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Artificial Neural Network System in Evaluating Cervical Lymph Node
Metastasis of Squamous Cell Carcinoma

Sang-Wook Park, Min-Suk Heo, Sam-Sun Lee, Soon-Chul Choi, Tae-Won Park, Dong-Soo You

Department of Oral and Maxillofacial Radiology & Dental Research Institute,
College of Dentistry, Seoul National University

Purpose: The purpose of this study was to evaluate cervical lymph node metastasis of oral
squamous cell carcinoma patients by MRI film and neural network system.

Materials and Methods: The oral squamous cell carcinoma patients(21 patients, 59 lymph
nodes) who have visited SNU hospital and been taken by MRI, were included in this study. Neck
dissection operations were done and all of the cervical lymph nodes were confirmed with biopsy. In
MR images, each lymph node were evaluated by using 6 MR imaging criteria(size, roundness,
heterogeneity, rim enhancement, central necrosis, grouping) respectively. Positive predictive value,
negative predictive value, and accuracy of each MR imaging criteria were calculated. At neural
network system, the layers of neural network system consisted of 10 input layer units, 10 hidden
layer units and 1 output layer unit. 6 MR imaging criteria previously described and 4 MR imaging
criteria (site I-node level II and submandibular area, site II-other node level, shape I~oval, shape
II-bean) were included for input layer units. The training files were made of 39 lymph nodes(24
metastatic lymph nodes, 10 non-metastatic lymph nodes) and the testing files were made of other
20 lymph nodes(10 metastatic lymph nodes, 10 non-metastatic lymph nodes). The neural network
system was trained with training files and the output level (metastatic index) of testing files were
acquired. Diagnosis was decided according to 4 different standard metastatic index-68, 78, 88, 98
respectively and positive predictive values, negative predictive values and accuracy of each
standard metastatic index were calculated.

Results® In the diagnosis of using single MR imaging criteria, the rim enhancement criteria had
highest positive predictive value (0.95) and the size criteria had highest negative predictive value
(0.77). In the diagnosis of using single MR imaging criteria, the highest accurate criteria was
heterogeneity (accuracy : 0.81) and the lowest one was central necrosis {accuracy : 0.59). In the
diagnosis of using neural network systems. the highest accurate standard metastatic index was 78,
and that time, the accuracy was 0.90.

Neural network system was more accurate than any other single MR imaging criteria in evaluating
cervical lymph node metastasis.
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Conclusion: Neural network system has been shown to be more useful than any other single MR
imaging criteria. In future, Neural network system will be powerful aiding tool in evaluating
cervical node metastasis. (J Korean Oral Maxillofac Radiol 1999:29:149-159)

Key words : MRI, squamous cell carcinoma, cervical lymph node metastasis, artificial neural

network system.
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Table 1. Positive predictive value, negative predictive value and accuracy of each MR criteria.

true false true false positive  negative accuracy
positive negative negative  positive predictive predictive
value value
size 28 6 20 5 0.85 0.77 0.81
heterogeneity 25 9 23 2 0.93 0.72 0.81
rim enhancement 19 15 24 1 0.95 0.62 0.73
central necrosis 11 23 24 1 0.92 0.51 0.59
grouping 25 9 20 5 0.83 0.69 0.76
roundness 23 11 23 2 0.92 0.68 0.78
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Fig. 1. Neural network system in lymph node diagnosis

Table 2. Metastatic index list of testing files in metastatic case

Node No. Site Size (cm) Biopsy Meta. Index
1 Submn*1 2.5 meta 99
2 J/D*2 1.8 meta 99
3 Sublin*3 1.7 meta 99
4 Submn 1.8 meta 99
5 J/D 2.2 meta 98
6 S/A*4 1.2 meta 97
7 Submn 1.5 meta 96
8 Md cer*5 1.2 meta 96
9 S/A 2.0 meta 78
10 J/D 1.2 meta 70

*1 : submandibular area *2 : jugulodigastric area *3 : sublingual area

*4 . spinal accessory area *5 : mid-cervical area
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Table3. Metastatic index list of testing files in non-metastatic cases

Node No. Site Size (cm) Biopsy Meta. Index
1 Sublin 1.0 non-meta 9%
2 Submn 14 non~meta 77
3 J/D 1.2 non-meta 70
4 J/D 1.2 non-meta 8
5 J/D 1.2 non-meta 8
6 J/D 1.0 non-meta 7
7 J/D 15 non-meta 5
8 Submn 1.0 non-meta 3
9 J/D 1.0 non-meta 2
10 J/D 1.0 non-meta 1
Table 4. Relations between metastatic index and diagnostic ability
. positive negative
metastatic index predictive value predictive value acciracy
> 58 0.7 1.00 0.86
> 68 0.77 1.00 0.86
>178 0.90 0.90 0.90
> 88 0.89 0.82 0.85
> 98 1.00 0.67 0.75
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