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Accuracy of three kinds of pattern recognition models in the diagnosis of nerve root compression in
lumbar disc herniation

Li Xiang-rong®, Cheng Lin? Xi Jia-ning®, Li Wei® (*Peking University Hospital, Beijing 100871, China; 2Out-Patient Department of Asian Games
Village, Equipment Development Department of Central Military Commission, Beijing 100101, China; *Beijing Rehabilitation Hospital of
Capital Medical University, Beijing 100144, China)

Abstract

BACKGROUND: Nerve root compression of lumbar disc herniation is difficult to diagnose. Pattern recognition technology combined with
surface electromyography will provide new ideas for improving the diagnostic accuracy of compressed nerve roots.

OBJECTIVE: To establish the recognition model of the nerve root compression of lumbar disc herniation through three kinds of pattern
recognition methods, and to analyze the diagnostic accuracy of the models.

METHODS: Twenty-four cases of disc herniation at L4/Ls segments combined with Ls nerve root compression and 23 cases of disc herniation
at Ls/S; segments combined with S; nerve root compression from October 2015 to October 2016 were enrolled. The surface
electromyography parameters were collected and the Logistic regression equation, decision tree and artificial neural network were used to
establish the identification model of compressed nerve roots. The sensitivity, specificity and diagnosis accuracy of the three models were
calculated. The diagnosis accuracy was compared by receiver operating characteristic curve.

REEULTS AND CONCLUSSION: (1) The logistic regression model had established the three models and the accuracy increased from 85.7%
to 100%, with an average of 93.6%, and the sensitivity and specificity of the model was 0.98 and 0.92, respectively. (2) The Chi-squared
Automatic Interaction Detector showed an accuracy of 42.86%-85.71%, with an average of 66.43%, the sensitivity and specificity of the model
was 0.77 and 0.56, respectively. (3) The Classification and Regression Tree showed an accuracy of 57.14%-85.71%, with an average of
72.14%, the sensitivity and specificity of the model was 0.71 and 0.73, respectively. (4) The neural network model showed an accuracy of
85.7%-100%, with an average of 92.14%, and the sensitivity and specificity of the model were 0.93 and 0.92, respectively. (5) The area under
the Receiver Operating Characteristic Curve was used to evaluate the three models, and the neural network was 0.98, the logistic regression
was 0.97, and the decision tree was 0.90. (6) These results indicate that both neural network model and the logic regression model show
satisfactory results in recognition of the compressed nerve roots, which are superior to MRI. The neural network model is more stable and it
may be a more suitable auxiliary method for the diagnosis of nerve root compression. The Logistic regression model is suitable when no
neural network diagnostic model is established. The decision tree shows a good performance in the screening of risk factors, and which can
be combined with other methods to improve the recognition accuracy.

Subject headings: Lumbar Vertebrae; Intervertebral Disk Displacement; Spinal Nerve Roots; Models, Statistical; Tissue Engineering
Funding: the Capital Clinical Application Research and Achievement Promotion Project, No. Z161100000516127
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Table 1 Baseline data of the patients with lumbar disc herniation
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Table 2 Diagnosis accuracy, sensitivity and specificity of the Logistic diagnosis model
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Table 3 Diagnosis accuracy of Chi-squared Automatic Interaction Detector model
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1 Ls 1 0 1 57.14% LG U pi b fH 0.14 1.00 -0.14 0.52
Sy 6 7 13 TA W LG A
Total 7 7 14
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Sy 3 5 TA WA LL
Total 7 7 14

3 Ls 5 1 78.57% LG i lith 0.71 0.86 0.57 0.03
Sy 2 6 TA IEfELL
Total 7 7 14

4 Ls 6 7 13 42.86% LG PRI E 0.86 0.00 -0.14 0.29
S: 1 0 1
Total 7 7 14

5 Ls 7 2 8 85.71% TA I LE 1.00 0.71 0.71 0.01
Si 0 5 5 TA I &L
Total 7 7 14
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S: 0 2 2
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Si 0 3 3 TA U LG AR
Total 7 7 14

10 Ls 5 5 10 50.00% LG i s L AE 0.71 0.29 0.00 1.00
S, 2 2 4 TA W R LE A
Total 7 7 14

SFy 66.43% 0.77+0.26 0.56+0.29 0.29+0.28 0.24+0.29
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Table 5 Training errors of neural network about three and four
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Table 7 Receiver operating characteristic curve results for the

three predictive models

layers
A =AM LRz VY % 9 4% 13 7
3 4.25x107 3.80x10°°
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5 1.72x10° 4.96x10°
6 3.12x10® 3.15x1072
7 4.30x10” 2.84x10*
8 4.03x10” 1.62x107
9 4.57x1072 6.90x10™
10 2.41x107 1.18x107
11 1.18x107 2.49x10°
12 2.53x107 1.43x107
13 9.38x107 2.69x107
14 5.93x1072 7.52x107
15 4.24x107 4.69x10°
16 9.18x107 5.28x10°
17 6.63x10™ 4.31x10°

e 4 P A e T Pl 95% - [X 1]
TR [ pR
SR 17 P 4T Ao 2 19X 8% T AR 2% 0.98 <0.01 093 1.00
Logistic [ 575 F# Fil A % 0.97 <001 091 1.00
YRR TR R 0.90 <0.001 0.79 0.99
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Table 4 Diagnosis accuracy of classification and regression tree model

WHL Kl Rz iR Vi Uk R Kappa {H P 1
Ls S; Total

1 Ls 1 0 1 57.14% LG U pi b fH 0.14 1.00 -0.14 0.52
S: 6 7 13 TA W T LA
Total 7 7 14

2 Ls 5 2 7 71.43% TA I L 0.71 0.71 0.43 0.11
S: 2 5 7
Total 7 7 14

3 Ls 7 2 9 85.71% TA Hpi SR I LA 1.00 0.71 0.72 0.01
S: 0 5 5
Total 7 7 14

4 Ls 6 3 9 71.42% LG W 5 LU AR 0.86 0.57 0.43 0.09
S: 1 4 5
Total 7 7 14

5 Ls 5 2 7 71.42% TA W LE 0.71 0.71 0.43 0.11
S: 2 5 7
Total 7 7 14

6 Ls 6 3 9 71.42% LG W 5 LU AR 0.86 0.57 0.43 0.09
S: 1 4 5
Total 7 7 14

7 Ls 6 3 9 64.28% LG W 5 LU E 0.71 0.57 0.43 0.09
S: 1 4
Total 7 7 14

8 Ls 7 3 10 78.57% LG i s L fE 1.00 0.57 0.58 0.02
S: 0 4 4
Total 7 7 14

9 Ls 6 1 7 85.71% TA W LE 0.86 0.86 0.72 0.01
S, 1 6 7
Total 7 7 14

10 Ls 2 0 2 64.29% LG i s L AE 0.29 1.00 0.29 0.13
S 5 7 12
Total 7 7 14

Ty 72.14% 0.71+0.29 0.73+0.17 0.43+0.24 0.11+0.15
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Table 6 Diagnosis accuracy, sensitivity and specificity of neural network model

Y &id FRIIGASESEN PN AR HERfi 2% UK SR Kappa {i P {E
Ls S; Gt

1 Ls 6 0 6 92.86% 0.86 1.00 0.86 0.001
S: 1 7 8
&l 7 7 14

2 Ls 6 1 7 85.71% 0.86 0.86 0.71 0.008
S, 1 6 7
&it 7 7 14

3 Ls 7 1 8 92.86% 1.00 0.86 0.86 0.001
S: 0 6 6
&l 7 7 14

4 Ls 7 1 8 92.86% 1.00 0.86 0.86 0.001
S, 0 6 6
&it 7 7 14

5 Ls 7 1 8 92.86% 1.00 0.86 0.86 0.001
S1 0 6 6
&k 7 7 14

6 Ls 7 1 8 92.86% 1.00 0.86 0.86 0.001
S, 0 6 6
&it 7 7 14

7 Ls 6 0 6 92.86% 0.86 1.00 0.86 0.001
Sy 1 7 8
&k 7 7 14

8 Ls 7 0 7 100% 1.00 1.00 1.00 0.00
S, 0 7 7
&it 7 7 14

9 Ls 7 0 7 100% 1.00 1.00 1.00 0.00
S 0 7 7
it 7 7 14

10 Ls 5 1 6 78.57% 0.71 0.86 0.60 0.02
S, 2 6 8
it 7 7 14

Sy 92.14% 0.93+0.09 0.92+0.07 0.85+0.11 0.003+0.005
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