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The Development of Computer Program for Diagnosis in
Periodontal Patients
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Abstracts

Objective: The purpose of this study is to develop a computer program by applying a deep
learning and convolutional neural network for the diagnosis of periodontal disease among periodontal
patients.

Materials and Methods: The data was collected from the digital panoramic films of ninety
patients in the department of General Dentistry, Faculty of Dentistry, Srinakarinwirot University. The
patients had to have been diagnosed the periodontal status following the standards of the American
Academy of Periodontology (AAP) in 1999 and did not have any treatment before taking an x-ray.
The program was based on the structure of the Convolution Neural Network Faster R-CNN which
has a ResNeXt-101 with Feature Pyramid Network as a Backbone network, used deep learning to
develop the precision model. Calculated the specificity and sensitivity value and area under curve
(AUC) were drawn.

Results: The diagnostic performance of the deep learning system for periodontal disease on
the panoramic radiograph had a high sensitivity of 80.5% and an acceptable specificity of 65.3%

Conclusions: The diagnostic performance of the deep learning system for periodontal disease

on panoramic radiograph was sufficiently high.

Keywords: Computer Program, Periodontal Diagnosis, Convolution, Deep learning
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Fig 1. Conceptual framework.
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Fig 2. Periodontal chart data from patient’s record.
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Fig 3. Matching data with panoramic images.

Fiufidamiandnm Favfinanmngrany MInTENAATn  uasdnendiuiiiusauiuatens
patinuazmMamesisdawlusfin - s dudusanly (Wumiwuuazay) Buniawa
wisngadeyaiidugUnmeieeddonsinsey (Labels) Uit 4
wendituiitulsauiiudsniay Tasdredenndaya

Input images Input|image

Labels Training Prediction Prediction output

Ui 4 nsadrelusunsulumsifiedlsaudiiud
Fig 4. Model build-up.

49



2ruUa.UAD UA 13 aUUA 1 w.A. 2563

dnsulysunsufivanldgaelunisase
Tualunsdnuessil de maldlasenedszam
Wisnwiiaasuligiu Usznouludedusieg o9
wisgofii3unin f90u 9w 3 dIUndn
Toun duunn dugou uaziuednn vl
adusadUszamasaysy  Tasfidusouiuas
fsnnudutoy q Snvanetu Feaziimatuad
windwedane q avlulududoumani Tins
AATEANW

masswlsunsy Susufinsauiuavinusie
Usznaulufedoyaiindi 2 are Ao sUmmwihidn
I (input images) LLazmma\‘imwﬁﬁwmsﬁﬂsaU
Fludfdnsuznsazaiafisaenszgniaulaiy
it shudayaiitawaaziivluguunsosdmaey
(bounding box) x, y, w Lag h, x, y

Taseasenanaaeldsunsy As vaines
9158 5ubu Tnedidumenaneeszuuiinlisn
(Backbone Network) 114 ResNet-101 with Feature
Pyramid Network (10) @viduniendnzevszuy
dindsnidusuusnaeslysunufiasmansausisy
Tusessn (Low-level Features) ?Jaﬁmqﬁ%izq
Tuawa Tusaiildgndsamnaieed Buduan
ImageNet LialinsiFouiuugndayazuiaidn
femausiugfigedu

Iﬂi\‘i"ﬂ’lﬂlﬂuaﬁuﬁ (Region Proposal Network)

WugiuivianwisNui (Localization) A N5y

'
a

fagiitawa eyfidunisvuzesanlagiune
umisiithazdulsaysiudoeediuluniwiug
Network Head Aaaugaiheseuluina lag
fiflvisunaaLAAaY (Error Functions) taiana
fandilanariunsuiveeslsayUsiudsniay
Tassunivoaenaasivituneldaadoanin
WaeaNyIal (Huber Loss) AINQNABNIBINNT
syynansiiuneinfulsauiiudsnsy Tdierdisu
demednussdnasatdulngt (Sigmoid Cross-
Entropy Loss) ausavilvigademeasansiudng
AraaLdulngl (Softmax Cross-Entropy) tunsdi

dlildlidevanlilddevnsimautisdoyann
panifiuaiueos q (Image Segmentation) AL&zme
(Loss) finnazazioummnuudugn (accuracy)
fisn slaeafazusumniiwesluinnesausay
T (Layers) Wl omamay mauuLsuE

v
=

FoTu

Ardulsiignivualideufiazeidu
ns:mumsﬁ'aui&mﬂu L8 (Hyperparameters)
Amanil sansoUsueels uasdnalapnsese
Uszansnmmlumadeudesluna  lumsfnmnild
Adulsiignimualieil

1. AP LLﬂiﬁ’J‘ifiﬁ\‘lﬁﬂ’m@N (Learning Rates)
Tunilviuneuzssnamau assuthwinveslaseie
Yszamifipasnnipaualny drardaulsiande
fimuauiiaios hwiinvosluinafazdsuuas
oy mavivuzaslunafaswdsundasion @
msgadefazieunulude dedulsdimis
ﬁﬂauquﬁﬁhmn ihwiinzeslumafiesideuudassnn
mavhvuzasluafaziisuudasiuann il
magaydusnawlleon

- lteration 1-1040: 0.0025

- lteration 1041-1160: 0.00125

- lteration 1161-1200: 0.000625

2. enshutsmugalbiemhwingiaanniiuly
(Weight Decay) lums@nmi fwual3i 0.001

3. esudsiirmuansseanusiunsvhli
WA IUTsIUiuaviaya (Momentum) Tums@nmn
i mualsd 0.9

4. snwpsaniignimunlumsthdayariomn
anlgaeulunansuwilesey (Epoch) Tumsdnuni
Amual3fi 20 (1200 Iterations)

4. maauivaclusunsu

nmsutvgadeyadniui lydnldiians
Geoufvaslsunsn  uazilansuSummnfines
Wiiaanuusiuth a<ld3snansaseulay 5 e
(5-Fold Cross-Validation) Taeutivioyasisguit 5

50



SWU Dent J. Vol.13 No.1 2020

All Data
Training data Test data
" Fold1 || Fold2 || Fold3 || Folda || Folds |
spiit1 |[Foldd || Fold2 || Fold3 || Fold4 || Fold5 |
Fold4 || Fold5 |

spiit2 | Fod1 | ['Feld2 || Fold3 ||

spit3 | Fold1 |

spiit4 ["Fold1 | ['Fold2 | [Foid3 | |

spiit5 | Foid1 || Fold2 || Fold3 |

Fold 2 Fold4 |

Fold 4

" Fold4 || Folds |/

_ > Finding Parameters
Fold 5

Fold 5

Final evaluation {

Test data

U 5 uanensdaudviisyasdmiumsiseuizaslysunsy

Fig 5. Training program with fivefold cross-validation.
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WanN15ANET (Results)
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Table 1. Testing results of the models.

Fold Training Training Training Train Validation Validation Validation Inference Test

Time Precision Precision mAP mAP Precision Precision Time [s] mAP

> 50 < 50 [50] [50] > 50 < 50
[Number [Number [Number of [Number of
of Images] of Images] Images] Images]
1 41m 60/60 0/60 100 80.5 14/16 2/16 0.5797 64
41.957s
2 41m 61/61 0/61 100 66.9 8/15 7/15 0.6249 57
31.170s
3 41m 61/61 0/61 100 47.2 12/15 3/15 0.6197 634
29.910s
4 41m 61/61 0/61 100 64.4 13/15 2/15 0.6161 67.6
27.288s
5 41m 61/61 0/61 100 52 8/15 7/15 0.6427 59.9
17.860s
MNAINT 1 waaswammesaulysunsw ar;jﬁ%aﬂa: 64 Tt lUsunIuuLil 1 3vihms
79 5wy Tanfilusunsuuud 1 Wehwdsen  nassugadeyafiviinisusnienidsudusniiie
WNUEN (mean average precision 38 MAP) 289 nagaulszansnmanslUsunsy wnzidaRansan

mM3wsufle (validation mAP) agiiauay 80.5 uay NnANRArANNLNUELEY Tsunsuwuun 1 T
Tewaen WRRIANNUIUEN TN EANAFBY (test MAP) WanANge Tdwasam s 2
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Table 2. The results of testing data on final model.

Fold Training Training Train mAP Test mAP Validation Validation Inference
Precision Precision [50] [50] Precision Precision Time [s]
> 50 [Number < 50 [Number > 50 [Number < 50 [Number
of Images] of Images] of Images]  of Images]
Final 76/76 0/76 100 65.3 10/14 4/14 0.6462
HNEIL1AG)

Training precision > 50 [Number of images] A8 ’5’1u’3ugﬂ171'ﬁﬁh Training precision ¥MNNI3pBas 50
Training precision < 50 [Number of images] A8 5’1u’sugﬂ‘ﬁ'ﬁﬁh Training precision Upanindosas 50
Validation mAP[50] A8 AlafsaMuLEuENIINTINTUT

Validation Precision > 50 [Number of images] 78 é’wmugﬁﬁ‘lﬁﬂ'wLaz‘v"ﬂmmLLa\iufj’wa\‘lmsLmuﬁ\amnﬂdﬁ
foeay 50

Validation Precision < 50 [Number of images] ﬁaﬁﬁmugﬂﬁiﬁmmﬁﬂmmLLﬁuﬂﬂmaonﬂistuﬁuﬁaﬂn'ﬁﬁ
Souay 50

Inferences Time [s] A8 LA UM Lmﬁxﬁqummaau

PNNTIT 2 LEANANMINATEUANNLEUEN NAFIY FSNuUMWATAANUuNLEN (validation
yavlUsunsnuuLii 1 fugadayanasoy iy precision) fixnni¥oras 50 $1WU 10 MW 9N
model fifianuusiughgeiigaly UsI model s Fnnudeya 14 s dwdn 4 aw azldehany
5 wuy Futhluesiinmesey [fnadaioniy wiughpenindaas 50 lasudazmwldianlu
wiuthaavgenaaaufidosas 653 lawil dayayn  mInsrasey 0.6462 Sunil
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Fig 6. Original image compare with result image from program.
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una3l (Conclusion)
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