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Abstract
Thyroid cancer incidence has considerably risen since the nineties 
owing to the development of high frequency ultrasound, cytological 
diagnostic accuracy of papillary thyroid carcinomas (PTC) and 
per operative occult microcarcinomas findings. PTC < 20mm is 
characterized as T1a (<10mm) and T1b (10-20mm) according to 
the TNM stage classification and the AJCC staging system. Papillary 
thyroid microcarcinoma (mPTC T1a) is the most common subtype 
(85% of thyroid cancers), has an excellent prognosis and a disease-
specific survival >99% at 10years follow-up. Most guidelines 
recommend thyroid lobectomy as the first-line treatment strategy for 
low-risk unifocal mPTC. However, thyroid surgery has significant 
costs and morbidity rates (hypothyroidism, recurrent laryngeal 
nerve dysfunction), resulting in poorer quality of life. To de-escalate 
the treatment and reduce surgery-related morbidity, percutaneous 
thermal ablation for low-risk PTC can be proposed to the patient, 
who nowadays clearly belongs to an integral part of the therapeutic 
decision-making process.
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Background
Papillary thyroid carcinoma (PTC) is the most common endocrine 
malignancy and accounts for the majority of thyroid malignancy. 

 
The dramatic increasing incidence is attributed to the tremendous 
development of high frequency ultrasound HFUS sensitivity and 
dedicated semiology [1-3], fine needle aspiration cytology, EuTirads 
scoring [4], and Bethesda system classification [5], and the incidental 
detection of small papillary thyroid carcinoma whose greater diameter 
is less than 10mm, the so-called microcarcinoma (mPTC). Thyroid 
lobectomy has risen concomitantly, however with no significant 
decrease in thyroid cancer mortality. This may suggest that surgical 
management of thyroid carcinoma should henceforth evolve to 
prevent from overtreating low-risk cancer patients. That means 
adopting appropriate limited thyroid surgery for low-risk carcinoma, 
avoiding systematic prophylactic central nodal dissections, assessing 
lymph node lateral compartment by using HFUS, or proposing other 
alternatives to the patient. The last decade has shown the emergence of 
active surveillance (AS) of mPTC as a viable alternative option instead 
of immediate surgical treatment. Moreover the rise of less aggressive 
minimally invasive ablative techniques such as thermal ablation has 
shown very good and promising results [6,7]. A recent meta-analysis 
has demonstrated complete disappearance of the tumor in almost 80% 
of cases after RFA, with minimal complication rate [8]. The goal of this 
minireview is to report the various therapeutic modalities of low risk 
T1ab papillary thyroid carcinomas.

Results
WHO Classification
The WHO Classification of Endocrine and Neuroendocrine Tumors, 
fifth edition results, from now on, in a systematic classification 
based on the cell of origin of tumors and their clinical risk. Genetic 
mutations in follicular cell-derived thyroid neoplasms highlight the 
role of mutations in the MAP kinase pathway, including RET, RAS, and 
BRAF, as drivers of carcinogenesis. Differentiated thyroid malignant 
tumors include follicular thyroid carcinomas and papillary thyroid 
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carcinomaS, which have specific genetic alterations that correlate with 
morphological classifications: RAS-like tumors and BRAF p.V600E-
like tumors [9]. Papillary thyroid carcinoma is the most common 
subtype of thyroid malignant neoplasm, accounting for approximately 
85% of thyroid cancers [10]. PTC measuring 10 mm or less, the so-
called papillary thyroid microcarcinomas, account for an increasing 
proportion of thyroid cancers; Patients presenting mPTC have a 
disease-specific survival of more than 99% after 10 years of follow-up.

Role of High Frequency Ultrasound (HFUS) of the 
Neck
The most important gross characteristics of PTC include single or 
multiple nodules, location of the suspicious nodules, presence of 
invasive growth of the thyroid capsule [11] and of the internal jugular 
vein [12]. HFUS plays a determinant role in the diagnosis, size 
location of the tumor and lymphadenopathy in the central and lateral 
compartments of the neck [13]. Notably, BRAF p.V600E exhibits high 
specificity for PTC diagnosis. Detection within FNAC specimens plays 
a pivotal role in diagnosing a suspicious thyroid nodule [14,15]. US- 
guided thyroglobulin wash out [16] has a high sensitivity to diagnose 
suspicious lymph node located in the central or lateral compartment 
of the neck [17]. All these items should be recorded on a final scheme 
before a multidisciplinary council. Patients presenting with high-risk 
variants including the following aggressive types, ie: diffuse sclerosing 
variant, tall cell variant, columnar cell variant, solid variant, hobnail 
variant, should undergo thyroid surgery [18].

Thyroid Surgery
Most guidelines concerning thyroid cancer care now recommend 
a thyroid lobectomy as the first-line treatment strategy for low-
risk unifocal mPTC. Conformal thyroidectomy has an event-free 
survival that is not inferior to that of lobectomy, shows advantages 
in perioperative management and short-term complication rates 
over lobectomy [19]. However, thyroid surgery comprises significant 
costs and morbidity rates caused by iatrogenic hypothyroidism and 
recurrent laryngeal nerve damage, resulting in patient’s poorer quality 
of life. To de-escalate the treatment of mPTC and reduce surgery-
related morbidity, less-aggressive treatment strategies such as active 
surveillance [20] and thermal ablation [21,22] have been proposed to 
low-risk mPTC patients.

mPTC patients presenting with clinical lymph node metastasis, distant 
metastasis, recurrent laryngeal nerve paralysis due to carcinoma 
invasion, or protrusion into the tracheal lumen warrant immediate 
surgery. Moreover, tumors suspected of aggressive subtypes on FNAC 
/ HFUS [18] are recommended for immediate surgery. Immediate 
surgery is also recommended for tumors adherent to the trachea or 
located along the course of the RLN, young patients <20years old, 
patients with previous radiation therapy of the neck, familial history 
of thyroid neoplasm [18,23].

Active Surveillance
Worldwide observational studies have confirmed that favorable 
outcome of mPTC during AS is related to the indolent course of the 
disease and not to the efficacy of active treatment. Active surveillance 
proposed by Sugitani et al [20,24]. is a watchful waiting policy allowing 
the practitioner to closely monitor mPTC patient’s condition without 
treatment until focal thyroid disease is in progression at HFUS 
assessment follow-up. AS appears to reduce overtreatment in patients 
with low-risk mPTC without compromising cancer-specific survival 
at 10 years. Therefore, AS is an option for selected mPTC patients who 
refuse thyroid surgery or are contraindicated to, or who want to avoid 
the side-effects related to thyroid surgery. However, inclusion criteria 
for AS have not yet been standardized. The assessment of growth rate 
could help to distinguishing mPTC with high growth rate from low 
growth rate, and tailor the appropriate schedule for a personalized 
patient’s care [25].

Thermal Ablation
Thermal ablation primarily includes three main percutaneous 
techniques: laser ablation, radiofrequency ablation and microwave 
ablation. Radiofrequency ablation is a nonsurgical, minimally invasive 
technique that relies on alternating electromagnetic current to cause 
molecular frictional heating to control tissue nodule [22,26,27]. 
Although RFA is currently used mostly in patients with benign 
compressive or hot nodules, in recurrent PTC patients or in patients 
contraindicated for surgery, recent evidence states that RFA could be an 
efficient treatment for low-risk mPTC patients and has been shown to 
be probably more effective and used than microwave ablation or laser 
ablation [28]. RFA showed the highest mean volume reduction rate 
(99.3%), followed by MWA (95.3%) and LA (88.6%). Ideal candidates 
for RFA thus may include low-risk solitary (us) T1a N0mPTC patients 
and even (us) T1bN0 PTC patients [28] who are at high surgical risk, 
have short life expectancy, relevant comorbidities, or are unwilling to 
undergo surgery or AS [21]. A recent meta-analysis [8] demonstrated 
seductive results, showing complete disappearance of the thyroid 
tumor in almost 80% of cases among fifteen studies comprising 1770 
patients, 1822 thyroid tumors during a mean follow- up time period 
of 33 months (range, 6-131months) after RFA. Interestingly the overall 
tumor progression rate was reported as low as 1.5%. The complication 
rate was 2.5% including transient dysphonia and temporary cardiac 
arrhythmia.

Moreover, RFA could also be proposed as an alternative to surgical neck 
dissection in patients with radioiodine refractory neck recurrences, 
who are contraindicated for surgery or who decline further surgery. 
Factors that favor RFA include previous neck dissection, previous 
surgical complications, small size metastases, and less than four 
cervical metastatic lymph nodes of the lateral compartment of the 
neck.

Future Directions
Percutaneous thermal ablation of low risk- PTC should be performed 
under local anesthesia, as coughing or patient’s voice’ s modifications 
are major clinical warning signs for the operator, thus of major help 
to preventing major complications [29]. Thus, using patient-relaxing 
“let it go” therapies [30-32] may initiate the way to patient’s well -being 
awareness. Monpeyssen et al recently put the stress on the present 
phase of transition from traditional academic decision making 
towards the patient-centric healthcare choice for percutaneous RFA 
of PTC [33]. Times are changing, treatment option strategy thus 
requires permanent technical innovation, a secure rapid effective and 
individualized patient’s care and quality of life assessment [34].

Conclusion
The novel era of clinical decision making regarding low- risk PTC 
patients may lead to an individualized patient’s care, local tumor 
destruction with organ function preservation, improvement of per 
procedural welfare and quality of life. Percutaneous RFA procedure 
is safe, effective, rapidly performed on an outpatient basis, ideally by 
using local anesthesia and sophrohypnosis “let it go” technique with 
no or limited analgesia.

Conflicts of Interest
“The authors declare that they have no conflicts of interest.” 

Ethical Approvals: NA 

Consent to participate: NA 

Consent to publication: NA

Funding no declaration of any sources of funding: NA

Acknowledgement
This publication is performed on behalf of the AFTHY, Association 
Française de Thyroïdologie.

Citation: Marcy PY, Carsuzaa F and Thariat J. Percutaneous Thermal Ablation of Low-Risk Thyroid Carcinomas: Towards a New Paradigm?.
Int J Onco Radiother.2024;5(1):1-3. DOI:10.51626/ijor.2024.05.00034

Percutaneous Thermal Ablation of Low-Risk Thyroid Carcinomas: Towards a New Paradigm? 2

https://doi.org/10.51626/ijor.2024.05.00034


References
1.	 Levine RA (2023) History of Thyroid Ultrasound. Thyroid 33(8): 894-

902.

2.	 Bruneton JN, BaluMaestro C, Marcy PY, Melia P, Mourou MY (1994) 
Very high frequency (13 MHz) ultrasonographic examination of the 
normal neck: detection of normal lymph nodes and thyroid nodules. J 
Ultrasound Med 3(2): 87-90.

3.	 Kim EK, Park CS, Chung WY, Oh KK, Kim DI, et al (2002) New so-
nographic criteria for recommending fine-needle aspiration biopsy of 
nonpalpable solid nodules of the thyroid. AJR Am J Roentgenol 178(3): 
687-691.

4.	 Russ G, Bonnema SJ, Erdogan MF, Durante C, Ngu R, et al. (2017) Eu-
ropean Thyroid Association Guidelines for Ultrasound Malignancy Risk 
Stratification of Thyroid Nodules in Adults: The EU-TIRADS. Eur Thy-
roid J 6(5): 225-237.

5.	 Cochand Priollet B, Maleki Z (2023) Cytology and Histology of Thyroid 
Nodules: Exploring Novel Insights in the Molecular Era for Enhanced 
Patient Management. Curr Oncol 30(8): 7753-7772.

6.	 Tang J, Wang L, Sun Z, Liu X, Li H, et al. (2023) Publications on ultra-
sound-guided thermal ablation for thyroid nodules from 2000 to 2022: a 
bibliometric analysis. Int J Hyperthermia 40(1): 2268874.

7.	 Mauri G, Hegedüs L, Bandula S, Cazzato RL, Czarniecka A, et al. (2021) 
European Thyroid Association and Cardiovascular and Interventional 
Radiological Society of Europe 2021 Clinical Practice Guideline for the 
Use of Minimally Invasive Treatments in Malignant Thyroid Lesions. Eur 
Thyroid J 10(3): 185-197.

8.	 van Dijk SPJ, Coerts HI, Gunput STG, van Velsen EFS, Medici M, et al. 
(2022) Assessment of Radiofrequency Ablation for Papillary Microcar-
cinoma of the Thyroid: A Systematic Review and Meta-analysis. JAMA 
Otolaryngol Head Neck Surg 148(4): 317-325.

9.	 Chiba T (2024) Molecular Pathology of Thyroid Tumors: Essential Points 
to Comprehend Regarding the Latest WHO Classification. Biomedicines 
12(4): 712.

10.	 LiVolsi VA (2011) Papillary thyroid carcinoma: an update. Mod Pathol 
24(suppl 2): S1-S9.

11.	 Lamartina L, Bidault S, Hadoux J, Guerlain J, Girard E, et al. (2021) Can 
preoperative ultrasound predict extrathyroidal extension of differentiat-
ed thyroid cancer? Eur J Endocrinol 185(1): 13-22.

12.	 Morvan JB, Boudin L, Metivier D, Delarbre D, Bouquillon E, et al. (2022) 
Internal Jugular Vein Tumor Thrombus: A Tricky Question for the Thy-
roid Surgeon. Curr Oncol 29(12): 9235-9241.

13.	 Leboulleux S, Girard E, Rose M, Travagli JP, Sabbah N, et al. (2007) 
Ultrasound criteria of malignancy for cervical lymph nodes in patients 
followed up for differentiated thyroid cancer. J Clin Endocrinol Metab 
92(9): 3590-3594.

14.	 Lamartina L, Leboulleux S, Borget I, M Schlumberger (2020) Global thy-
roid estimates in 2020. Lancet Diabetes Endocrinol 10: 235-236.

15.	 Marotta V, Sapio MR, Guerra A, Vitale M (2011) BRAF mutation in cy-
tology samples as a diagnostic tool for papillary thyroid carcinoma. Ex-
pert Opin Med Diag 5: 277-290.

16.	 Park J, An S, Kim K, Kim JS, Jung CK, et al. (2024) Diagnostic utilities of 
washout CYFRA 21-1 combined with washout thyroglobulin for meta-
static lymph nodes in thyroid cancer: a prospective study. Sci Rep 14(1): 
7599.

17.	 Robbins KT (1998) Classification of neck dissection: current concepts 
and future considerations. Otolaryngol Clin N Am 31(4): 639-655.

18.	 Coca Pelaz A, Shah JP, Hernandez Prera JC, Ghossein RA, Rodrigo JP, et 
al. (2020) Papillary Thyroid Cancer-Aggressive Variants and Impact on 
Management: A Narrative Review. Adv Ther 37(7): 3112-3128.

19.	 Li C, Cao J, Chen GS, Yang XD, Jiang KW, et al. (2024) Conformal thy-
roidectomy is a feasible option in papillary thyroid microcarcinoma: a 
retrospective cohort study with 10-year follow-up results. Langenbecks 
Arch Surg 409(1): 154.

20.	 Ghai S, O Brien C, Goldstein DP, Sawka AM (2021) Canadian Thyroid 
Cancer Active Surveillance Study Group. Ultrasound in active surveil-
lance for low-risk papillary thyroid cancer: imaging considerations in 
case selection and disease surveillance. Insights Imaging 12(1): 130.

21.	 Mauri G, Hegedüs L, Bandula S, Cazzato RL, Czarniecka A, et al. (2021) 
European thyroid association and cardiovascular and interventional ra-
diological society of Europe 2021 clinical practice guideline for the use of 
minimally invasive treatments in malignant thyroid lesions. Eur Thyroid 
J 10(3): 185-197.

22.	 Marcy PY, Tassart M, Marchand JG, Thariat J, Bizeau A, et al. (2023) Per-
cutaneous Radiofrequency Ablation of Thyroid Carcinomas Ineligible for 
Surgery, in the Elderly. Curr Oncol 30(8): 7439-7449.

23.	 Marcy PY, Russ G, Saba L, Sanglier J, Ghanassia E, et al. (2022) Opinion: 
leading position of ultrasound in decision algorithm for small papillary 
thyroid carcinoma. Insights Imaging 13(1): 101.

24.	 Sugitani I, Ito Y, Takeuchi D, Nakayama H, Masaki C, et al. (2021) Indi-
cations and Strategy for Active Surveillance of Adult Low-Risk Papillary 
Thyroid Microcarcinoma: Consensus Statements from the Japan Asso-
ciation of Endocrine Surgery Task Force on Management for Papillary 
Thyroid Microcarcinoma. Thyroid 31(2): 183-192.

25.	 Campopiano MC, Matrone A, Rago T, Scutari M, Prete A, et al. (2021) 
Assessing mPTC Progression during Active Surveillance: Volume or Di-
ameter Increase? J Clin Med 10(18): 4068.

26.	 Young S, Walker L, Huber T (2024) Thermal Ablation of Thyroid Nod-
ules, From the AJR “How We Do It” Special Series. AJR Am J Roentge-
nol.

27.	 Cao XJ, Liu J, Zhu YL, Qi L, Liu G, et al. (2021) Efficacy and Safety of 
Thermal Ablation for Solitary T1bN0M0 Papillary Thyroid Carcinoma: A 
Multicenter Study. J Clin Endocrinol Metab 106(2): e573-e581.

28.	 Choi Y, Jung SL (2020) Efficacy and Safety of Thermal Ablation Tech-
niques for the Treatment of Primary Papillary Thyroid Microcarcinoma: 
A Systematic Review and Meta-Analysis. Thyroid 30(5): 720-731.

29.	 Morvan JB, Maso V, Pascaud D, Marcy PY (2022) Tracheal necrosis 
following thyroid radiofrequency ablation. Eur Ann Otorhinolaryngol 
Head Neck Dis 139(1): 29-32.

30.	 Caycedo A (1964) Sophrology and psychosomatic medicine. Am J Clin 
Hypn 7: 103-106.

31.	 Marcy PY (2024) Editorial Comment: Percutaneous Thermal Ablation 
of Thyroid Nodules-Where Do We Stand, Where Shall We Go? AJR Am 
J Roentgenol.

32.	 Bertrand AS, Iannessi A, Buteau S, Jiang XY, Beaumont H, et al. (2018) 
Effects of relaxing therapies on patient’s pain during percutaneous inter-
ventional radiology procedures. Ann Palliat Med 7(4): 455-462.

33.	 Monpeyssen H (2023) Transitioning from Traditional Academic De-
cision Making to Patient-Centric Healthcare Choices: The Example of 
Thyroid Thermal Ablation Techniques for Papillary Thyroid Microcarci-
nomas. Curr Oncol 30(11): 9670-9675.

34.	 Watt T, Groenvold M, Deng N, Gandek B, Feldt Rasmussen U, et al. 
(2014) Confirmatory factor analysis of the thyroid-related quality of life 
questionnaire ThyPRO. Health Qual Life Outcomes 12: 126.

Percutaneous Thermal Ablation of Low-Risk Thyroid Carcinomas: Towards a New Paradigm? 3

Citation: Marcy PY, Carsuzaa F and Thariat J. Percutaneous Thermal Ablation of Low-Risk Thyroid Carcinomas: Towards a New Paradigm?.
Int J Onco Radiother.2024;5(1):1-3. DOI:10.51626/ijor.2024.05.00034

https://pubmed.ncbi.nlm.nih.gov/37555564/
https://pubmed.ncbi.nlm.nih.gov/37555564/
https://pubmed.ncbi.nlm.nih.gov/7932966/
https://pubmed.ncbi.nlm.nih.gov/7932966/
https://pubmed.ncbi.nlm.nih.gov/7932966/
https://pubmed.ncbi.nlm.nih.gov/7932966/
https://pubmed.ncbi.nlm.nih.gov/11856699/
https://pubmed.ncbi.nlm.nih.gov/11856699/
https://pubmed.ncbi.nlm.nih.gov/11856699/
https://pubmed.ncbi.nlm.nih.gov/11856699/
https://pubmed.ncbi.nlm.nih.gov/29167761/
https://pubmed.ncbi.nlm.nih.gov/29167761/
https://pubmed.ncbi.nlm.nih.gov/29167761/
https://pubmed.ncbi.nlm.nih.gov/29167761/
https://pubmed.ncbi.nlm.nih.gov/37623043/
https://pubmed.ncbi.nlm.nih.gov/37623043/
https://pubmed.ncbi.nlm.nih.gov/37623043/
https://pubmed.ncbi.nlm.nih.gov/37848401/
https://pubmed.ncbi.nlm.nih.gov/37848401/
https://pubmed.ncbi.nlm.nih.gov/37848401/
https://pubmed.ncbi.nlm.nih.gov/34178704/
https://pubmed.ncbi.nlm.nih.gov/34178704/
https://pubmed.ncbi.nlm.nih.gov/34178704/
https://pubmed.ncbi.nlm.nih.gov/34178704/
https://pubmed.ncbi.nlm.nih.gov/34178704/
https://pubmed.ncbi.nlm.nih.gov/35142816/
https://pubmed.ncbi.nlm.nih.gov/35142816/
https://pubmed.ncbi.nlm.nih.gov/35142816/
https://pubmed.ncbi.nlm.nih.gov/35142816/
https://www.mdpi.com/2227-9059/12/4/712
https://www.mdpi.com/2227-9059/12/4/712
https://www.mdpi.com/2227-9059/12/4/712
https://pubmed.ncbi.nlm.nih.gov/21455196/
https://pubmed.ncbi.nlm.nih.gov/21455196/
https://pubmed.ncbi.nlm.nih.gov/33886499/
https://pubmed.ncbi.nlm.nih.gov/33886499/
https://pubmed.ncbi.nlm.nih.gov/33886499/
https://pubmed.ncbi.nlm.nih.gov/36547137/
https://pubmed.ncbi.nlm.nih.gov/36547137/
https://pubmed.ncbi.nlm.nih.gov/36547137/
https://pubmed.ncbi.nlm.nih.gov/17609301/
https://pubmed.ncbi.nlm.nih.gov/17609301/
https://pubmed.ncbi.nlm.nih.gov/17609301/
https://pubmed.ncbi.nlm.nih.gov/17609301/
https://pubmed.ncbi.nlm.nih.gov/35271820/
https://pubmed.ncbi.nlm.nih.gov/35271820/
https://pubmed.ncbi.nlm.nih.gov/23484549/
https://pubmed.ncbi.nlm.nih.gov/23484549/
https://pubmed.ncbi.nlm.nih.gov/23484549/
https://pubmed.ncbi.nlm.nih.gov/38556517/
https://pubmed.ncbi.nlm.nih.gov/38556517/
https://pubmed.ncbi.nlm.nih.gov/38556517/
https://pubmed.ncbi.nlm.nih.gov/38556517/
https://pubmed.ncbi.nlm.nih.gov/9687326/
https://pubmed.ncbi.nlm.nih.gov/9687326/
https://pubmed.ncbi.nlm.nih.gov/32488657/
https://pubmed.ncbi.nlm.nih.gov/32488657/
https://pubmed.ncbi.nlm.nih.gov/32488657/
https://link.springer.com/article/10.1007/s00423-024-03333-9
https://link.springer.com/article/10.1007/s00423-024-03333-9
https://link.springer.com/article/10.1007/s00423-024-03333-9
https://link.springer.com/article/10.1007/s00423-024-03333-9
https://pubmed.ncbi.nlm.nih.gov/34529219/
https://pubmed.ncbi.nlm.nih.gov/34529219/
https://pubmed.ncbi.nlm.nih.gov/34529219/
https://pubmed.ncbi.nlm.nih.gov/34529219/
https://pubmed.ncbi.nlm.nih.gov/34178704/
https://pubmed.ncbi.nlm.nih.gov/34178704/
https://pubmed.ncbi.nlm.nih.gov/34178704/
https://pubmed.ncbi.nlm.nih.gov/34178704/
https://pubmed.ncbi.nlm.nih.gov/34178704/
https://pubmed.ncbi.nlm.nih.gov/37623020/
https://pubmed.ncbi.nlm.nih.gov/37623020/
https://pubmed.ncbi.nlm.nih.gov/37623020/
https://pubmed.ncbi.nlm.nih.gov/35670930/
https://pubmed.ncbi.nlm.nih.gov/35670930/
https://pubmed.ncbi.nlm.nih.gov/35670930/
https://pubmed.ncbi.nlm.nih.gov/33023426/
https://pubmed.ncbi.nlm.nih.gov/33023426/
https://pubmed.ncbi.nlm.nih.gov/33023426/
https://pubmed.ncbi.nlm.nih.gov/33023426/
https://pubmed.ncbi.nlm.nih.gov/33023426/
https://pubmed.ncbi.nlm.nih.gov/34575179/
https://pubmed.ncbi.nlm.nih.gov/34575179/
https://pubmed.ncbi.nlm.nih.gov/34575179/
https://pubmed.ncbi.nlm.nih.gov/38568039/
https://pubmed.ncbi.nlm.nih.gov/38568039/
https://pubmed.ncbi.nlm.nih.gov/38568039/
https://pubmed.ncbi.nlm.nih.gov/33107573/
https://pubmed.ncbi.nlm.nih.gov/33107573/
https://pubmed.ncbi.nlm.nih.gov/33107573/
https://pubmed.ncbi.nlm.nih.gov/31801432/
https://pubmed.ncbi.nlm.nih.gov/31801432/
https://pubmed.ncbi.nlm.nih.gov/31801432/
https://pubmed.ncbi.nlm.nih.gov/37623043/
https://pubmed.ncbi.nlm.nih.gov/37623043/
https://pubmed.ncbi.nlm.nih.gov/37623043/
https://pubmed.ncbi.nlm.nih.gov/37623043/
https://pubmed.ncbi.nlm.nih.gov/37623043/
https://pubmed.ncbi.nlm.nih.gov/38598359/
https://pubmed.ncbi.nlm.nih.gov/38598359/
https://pubmed.ncbi.nlm.nih.gov/38598359/
https://pubmed.ncbi.nlm.nih.gov/30180736/
https://pubmed.ncbi.nlm.nih.gov/30180736/
https://pubmed.ncbi.nlm.nih.gov/30180736/
https://pubmed.ncbi.nlm.nih.gov/37999121/
https://pubmed.ncbi.nlm.nih.gov/37999121/
https://pubmed.ncbi.nlm.nih.gov/37999121/
https://pubmed.ncbi.nlm.nih.gov/37999121/
https://pubmed.ncbi.nlm.nih.gov/25213857/
https://pubmed.ncbi.nlm.nih.gov/25213857/
https://pubmed.ncbi.nlm.nih.gov/25213857/
https://doi.org/10.51626/ijor.2024.05.00034

