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Abstract

Objective: Children teeth fluoridation and anti-decay treatment 

program was implemented by Bureau of Nation Health Insurance from July 

1 2004 for over four years. The author analyzes an insurance database

Methods: A retrospective study was conducted using an insurance 

database from Bureau of Nation Health Insurance - Central regional branch 

with registered children born in 2001 who received teeth fluoridation and 

anti-decay program. The difference of utilization of dental care preventive 

service analysis was based on each individual child’s character and 

required dental treatment. For cost-benefit analysis, children were selected 

who were eligible receiving or non- receiving this benefit from July 1, 

2004 till 2007. Two

to 

evaluate the utilization of dental care preventive service and cost-benefit 

effectiveness (CBA) of teeth fluoridation and anti-decay treatment program 

in central part of Taiwan.

Results: No statistic significant differences between children sex and 

receiving or non-receiving this benefit factor, however, significant 

difference were showed at medical providing territories and insured fee 

factor (p<.0001). Children who receiving teeth fluoridation every half year 

(including 2,3,4 times), the average visiting frequency and treatment cost 

had statistic significant differences with children who receive single teeth 

fluoridation course(p<.05), i.e., the final teeth fluoridation in the last six 

months is less than the initial teeth fluoridation in the first half year. This 

groups were compared by frequency matching analysis, 

based on sex, medical provide territories, insured fee. Additional 

Incremental benefit/cost method (ICB) of cost-benefit analysis (CBA) is 

also conducted to evaluate the service providing cost increasing ( C) and 

dental treatment cost decreasing effectiveness ( B).
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result is also showed in dental caries and the pulpitis treatment (p<.05).

Conclusions: In the selected children, parent’s decision making and 

territory variance (ex: cities vs. townships) gave influence of children to 

receive teeth fluoridation and incidence rate of caries. In the meantime, the 

analysis result of health insurance utilization is same as foreign countries’ 

study result, that is,  teeth fluoridation may reduce dental treatment cost 

and utilization of dental care service. In addition, the assumption in this 

research model, cost-benefit effectiveness (CBA) analysis shows that 

present fluoridation benefit cannot cover its own cost.

Recommendation: Based on this research, the teeth fluoridation may 

reduce the dental care service cost. However, the total saving cost cannot 

cover the government investment. Although cost saving is not the priority 

consideration factor of every beneficial program, but facing financial 

limitation and increasing public health expenditure, government needs to 

further study the balance of service providing scope and financial impact, 

which becomes an issue that can be discussed . Hope this study can provide 

a reference for future public health resource allocation and policy 

amendment.

Keywords teeth fluoridation dental care cost-benefit analysis

Incremental benefit/cost method
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2003

2007

95

5-6 73.65% caries 

experience index,deft index 5.58 94 93

DMFT index 0.19 0.27

2003

(World Health Organization,[WHO])

Beltran-Aguilar 

ED,2000 93 7 1

5

2004

94

6,000 95 8,000
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95 8.5 73.33%

96 8.2 70.33%

2,500
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2006 2003

(World  

Health Organization,[WHO]) 2003

2006

McDonald RE, Avery DR,1994

caries prevalence rate caries experience 

index,deft index caries experience index,defs index
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caries prevalence rate

2003

caries experience index deft index

d decayed e missing due to caries

f filled primary teeth t teeth

deft index 2006

D decayed

M missing due to caries F filled T teeth

DMFT

2006

DMFT

deft

caries experience index dmfs index

Decayed, 

missing and filled surfaces of primary teeth dmfs index

Petersson,1991

caries experience index DMFS index

Decayed, 

missing and filled surfaces of permanent teeth DMFS index

Petersson,1991

50

baby bottle tooth decay,BBTD

nursing bottle syndrome rampant caries lesions
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1994 9 Center for 

Disease Control and Prevention,[CDC] early 

childhood caries, ECC 2005

deft

1997

early childhood caries, ECC 71

cavitated non

cavitated

Drury 1999

2000 American Academy of Pediatric 

Dentistry,[AAPD] 2005 2006

2006

1999 National Institute childhood

caries,[NIH] severe- early childhood 

caries, S-ECC 1. 3

2. 3 5

dmfs 1 3.

dmfs 3 dmfs 4 4

dmfs 5 5 dmfs 6

AAPD 2006

2006
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2005 15%

1999 Ayhan 1996 126

Ayhan H,Suskan E, &Yildirin 

S,1996

2006

Li Y,Wang

W,2002) 

6-7 4

6-7

4 2-3 20

6

12 6

6 3-6
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4,468 Flemish 6

2 8

2003

2006
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2006
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1.

A. demineralization

B. remineralization

C. HF

McClure,1990

2004

2007

2.

Per Axelsson 2000

2004

A.

B.

C.

prophylaxis paste fluoride varnish

3.

A. 100
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2007 40~50%

50~60% CDC,2001 York

15% McDonagh,2000

B.

1955 1986

1987 1991

2004 WHO

C. 1989

1995

1 ppm

D.

7 Ivanova,1995 Lennon,1995

E.

1.0 

0.5 0.25 

60% 39%~80%
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2004

2007

F. 1995

2~3 25~30%

50%

Mellberg,1991 Clarkson,1993 Stamm,1993

G. 1946 Dr. Bibby

National Institute on Dental 

Research,[NIDR] 1983

8 11~54%

DMFT index 35%

23~46% John, Clarkson, Jacinta Mc,2000

H. Fluoride gels

1,000~5,000ppm

10,000~20,000ppm

1970 2004

28%

26% Ripa,1991 Wei,1993)

DMFS 28% Marinho et al, 2004

I. Fluoride varnishes 1960

70 80

20~70% Petersson,1991

100 Fluoride gels
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Fluoride varnishes 1940~1970

Hagen,Rozier,Bawden,1990 Ripa,1991 Wei,Yiu,1993

Fluoride gels pondus 

hydrogenii PH 3.0 12,300ppm acid phosphate fluoride 

1.23% APF 0.9% sodium floride Fluoride 

varnishes 1970 2.26%

sodium floride 2,600ppm 0.1% difluorsilane 1,000ppm

2006 8% stannous flouride 2% sodium 

fluoride 1.23% acidulated phosphate fluoride, APF

American Dental Association,[ADA]

2004

4.

1992 1997

2 0.05%NaF

33.5% 1997 2001

2002 2006

2004 7

5

2004
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2004

92 5 21

95

2006

5.

McClure

1940 1.0~1.5mg/kg/day

McClure,1940

World Dental Federation,[FDI]

WHO CDC
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2006

2 9.69% 3

1.21%

2006

2005

2006

1993 1997 2000 2005 86% 89%

88% 74% 6 deft index 2000 2005 5.88

5.58 2007

deft index 2007

1993 97% 1994 80% 1995
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92% 1995 95% 1998 76% 1999

91% 2002 89% 76% 97%

deft index 1993 4.58 1994

deft index 3.48 1994 5.27 1995 5.09

1995 9.1 1998 4.7 1999 7.5

2002 5.0 deft index 3.48 9.1

2006 6 4,091

1-2 2-3 3-4 4-5 5-6 7.25% 40.12%

58.11% 72.59% 73.65% deft index 0.23

1.37 3.18 4.98 5.58 (deft index)

2006

2006 6

63.14% 3.41 4.35

20.81% deft index

2

3 40.65% 62.66%

60.00% 78.15%

2006

2003 3-6 13,447 547
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78.6% 5.0 16.0%

3 4 8.8% 4 5 3.4%

3 4

2003

2005 2 6 251

89.24%

3.20% deft index 7.58±4.76

defs index 12.53±9.67

2004

2006

(deft 

index) 4.78 4.50 (caries prevalence rate) 76.6%

2006

2006 3

17.13% deft index 0.57 1.74

2006

2006

7-15 1,671 

DMFT index

deft index 2.78 62.89%

3.04 67.86% 5.40 77.01%

51.94% 36.41% 15.17%
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2006

2007 0-6

68.97% (decayed,dt) 3.54( 4.04)

(extraction,et) 0.06( 0.37) (filled,ft) 0.81( 1.78)

deft index 4.40( 4.48) (filling rate)

18.35%

3-4

ECC

S-ECC 2007

2007 5

365

28.5% 71.5% deft index

3.64 3.54 2007

2006

3,044 

deft index

3 4 3 4

2006

2003 2007

68~89%

3-4
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Rein

Rein,1998

2003 2006

2006

2003 3-6

29.6% 67.6%

6

2003

1999 2000 2003

2004

Waldman

Waldman,1995
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2003 3-6 13,447 547

deft index 2003

2006

2006

2006 3

2006

2007 5

2007

2007

3,044 

deft index

2007
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95

895 39.2%

Dental caries ICD-9-CM 521.0 25.6%

2,768

1.21 1,157

94 305

152 49.84% 95 311

152 49.09% 96 316

158 50.13%

2-1

2005~2007

2-1

50.13%15831696

49.09%15331195

49.84%15230594
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95 11.6

8.5 73.33% 96 8.2

11.7 70.33% 2-2

93 7 1

94

15.37% 118,645 6,000

95

23.83% 160,068 8,000 2-3

2008

95 3 20.47% 4 34.28%

5 39.09% 2007

2005

2005

2009

34.6% 21~40%

28.9% 92.9%

3.8% 1.9%

70.2%

42.9% 26.2%
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58.3% 41.7%

16.7% 86.3%

6.2%

2009

2-2

95
%

96

 (0~4 )

2-3

94 15.37 5,952

95 23.83 8,011
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84 1 27

1995

93 07 23

93 7 1 2004

95

95 2 13

2007
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2004~2006

1.

5

2.

1
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4.

5.

fluoride gel

fluoride varnish

30

3 5

economic evaluation
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alternatives /

/

2003 2006

2005

health economic evaluation

Heyland DK, Gafni A, &Kernerman P,1999 Horan T, Saint S, 

&Chenoweth C,2001

1.

2.
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93 95

96

3.

4.

Cost effectiveness analysis, CEA Cost utility 

analysis, CUA Cost benefit analysis, CBA

Drummond MF, Schulpher MJ, Torrance GW, O’Brien BJ, &Stoddart 

GL,1997 Weimer and Vining,1992
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1. Cost effectiveness analysis, CEA

natural unit

life years gained mmHg

/

C/E C/E

2. Cost utility analysis, CUA

CEA

utility

quality-adjusted life 

Years,QALY

risk aversion risk neutral

risk-loving C/U

3. Cost benefit analysis, CBA

benefit effectiveness
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/ C/B Layard, Glaister, 

1994 2001 2003 2005 2005

CBA

CEA

CUA CEA CUA

life-year gained QALY

CEA

CUA

CBA Willingness-to-pay, WTP

CBA

Layard,Glaister,1994 2003

2006

Cost benefit analysis, CBA

willingness 

to pay WTP
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economic efficiency

0

distributive efficiency

Pareto efficiency

2001 Boardman, Anthony E,1996

1.

1808

1946

1952

1970 1980

2001 2005

1960

1967 CBA 

(Fraser River)

Exante CBA

2001 2005

1970

1980

2003 1990

1998

34
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CBA

CBA

2.

Beutels 1999 0% 50% 60%

70% 80% 90% Louise 1992

Ginsberg 1992 B

Splieth 2008

S.O. Griffin 2009

Ulla Moberg Sko¨ LD 2008

Splieth CH, Flesa 

S,2008 Ulla Moberg Sko¨ LD, Lars G. Petersson, Dowen Birkhed &

Anders Norlund, 2008

1996

2002 B

2003

2003

X 2004

2005 b

2005 X
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1996

2002

2003 2003 2004 2005

2005

3.

1992 Weimer Vining

identifying relevant 

impacts monetizing 

impacts discounting for time and 

risk choosing 

among policies Weimer,Vining,1992

net social benefit Net 

Present Value, NPV Benefit-Cost Ratio,BCR

Internal Rate of Return,IRR Payback Period

(benefit-cost ratio)

2001

A. Benefit-Cost Ratio,BCR 1

B/C 
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B/C 1

B/C 1

Incremental analysis C

B B/ C 1

2003

B. discounting rate

time horizon

2003

C. sensitivity analysis

2001

CDC 2002 1 7

12cent 5 51cent

49% 1 38

John, Clarkson, Jacinta Mc,2000

Public Health Service 1962

0.7-1.2ppm

0.3-2.12

16-19 2007 CDC,2001

Gillespie, Marthaler 2005
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0.008 Gillespie, Marthaler,2005

200~250

1,000 10

300 3

2004

National Institute of Dental 

Research,[NIDR] 1983 8 1,200

0.3-1

11~54% Miller AJ, Brunelle JA,1983
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3-1

93.1.1.~96.6.30
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3-2
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1~10 10

IC81

3-1
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93 1 1 96 6 30

93 7

1 12 31 90

5

1 93 7 1

95 12 31 1 5

93 7 1 95 12 31

Frequency Matching

Microsoft Office Excel 2007 SAS 9.1
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SPSS 12.0

student t-test paired t-test ANOVA
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1~10

10 1 1 17,280

17,280 2 2~8

17,400~22,800 17,281~22,800 3

9~13 24,000~28,800 24,000~28,800

4 14~18 30,300~36,300

28,801~36,300 5 19~23

38,200~45,800 36,301~45,800 6

24~28 48,200~57,800 45,801~57,800

7 29~33 60,800~72,800

57,801~72,800 8 34~37

76,500~87,600 72,801~87,600 9

38~42 92,100~110,100 87,601~110,100

10 43~46 110,101~126,301

student 
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t-test paired t-test ANOVA Chi-square test

1. Decision Tree

1988

2003

&

2. Incremental benefit/cost method,IBC

CBA

( C)

( B)

Incremental analysis B/ C

1

2003 Mn/DOT,2005

3. Discount Rate
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benefits

immediate benefits future benefits

time horizon

4. sensitivity analysis

key assumptions

univariate sensitivity analysis
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93 7 1

12 31 90

14,243

4-1 50.6% 49.4%

2 35.0% 1 28.0%

63.0% 3 6 8%

7 10

35.6% 32.3% 23.3% 8.7%
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4-1

%

7,039 49.4
7,204 50.6

5,075 35.6
4,601 32.3
1,243 8.7
3,324 23.3

1 17,280 3,981 28.0
2 17,400~22,800 4,979 35.0
3 24,000~28,800 1,105 7.8
4 30,300~36,300 1,185 8.3
5 38,200~45,800 1,243 8.7
6 48,200~57,800 1,094 7.7
7 60,800~72,800 459 3.2
8 76,500~87,600 99 0.7
9 92,100~110,100 39 0.3

10 115,500~131,700 59 0.4
14,243 100.0
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93 7 1 95 12 31

60.72%

39.28% 4-2

39.28%

1 31.10%

2 18.43%

5 0.29% 4-2

2 1 6

1 5

2

1

8,648 1,618 18.71%

421 4.87%

97 7 1

95 12 31 14,881 4-3

93 9 11 93 5,546

94 5,013 95 2,913

2,411 93

1,589 93 94

95 93 94

2,455 1,736 95
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93 94 95

647 93 94 95 970

8,648 11.22%

50.20% 49.79%

51.15% 48.84% 60.27%

39.73% 61.17% 38.83%

p>.05 4-4

3,646 42.2%

2,571 29.7% 1,691 19.6% 740

8.6% 2,030

36.3% 1,633 29.2% 1,429

25.5% 503 9.0%

71.84% 28.16%

p<.0001 4-4

p<.0001

59.76% 69.46%

40.24% 30.51% 4-4

6
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p>.05 4-5 4-6

p>.05 4-7

4-2

%

5,595 39.28
8,648 60.72

0 5,595 39.28
1 4,430 31.10
2 2,625 18.43
3 1,215 8.53
4 334 2.35
5 42 0.29
6 2 0.01

14,243 100.0

4-3

% P

93 2,784 2,830 5,614 37.73 0.135

94 3,022 2,982 6,004 40.35

95 1,690 1,573 3,263 21.93

7,496 7,385 14,881 100.00
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4-4

% p
% %

2,733 38.83% 4,306 61.17% 7,039 49.42% 0.271
2,862 39.73% 4,342 60.27% 7,204 50.58%

1,429 28.16% 3,646 71.84% 5,075 35.63% <0.0001
2,030 44.12% 2,571 55.88% 4,601 32.30%

503 40.47% 740 59.53% 1,243 8.73%
1,633 49.13% 1,691 50.87% 3,324 23.34%

1 ( 17,280 ) 1,602 40.24% 2,379 59.76% 3,981 28.0% <0.0001
2 ( 17,400~22,800 ) 2,151 43.20% 2,828 56.80% 4,979 35.0%
3 ( 24,000~28,800 ) 411 37.19% 694 62.81% 1,105 7.8%
4 ( 30,300~36,300 ) 417 35.19% 768 64.81% 1,185 8.3%
5 ( 38,200~45,800 ) 440 35.40% 803 64.60% 1,243 8.7%
6 ( 48,200~57,800 ) 357 32.63% 737 67.37% 1,094 7.7%
7 ( 60,800~72,800 ) 156 33.99% 303 66.01% 459 3.2%
8 ( 76,500~87,600 ) 31 31.31% 68 68.69% 99 0.7%
9 ( 92,100~110,100 ) 12 30.77% 27 69.23% 39 0.3%

10 (115,500~131,700) 18 30.51% 41 69.49% 59 0.4%

5,595 39.28% 8,648 60.72% 14,243 100%
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4-5

% P

1,796 1,850 3,646 42.16 0.690
1,292 1,279 2,571 29.73

361 379 740 8.56
857 834 1,691 19.55

1 (     17,280     ) 1,175 1,204 2,379 27.51 0.271
2 ( 17,400~22,800 ) 1,386 1,442 2,828 32.70
3 (  24,000~28,800  ) 345 349 694 8.02
4 (  30,300~36,300  ) 369 399 768 8.88
5 (  38,200~45,800  ) 409 394 803 9.29
6 (  48,200~57,800  ) 389 348 737 8.52
7 (  60,800~72,800  ) 163 140 303 3.50
8 (  76,500~87,600  ) 35 33 68 0.79
9 (  92,100~110,100 ) 18 9 27 0.31

10 ( 115,500~131,700 ) 17 24 41 0.47

1 2,166 2,264 4,430 51.23 0.096
2 1,320 1,305 2,625 30.35
3 612 603 1,215 14.05
4 187 147 334 3.86
5 19 23 42 0.49
6 2 - 2 0.02

4,306 4,342 8,648 100.00
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4-6 6

P

1 2,166 2,264 4,430 0.120
2 1,320 1,305 2,625
3 612 603 1,215
4 187 147 334
5 19 23 42

4,304 4,342 8,646

4-7

P%

689 740 1,429 25.54 0.408
977 1,053 36.28
262 241 503 8.99
805 828 29.19

1 (     17,280      ) 813 789 1,602 28.63 0.671

2 ( 17,400~22,800 ) 1,057 1,094 2,151 38.45

3 (  24,000~28,800  ) 195 216 411 7.35

4 (  30,300~36,300  ) 192 225 417 7.45

5 (  38,200~45,800  ) 199 241 440 7.86

6 (  48,200~57,800  ) 173 184 357 6.38

7 (  60,800~72,800  ) 76 80 156 2.79

8 (  76,500~87,600  ) 14 17 31 0.55

9 (  92,100~110,100  ) 6 6 12 0.21

10 ( 115,500~131,700 ) 8 10 18 0.32

2,733 2,862 5,595 100.00
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93 7 1

96 6 30

8,648 8,482 98.08%

93 7 1 96 6 30

p .05 4-8

ICD-9-CM 521.0 ICD-9-CM

522.0 & ICD-9-CM 521.0 522.0

ICD-9-CM 521.0 522.0

p<.05 p>.05 4-9

98,070

1

1 1 11.56

1,125 55,699

6 9.96

1,089 4-10

ICD-9-CM 521.0 ICD-9-CM

522.0 & ICD-9-CM 521.0 522.0

ICD-9-CM 521.0 522.0
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& 4-10

4-8

95% 
P

24,517.50 7,489.03 456.91 20,728.59 0.043

13,924.75 3,542.45

27,583,102.00 8,608,758.93 724,866.23 24,122,446.27 0.041

15,159,445.75 4,162,060.37
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4-9

95% 
P

7,362.50 2,556.89 3.98 6,805.52 0.050

3,957.75 1,090.27

2,088.25 1,061.15 -944.78 2,032.28 0.406

1,544.50 595.16

14,184.25 4,434.57 98.40 12,277.10 0.047

7,996.50 2,259.84

& 882.50 355.50 -9.33 922.33 0.053

426.00 136.35

3,058,232.00 1,061,563.69 -195,421.19 2,736,542.69 0.078

1,787,671.25 555,732.27

3,148,052.75 1,589,764.07 -1,198,301.12 3,139,865.62 0.315

2,177,270.50 784,778.84

18,493,912.75 6,020,644.65 379,451.37 16,724,057.63 0.043

9,942,158.25 2,893,105.90

& 2,882,904.50 1,335,590.43 - 86,745.33 3,347,862.83 0.059

1,252,345.75 431,777.62
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4-10

&

93
4,266 1,070 13,082 950 19,368

1,660,302 1,523,006 17,493,216 3,781,156 24,457,680

94
7,765 2,777 17,404 1,252 29,198

3,107,199 4,201,171 23,423,151 4,058,507 34,790,028

95
10,475 3,205 17,878 931 32,489

4,239,811 4,788,392 22,683,055 2,557,340 34,268,598

96
6,944 1,301 8,373 397 17,015

3,225,616 2,079,642 10,376,229 1,134,615 16,816,102

29,450 8,353 56,737 3,530 98,070

12,232,928 12,592,211 73,975,651 11,531,618 110,332,408

415.38 1,507.51 1,303.83 3,266.75 1,125.05

93
2,917 1,148 8,518 449 13,032

1,193,337 1,612,578 10,409,995 1,535,615 14,751,525

94
3,704 1,952 8,935 482 15,073

1,641,683 2,704,945 11,258,370 1,437,772 17,042,770

95
5,494 2,147 9,826 543 18,010

2,530,613 2,986,232 12,333,995 1,427,164 19,278,004

96
3,716 931 4,707 230 9,584

1,785,052 1,405,327 5,766,273 608,832 9,565,484
15,831 6,178 31,986 1,704 55,699

7,150,685 8,709,082 39,768,633 5,009,383 60,637,783

451.69 1,409.69 1,243.31 2,939.78 1,088.67
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93 7 1 95

12 31 500 96 1 1

500 1

93 7 1 95 12 31

8,648 1 6

93 95 14,881 744

1.72 860 4-11 4-12

4,342 7,385

369 1.70 850 4,306

7,496 375 1.74 870

4-12

45.68%

27.82% 18.63% 7.87% 4-11

2 32.01%

1 26.72% 58.73% 4-11
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4-11

93 2,784 2,830 5,614 1,392.0 1,415.0 2,807.0 37.73%

94 3,022 2,982 6,004 1,511.0 1,491.0 3,002.0 40.35%

95 1,690 1,573 3,263 845.0 786.5 1,631.5 21.93%

3,371 3,427 6,798 1,685.5 1,713.5 3,399.0 45.68%

2,123 2,017 4,140 1,061.5 1,008.5 2,070.0 27.82%

576 595 1,171 288.0 297.5 585.5 7.87%

1,426 1,346 2,772 713.0 673.0 1,386.0 18.63%

1 ( 17,280 ) 1,992 1,984 3,976 996.0 992.0 1,988.0 26.72%

2 ( 17,400~22,800 ) 2,352 2,412 4,764 1,176.0 1,206.0 2,382.0 32.01%

3 ( 24,000~28,800 ) 600 591 1,191 300.0 295.5 595.5 8.00%

4 ( 30,300~36,300 ) 659 715 1,374 329.5 357.5 687.0 9.23%

5 ( 38,200~45,800 ) 740 657 1,397 370.0 328.5 698.5 9.39%

6 ( 48,200~57,800 ) 711 669 1,380 355.5 334.5 690.0 9.27%

7 ( 60,800~72,800 ) 315 260 575 157.5 130.0 287.5 3.86%

8 ( 76,500~87,600 ) 63 46 109 31.5 23.0 54.5 0.73%

9 ( 92,100~110,100) 28 15 43 14.0 7.5 21.5 0.29%

10 (115,500~131,700) 36 36 72 18.0 18.0 36.0 0.48%

7,496 7,385 14,881 3,748.0 3,692.5 7,440.5 100.00%
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4-12

4,306 4,342 8,648

7,496 7,385 14,881

3,748,000 3,692,500 7,440,500

1.74 1.70 1.72

870.41 850.41 860.37

93 7 1 96 6 30

8,482 7,342

p<.0001 4-13

93 7

95 12 1

1 2 3 4

p<.05 4-14
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5

p>.05

2 1

p>.05

ICD-9-CM 521.0 522.0

1 1 2

3 4

p<.05 4-15

2 1

p<.05

5

p>.05 4-15

93 7 1 96 6 30

7,342 853

320 1 2 3

4 2 1

640

230 5
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4-16

4-13

N
95% 

P

7,342
2.56 2.48 0.53 0.67 <0.0001
1.96 2.32

7,342
3,315.94 4,470.22 1,036.39 1,287.75 <0.0001
2,153.87 3,113.25

7,342 0.41 1.05 0.12 0.18 <0.0001
0.26 0.75

7,342 897.20 3,042.83 357.02 513.77 <0.0001
461.80 1,607.33
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4-14

N 95% P

1 4,430
2.13 2.53 0.56 0.73 <0.0001
1.49 2.22

2 919
2.59 2.63 0.42 0.72 <0.0001
2.02 2.55

3 374
2.45 2.45 0.41 0.74 <0.0001
1.88 2.07

4 130
2.35 2.29 0.01 0.94 0.044
1.87 1.73

5 42
2.02 2.41 -1.43 0.90 0.652
2.29 2.75

2
1

597
1.67 2.12 -0.14 0.18 0.791
1.65 2.18

1 4,430
2,687.95 4,008.57 822.58 1,108.95 <0.0001
1,722.19 3,040.90

2 919
3,408.71 4,687.34 1,019.89 1,531.52 <0.0001
2,133.01 3,247.26

3 374
3,110.69 4,306.64 1,149.03 1,692.76 <0.0001
1,689.79 2,225.68

4 130
3,644.68 7,012.38 856.03 3,374.80 0.001
1,529.26 1,629.02

5 42
2,488.12 3,309.81 -907.52 1,702.23 0.542
2,090.76 2,890.64

2
1

597
2,182.15 4,029.09 -22.70 546.38 0.071
1,920.31 3,171.24
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4-15

N 95% P

1 4,430
0.33 0.98 0.09 0.16 <0.0001

0.2 0.69

2 919
0.42 1.01 0.08 0.19 <0.0001
0.28 0.83

3 374
0.43 1.19 0.16 0.31 <0.0001
0.19 0.54

4 130
0.36 0.78 0.07 0.36 0.005
0.15 0.48

5 42
0.29 0.86 -0.59 0.25 0.426
0.45 1.13

2
1

597
0.27 0.83 0.04 0.15 0.001
0.17 0.65

1 4,430
663.02 2,397.77 197.92 362.77 <0.0001
382.68 1,551.07

2 919
905.93 2,883.09 297.27 597.84 <0.0001
458.37 1,597.03

3 374
937.34 2,943.10 476.99 843.81 <0.0001
276.94 916.84

4 130
1,595.78 6,384.80 306.97 2,535.42 0.013

174.58 593.43

5 42
708.26 1,869.79 -786.49 541.11 0.711
830.95 2,105.01

2
1

597
644.56 2,882.16 117.55 482.10 0.001
344.74 1,465.61



64

4-16

7,342 24,345,650 15,813,708 8,531,942 6,587,213 3,390,555 3,196,658

1 4,430 11,907,636 7,629,305 4,278,331 2,937,180 1,695,267 1,241,913

2 919 3,132,608 1,960,238 1,172,370 832,548 421,244 411,304

3 374 1,163,398 631,983 531,415 350,565 103,574 246,991

4 130 473,808 198,804 275,004 207,451 22,696 184,755

5 42 104,501 87,812 16,689 29,747 34,900 - 5,153

2
1

597 1,310,379 1,153,146 157,233 387,059 207,014 180,045

42,437,980 27,474,996 14,962,984 11,331,763 5,875,250 5,456,513

90

Frequency Matching

5,555

p>.05 4-17
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93 1 93 6

p>.05 4-18

Incremental analysis IBC

( C)

( B

1 6

1 4 183

5,555 93 7 1 95 12 31

&

5% 1,065.75

981.88 83.86 478.60 IBC

0.1752 1 478.60 17.52%

83.86

4-19

1% 8%

494.38 467.69 83.98

83.77 IBC 0.1699 0.1791 4-19

500 400 300 200 100 50 5%
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382.88 47.86 IBC 0.2190 1.7523

50

87.61 break-even point

4-20

5%

1,065.75 394.74

5% 981.88 394.74

4-21 4-22
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4-17 _

N P

2,848 2,846 5,694 0.970
2,707 2,709 5,416

1,557 1,444 3,001 0.118
1,969 2,033 4,002
1,542 1,579 3,121

487 499 986

1 ( 17,280 ) 1,558 1,606 3,164 0.999
2 ( 17,400~22,800 ) 2,133 2,091 4,224
3 (  24,000~28,800  ) 419 417 836
4 (  30,300~36,300  ) 423 419 842
5 (  38,200~45,800  ) 447 449 896
6 (  48,200~57,800 ) 360 358 718
7 (  60,800~72,800  ) 156 156 312
8 (  76,500~87,600  ) 28 29 57
9 (  92,100~110,100 ) 13 12 25

10 ( 115,500~131,700 ) 18 18 36

5,555 5,555 11,110

4-18 _

N
95% 

P

9301-9306 5,555 0.70 1.36 -0.040 0.067 0.617

5,555 0.68 1.52

9301-9306 5,555 848.61 2,282.89 -30.784 136.169 0.216

5,555 795.92 2,205.19

11,110
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4-19 _

B C IBC

1% 1,102.15 1,018.17 83.98 494.38 0.1699

2% 1,092.71 1,008.76 83.95 490.30 0.1712

3% 1,083.50 999.57 83.92 486.31 0.1726

4% 1,074.51 990.62 83.89 482.41 0.1739

5% 1,065.75 981.88 83.86 478.60 0.1752

6% 1,057.19 973.36 83.83 474.88 0.1765

7% 1,048.84 965.03 83.80 471.25 0.1778

8% 1,040.68 956.91 83.77 467.69 0.1791

4-20 _

B C IBC

500 5% 1,065.75 981.88 83.86 478.60 0.1752

400 5% 1,065.75 981.88 83.86 382.88 0.2190

300 5% 1,065.75 981.88 83.86 287.16 0.2920

200 5% 1,065.75 981.88 83.86 191.44 0.4381

100 5% 1,065.75 981.88 83.86 95.72 0.8761

87.61 5% 1,065.75 981.88 83.86 83.86 1.0000

50 5% 1,065.75 981.88 83.86 47.86 1.7523
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4-21 _

B C IBC

1% 1,512.55 1,018.17 494.38 494.38 1.0000 1102.15 410.40

2% 1,499.05 1,008.76 490.30 490.30 1.0000 1092.71 406.34

3% 1,485.88 999.57 486.31 486.31 1.0000 1083.50 402.38

4% 1,473.03 990.62 482.41 482.41 1.0000 1074.51 398.52

5% 1,460.49 981.88 478.60 478.60 1.0000 1065.75 394.74

6% 1,448.24 973.36 474.88 474.88 1.0000 1057.19 391.05

7% 1,436.28 965.03 471.25 471.25 1.0000 1048.84 387.44

8% 1,424.60 956.91 467.69 467.69 1.0000 1040.68 383.92

4-22 _

B C IBC

1% 1,102.15 607.77 494.38 494.38 1 1,018.17 -410.40

2% 1,092.71 602.41 490.30 490.30 1 1,008.76 -406.34

3% 1,083.50 597.19 486.31 486.31 1 999.57 -402.38

4% 1,074.51 592.10 482.41 482.41 1 990.62 -398.52

5% 1,065.75 587.14 478.60 478.60 1 981.88 -394.74

6% 1,057.19 582.31 474.88 474.88 1 973.36 -391.05

7% 1,048.84 577.59 471.25 471.25 1 965.03 -387.44

8% 1,040.68 572.99 467.69 467.69 1 956.91 -383.92
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2000 2003 2003 Sanders AE,Spencer AJ,2005

Al-Omiri MK,Al-Wahadni AM, &Saeed KN,2006

2006 6 5-6

1997 89.38% 73.65% deft index 1997

6.79 7.87 5.57 5.6

2006

Kuo 1999 3%

2001-2002 77.93%

10.2% 0.28%

11.59% 2005

24.67%

5 8.00

94 15.37% 95

23.83% 96 Kuo H-W, Chen L-L, Huang H-Y, 
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Wang R-Y, &Lin H-C,1999 2005 2006

2007

60.7% 0 6

39.3% 1 2

42 0.49% 0.3%

93 94 95 970

11.22% 6.81%

2004

2004

Kuo 1999

49%

29% 2005 69.33%

26.67%

67.44%

37.94%

Kuo 

H-W et al.,1999 2005

2001-2002
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2006

2001-2002

2006 2003 3-6

2006

2007

0-6

Waldman

3

40~49%

50~59%

28.16% 71.84%

2005
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2006

2006

2005

Vachirarojpisan,Shinada,Kawaguchi,Laungwechakan, &Somkote,2004

Peres et al.,2005

93 7 1 96 12 31

&
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1

2 3 4

1

1 2 1

1

5

42 66.67%
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2005

IBC

reimbursed price 500

5%

83.86 IBC 0.1752

5%

87.61

87.61



76

2009

63.0% 25.1%

788.13 2009
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93

96

5
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5 1 1

2 3 4

&

1

1

1 5

500 5%

83.86 IBC 0.1752
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8.

2009

3 5

6~12 12

2009

5
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11.
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