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Abstract (J. Kor. Oral Maxillofac. Surg. 2007;33:485-493)

EFFECT OF PATIENT S BREATHING PATTERN ON THE STRESS
CHANGES IN THIRD MOLAR EXTRACTION

Sang-Myung Rhee, Hyung-Wook Kim*, Yang-Ho Park*, Jin-Cheol Kim*, Jun-Woo Park*,
Sung-Jun Rhee, Selenge Nyamdorj, Jae-Mok Ahn
BME Lab., Department of Electronics, Hallym University,
*Hallym University Graduate School of Clinical Dentistry

Purpose: Heart rate variability(HRV) is the clinical consequence of various influences of the autonomic nervous system(ANS) on heart beat. HRV
can estimate the potentia physiologic rhythm from the interval between consecutive beats (RR interval or HRV data). It is known as RSA which rep-
resents respiration-related HR rhythmic oscillation. Previous studies demonstrated a specific breathing pattern (0.1Hz, 6bresths/min) to improve a
physiological body condition related to the stress. In this paper, the level of stress would be evauated in terms of three phases of the denta treatment,
combined with 6breaths/min.

Methods: These phases include before, during and after tooth extraction or anesthesia or something.36 patients  stresses were assessed using HRV
stress analyzer in each phase in Kangdong Sacred Heart Hospital, and Chuncheon Sacred Heart Hospital, Hallym University Medical Center from Jun.
to Sept. of 2007. HRV 5-min data collected were anayzed in time-domain and frequency-domain to eval uate the activity of autonomic nervous system
(ANS) which representsthe level of stress.

Results: All HRV parameters including HF (high frequency), LF (low frequency) and L F/HF ratio showned a significant change affecting the ANS
balance. There was a 6.4% difference between R(LF/HF)s on genera breathing pattern for balance of Autonomic nervous system, but on controlled
breathing pattern, 0.1Hz, was made narrow till 1.4%. The activity of ANS has increased by 1.4% on general breathing pattern, and by 2.9% on con-
trolled breathing pattern, 0.1Hz.

Conclusion: After analysis of preoperative stress changes and effect of breathing pattern of 0.1 Hz on the stress in 36 patients who have undergone
third molar extraction, following was concluded. In the preoperative stage, the sympathetic change was the greatest?after the?anesthetic injection, and
stresswas relieved by controlling the breathing pattern to a frequency of 0.1Hz.

Key words: Heart rate variability (HRV), Respiration, Autonomic nervous system (ANS)
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Table 1. Selected time-domain measures of HRV
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Parameter Unit Description Statistical measures

mean HR bpm Mesan heart rate in beats per minute.

SDNN ms Standard deviation of the averages of NN intervals.
Time-domain RMSSD ms The square root of the mean of the sum of the squares of

differences between adjacent NN intervals.

pNN50 % NNS50 count divided by the total number of al NN intervals.

Total power ms’ The variance of NN intervals over the tempora segment
Frequency- LF ms’ Power in low frequency range (0.04-0.15Hz)
domain HF ms* Power in high frequency range (0.15-0.4Hz)

R(LFHF) Rétio LF(ms)/HF(ms)
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Table 2-1. HRV time-domain analysis data(Group A)
Time domain
Patient mean HR(bpm) SDNN(ms) RMSSD(ms) PNN50(%)
BA AA AE BA AA AE BA AA AE BA AA AE
1 64 71 62 85 71 104 69 42 78 74 68 75
2 80 78 74 49 63 73 27 4 50 56 63 67
3 63 67 58 30 51 40 22 25 28 62 66 67
4 78 77 70 52 103 112 43 81 95 75 81 76
5 70 74 65 46 47 70 50 43 53 72 66 72
6 81 93 75 9% 84 50 106 102 36 71 67 71
7 86 9 84 84 118 43 80 93 26 65 50 56
8 81 81 7 104 92 44 69 65 31 66 67 66
9 80 81 72 28 38 35 19 23 21 46 46 41
10 85 91 87 42 66 42 20 46 23 50 53 48
11 76 78 73 31 26 34 27 28 28 60 64 63
12 71 7 71 67 57 67 0 28 36 74 57 62
13 71 83 75 14 46 55 46 36 56 76 69 72
14 78 73 76 9% 48 53 88 36 32 67 71 62
15 58 69 63 52 50 52 46 33 41 7 71 71
16 76 79 74 39 45 4 23 27 35 57 60 61
17 67 64 66 74 72 84 52 56 59 78 84 7
18 71 71 66 66 69 74 57 91 65 78 78 75
19 92 9 92 34 31 30 28 19 19 63 44 42
20 79 83 78 32 47 42 19 25 22 30 50 41
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Table 2-2. HRV time-domain analysis data(Group B)

Timedomain
Patient mean HR(bpm) SDNN(ms) RMSSD(ms) PNN50(%6)
BA AA AE BA AA AE BA AA AE BA AA AE
1 78 7 63 3 68 61 18 40 51 34 57 53
2 67 71 72 72 86 57 56 48 37 82 72 67
3 89 98 79 39 44 42 26 17 30 53 38 57
4 78 0 85 43 89 60 35 38 29 66 62 53
5 A 100 88 42 41 58 19 33 50 33 54 72
6 68 75 68 50 62 48 26 27 42 56 57 70
7 63 61 60 87 94 60 54 56 46 78 75 71
8 87 101 91 69 117 98 65 114 112 59 60 53
9 9 109 95 46 55 69 40 25 101 57 45 67
10 102 91 87 31 32 27 26 36 17 43 4 38
11 7 75 7 44 73 62 28 36 30 58 58 47
Table 2-3. HRV time-domain analysis data(Group C)
Timedomain
Patient mean HR(bpm) SDNN(ms) RMSSD(ms) PNN50(%6)
BA AA AE BA AA AE BA AA AE BA AA AE
1 64 60 58 120 79 68 72 50 43 78 72 68
2 90 101 86 73 30 54 30 15 47 48 28 60
3 119 113 100 65 26 28 58 52 20 28 27 11
4 74 81 81 108 41 a4 70 54 32 71 63 60
5 81 87 7 83 87 V4 64 24 79 65 55 69
Table 3-1. HRV frequency-domain analysis data of Group A(log scaled)
Frequency domain
Patient TP(Ms) LF(ms) HF(ms) R(LF/HF)
BA AA AE BA AA AE BA AA AE BA AA AE
1 8.6 147 829 748 6.47 742 6.95 6 6.84 107 107 1.08
2 7.3 1.7 8.06 6.56 6.68 147 5.36 5.27 6.32 122 126 118
3 8.72 74 8.78 757 6.38 8.04 79 6.29 8.04 0.95 101 1
4 553 6.84 6.31 31 3.96 3.95 437 455 481 0.71 0.87 0.82
5 7.32 8.77 8.79 6.38 1.76 758 6.3 6.94 6.4 101 112 118
6 8.35 843 7.16 6.91 751 6.23 747 7.3 511 0.93 1.03 122
7 7.07 6.24 6.59 6.14 5.28 5.83 557 483 5.56 11 1.09 1.05
8 7.08 6.91 7.18 5.67 5.37 592 5.27 529 518 1.08 1.02 114
9 6.06 6.83 5.7 522 5.38 464 399 377 4 131 143 116
10 6.39 7.02 6.76 53 5.75 5.68 456 52 4,65 116 111 122
11 6.15 558 6.15 413 3.89 447 4.87 4.88 49 0.85 0.8 091
12 8.15 157 1.72 1.27 7.05 6.54 6.51 5.08 561 112 1.39 117
13 7124 704 7.02 594 5.25 6 6.16 553 5.86 0.96 0.95 1.02
14 815 743 78 7.32 6.08 6.52 6.96 5.69 523 105 1.07 125
15 6.98 6.44 7.2 5.77 53 58 5.69 5.29 525 101 1 11
16 6.49 711 744 5.16 533 6.82 4,07 4,65 5.42 127 115 1.26
17 8.16 8.06 7.61 7.02 6.28 6.57 5.88 5.69 59 119 11 111
18 75 7.89 8.03 6.68 6.82 741 6.56 6.88 6.92 1.02 0.99 107
19 6.64 6.35 6.28 5.83 517 593 437 374 34 133 138 174
20 6.8 6.95 147 6.13 6.47 6.69 416 499 4.38 147 13 153
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Table 3-2. HRV frequency-domain analysis data of Group B(log scaled)

Frequency domain
Patient TP(ms) LF(ms) HF(Ms) R(LF/HF)

BA AA AE BA AA AE BA AA AE BA AA AE
21 6.01 745 7.67 51 7.23 6.8 384 423 6.29 133 171 108
22 751 8.2 147 6.19 8.03 6.92 6.67 6.1 5.82 0.93 132 119
23 6.9 6.85 6.73 5.76 6.8 5.88 5.36 297 531 107 2.29 111
24 6.88 8.09 7.59 5.67 791 6.51 5.67 51 53 1 155 122
25 6.43 6.78 74 5.69 6.55 6.57 438 3.76 571 129 174 115
26 741 7 7.03 6 6.95 6.49 426 3.06 537 141 227 121
27 831 81 7.39 7.18 6.58 6.49 5.86 6.21 5.62 123 1.06 115
28 797 8.07 8.61 731 127 7.68 6.37 7.03 7.81 115 103 0.98
29 6.38 731 7.89 5.89 6.95 6.83 4.6 493 71 128 141 0.96
30 6.03 6.48 53 518 58 44 444 453 3.74 117 128 118
31 707 79 7.15 6.16 7.73 6.87 552 5.06 46 112 153 149

Table 3-3. HRV frequency-domain analysis data of Group C(log scaled)

Fregquency domain
Patient TP(Ms) LF(ms) HF(ms) R(LF/HF)

BA AA AE BA AA AE BA AA AE BA AA AE
32 8.89 833 7.64 868 6.91 6.69 6.56 6.25 5.82 132 11 115
3 7.28 591 7.46 7.01 477 5.82 4.46 404 6.06 157 118 0.96
K% 715 5.26 5.88 6.7 42 434 575 441 4.88 117 0.95 0.89
35 8.84 7 7.29 8.77 6.03 597 5.36 572 561 164 1.05 1.06
36 8.32 6.24 82 8.07 553 714 597 484 72 135 114 0.99

Table 4. Mean data of parameters for time-domain

Timedomain
Petient mean HR(bpm) SDNN(ms) RMSSD(ms) pPNN50(%)

BA AA AE BA AA AE BA AA AE BA AA AE
Group(A) 75.35 794 729 67 67 835 49.05 46.65 417 6485 6375 63.25
(92/58)  (99/64)  (92/58) (104/28) (118/26) (112/30) (106/19) (102/19) (95/19) (78/30) (84/44)  (77/41)
Group(B) 82 86.18 7864 50.55 69.18 58.36 35.73 4273 79.55 56.27 5655 58.91
(102/63) (109/61) (95/60)  (87/31) (117/32)  (98/27)  (65/18) (114/17) (112/17) (82/33) (72/38)  (71/47)

Group(C) 85.6 834 804 89.8 52.6 542 58.8 39 4.2 58 49 59.6

(119/64) (113/60) (100/58) (120065) (87/26)  (77/28)  (72/30) (54/15) (79/20)  (78/28) (72/28)  (69/41)

(Max/min): maximum value & minimum va ue of mean value, respectively.
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Table 5. Mean data of parameters for frequency-domain(log scaled)

Frequency domain
Petient TRmS) LF(ms) HR(ms) R(LF/HF)
BA AA AE BA AA AE BA AA AE BA AA AE
Group(A) 723 7.20 732 6.08 591 6.28 5.65 539 549 1.09 111 116
(87/55) (88/56) (8857 (76/31) (7.839 (8040) (80/40) (7.037) (80/34) (1507) (14/08) (1L7/08)
Group(B) 7.03 742 724 5.95 6.89 6.37 529 493 571 117 152 118
(83/60) (82065 (86/53) (7.351) (8058 (7.744) (6.7/38) (7.0/30) (7.8)37) (14009 (231) (1509)
oup(C) 8.07 6.62 722 781 551 592 5.45 157 595 141 1.08 101
(8971) (8353) (8259 (8867 (6942 (7.U43) (6645 (6340) (7.2/49) (L612) (1210) (12009
(Max/min): maximum value & minimum value of mean value, respectively.
b 80.00 100.00 |
' 70.00 000 ™
90.00 — A 80.00 2
80.00 — 60.00 - ~ > 7000
B 7000 " € 50.00 e € 4000
60.00 =z = 60.007
Z 50.00 2 4000 Z 5000 | .
é 40.00 ® 3000 @ 40.00 |
30.00 30.00 !
20.00 2000 20.00 |
1338 10.00 10.00 ¢
- 0.00 L - - 0.00*
b Group(B) Group(C)

Fig. 1. SDNN(ms) in terms of three phases. (Group A) increased after AA. (Group B) peak value on AA. (Group C)
decreased from BA.
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Fig. 2. TP(ms®) in terms of three phases(log scaled). (Group A) decreased from
peak value on AA. (Group C) decreased from BA.
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Fig. 3. LF(ms?) in terms of three phases(log scaled). (Group A) decreased from BA and increased after AA. (Group B)
peak value on AA. (Group C) decreased from BA and increased after AA.
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Fig. 4. HF(ms®) in terms of three phases(log scaled).
increased after AA. (Group C) increased from BA.

(Group A) decreased from

BA and increased after AA. (Group B)
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Fig. 5. R(LF/HF)

in terms of three phases. (Group A) increased from BA gradually.

(Group B) unbalanced on AA and

became balance after AA to AE. (Group C) became balance from BA gradually.

V.

i

[l

A3 -2 = L A] 2] 2 (primitive dental laming)f] A -2} 3+
A= 44 WA 5A = = of of S &l T A 3] 8h= 94 Wi A
104 7gell, 1] 3L A3 282 124 WA 154] 7 of] o] Fof ]
7 U] W& 174 o A 244] 7ol Lot A3 ]
Zho) B0 2 Qlaf I A3 kel A2 A 9 A4
& Fohe A7 e, ol Aol Al 3T 4] 2] 7Y
27t Ao HekA] Seto] Bl A ] A= TSt
7t 013}5) old wj AIh A= A=A oIyt =0l &

of

o%

oﬁ o
N

Eh%%¢

o M=

Ao] Qe AN FAE g 02 WA Ro] A A
B2 o AX I YT, T Fo] gl A A o WA
ARE & PSS JoAThe LI AT, B
AR A o] R0 A AA A3 FA WA o) 18-40%7}
WA R olms o= i Bl BAT F A FHE,
94 ol L2l 3 F9] Ao} o] = FHFL Fol]
ATl 8 A3 7 A ol - 2
HEoRE 28 39 AN, AU £ 4

5 = =2 25
3h= E—r%l‘:‘r-—;sox

2~ 0l 3 0=

il
f =5
)

o
oH ro

JE

N o

0

l FN

>,

2 Zﬁ

FP>

> o g o
N d

offf o

ﬁizﬂlH
Amﬁio

>
a2
rE
= o
J&#

o
‘\8
‘3
;5

4
N o
° 2
z

E~P\Ne)

T 0w [e]

ol gz

=

Ao gz Bx
o] Frh. 2B~ Holo
‘@&l%ﬂ@ﬁ%ﬂ.lﬂLii
4 495 29 B2 AAE 68 2

mlﬂ 2 >
rC oo

2

3o I
S

> g
-4 B
T 2
2
Ly
Mo (m
1%

o, o

i)

il

i&
2

e, a9y

491



LHT-2IX| 2007;33:485-493

7 Bl 3 HRV 29 B £4& o] &-3to] Y7 vt
AT L HRVE o] &5t vk 58 H7he drolM =
5 AR st o o] s}eh 8 1% & tof PaCO:9| 1 3}
£ Y907 A SH AL E A&7 A 9 HRV Hstel] of
&= vA7] wZel vhH Fol ig F717 Watn) ko

HRVS| WS} A ek kel S5 84 TR4E U

ST, 1213 0] % 53 HRVZH) 48 o} 1

A AFFol gol o|Fo ol met 7Hy v Y= &F
5 el L

7] 2 0.1Hz(6 breathing/min) = A A] 5} Ww 3E o
ol WA HRVE RSAZ 4
WA e mFA A = RSAY «lBH S5
RAL n|FAAL Eg) ga-S vt} 787 &
Ao LF G2 2 RAS o] FA 7=, o|wf HF o & 9]
A7t 55 F7]0) S Wl LF O R o] 55= AL
& g v, e Kdld 52 =¥ o5 e O E RSAY
Hstol] GaFs v A F AARE AR 7+ Ao| 2 1L A=
Tk vt 013}3’) RAHZE S drHEE 5834 o
=% 18 g2 B0l
a%mmnﬁ¢&t%@§%%ﬂ

T+, Grossman -2] 31 21 i

AP, Sen 5 250 E5 T I vl gl wak A uE
o HE Qg WAtk bl ok, ool uhe} & o ol A
= A 3t A LA o gloj A 2] Ao whE AEH A W3t
FE ATEL, 55 HHo] 2EH 2ol X = Gkl tf
A Lottt T g Y A= AANE Y D 24 AJA
BAE AR BYS A3 2 BAE Y2 5L
2, 322 duk 5 5 (Group A) = 5.5-7+(Group B: m}
S5 %, Group C: 2] & 5F °E)°i—rwob
™, 7} Abgeh} 23] whA ol n}e} 38] 2 Lol HRV 5% o]
LA A 3 A TRl gloj A mE] o] F- 2
Ed27k 23] kA 4073 A ) #Yol FURTh
%ﬂﬁﬂ%Jl%“ﬁﬁmlﬁﬁﬂﬂﬂﬁgﬁEﬂ%%
i ANARA o] w2 AFE HA F74A] 3

111o{|
-

rlr

=,
Lo o =
2 1o j 4o m AN X

byl

lr_x
!

0

L

iy
=
ne
32
muﬂ

S H, o1 F B W A SN A
s o 9] A 7 A s of A& A
%O}Xﬂ‘:} olget AL BalA TL AgH AE
7R ) #qo] 73 Bl A

o7, o] el A&7
A7 Bslo] a2 T A4 okl

>
N, 1o
O ot

%,

™ Forl

FQL'
R
N
N
>,
N,
g
s
|
N
N
>,
N,
lo,
=
lo
> b
o O o ¢E ofN XN AL N i @y o

oty
g ©

L
é
_I_4
N
P e
T
T
=
o 12
lo,
.2
LO

ol w2 LFo) o2
o nea] W) o] F ﬂcﬂ- Q4R Yol o

o

by

Q

S

32

o

[

o

oy

o

E

N

\_,

—|N

i

?n ;
\lrﬂﬁ_‘

T > N

T >

A o= A glo] SODNN 2 TP, LF o o o] 424

718G, o) TA| o) 24 A LA 738 2 3
shel] oA HE FES 7T F AAUTh TFFo
22 HRVE] (%)) AR ANJA 7} F7F8HA Bl =
A A&7 & 045 %7}*174 ZEd 2o g A3

ox I o rlr

§

ot i oX i,

=

_@_ﬁ

492

=o]A Ptk w3 01Hze) 55 F7)=HRV 2159 55 719
EX AT FBEAE Bof, HF 9] d|YA7FLF 9 0.2
o]t A HAITH AN Z 02 HF ] o 9] oA & Fol&=
S FOBMN AFAA F8E Alojst=d T2 e
288d F IS A

g Hr e
BN et
2
R
ot
i)
Ho
oR
ot
o
i
)
=)
i)

o
2
>
o

o ¥ R
tlo tle &

o= AZHL BF 31 A%) WA B
st A7 HSHE oS8t AE X s
AAE}7] 95t x| &A el ARyt P e A

o offt W uZ o

22

X
Aui i re >,
1o b 1
o gy B &
ok
g

©

A 3] W] A} 36 S tAre
o] ~Eg A ¥s 2 0IHzF] o) 55 @
Ef 2 X & IS ZAFEH E‘r%ﬂr Eds
ok ] (%) DAl oA wHE & AEA A A
oM, 01Hze] 35 HEHOE 55 32
A db2] Al B Sl = 2EY AE et E9E 7]
AN

)
et

e

ik

1. Quek SL, Tay CK, Tay KH, Toh SL, Lim KC: Pattern of third molar
impaction in a Singapore Chinese population: a retrospective radi-
ographic survey. Int JOra Maxillofac Surg 2003;32(5):548-52.

2. Chiapasco M, De Cicco L, Marrone G: Side effects and complica-
tions associated with third molar surgery. Oral Surg Ora Med Oral
Pathol 1993;76(4):412-20.

3. Garcia RI, Chauncey HH: The eruption of third molars in adults: a
10-year longitudinal study. Oral Surg Oral Med Oral Pathol
1989;68(1):9-13.

4. Hugoson A, Kugelberg CF: The prevalence of third molars in a
Swedish population. An epidemiological study. Community Dent
Health 1988;5(2):121-38.

5. Vental, Turtola L, Ylipaavalniemi P. Change in clinical status of
third molars in adults during 12 years of observation. J Oral
Maxillofac Surg 1999;57(4):386-9; discussion 89-91.

6. Leone SA, Edenfield MJ, Cohen ME: Correlation of acute pericoroni-
tis and the position of the mandibular third molar. Oral Surg Oral
Med Oral Pathol 1986;62(3):245-50.

7. Piironen J, Ylipaavalniemi P: Local predisposing factors and clinical
symptomsin pericoronitis. Proc Finn Dent Soc 1981;77(5):278-82.

8. Kugelberg CF, Ahlstrom U, Ericson S, Hugoson A: Periodontal heal-
ing after impacted lower third molar surgery. A retrospective study.
Int JOral Surg 1985;14(1):29-40.

9. Nitzan D, Keren T, Marmary Y: Does an impacted tooth cause root
resorption of the adjacent one? Oral Surg Oral Med Oral Pathol
1981;51(3):221-4.

10. Parameters of care for oral and maxillofacial surgery. A guide for
practice, monitoring and evaluation (AAOMS Parameters of Care-
92). American Association of Oral and Maxillofacial Surgeons. J Oral
Maxillofac Surg 1992;50(7 Suppl 2):i-xvi, 1-174.

11. Rubin MM, Koll TJ, Sadoff RS: Morbidity associated with incom-



12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

pletely erupted third molarsin the line of mandibular fractures. J Oral
Maxillofac Surg 1990;48(10):1045-7; discussion 48.

Tate TE: Impactions: observe or treat? W V Dent J 1994;68(4):19-23.
Brokaw WC: The third molar question: when and why should we rec-
ommend removal? Va Dent J 1991;68(4):18-21.

Mercier P, Precious D: Risks and benefits of removal of impacted
third molars. A critical review of the literature. Int J Oral Maxillofac
Surg 1992;21(1):17-27.

Lysell L, Rohlin M: A study of indications used for removal of the
mandibular third molar. Int JOral Maxillofac Surg 1988;17(3):161-4.
Sisk AL, Hammer WB, Shelton DW, Joy ED, Jr: Complications fol-
lowing removal of impacted third molars: the role of the experience
of the surgeon. JOral Maxillofac Surg 1986;44(11):855-9.

Rood JP: Permanent damage to inferior alveolar and lingua nerves
during the removal of impacted mandibular third molars. Comparison
of two methods of bone removal. Br Dent J 1992;172(3):108-10.
Brown TE, Beightol LA, Koh J, Eckberg DL: Important influence of
respiration on human R-R interval power spectrais largely ignored. J
Appl Physiol 1993;75: 2310-2317.

Karemaker JM: Heart rate variability: why do spectral analysis? Heart
1997 February;77(2):99-101

Task Force of The European Society of Cardiology and The North
American Society of Pacing and Electrophysiology. Heart rate vari-
ability: Standards of measurement, physiological interpretation, and
clinical use. European Heart Journal 1996;17:354-381.

HeartMath Research center. Autonomic Assessment Report: A com-
prehensive Heart Rate Variability Analysis. 1996.

o14H, ol AF, SHAE, AT RATH I} A&7 55 3
7¥shE SEF 7] Ao #et A o ¥ 8+3] A] 2007,28:503-511.
Nakamura Y, Matsumura K, MiuraK, Kurokawa H, Abel, Takata Y:
Cardiovascular and Sympathetic Responses to Dental Surgery with
Local Anesthesia. Hypertens Res 2001;24(3):209-14.

Langewitz W, Ruddel H: Spectral analysis of heart rate variability
under mental stress. J Hypertens 1989;7(suppl):S32-S33.

Pagani M, Somers V, Furlan R, Dell’ Orto S, Conway J, Baselli G, et
al.: Changes in autonomic regulation induced by physical training in
mild hypertension. Hypertension 1988;12:600-10.

Bernardi L, Ricordi L, Lazzari P, Solda P, Calciati A, Ferrari MR, et
al.: Impaired circadian modulation of sympathovagal activity in dia-
betes. A possible explanation for atered temporal onset of cardiovas-
cular disease. Circulation 1992;86:1443-52.

Matsumura K, Miura K, Takata Y, Abe I, Fujishima M: Changes in
blood pressure and autonomic nervous system in dental treatment
with use of local anesthesia. Cardiovasc Rev Rep 2000;21:35-39.
Matsumura K, Miura K, Takata Y, et a: Changes in blood pressure

29.

30.

3L

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

A 3 CHTA] ZAIA| SAe] =5 HEO| AE2~ Baf gtatol O/X= F&

and heart rate variability during dental surgery. Am J Hypertens
1998;11:1376-1380.

Tsuchihashi T, TakataY, Kurokawa H, et a: Blood pressure response
during dental surgery. Hypertens Res 1996;19:189-194.

Miura K, Matsumura K, Nakamura Y, Kurokawa H, Kagjiyama M,
Takata Y: Suppression of cardiac sympathetic nervous system during
dental surgery in hypertensive patients. Hypertens Res. 2000;23:207-
12.

Motte S, Mathieu M, Brimioulle S, Pensis A, Rav L, et al.:
Respiratory-related heart rate variability in progressive experimental
heart failure. Am J Physiol Heart Circ Physiol. 2005;289:H1729-35.
Bernardi L, Rossi M, Ricordi L: Clinical assessment of respiratory
sinus arrhythmia by computerized analysis of RR interval and respira-
tion. G Ital Cardiol. 1992;22:517-29.

Kollai M, Mizsei G: Respiratory sinus arrhythmia is a limited mea-
sure of cardiac parasympathetic control in man. J Physiol
1990;424:329-42.

. Strauss-Blasche G, Moser M, Voica M, McLeod DR, Klammer N,

Marktl W: Relative timing of inspiration and expiration affects respi-
ratory sinus arrhythmia. Clin Exp Pharmocol Physiol. 2000;27:601-6.
Angelone A, Coulter NA Jr: Respiratory sinus arrhythmia: A frequen-
cy dependent phenomenon. J Appl Physiol 1964;19:479-82.

Hirsch JA, Bishop B: Respiratory sinus arrhythmia in humans. how
breathing pattern modulates heart rate. Am J Physiol 1981;241:H620-
9.

Hayano S. Mukai M, Sakakibara A, et al.: Effect of respiratory inter-
val on vagal modulation of heart rate. Am J Physiol Heart Circ
Physiol 1994;267:H33-H40.

Stern RM, Anschel C: Deep inspirations as stimuli for responses of
the autonomic nervous system. Psychophysiology 1968;5:132-41.
Grossman P: Respiration, stress, and cardiovascular function.
Psychophysiology. 1983;20:284-300.

Poyhonen M, Syvaoja S, Hartikainen J, Ruokonen E, Takala J: The
effect of carbon dioxide, respiratory rate and tidal volume on human
heart rate variability. Acta Anaesthesiol Scand 2004;48:93-101.
Onhtari K, Kiryu T, Saitoh Y: Extraction of autonomic nervous sys-
tem-related components from heart rate variability during cycle exer-
cise by time-frequency analysis. Systems and computers in Japan
1999;30:47-56.

Schipke JD, Pelzer M, Arnold G: Effect of respiration rate on short-
term heart rate variability. J Clin Basic Cardiol 1999;2:92.

. Malliani A, Pagani M, Lombardi F, Cerutti S: Cardiovascular neural

regulation explored in the frequency domain. Circulation
1991;84:482-92.

493



