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Abstract: Among numerous approaches and techniques documented in the literature for setting fee schedule,
the most frequently adopted approach is experts’ opinions. Regrettably, these various methods reach qualitative
conclusions mainly. Such a deficiency brings great difficulties in quantifying and summarizing practical for
setting a fee schedule. To mitigate these weaknesses, in this paper, we for the first time propose a fuzzy-based
multiple criteria decision-making (FMCDM) in setting a new fee schedule for orthopedic procedures in a
national health insurance program. For comparison purpose, same set of data were also repeated on the non-
fuzzy method. The results from the illustrative case show that the new fee schedule as obtained from applying
the FMCDM model is much more convincing to practitioners than that of previous schedule. It is also more
persuasive as references for policy making. In addition, it has one major advantage over the traditional non-
fuzzy based counterpart. The method eliminated the occurrences of bitter argument that frequently lead to
undesirable halting of discussion among experts and thus the progress of the fee-setting project.
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precisely capture experts’ opinions. As an
application, this research coordinates the opinions of
orthopedic surgeons in the Taiwan Surgical
Association to establish a new fee schedule for
orthopedic procedures by both fuzzy-based and non-

1 Introduction

Over the past two decades, the Health Care
Financing Administration of the United States (US)
has periodically sponsored comprehensive national
surveys of fee schedules of physician payment in the

Medicare and Medicaid programs [1]. Not only US, fuzzy MCDM approaches.
but also many other countries with health insurance

programs review fee schedules periodically. The

main reasons are to address continually rising health 2 Methods

care costs [2] and to ensure an equitable allocation
of resources [3,4].

Among numerous methods and techniques
documented in the literature for setting fee
schedules, the most frequently adopted approach is
experts’ opinions. Related techniques include: in-
depth interviews [5], focus group [6], nominal group
method [7], and the Delphi method [8]. Regrettably,
these research methods, which range from personal
interviews to extensive negotiations, reach
qualitative conclusions mainly. Such a deficiency
brings great difficulties in quantifying and
summarizing practical for setting a fee schedule.

This research design a fuzzy-based multiple
criteria decision-making (FMCDM) framework to

In an increasingly complex and diversified
decision making environment, there is much
correlated information that needs to be analyzed
where traditional analysis is not suitable [9, 10]. In a
pioneering work, Hsiao [3,4] proposed the Resource
Based Relative Value Scale (RBRVS). His work
changed the Medicare fee schedule for physician
payment. The RBRVS could be described as a fee
schedule based on multiple criteria decision making.
However, it was expensive to building up such
schedule [1].

In this paper, we examined the fee schedule
for orthopedic procedures in a draft announced by
the Taiwan’s Bureau of National Health Insurance
(BNHI) authority on March, 21, 2003, and then
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designed a study accordingly. Our purpose was to
obtain a new fee schedule. The study was conducted
in three steps: first, to classify all existing
orthopedic procedures into 12 groups through
questionnaire survey of experts’ opinions; second,
to construct the main FMCDM framework; and
finally, to perform an empirical study of the
FMCDM and non-fuzzy models and obtain a new
fee schedule.

2.1 Questionnaire
experts’ opinions

Nine senior surgeons from the Taiwan Surgical
Association were requested to express their opinions
about classifying existing orthopedic procedures
promulgated by the BNHI into groups. As a result,

survey of orthopedic

all 194 orthopedic procedures were classified into
12 groups according to the similarity of
characteristics of the organ systems, operation sites,
and the difficulty of techniques of each procedure.
Finally, one procedure was chosen from each group
as a representative procedure.

2.2 Constructing the main FMCDM
framework

In order to integrate surgeons’ hetero-perceptions,
we adopted a FMCDM model for establishing the
new fee schedule for orthopedic procedures, as
illustrated in Figure 1, contains four evaluation
aspects, sixteen criteria, and eleven representative

procedures.

Goal Aspects Criteria Representative procedure
— Time required to perform the service (C1)
— Technical skill and physical effort (C2 . ]%()lne or osteochondral graft
— Physician’s . (P1) .
total work Mental effort and judgment (C3) | 2. Rupture of Achilles tendon
input Psychological stress (C4) primary suture (P2)
3. Open reduction for fracture
Pre-service and post-service work (C5) of tibia (P3)
4. Close reduction for fracture
L C Personnel wage (C6) of tibia, humerus (P4)
Estab?shmg a4 Phystl.man s Medical supplies (C7) 5. Amputation of limbs--leg,
new fee practice _ . f Ps
schedule for costs Medical equipments (C8) 6 gg?ci d(::rce(?r?lgrgssi)on for
orthopedic ™ Office rents (C9) ANFH (trephing) (P6)
procedures latrogenic errors (10) 7. Total hip replacement (P7)
Physician’s Medical disputes (C11) 8. Di§kectomy-lumbar (P8)
malpractice ) o 9. Wide excision-bone tumor,
| costs Patient or family violence (C12) malignant (P9)
Risk of injury or infection (C13) | 10. Rotator cuff tear repair—
) ) ] massive (P10)
Specialty Basic specialty technique (C14) | 11, Hallux valgus (Chevron)
training Difficulty specialty technique (C15) (P11)
—] costs . . 12. Congenital dislocation of
Rare specialty technique (C16) hips-open reduction (P12)

The evaluation process includes two steps:

2.1.1 Using AHP to Evaluate the relative
weightings

The AHP weighting is determined by the evaluators
who conduct pairwise comparisons, so as to reveal
the comparative importance of two criteria [11, 12].
Saaty used the principle eigenvector of the pairwise
comparison matrix derived from the scaling ration

to find the comparative weight among the criteria of
the hierarchy system [11, 12].

2.1.2 Obtain the performance value

The evaluators choose a score for each surgical
procedure based on their subjective judgment. By
doing this, we can use the methods of fuzzy theory
to estimate the payment level of each procedure in a
fuzzy environment [9, 10]. Since Zadeh introduced
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fuzzy set theory [13, 14], and Bellman and Zadeh
(1970) described the decision-making method in
fuzzy environments, an increasing number of
studies have dealt with uncertain fuzzy problems by
applying fuzzy set theory [15, 16]. We use fuzzy
theory to get the performance values of the
procedures.

2.3 Empirical study of FMCDM model

A temporary Board meeting of the Taiwan Surgical
Association was held on June 18, 2003. Thirty-five
orthopedic surgeons participated in answering our
FMCDM questionnaire. Based on the FMCDM
framework, every expert could express his
subjective preference in pairs of comparisons among
the hierarchy system. These subjective and
qualitative judgments were then transformed
through mathematical programming into objective
and quantitative results.

3 Results

100% (35/35) of the surveys were returned by
respondents, and 88% (31/35) of those returned
were valid. The invalid surveys were those that
could not pass the AHP consistency verification
tests or weren’t completely answered.

3.1 Evaluating the criteria weights

In the first-tier evaluation aspects, the rankings of
factors among the 31 surgery respondents were: (1)
physician’s total work input (0.475); (2) specialty
training costs (0.190); (3) physician’s practice costs
(0.185); and (4) physician’s malpractice costs
(0.150). In the second-tier valuation criteria, of the
16 factors, the top five ranked as follows: (1) Time
required to perform the service (0.138); (2) mental
effort and judgment (0.106); (3) technical skill and
physical effort (0.091); (4) personnel wage (0.083);
and (5) psychological stress (0.076).

3.2 Estimating the performance matrix

The relative weighting of a total of 16 criteria can
also be interpreted as a vector and ranked as follow:
w = (0.138, 0.091, 0.106, 0.076, 0.063, 0.083,
0.045, 0.041, 0.016, 0.036, 0.046, 0.027, 0.04, 0.062,
0.066, 0.061). The subjective performance value on
the 12 representative procedures of the respondent i
can be expressed as another vector U ,egponden i (i =
1~31). W is then multiplied with U ,espondens i and a

synthetic value matrix on the new fee schedule is
obtained as the equation:

New fee schedule = U,egpondent = [Uits Uiz, Uiz, Ui2]

Where u;; represents the new fee schedule of
respondent i regarding procedure 1; u;, represents
the new fee schedule of respondent i regarding
procedure 2; ...and u;;, represents the new fee
schedule of respondent i regarding procedurel?2.
The results composed by their average of 31 experts
are shown in Tablel and Table2. Two sets of vector
Uyespondent i (i = 1~31) are proposed, one is fuzzy-
based, which experts can express their own subject
preference value freely according the rule of fuzzy
set theory; the other is non-fuzzy MCDM, which the
value of utility is assigned prospectively.

3.3 Comparison of fuzzy MCDM and non-
fuzzy MCDM

From the results of Table 1 and Table 2, we can see
the synthetic value matrix obtained form fuzzy-
based MCDM are no significant difference to that of
non-fuzzy MCDM. However, in the fuzzy-based
matrix, the utility value can express freely by each
experts, and can got a crisp value, or a range of
value according to the different defuzzification
methods. This feature gives more elastic decision-
making space to the policy makers when setting a
fee schedule, and increases the successful rate of
negotiation.

4 Discussion and Conclusion
In the past, expert opinions from various groups
were usually gathered to determine fee schedule for
cach orthopedic or surgical procedure. If expert
opinions were not in consensus then there was no
way to come to a conclusion and it would pose a
great obstacle toward rationally adjusting a fee
schedule. The FMCDM model developed in this
study and verified by results show precise principles,
casy operation, and effective gathering of the
opinions of surgical experts. The complicated
determination of relative values for fee schedule for
orthopedic procedures can be shown by using a
simplified hierarchy structure. After expert
evaluation and mathematical calculations, each
influencing factor can be concretely shown as a
ranked value and thus, a new fee schedule values
can be obtained.

The biggest difference between the FMCDM
model and traditional methods is that our model has
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more precise calculations and the results are both
qualitative and quantitative. It can tackle problems
that formerly quantitative data and research methods
could not solve easily. Examples of these problems
are differences in expert opinions, difficulty in
coming to a consensus, analytical results that are
qualitative data, tests and conclusions not easily
verified, and experts’ bias sampling that would
severely skew reference points.

In conclusion, the new method -effectively
consolidates expert opinions, is suitable for
integrating opinions from different groups, and can
solve the complex problem of many evaluating
factors. The values derived from the FMCDM
model are convincing and can serve as an important
reference for setting or revising the fee schedule.
The result is more convincing than previous
programs and more persuasive to be the references
for the BNHI policy setting.

Tablel Summary of the fuzzy-based synthetic value matrix composed by the average of 31 experts.

W PL. P P3 P4 PS5 P6 P P& PO PO Pl PI2
Criter
Cl 368 556 701 404 608 581 783 7.04 1027 771 496 6.73
2 304 386 474 354 416 457 584 522 715 558 437 578
C3 449 537 6.02 426 551 6.08 831 754 895 758 624 8.30
4 231 303 361 239 323 342 469 475 587 403 359 4.68
C5 193 205 250 208 285 289 362 347 432 291 211 361
C6 318 366 437 275 416 441 546 471 6.16 435 378 5.09
C7 1.74 184 3.02 159 207 217 361 256 315 236 198 234
C8 1.15 158 189 109 160 154 225 205 301 193 160 218
6 043 062 076 041 063 061 089 081 1.18 0.73 058 0.81
C10 142 137 223 161 173 187 264 245 224 178 147 184
Cll1 138 136 205 152 162 160 247 257 204 160 144 1.89
Cl12 049 065 094 067 075 072 099 1.11 094 080 065 0.84
C13 1.38 129 155 1.10 151 146 2.07 198 174 145 115 1.28
Cl4 294 367 370 289 355 428 502 507 546 509 490 541
Cl15 1.68 202 199 195 198 224 310 322 496 355 259 416
Cl6 134 210 142 146 195 245 217 258 476 3.06 252 392
Total 32.58 40.02 47.80 33.36 43.38 46.12 60.95 57.15 72.19 5451 4393 5891
Table 2 Summary of the non-fuzzy synthetic value matrix composed by the average of 31 experts.
W Pl ) P3 P4  P5 P6  P7 P3 P9 PIO Pl P2
Criter
Cl 298 481 643 335 532 491 741 628 1020 7.06 443 6.29
2 2.10 3.13 402 272 331 396 540 469 7.08 492 379 539
C3 376 477 535 342 482 562 805 7.16 9.04 730 577 8.16
4 1.82 255 315 205 280 3.02 436 449 588 379 3.09 449
C5 1.75 191 236 188 274 278 353 338 439 275 185 3.55
C6 275 330 405 251 38 410 530 458 642 414 3.53 497
C7 152 173 313 150 193 211 3.8 252 321 312 1838 232
C8 085 131 171 074 132 124 221 184 306 1.72 138 2.02
eY 030 055 071 029 055 051 088 073 1.19 067 050 0.75
C10 130 132 213 156 167 1.75 258 241 220 1.70 132 1.79
Cl11 1.08 1.15 189 129 146 146 241 248 193 143 127 1.83
C12 048 0.66 094 070 082 075 104 1.12 09 0.78 066 0.87
C13 135 123 154 112 154 147 213 192 178 145 1.14 135
Cl4 226 320 3.18 224 297 392 485 504 547 501 458 519
Cl15 087 135 130 141 138 166 276 279 497 3.08 201 3.78
Cl6 095 1.73 108 1.13 1.51 218 1.83 229 473 278 233 382
Total 26.14 3471 4298 2792 3799 4144 58.63 53.73 7252 51.70 39.53 56.57
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