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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.
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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).

160



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
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Fig. 5. Scattergrams of PPG parameters of red and infrared signal (® : red signal, A : infrared signal).
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