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——Abstract

vitality in children.

vitality are needed.

The purpose of this study was to analyze photoplethysmographic waveforms from pulse oximeter using raw
data of red and infrared light and investigate the reference values of parameters (Height, Width50, Maximum
slope, Minimum slope, Area) for evaluating pulpal blood flow in maxillary central incisors with normal pulp

The study was performed in 30 pediatric patients, aged 7-16 years old, using pulse oximeter (MEKICS Co.,
Ltd, Korea) combined with a custom-made sensor. The raw data was obtained and recorded by custom-made
software and analyzed by LabChart (v.7.3, ADInstruments, Germany) offline.

In this study, we analyzed photoplethysmographic waveforms from pulse oximeter applied to maxillary central
incisor for assessment of pulpal blood flow and suggested several reference values of young permanent maxillary
central incisor with normal pulp. On average, the waveform of red light was higher, stiffer and wider than that
of infrared light. Future studies about reference values for
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other normal teeth and the teeth with impaired pulp
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Fig. 1. Pulse oximeter, MP570T (MEKICS Co., Ltd, Korea).

Fig. 2. Application of a custom-made sensor to central incisor.



J Korean Acad Pediatr Dent 43(2) 2016

3. A=2EN I. o+ MA

542 Bl Aozl F-&H 5} 5139 HolH e B4 (cali- WA SA 7] 5 o] §ato] A AL E S 2 Lol 3
bration) = A %2 A spFat A9 spge] ddolH (raw 2ke] et FAXE S A2 BE Ao} S A F7]H <
data) FHE AFEE AZESOIS o] &3te] 300 Hz2 712 5549l Fe44u s 38 S #2d 4 ).

Hlomn 7159 YulolEl= Labchart (v.7.3, ADIstruments, A o4zt Ao vhel FaAvly) vy BN 432 &
Germany) Z21#9] peak analysis modules ©]-&3}o] & & d& 7t gelng e Huw FHAE v ZtH(Table
= 1,2).

Aol do]HE Matlab R2014b (Mathworks, USA)E A ggn AejM gpgeA] 7t gejnly o] ddidks
o] g-gto] Ful wH 9l (frequency domain) -2 F2]o] ¥gk Hwatgls W Width50 Ajgt BE dhepnleloA] <X
(Fourier transformation)< &3 2~HEF FAgte] Il g ET A oo B 2 S Uehlo] A4 ste] st
A Fgo] #FEE Ldo] =] 0.5-2 Hzel t92H ol Ao sptel By HT} Fol7t o wa WSy g4
(band pass filtering) AldJste] Sgolvt 221 S <fgt 3} A AAE e Aoz Yeyth(Fig. 5). thE sEHEH=

+& AAMGH(Fig. 3). IRt dojxl A4 517, A< 2] Width502 A4 3g3t 2o ghgel A Hl=gk 235
A s 2 tldl Height, Width50, Max slope, Min Uehfiglen ol Ao R f9d wat 2o]E YER)A

slope, Area®] Hi ¥ EF QA5 ALl tH(Fig. 4). %dtHp = 0.719, Wilcoxon signed rank test).
350 — — 30 [ ———— —
300 300 |
250 250
5200 - 5200
5 5 |
a 150 i a 150 | (
100 - J 100 + |
|
Yy N
AT | S o ML i
I 'U.II[‘\- RRL Y T J 0 L J l““‘“_‘ﬂ.;|.k,.‘ [ . . |
A 0 05 1 15 2 263 35 4 45 b B 0 05 1 15 2 26 3 35 4 45 b
Frequency (Hz) Frequency (Hz)

Fig. 3. (A) Power spectrum of the PPG signal identifying the dominant amplitudes in the PPG signal at 0.5-2 Hz. (B) After band-pass filtering at 0.5-2 Hz
to remove artifacts.
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Fig. 4. Photoplethysmographic waveform parameters: Height (Signal level minus the base lines, at the peak), Max slope (maximum slope over the whole
peak), Min slope (minimum slope over the whole peak), Width50 (time interval from first to last crossing of 50% of the height), Area (area under curve).
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Table 1. Photoplethysmographic waveform parameters of red signal
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Table 2. Photoplethysmographic waveform parameters of infrared signal

Patient Height Width Max Slope  Min slope Area Patient Height Width  Max Slope  Min slope Area

No. (mV) (ms) (mV/ms) (mV/ms) (V.ms) No. (mV) (ms) (mV/ms) (mV/ms) (V.ms)

1 1235 561.2 4338 -3788 238.9 1 255.8 649.4 855.1 -551.9 38.9

2 1411 661.4 5675 -2722 287.6 2 223.0 602.8 921.7 -557.0 46.0

3 1349 505.7 5645 -3355 284.8 3 247.6 525.5 1869 -787.1 72.9

4 1333 548.5 5370 -4235 282.6 4 1253 548.7 482.9 -459.2 26.0

5 1216 470.3 5134 -3571 2474 5 110.8 560.6 396.6 -358.2 21.9

6 1346 566.8 5341 -3205 278.1 6 76.3 584.1 287.4 -254.4 15.6

7 1430 530.0 5401 -4192 2974 7 81.4 650.9 288.4 -246.9.0 16.2

8 1463 858.5 5737 -2904 309.1 8 88.2 638.0 334.1 -241.0 16.9

9 1284 554.6 5056 -3701 264.8 9 154.5 554.8 583.1 -531.5 31.6

10 1259 685.2 4757 -2976 253.9 10 574 559.2 184.1 -219.4 10.7

11 1504 5553 5609 -5040 292.1 11 260.1 560.1 872.1 -892.0 52.1

12 1326 501.5 5160 -3866 271.1 12 277.7 571.0 879.8 -1001.0 533

13 1462 556.8 5723 -3992 298.6 13 347.7 554.7 1343.0 -1048.0 69.4

14 1322 492.7 5487 -3966 273.6 14 171.9 469.7 640.7 -670.9 33.7

15 1379 618.7 5283 -3633 279.7 15 99.2 590.9 381.8 -351.1 20.1

16 1344 535.7 4528 -4528 269.1 16 365.5 576.0 1204.0 -1207.0 66.8

17 1385 533.6 5067 -4748 277.1 17 2154 543.7 7327 -840.6 41.0

18 1373 522.0 5421 -4623 278.6 18 290.7 561.9 1028.0 -1082.0 58.6

19 1414 545.1 5087 -4130 289.3 19 307.4 545.2 1113.0 -1035.0 62.0

20 1409 526.9 5216 -4695 281.2 20 218.7 581.6 693.0 -856.4 39.6

21 1430 623.6 5192 -4544 282.7 21 424.0 596.2 1540.0 -1504.0 82.9

22 1385 582.2 5323 -3733 281.0 22 133.1 614.4 473.8 -494.8 259

23 1417 541.5 5530 -4274 294.0 23 154.9 5594 590.7 -507.1 313

24 1423 566.7 5460 -4460 290.6 24 347.9 534.0 1343.0 -1268.0 68.6

25 1302 655.1 4708 -3499 265.8 25 303.0 666.9 1208.0 -1138.0 60.4

26 1402 662.1 5111 -4189 277.9. 26 1154 552.5 4209 -476.8 242

27 1475 541.0 5565 -4736 295.9 27 2227 547.5 800.1 -747.3 45.5

28 1460 5354 5793 -4112 300.4 28 243.4 536.3 983.9 -759.7 50.6

29 1295 646.5 4469 -3209 259.5 29 226.9 5423 827.5 -729.5 46.0

30 1498 540.0 5341 -4427 292.5 30 117.2 516.5 388.9 -432.5 21.5

gt 1377.7 5742 5250.9 -3968.4 279.8 o 208.8 569.8 788.9 -708.3 41.7

Max 1504.0 858.5 5793.0 -2722.0 309.1 Max 424.0 666.9 1869.0 -219.4 82.9

Min 1216.0 470.3 4338.0 -5040.0 238.9 Min 574 469.7 184.1 -1504.0 10.7

SD 75.9 76.5 382.0 603.9 16.1 SD 97.9 42.8 4123 342.2 19.9

V. &% 9 DE 7)40] Wekgle] A9} Holol N 1 Bgo] B A7
011:]_17)

WU s E e MG Re L AR WHoE BReE  Shelley™E WISl SHEE BeH ) 2
SRo ASALRS 24T 5 e ol AT T2 W LTS SPSP] 0B A oPoR YRR ol
T Qo) oREe A7l HATHERS o ghTk BAT sl FRIAGON WAe2Ys1e] FEAust] A8
o] Stk wuMlESYle] AARSEE 24 Fhkn % AdNE WEa2gs)e) 2206 et AE BYE g
AE7)o A== A4 3, AA g9 v &S A5 o] ohd FgAHte] duolH ] o] hselof b o]
(autocalibration)dte] A& Fx]o]7] wjFeol AEs] Lot g ddlolg o] AAE I EAE o] A e Hojof dtta
Zgshe 249 ARel U@ FBE FuE UlldE & S

A7t slet. Wbzl Adrxetwet 9 B8 £, Aymen 592 AR AAE EoR A HUE
HP = AFdet, &A= 1930 YAz ) 7ol gdo] axlof] E2JA FHLower body negative pres-
gelont A TaE 2go] AGHUA FEAUT Ao F sure) L2 A o] ARE e we} dvjete) BE
AA ol Vs e ool g 2 A2 wEAs A8 Ak %go] o w) MakeheA] Lohugith 1 Az sl

161



J Korean Acad Pediatr Dent 43(2) 2016

1800.0
1600.0 10000
e |® o ey ¢
1400.0 . .' L e s 00 o ™
. ol *° . . 8000
12000 |*® .
z w A® A * [ R .
E 10000 E 6000 | & = %)
% = . .A‘. ssete TS,4a0 “0? Legayg
© 8000 @ . ° 2
@ =
T 6000 g 400
4000 o e o
2000 |Aat el S il | ada
00 *fasa”) 1 maall L. 1 00
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Subject Subject
7000.0 1000.0
60000 | Toe, e 00 e [ —: I
_ _— A
£ 50000 ®9°% ol o TP Cg0et 7, ¢ £ 10000 | PO ot
= L] ] = A A
= o ° . = A
E 40000 E -20000
o 8 .
5 30000 S -30000 . * .
v v L - & '
é 20000 - § -40000 5 See — —
A & o o0 o * , ?
10000 |4 Tk A ey -5000.0 .
Adaan’] ! toas |, A
00 -6000.0
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Subject Subject
400.0
3500
L ]
HBOO.D *ee|," . ....'...’00..'.0'...
g 2500 |5 . .
< 2000
i
Z 1500
100.0
A & |la pul® A
500 |4 aa —— $ra
00 fMaaat] M4 il il
0 5 10 15 20 25 30 35
Subject
Fig. 5. Scattergrams of PPG parameters of red and infrared signal (® : red signal, A : infrared signal).
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