function, complication rates, and patient quality of life. Integration of the Luo classification into guideline-based 
management algorithms, as well as its application in active surveillance, thermal ablation, and minimally invasive 
procedures, will be essential to fully realize its clinical utility. Moreover, the potential for incorporating emerging 
imaging modalities and computational tools, such as three-dimensional reconstruction and artificial intelligence-assisted 
mapping, may further enhance the applicability and precision of segment-based management in the future.

In summary, the Luo Segmental Classification provides a standardized, functionally oriented anatomical framework 
with the potential to address unmet needs in contemporary thyroid cancer care. By combining anatomical precision with 
practical clinical applications, it offers a platform for individualized, function-preserving management and may serve as 
a unifying reference across imaging, surgery, pathology, and interventional therapies. Continued validation and integra
tion into clinical practice are necessary to determine its impact on patient outcomes and to establish its role within 
multidisciplinary thyroid cancer management strategies.
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