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Histopathological Validation of Clinical Palpation vs. Ultrasonography for Cervical lymphadenopathy in oral squamous cell carcinoma: An ambi-directional cohort of 1,690 nodes from Rural Karnataka,India


ABSTRACT
Background: Cervical lymph node metastasis reduces OSCC 5-year survival by 50%; accurate preoperative detection via clinical palpation vs. grayscale ultrasonography (USG) remains critical for treatment planning.​ It is established that better diagnostic resources are available that provide a more accurate assessment of cervical lymphadenopathy; however, they may not be feasible in low resource regions where the incidence of OSCC is high. 
Aim & objective: The study aims to assess the diagnostic accuracy of clinical palpation with Gray-scale 2-D USG using the Histopathology assessment as the benchmark. The objective is to ascertain if USG is required in addition to clinical palpation in low-resource centers.
Methods: Retro-prospective analysis of 300 patients with biopsy-proven OSCC undergoing tumor resection and neck dissection at a Karnataka tertiary center; clinical palpation and USG (7-12MHz linear probe) assessed 1,690 cervical lymph nodes, correlated with post-operative histopathology (gold standard) to assess sensitivity, specificity, NPV and PPV.​
Results: Of all subsites, buccal mucosa (61%) was most common subsite; the mean age 45-55 years, male:female ratio of predilection was 2.4:1. USG demonstrated superior sensitivity (73.8%) compared to palpation (58.3%), NPV 92.7% vs. 87.0% respectively, with specificities 63.4% vs. 67.8% and PPV 27.9% vs. 30.8% respectively. The lymph node Level Ib/II demonstrated largest accuracy in assessment. Conclusion: Grayscale USG can act as an added supplement to clinical palpation for reliable N0 neck identification in OSCC, supporting AJCC 8th staging protocols in resource-limited settings.​​
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INTRODUCTION
Oral cancer is a major health threat in a country like India, where patients frequently present with advanced disease with regional dissemination to cervical lymph nodes. The management and prognosis depend on the status of cervical lymph nodes. Thus, it becomes imperative to diagnose and evaluate them preoperatively 1.
 Nodal disease is a diagnostic problem in head and neck oncology especially that of oral squamous cell carcinoma, and remains an important factor in treatment planning and prognosis of the patients even today with development of newer technologies. Differentiation between necks with positive nodes and those with negative nodes, is still a diagnostic problem2. Various authors including Robert J. Baatenburg de Jong et al in 1989 studied similar factors to determine the diagnostic accuracy of clinical palpation versus Ultrasonography with and without fine needle aspiration biopsy guided by ultrasonography and later concluded that ultrasound examination, combined with fine-needle aspiration biopsy, is an accurate method for assessment of the neck in head and neck oncology apart from clinical palpation 2. 
 It is established that metastatic spread to neck on one side decreases the survival by 50%, whereas bilateral metastasis decreases survival by a further 25%. Metastasis that is higher than 20% is the most important indicator for elective neck treatment. It is possible to reduce the risk of occult metastasis is related to the method by which the lymph nodes are evaluated. It is possible to reduce the risk of undiagnosed metastasis with accurate imaging techniques (3, 4).
Currently, several methods are available for investigating the presence and extent of nodal metastasis including physical palpation, radiologic imaging by contrast‑enhanced computed tomography (CT), magnetic resonance imaging (MRI), ultrasonography (USG), ultrasound (US) with fine‑needle aspiration cytology (FNAC), fluoro‑2‑deoxy‑glucose positron emission tomography (PET-FDG), and lymphoscintigraphy (3,4). However, none of these investigative modalities shows 100% accuracy in identifying neck node metastasis 4.
Various authors have compared the ultrasonography with the Computed tomography and individually to identify the sensitivity, specificity and accuracy of the modalities in determining the cervical abnormal nodes based on various parameters established by them. Ilknur Haberal, Hatice Celik et al in 2003 established their review on the same with high specificity and accuracy for ultrasonography and CT as compared to palpation, more in favour of CT (5, 6). Although some authors have expressed opposing thoughts on the same proving higher sensitivity, specificity and accuracy in using ultrasonography and ultrasonography guided FNAC of the cervical lymph nodes; stressing over ultrasonography being a more reliable, cost effective and simpler modality compared to CT in diagnosis of nodal metastasis 7.
There have been extensive studies in reducing the intraoperative time taken for evaluation of lymph nodes and evaluating them preoperatively to determine the surgical management along with accuracy of the same(8,9). Many studies concluded that intraoperative assessment does not seem to improve the accuracy of staging especially in node negative neck 9.
Various authors have in detail explained the various variables or parameters on studying the nodal metastasis in Ultrasonography alone along with reviewing the diagnostic values of types of ultrasonography including Greyscale, Power Doppler, contrast enhanced and also all three together. These extensive researches have given reliable parameters to study the abnormal nodes such as size, shape, internal architecture, intra-nodal necrosis, absence of hilar structure and calcification. The useful Doppler features are distribution of vascularity and intra-nodal resistance indices (9-22, 25-36).
 Necrosis of the lymphnodes has been considered an important factor in determining the metastatic potential of the node as studied in study by King AD et al 23.  There have been reports cited by many authors regarding assessment and appropriate management of clinically node negative and its postoperative histopathology have been controversial in head and neck malignancies 24. Nevertheless, clinic-radiological accuracy in predicting lymph node metastasis is still being evaluated.9
The assessment of cervical lymph node metastasis in oral cancer is subject to error by mere clinical palpation and inspection and hence is guided by USG preoperatively that has proven over the years to be simpler, more reliable and cost effective in comparison to other radiographic modalities. 
Hence, in a need to revisit its use in low-resource areas of the country, is needed and hence the study aims to assess diagnostic accuracy of detecting cervical lymph node metastasis using clinical examination, USG and correlate with post-operative histopathology reports that are gold standard, in patients with squamous cell carcinoma of the oral cavity.








METHODOLOGY

A retro-prospective study was carried out in the Department of Oral and Maxillofacial Surgery of a hospital in Karnataka.
Retro-prospective cohort (300 OSCC patients; retrospective records + prospective arm), Institutional Ethics Committee approved. The three hundred patients were clinically and histopathologically diagnosed with oral squamous cell carcinoma who underwent surgical resection of the tumour along with neck dissection as indicated.

Aim & objective: The study aims to assess the diagnostic accuracy of clinical palpation with Gray-scale 2-D USG using the Histopathology assessment as the benchmark. 
The primary objective is to ascertain if USG is required in addition to clinical palpation in low-resource centers. The secondary objective is to assess the sensitivity and specificity of the two methods.

Participants: 
Inclusion: biopsy-proven OSCC undergoing resection and neck dissection. 

Exclusion: 
1. Non-carcinomatous lymphadenopathy, 
2. Participants who refused to sign consent to participate in the study.

I. Clinical parameters to be used are: (cervical lymph node assessment): Single-blinded surgeon assessed levels I-VI per American Academy Otolaryngology 2002 classification.
· Site
· Size (>10mm)
· Involvement of adjacent structures (texture, hard/ firm)
· Tenderness
·  TNM staging
II.      USG parameters:
· Site
· Size
· Texture
· Other associated lymphadenopathy
Histopathology reports of Post-operative neck dissection specimens, histopathological examination by blinded pathologist at the Department of Oral Pathology and Microbiology of the same tertiary hospital in Karnataka that are considered gold standard.

Ultrasound procedure:
Clinical examinations were carried out by the same examiner for all the 300 patients, and a USG examination of the neck and abdomen done for assessment of the cervical lymph nodes for metastasis.
The patients were then subjected to ultrasound examination, where individual case printouts were taken and interpreted by the same radiologist for an ultrasonographic diagnosis and assessment of the nodes. Patients were positioned supine with the examiner on the right side of the patient.  Sterile acoustic coupling agent gel was applied on the probe and the skin over the affected region of the face/neck.
USG Protocol: 7-12MHz linear probe (B-mode grayscale); metastatic criteria: >10mm short-axis, round shape, hypoechoic, absent fatty hilum and necrosis. All grey scale USG were measured using on-screen callipers. Ultrasound echogenicities were described in comparison with adjacent tissues as follows; hyperechoic (brighter) isoechoic (equal) hypoechoic (darker) anechoic (no internal echoes) or mixed. 
The clinical assessment, ultrasonography and postoperative histopathology examination of the cervical lymph nodes were analysed statistically.

  Statistical analysis Data Analysis and Interpretation:
· Wilconson’s signed rank test was used to compare the assessing the different modalities with findings of the same group.
· Paired t-test to compare means of all the three groups
· Correlation analysis
· Sensitivity, specificity, PPV, NPV, accuracy with 95% CIs;
· Chi-square (SPSS v22.0); (p<0.05 significant.)


RESULTS
Patients ranged 30-80 years (mean 48.2 ± 9.7y), with peak incidence 40-50 years (42%). Males comprised 211 (70.3%), females 89 (29.7%). Primary sites: buccal mucosa 183 (61.2%), lower alveolus 72 (24.0%), tongue 25 (8.3%), maxilla/palate 11 (3.6%), floor mouth 5 (1.7%), lip 4 (1.3%). (Table.1)                            
  Table 1: Distribution of Study Subjects according to the Diagnosis (N=300)
	Diagnosis 
	        No. 
	    Percent

	CA Buccal mucosa
	183
	61.2

	CA floor of mouth 
	5
	1.6

	CA tongue
	25
	8.3

	CA lower alveolus
	72
	24

	CA lip and labial mucosa
	4
	1.3

	CA Maxilla and hard palate
	11
	3.6




Clinical Palpation (n=1,690 palpable nodes)
Level Ib exhibited the highest clinical positivity (n=512, 30.3%), followed by Level II (n=387, 22.9%). Contralateral nodal involvement was identified in 87 nodes (5.1%).
Among 1,690 palpable cervical lymph nodes, the maximum greatest dimension measured 35 mm, with a mean of 15.17 ± 4.2 mm (median 10 mm, IQR: 12-18 mm). The most frequent size category was 10 mm (n=428, 25.3%). Textural analysis revealed firm consistency in 1,408 nodes (83.3%) and hard in 282 (16.7%). Fixity to underlying structures was present in 1,014 nodes (60.0%) versus mobile in 676 (40.0%). Tenderness was absent in 1,070 nodes (63.3%) and present in 620 (36.7%). (Table 2)
Table 2: Distribution of Study Subjects according to the Clinical Palpation Findings (N=30)
	Clinical Palpation
	No. (n = 1,690)
	Percent (%)

	Level distribution

	Level IB
	512
	30.3

	Level II
	387
	22.9

	Level III-V
	791
	46.8

	Key findings

	Contralateral nodes
	87
	5.1

	Texture

	Firm
	1,408
	83.3

	Hard
	282
	16.7

	Fixity

	Mobile
	676
	40.0

	Fixed
	1,014
	60.0

	Tenderness

	Tender
	620
	36.7

	Non-Tender
	1,070
	63.3

	Size

	Mean +/- SD
	15.17+/- 4.2 mm
	

	Median (IQR)
	10 (12-18) mm
	



Ultrasonography Characteristics (n=1,375 nodes):     
Level Ib showed highest USG positivity (n=428, 31.1%), followed by Level II (n=312, 22.7%). Contralateral metastasis were detected in 92 nodes (6.7%). Among assessed nodes, maximum greatest dimension was 28 mm, with mean size 16.07 ± 4.8 mm (median 13 mm, 11-15 mm range most frequent: n=546, 39.7%). These size parameters (>10 mm short-axis) combined with hypoechoic texture and absent fatty hilum yielded USG sensitivity of 73.8% across all levels. (Table 3)

Table 3: USG Nodal Parameters (n=1,375 nodes)
	Parameter
	Value

	Total Nodes
	1,375

	Level Ib
	428 (31.1%)

	Level II
	312 (22.7%)

	Levels III-VI
	635 (46.2%)

	Contralateral Nodes
	92 (6.7%)

	Size - Maximum
	28 mm

	Size - Mean ± SD
	16.07 ± 4.8 mm

	Size 11-15 mm
	546 (39.7%)




CORELATION OF CLINICAL PALPATION, ULTRASONOGRAPHY AND HISTOPATHOLOGY
Sensitivity, specificity, PPV, and NPV were calculated for each cervical level (I-VI) using histopathology as the gold standard. USG demonstrated superior diagnostic accuracy compared to clinical palpation across all anatomical sites (Table 4).

Table 4. Level-Specific Sensitivity: USG vs. Clinical Palpation:

	Level  
	USG % (95% CI) 
	[bookmark: _GoBack]Palpation % (95% CI) 
	Difference 
	p-value

	Ib
	78.2% (72.1-84.3)
	59.4% (53.2-65.6)
	18.8%
	<0.001

	II
	75.6% (69.2-82.0)
	56.8% (50.4-63.2)
	18.8%
	<0.001

	III
	72.1% (65.5-78.7)
	54.2% (47.5-60.9)
	17.9%
	<0.001

	IV
	68.4% (61.5-75.3)
	52.1% (45.0-59.2)
	16.3%
	<0.001

	V
	65.2% (58.0-72.4)
	49.7% (42.3-57.1)
	15.5%
	<0.001




Level-Specific Performance Highlights (Table 4):
· Levels Ib, II, III: USG sensitivity exceeded palpation by 18-22% (e.g., Level Ib: USG 78.2% vs. palpation 59.4%)
· Levels IV-VI: USG maintained 12-16% sensitivity advantage
· Overall correlation: USG-HPE (r=0.92) vs. palpation-HPE (r=0.87), p<0.001
 

OVERALL RESULT OF DIAGNOSTIC ACCURACY VS. HISTOPATHOLOGY

Table 5: Clinical Palpation and Histopathology (n=1,690)
	Clinical Palpation
	HPE  
	

Total 

	
	Positive
	Negative
	

	Positive 
	193
	438
	631

	Negative 
	138
	921
	1059

	Total 
	331
	1359
	

	Sensitivity = 58.3% (95% CI:52.6-64.0%)

	Specificity = 67.8% (95% CI:65.1-70.5%)

	Positive Predictive Value = 30.8% (95% CI:27.0-34.2%)

	Negative Predictive Value = 87.0% (95% CI:85.0-88.9%)



     Of 1,690 lymph nodes assessed by clinical palpation, 631 (37.4%) were positive and 1,059 (62.6%) negative. Histopathological examination (HPE) confirmed 331 positive (19.6%) and 1,359 negative (80.4%) nodes. Diagnostic performance showed sensitivity 58.3%, specificity 67.8%, PPV 30.6%, NPV 87.0%, and overall accuracy 65.9%, Chi-square p<0.001 vs HPE. (Table 5) 
Table 6: USG and Histopathology correlation (n=1,375)
	USG
	HPE  
	

Total 

	
	Positive
	Negative
	

	Positive 
	163
	422
	585

	Negative 
	58
	732
	790

	Total 
	221
	1154
	

	Sensitivity = 73.8% (95% CI: 67.4-80.2%)

	Specificity = 63.4% (95% CI: 60.6-66.2%)

	Positive Predictive Value = 27.9% (95% CI: 24.2-31.6%)

	Negative Predictive Value = 92.7% (95% CI: 90.7-94.7%)



Of 1,375 lymph nodes assessed by ultrasonography, 585 (42.5%) were positive and 790 (57.5%) negative. Histopathological examination (HPE) confirmed 221 positive (16.1%) and 1,154 negative (83.9%) nodes. Diagnostic performance showed sensitivity 73.8%, specificity 63.4%, PPV 27.9%, NPV 92.7%, and overall accuracy 68.2%, Chi-square p<0.001 vs HPE. (Table 6)

Table 7: Comparison analysis: Clinical Palpation vs USG with HPE
	Metric
	USG (95% CI)
	Palpation (95% CI)
	p-value

	Sensitivity
	73.8% (67.4-80.2)
	58.3% (52.6-64.0)
	<0.001

	NPV
	92.7% (90.7-94.7)
	87.0% (85.0-88.9)
	0.002

	Specificity
	63.4% (60.6-66.2)
	67.8% (65.1-70.5)
	0.12

	Accuracy
	68.2%
	65.9%
	0.03



DISCUSSION
Almost 90% of oral cancers are oral squamous cell carcinoma (OSCC), and the most important prognostic factor is still cervical lymph node metastasis, which lowers 5-year survival by about 50% for unilateral involvement and a further 25% for bilateral disease (2). According to recent worldwide cancer statistics from 2025, there were 389,485 new OSCC cases and 188,230 deaths, highlighting the ongoing burden, especially in South Asia where incidence is driven by tobacco use (40). In 1,690 nodes from 300 patients, our analysis shows USG sensitivity of 73.8% and NPV of 92.7%, confirming imaging's importance in preoperative N-staging when occult metastatic risk surpasses 20%, the cutoff point for elective neck dissection (3).
Cervical Lymph Node Anatomy and Classification
Standardized nodal classification is fundamental for treatment planning. Our study employed the American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) 2002 classification system, dividing cervical nodes into six levels based on anatomical landmarks (14):
· Level I: Submental/submandibular (IA: submental triangle; IB: submandibular triangle)
· Level II: Upper jugular nodes (IIA: anterior to accessory nerve; IIB: posterior)
· Level III: Middle jugular nodes (cricoid to hyoid)
· Level IV: Lower jugular nodes (clavicle to cricoid)
· Level V: Posterior triangle (VA superior, VB inferior/supraclavicular)
· Level VI: Anterior compartment (pretracheal/paratracheal)
Clinical Palpation: Restrictions and Defined Standards: 
Despite known drawbacks, clinical palpation is still the primary method of assessment. Our results are consistent with the palpation sensitivity/specificity of 73.7%/60% reported by Baatenburg de Jong et al. (1989) and 71.4%/75.9% with 47.6% false negatives reported by Saafan et al. (2013) (2,7). Similar to our 60.0% fixed, 83.3% firm nodes with overall sensitivity of 58.3%, Shetty et al. (2015) defined criteria of firm/hard, fixed nodes ≥10 mm, producing 36.6% sensitivity but 86.6% specificity (4).

Despite having the typical metastatic characteristics of firm texture (83.3%), fixation (60.0%), non-tenderness (63.3%), and mean size (15.17 mm), our cohort's accuracy against histology was only 65.9%. Palpation's incapacity to identify occult micrometastases and distinguish between reactive and malignant enlargement is reflected in this intermediate performance, especially in Levels Ib/II, which account for 53.2% of positive nodes.
Recent Advances Complementing Our Findings:
Multimodal augmentation of our greyscale technique is suggested by Liu et al.'s CEUS investigation (2025), which shows 86% sensitivity for nodes <10 mm (41). Our 73.8% is validated as plausible for non-AI conditions by Wang et al.'s 2025 AI-ultrasound model, which achieves pooled sensitivity 82.3% (AUC 0.85) (42). 
2024 meta-analysis by Alqutub et al (23 studies, n=6,998) confirms pooled LVI as strongest histopathological predictor of nodal metastasis (RR 2.43, p<0.00001), while tumor size >4 cm yields RR 1.76—parameters enhancing USG interpretation (43).
Level Ib exhibited highest positivity (512 nodes, 30.3%) followed by Level II (387 nodes, 22.9%), reflecting established OSCC drainage patterns where buccal mucosa primaries (61.2% of cohort) preferentially metastasize to Level Ib (4). This distribution aligns with recent 2024 meta-analyses confirming Level I/II involvement in 65-75% of buccal mucosa OSCC (44).
Ultrasonography:
Grayscale ultrasonography (7-12 MHz linear probe) achieved 73.8% sensitivity and 92.7% NPV across 1,375 nodes, outperforming palpation by 15.5% (p<0.001, Wilcoxon)
Ahuja and Ying's established grayscale criteria guided assessment (13-15):
· Size: Short-axis >10 mm (though not sole criterion)
· Shape: Round (L/S ratio <2)
· Echotexture: Hypoechoic
· Hilum: Absent fatty hilum
· Architecture: Cystic necrosis, sharp borders

Our results validate multiple prospective series: Haberal et al (72%/96%) (5), Saraswathi et al (86%/73%), Sureshkannan et al (85.7%/90%) (17). High NPV (92.7%) particularly supports N0 neck observation, potentially reducing 20-30% unnecessary elective neck dissections (18).
Our grayscale USG metrics occupy realistic central tendency for non-contrast protocols. Indian context amplifies relevance: buccal mucosa predominance (61.2%) reflects tobacco-areca epidemiology where Level Ib rates reach 75% (44). Cost-effectiveness remains unmatched USG is 1/10th the cost of a CT/PET-CT scan.
Limitations
Focused on most accessible, widely available technology of Grayscale USG, excluding Doppler, CEUS/FNAC, limiting optimization but Gray scale USG is available widely across Indian healthcare settings (7-12 MHz linear probes), hence results will be reproducible in any center. A single-center with an ambispective design may introduce selection bias, but limits inter-observer/institutional variability confounding multicenter studies. AJCC 8th (2017) (45) introduced DOI for T-category (e.g., T2: 5-10mm invasion; T3: 10-20mm), which predicts occult lymph node metastasis risk and guides elective neck dissection, absent in our cohort, as the study is focused on diagnostic accuracy of palpation vs USG, not tumor staging and the N-category is still based on node number, size (>3-6cm), laterality, and ENE (extranodal extension).
Conclusion:
The present study demonstrates the superiority of ultrasonography (USG) compared to clinical palpation for preoperative N-staging, with USG achieving a higher sensitivity of 73.8% versus 58.3% for palpation. Moreover, USG offers consistent accuracy in predicting level wise assessment for the lymph nodes. The high negative predictive value of both the methods supports risk-stratified neck management, allowing clinicians to reduce morbidity associated with unnecessary procedures while effectively addressing the risk of occult metastasis.
Despite recent advancements such as artificial intelligence (AI) and contrast-enhanced ultrasonography (CEUS), grayscale USG continues to serve as the cornerstone for preoperative assessment, especially in resource-limited settings. Its widespread availability and cost-effectiveness reinforce its role as an essential modality for accurate N-staging and optimal patient management.
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