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STATEMENT OF PURPOSE, SCOPE, AND APPROACH

The purpose of this study is the assessment of
the feasibility and potential usefulness of under-
taking cost-effectiveness/cost-benefit analysis
(CEA/CBA) of orthopedic joint prostheses. The
two specific questions that we address are the
following:

* Is it feasible to carefully and completely
evaluate the orthopedic joint implant tech-
nology within a CEA/CBA framework?

* How could such an evaluation be useful in
formulating public policy (e.g., regarding
reimbursement practices, research and de-
velopment funding, safety and efficacy reg-
ulation, capital controls, and medical man-
power distribution)?

To investigate these issues, we first examine
technical feasibility by surveying what is known
about orthopedic joint implants and identifying
what must be ascertained in order to apply a
CEA/CBA framework. We gauge technical fea-
sibility by examining answers to the following
guestions:

« Is it possible to describe the present state of
orthopedic joint implant technology?

. Is it possible to define the target popula-
tion?

. Is it possible to identify and quantify the
costs associated with the diffusion of this

technology?

« Is it possible to determine (and quantify, in
the case of CBA) the benefits associated
with the diffusion of this technology?

« What are the limitations and constraints of
CEA/CBA of orthopedic joint implants?

Next, we investigate the issue of usefulness of
CEA/CBA of orthopedic joint implants. The
analysis of this issue answers questions such as
the following:

« How are policies regarding orthopedic joint ,

implants currently developed?

* How do the limitations and constraints of
CEA/CBA affect its use in the formulation
of public policy directed towards ortho-
pedic joint implants?

* In view of the answers to the foregoing
guestions, what is the feasibility of expand-
ing and integrating the use of CEA/CBA of
orthopedic joint implant technology in ex-
isting public policy decisionmaking sys-
tems?

Finally, we identify useful directions for fu-
ture policy research efforts.

Our approach to investigating the topics
listed above included a review of the literature,
personal communication with selected medical
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specialists with relevant experience, and conver-
sations with representatives of the orthopedic
prosthesis industry. Although our foci were the
feasibility and potential usefulness of CEA/
CBA of orthopedic joint implants, our efforts
often resulted in our answering specific ques-
tions that in themselves are components of a
CEA/CBA study. In discussing our results, we

include this information, because it provides in-
teresting and valuable insight and obviously
supports our conclusions regarding feasibility.
We recognize, however, that the result is a cer-
tain implied emphasis on topics for which in-
formation is readily available. Therefore, we
caution the reader to keep this in mind.

TECHNICAL FEASIBILITY OF CEA/CBA OF

ORTHOPEDIC JOINT IMPLANTS

Overview of Orthopedic Joint
Implant Technology

The current state of the art and the chron-
ological development of orthopedic joint im-
plant technology are well documented and ex-
tensively described in the literature. Considered
as an entity, orthopedic joint implant technol-
ogy is thought to be fairly well developed.
Specific prostheses and implant procedures
associated with some joints (e.g., hips), how-
ever, are more advanced than others (e.g.,
elbows). The salient features of orthopedic joint
implant technology and the history of its devel-
opment are briefly reviewed below.

Description of the Technology

Orthopedic joint implants replace with ar-
tificial components one or more of the essential
elements of a joint—namely, the two ends of the
articulating bones and the antifriction pad be-
tween them. Muscles, tendons, and ligaments
are attached to various remaining natural struc-
tures, so that the joint can function with only
minor restrictions. Figure 1 shows the location
of hip and knee prostheses. Sketches of artificial
hip and knee joints appear in figures 2 and 3,
respective vy.

At the time of this writing, the Food and Drug
Administration’s (FDA) Orthopedic Panel has
identified 28 types of orthopedic implants (see
table 1). Depending on their complexity and
potential for doing harm, medical devices are
classified into one of three groups:

Class 1:  Those requiring only general con-

trols (e.g., adherence to good man-

Figure 1.— Location of Hip and Knee Prostheses
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SOURCE: Scientific American, January 1978.
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Figure 2.—Detail of Hip Prosthesis ufacturing practices.
Classll: Those subject to performance
Pelvic bone Standards.
// Class Ill: Those requiring premarket approv-

. al from FDA in the manner of
Plastic socket or plastic-
fined metal socket dirugs.

All of the 28 types of implants identified in table
1 are Class II devices, except the shoulder pros-
thesis, which is considered a Class III device.

Femoral component

Orthopedic joint implant procedures are ma-
jor operations which last several hours and are
done under total anesthesia. Such operations
are performed both to relieve arthritic pain,
which is often severe, unremitting, and incapac-
itating, and to restore function of a joint im-
paired by various kinds of arthritis, bone dis-
ease, or trauma.

Femur

Bone cement

History of the Technology

The modern era of orthopedic joint prosthe-
SOURCE Arthur D Little, Inc ses began in 1962 in England. In that year, Sir

Figure 3.— Detail of Knee Prosthesis
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Table 1 .—Types of Joint Implant Prostheses

Ankle, 2-part metal on plastic articulation,
semiconstrained carpal

Diaphysis, custom

Elbow, constrained

Elbow, nonconstrained, unipolar

Elbow, semiconstrained

Finger and toe

Hip, met stem-ceramic self-locking ball-ceramic or PE cup

Hip, acetabular component, metal cemented

Hip, acetabular component, nonpolyethylene

Hip, acetabular mesh

Hip, cement restrictor

Hip, femoral component, cemented, metal

Hip, 4-part plastic-metal-plastic-metal, trunnion bearing
type

Knee, constrained (metal-polyethylene)

Knee, hinged (metal-metal)

Knee, metallic plateau

Knee, mold arthroplasty

Knee, nonconstrained (metal-polyethylene)

Patellar (metal)

Posterior patellar surface, plastic

Shoulder

Tendon, passive

Upper femoral

Upper humeral

Wrist, polysiloxane

Wrist, 2-part metal-plastic articulation, semiconstrained

Wrist, 3-part metal-plastic-metal articulation,
semi constrained

SOURCE Arthur D Little Inc Cam bridge, Mass 1980

John Charnley introduced techniques for total
hip replacement using a metal component in-
serted in the medulla of the femur and a poly-
ethylene cup replacing the acetabulum or fe-
moral socket. Both components were held in
place with methyl methacrylate, which behaves
as a cement and distributor of stresses.

Since 1962, the hip replacement operation has
undergone considerable development. In addi-
tion to the use of new materials, modified de-
signs, and different techniques, there has been a
refinement of the indications for the operation.
There has also been a proliferation of ortho-
pedic surgeons trained in the technique. Until
1971, hip implantations performed in the United
States were largely experimental and done only
in teaching centers. However, after FDA re-
leased methyl methacrylate as an acceptable
substance in this application, the number of hip
implantations performed annually increased
about 20 percent per year. Currently, it is
estimated, at least 100,000 total hip replace-

ments are done in the United States each year,
many of them at community hospitals (2).

Stimulated by the success of the hip opera-
tion, orthopedic surgeons and engineers have
recently addressed replacement of other joints
with similar prosthetic devices. They have met
with considerable success in the use of knee
prostheses in the past 5 years or so, and it is
estimated that perhaps 50,000 knee replace-
ments are now done annually in the United
States (2). Prostheses for the elbow, shoulder,
wrist, fingers, and toes exist, but replacements
of these joints are much less common (12,000
per year) than those of the hip or the knee,
partly because the afflictions they relieve are
much less debilitating than those of the hip or
knee (33).

As the oldest and most common orthopedic
joint operation, hip replacement is the most
completely characterized. There is voluminous
literature discussing several attributes of the hip
operation, including comparisons of material,
mechanical design, indications, contraindica-
tions, epidemiology, costs, success rates, failure
modes, failure rates, techniques, etc. The tech-
niques and results of the operation are still
vigorously discussed, but it is widely agreed
that total hip replacements done by skilled
surgeons in properly equipped facilities on
properly selected patients have a high (85 to 90
percent) probability of success in relieving pain
and restoring the hip to full functional capacity
for the normal activities of middle-aged and
elderly adults.

Although Charnley’s original approach to hip
implantation has remained, various improve-
ments in details of design have been made.
These include the use of other metals (e.g.,
cobalt steel and titanium) in place of stainless
steel and other polymers for the joint. Tech-
niques used to prepare bones for prostheses
have been the subject of considerable experi-
mentation. Methods for avoiding complications
have been developed as complications have
been discovered. In the early days, infection
rates sometimes ran as high as 10 percent, Now,
however, through the strict adherence to sterile
procedures, infection rates, at least in some
centers, have been held to 1 percent. There is
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some hope that impregnating the methyl
methacrylate with antibiotics such as gen-
tamycin can reduce infections still further. This
technique is used in Europe, but FDA has not
yet approved it for use in the United States.
Techniques to prevent loosening of implants
have been explored, but loosening remains
the most common failure, Though sometimes
asymptomatic, such loosening is believed to be
the precursor to most mechanical failures. Me-
chanical failures have been reduced through bet-
ter engineering design of prostheses.

Arriving at the current state of knowledge
about hip implants has required considerable
experimentation and experience. Some of this
has been supported by Federal agencies such as
FDA and the National Institutes of Health (NIH)
in the United States and similar agencies
abroad. Much of it, however, has been under-
taken at the initiative of orthopedic surgeons
and biomedical engineers in academic settings
and elsewhere. Approximately nine commercial
firms in the United States supply the parts and
instruments used in hip implant surgery (see
table 2). These firms have contributed some of
the knowledge concerning materials, manufac-
turing, and finishing. In particular, industry has
been responsible for developing manufacturing
techniques for these devices. *

The state of knowledge about joint prostheses
other than hip is relatively less advanced. Knee
implants are the second most common type, but
less experience has been accumulated with these
than with hip implants. Furthermore, failures of
knee implants are more frequent, in part be-
cause the mechanics of the knee are more com-
plicated than those of the hip. (There are now
over 80 different knee designs, indicating that
the field is by no means so well established as
that for hips. ) Prostheses for other joints (e.g.,
finger, toe) are much less common, and rela-
tively little clinical experience with them has
been gained.

' Design of orthopedic prostheses is something of an art, since
their engineering properties, in terms of the forces to which they
will be subjected and the stresses they will impart to adjacent bone
and ligament, are somewhat unpredictable. For this reason,
various orthopedic surgeons have created their own designs: suc-
cessful designs, associated with the surgeon’s name, are often the
basis of a manufacturer’s product line.

Table 2.— Profile of the Orthopedic
Joint Implant Industry

Estimated sales of joint
implants in the United
States in 1980

Company ($ millions)
Zimmer(owned by Bristol Meyers) . .. ... .. $45
Howmedica (owned by Pfizer) . . .......... 35
DePuy (owned by Biodynamics) . . ........ 12
Richards (owned by Rorer). . ... .......... 5
Dow Corning Wright (owned by
Dow Corning). . . ........ . ... ... ... 4
Cintorowned by J & J). . ... ............. 3
Orthopedic Equipment Co. . . ... ... ...... 3
3M (Minnesota Mining and Manufacturing) . 2
US. Surgical Corp. . . ... ..o 1
Allothers . ... ... ... .. . . .. . 4
Total . ... $114

SOURCE Arthur D Little, Inc , Cambridge, Mass , 1980

In general, orthopedic joint implant technol-
ogy can be characterized as being relatively ma-
ture. Fairly detailed literature pertaining both to
the nature of the operations and the original
development of the technique of joint replace-
ment is available.

Orthopedic joint implant technology may il-
lustrate many of the features of applying CEA/
CBA to a rehabilitative technology (e.g., target
population, nature of the benefits, public policy
implications). Nevertheless, it is important to
remember that orthopedic joint implant tech-
nology includes a variety of procedures at
various stages of development. In this case
study, an attempt is made to provide general in-
formation about orthopedic joint implants;
where it is necessary to illustrate a specific
point, the appropriate specific prosthesis or set
of prostheses is discussed. Since the focus of the
study is on issues inherent in the application of
CEA/CBA to orthopedic joint implant technol-
ogy, no attempt is made to analyze exhaustively
the technology associated with the implant of
any single limb.

Identification of the Target Population

Aggregate Data

The literature and readily accessible aggregate
data do not reveal the orthopedic joint implant
target population per se. As discussed below,
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however, there are data that permit pertinent
inferences.

Orthopedic joint implants are used to relieve
various arthritic conditions, so the prevalence
of arthritis and rheumatism provide an upper
limit to the number of persons who could be
candidates for joint replacement. Orthopedic
joint implant procedures are major operations,
carrying some risk of mortality or aggravated
morbidity, however, so it is not likely that per-
sons with mild arthritic conditions or arthritis of
joints that does not create significant impair-
ment would undergo surgery.

According to the National Health Interview
Survey (46) of the National Center for Health
Statistics (NCHS), the number of people with
limitation of activities due to chronic arthritis
and rheumatism in the United States in 1974 was
4,500,000. Of these individuals, 800,000 suf-
fered limitation of activities other than major
activity; 2,600,000 suffered limitation in
amount or kind of major activity; and 1,100,000
were unable to carry on their major activity.
Individuals with arthritis and rheumatism ac-
count for 15 percent of all persons with activity
limitation and 16 percent of all persons unable
to perform their major activities.

Among individuals 65. years and over, ar-
thritic and rheumatic conditions account for 23
percent of all persons with limitation of activity.
They are the second leading cause of activity
“limitation, exceeded only by heart conditions
(24 percent). Among white persons, the same
trend is apparent. Arthritic and rheumatic con-
ditions are the second leading cause of activity
limitation (15 percent), exceeded only by heart
conditions (16 percent). Among nonwhites, ar-
thritis and rheumatism account for 17 percent of
persons with activity limitation. These condi-
tions are more debilitating among nonwhites
than they are among whites.

Thus, arthritis and rheumatism are leading
causes of activity limitation for both a substan-
tial proportion of the population-at-large and
several specific population cohorts. As the pop-
ulation ages, the number of persons limited in
activity by arthritis and rheumatism can be ex-
pected to increase.

Disaggregate Data

The literature and existing disaggregate data
are disappointing in that the target populations
for specific types of orthopedic joint implants
are not explicitly identified. However, future
definition of relevant population cohorts may
be possible by considering the indications and
contraindications for joint implant surgery vis-
a-vis discharge abstract data containing diag-
nostic information. Indications and contrain-
dications are briefly reviewed below.

* Indications. —The principal conditions
amenable to joint replacement are osteo-
arthritis, rheumatoid arthritis,” ankylosing
spondylitis, other arthropathies, and se-
quelae of trauma, neoplastic destruction,
and other pathology of the joints. Pain is
usually the primary reason for operating,
but limited range of motion and gait dis-
turbances may also be important. There is
obviously room for judgment about the de-
gree of pain or limits of motion as indica-
tions for the operation.

+ Contraindications. —Existing infection of
the joint is generally a contraindication,
though some success has been reported
abroad with gentamycin-impregnated ce-
ment. Excessive damage may make success
improbable, as in the case when osteoporo-
sis has progressed too far for the bones to
hold the prosthesis reliably. The presence
of other disease making it. difficult for the
patient to withstand a major operation may
also be a contraindication.

Data on the Frequency of
Joint Implant Operations

Additional insight into the identification of
target populations is provided by data depictin,
the frequency of previous implant operations.
The frequency of joint implant operations has
been estimated to be 100,000 hip replacements
per year, 50,000 knee replacements, and 12,000
replacements of other joints (2).

A review of the literature on orthopedic joint
implants reveals that the total number of joint
replacement procedures performed annually in
the United States has never been reported. How-
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ever, to compute an estimate of this number,
data can be obtained from a number of sources
and then aggregated.

The Office of Research and Statistics, Divi-
sion of Health Insurance Studies, Health Care
Financing Administration (HCFA), has statistics
consisting of a 20-percent sample of medicare
recipients who were discharged from a short-
stay hospital (a hospital where the average
length of stay is 30 days or less). These data in-
dicate when an orthopedic joint implant proce-
dure was the major surgical procedure being
performed. By multiplying the number of ortho-
pedic joint implants derived from these data by
a factor of five, one can produce an estimate of
the total number of operations for patients 65
and over.

The number of artificial hip implants for pa-
tients of various ages is available for a sample
(33 to 42 percent, depending on the year) of U.S.
hospitals from the Commission on Professional
and Hospital Activities (CPHA) in Ann Arbor,
Mich. These data can be extrapolated to na-
tional totals by multiplying the published Pro-
fessional Activities Survey (PAS) data by the re-
ciprocal of the percentage of the national total
of patient discharges that PAS hospitals con-
stitute. Then, the ratio between patients of all
ages receiving total hip implants v. patients
older than 65 receiving these implants can be
derived. The estimated total of patients age 65
and over (as calculated above) can be multiplied
by this ratio in order to compute the estimated
total number of patients receiving total hip im-
plants. Unfortunately, since PAS data do not
identify implant procedures for joints other than
the hip, it is not possible to estimate the fre-
qguency of all orthopedic joint implants in the
same manner.

The number of artificial hip implants per-
formed in Veterans Administration (VA) hos-
pitals can be obtained from the VA central of-
fice and added to the medicare total to give an
estimate of the national total of hip implants
each year. To the extent that patients eligible for
but not taking advantage of medicare are not in-
cluded, this total is likely to slightly under-
estimate the actual total.

Prior to 1971, the cement methyl methacry-
late was regulated by FDA as an investigational
new drug, so all cases in which it was used were
reported to FDA, and there was an accurate rec-
ord of the frequency of implant procedures.
Since that time, however, the amount of report-
ing has not been growing rapidly, although the
literature reveals that the number of operations
on hips and knees has. According to industry
sources, in 1978, some 200,000 prostheses were
sold annually.

At present, there are about 11,000 board-
certified orthopedic surgeons in the United
States. As this number increases (and ortho-
pedic joint implants remain the most efficacious
long-run means of alleviating the limitations im-
posed by arthritis), the frequency of orthopedic
joint implants and perhaps the number of per-
sons comprising the target population may in-
crease. Also, as the prostheses and surgery be-
come more refined, the number of contraindica-
tions may diminish and similarly promote a
larger target population.

The Emergency Care Research Institute, in
Philadelphia, is about to complete a study for
FDA based on a survey of experience at approx-
imately nine representative hospitals. This
study will provide additional data on the fre-
guency with which joint implant procedures are
undertaken.

Specification of
an Analytical Framework

CEA and CBA are both useful, widely applied
analytical techniques, but CEA is more amen-
able than CBA to assessing the technology of or-
thopedic joint implants. There are two reasons.
First, although both these techniques require the
identification and quantification of costs, only
CBA necessitates placing a value on the benefits
associated with the reduction in pain, suffering,
and impairment—the improvement in quality of
life—for a predominantly nonworking popula-
tion. Second, CBA usually involves the consid-
eration of systemwide effects. Thus, for exam-
ple, CBA would require assigning value to the
effect on the economy of having a less impaired,
older population.
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Although economists have long been consid-
ering the problems associated with the valuation
of these benefits in connection with CBA and
other analyses, to date, no solutions have been
developed. In this section, therefore, we develop
a cost-effectiveness analytical framework within
which the technology of orthopedic joint im-
plants can be assessed in accordance with the
present state of knowledge. (For the sake of
completeness, benefits are described, although
not quantified, in a subsequent section. )

Cost-effectiveness ratios (C/E) for orthopedic
joint implants, expressing the net medical ex-
penditure per year of healthy life gained by an
individual undergoing an orthopedic joint im-
plant procedure, can be computed with the fol-
lowing formula:

CE “(C,, - C,+C)/(E,- E)

oji
where:
“ﬁ = net cost-effectiveness ratio

Coji = costs associated with orthopedic joint implant
procedures

C .= costs associated with the treatment of arthritic
and other individuals that would be prevented
by orthopedic joint implant procedures

Cc = costs associated with the treatment of complica-
tions of orthopedic joint implant procedures

E . . quality-adjusted life years of morbidity prevented
by orthopedic joint implant procedures

E. = quality-adjusted life years of morbidity and mor-
tality associated with complications of ortho-
pedic joint implant procedures

Separate cost-effectiveness ratios can be cal-
culated for different types of orthopedic joint
implants and for population cohorts of various
ages as bases for evaluating alternative courses
of action in relation to investment in different
research projects and reimbursement policy
formulation.

The cost-effectiveness ratios that are
generated by using the equation cited above de-
pend on the assumptions that are made about
the value of several cost and effectiveness
variables. Note, for example, that the effects of
orthopedic joint implants are expressed in
a single-index, quality-adjusted life years
(QALYs).’To compute QALYs, different dis-

*QALYs were developed by Zeckhauser and Shepard (72) and
have been used in much subsequent public policy research.

ability/impairment states are assigned rankings
along a continuum which ranges from death, on
the one extreme, to full functioning, on the
other. The measure of net effectiveness in the
equation above incorporates both the notion of
the expected gains associated with increased
functional status and the concept of potential
risk. The determination of weights or various
values for different disability states poses a
problem for the researcher, Another problem
associated with the use of QALYs are the
distributional effects implied by attributing the
same value to years of disability-free life gained
by individuals of different ages. Obviously,
younger persons would necessarily have better
cost-effectiveness ratios than older persons.

Both of these problems have been discussed in
the literature, and solutions, albeit imperfect
ones, can be found there. Weighings for dif-
ferent health states were derived by Bush, Chen,
and Patrick (13) and used by OTA (48). Shep-
herd (60) and Larson (36) designed methods for
assessing the results of hip surgery. The Shep-
herd system is difficult to use because it does not
integrate function with motion and does not
assign a single overall value; thus, interpersonal
and intertemporal comparisons are difficult.
The Larson system yields a single value, but has
been criticized as lacking sensitivity y.

Another weighting scheme to evaluate the
results of hip implants integrates pain, function,
range of motion, and the absence of deformity
was developed by Harris (30). This method,
which integrates pain, function, range of mo-
tion, and the absence of deformity, has much in-
tuitive appeal and is likely to be adaptable to the
analysis of the results of other orthopedic joint
implant procedures. On the premise that pain
and functional capacity constitute the indi-
cations for surgery in the vast majority of pa-
tients, Harris devised a point scale with four
categories and a maximum of 100 points: pain
(44 points), function (47 points), range of mo-
tion (5 points), absence of deformity (4 points).

Within each category, gradations are possi-
ble. Thus, for example, “slight” pain (defined as
“occasional ache or awareness of pain of low
grade, no compromise of activities”) is allotted
40 points; “marked” pain (described as severe at
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times, but not precluding ambulation) is allotted
10 points. Similarly, function is broken down
into two series: daily activities (14 points) and
gait (33 points). Motion is described in ac-
cordance with an index based on preference and
value; based on the assumption that the first 450
arc of flexion is of more value than the arc from
900 to 130°, the former receives a higher index
value. Finally, the 4 points given for the absence
of deformity are all eliminated in accordance
with a set of predetermined criteria (e.g., per-
manent flexion contracture greater than 300,
fixed adduction of more than 10 O).

Further research might incorporate another
similar benefit measure, the sickness impact
profile (SIP), a health status indicator reflecting
social interaction, ambulation, sleep, nutrition,
usual daily work, household management, mo-
bility, body movement, communication activi-
ty, leisure, intellectual functioning, family inter-
action, emotions, and personal hygiene (8). The
use of the SIP measure would have to be under-
taken via surveys in order to assess the benefits
of orthopedic joint implant patients.

Identification and Quantification
of costs

As is fairly common in economic cost studies,
it is useful to classify costs associated with the
diffusion of orthopedic joint implants into two
categories: direct and indirect.

Direct Costs

Direct costs include expenditures for materi-
als and services associated with orthopedic joint
implants. Since specific data quantifying the
total direct costs of various types of orthopedic
joint implants do not exist in a convenient for-
mat, one would probably employ a “bottom-
uP” (aggregative) approach to estimate these
costs. ’

‘The other method used in estimating the direct costs, the “top-
down” (disaggregative) approach, begins with aggregate total
expenditure estimates by type of expenditures (e. g., hospital,
physicians’ services). For each type of expenditure, the total is then
distributed, by diagnosis, by using utilization and cost estimates
from various sources. This method of calculating direct costs is
most common in studies whose primary purpose is to estimate ag-
gregate costs of illness by broad diagnostic category. Excellent ex-

Such an approach involves three steps:

1. Ascertain utilization of specific services
and supplies.

2. Determine unit costs for each resource
identified in the first step.

3. Multiply quantities of resources utilized
by their unit costs to determine resource
expenditures; then aggregate similar ex-
penditure components to obtain categori-
cal totals.

The utilization of specific services (e.g., hum-
ber of days of hospitalization) often varies with
patient age and perhaps sex, so utilization es-
timates should be developed with specific regard
to patient age group and sex. Direct costs pro-
jected to occur at future time periods should be
appropriately discounted (discussed later), and
all such future follow-on costs should be ad-
justed for patients’ survival probabilities. The
identification of resources utilized (both type
and quantity) can be largely accomplished by
reviewing the literature identified in the biblio-
graphic references at the end of this case study.
(Professional judgment can be employed for fur-
ther clarification or to fill any gaps. )

Unit cost data could be compiled so as to re-
flect geographically representative prices. Perti-
nent regional data exist in the American Hos-
pital Association’s Guide Issue and Hospital
Statistics (hospital costs); Medical Economics
(physician fees); California Relative Value Scale
(physician fees); Medicare Survey published in
New England Journal of Medicine, May 13,
1976 (physician fees); HCFA’s Invoice-Level
Price SQurvey (drug costs); IMS American, Ltd.,
National Prescription Audit (drugs); the Na-

positions of this method and examples of its use are found in Rice

(54) and Cooper and Rice (17).

As one might imagine, the major difficulties with this approach
arise from the quality of available data used to distribute total
expenditures related to a given diagnosis. For example, it would be
necessary to distribute diagnostic-related expenditures (for arthri-
tis) in accordance with the frequency of surgical v. medical treat-
ment. The availability of data necessary to implement this ap-
proach is not readily apparent. Furthermore, although associated
conditions or multiple diagnoses do affect length of stay, diag-
nostic distribution of days of hospital care is based on primary
diagnosis. Also, several different data sources are often used in dis-
tributing hospital care expenditures by diagnosis depending on the
particular type of hospital in which patients receive care (e. g., Fed-
eral, long-term, non-Federal )
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tional Ambulatory Care Survey of NCHS (out-
patient followup and chronic care costs).

In the event that long-term nursing home care
or home care is identified as a relevant resource
for a particular population cohort, pertinent
cost information can be obtained from available
Federal documents (e.g., 11). Finally, the cost of
the prosthesis can be obtained from industry
data. (The procurement of hospital charges
associated with various orthopedic joint im-
plant procedures from the Social Security Ad-
ministration’s 20-percent sample of medicare re-
cipients, CHAMPUS, NCHS, or PAS discharge
abstract data is worthy of future investigation. )

In order to demonstrate the aggregative cost-
ing methodolog,just described, we generate a
very crude estimate of the initial direct cost of a
hip, knee, ankle, shoulder, or elbow joint im-
plant below. This estimate is based on resource
needs identified in the literature and typical
values.

Surgeon’sfee.................. $1,000
Operating roomfees............ 500
Anesthesiologist’'s fee . . . . . . ... ... 200
Prosthesis . ................... 500
20-day stay at $200 perday .. ..... 4,0004
Miscellaneous . .. .............. 400

Total initial directcost.........

A toe or finger joint implant requires a shorter
hospital stay, so the total initial direct cost
would be slightly lower,

Other pertinent direct cost components in-
clude the cost of followup and, occasionally, re-
habilitation therapy. The resource needs associ-
ated with these cost components would prob-
ably have to be estimated by medical experts
and costed out by using existing hospital and
provider data. Hospital and provider data must
be derived from a variety of sources. The use of
these data implies the necessity of having to deal
with the inconsistencies imposed by differences
between costs and charges as well as by varia-
tions in reporting techniques. Consequently, a
well-defined, consistent set of assumptions is
necessary in order to “merely aggregate costs. ”

‘1t should be noted that the v nit cost estimate reflects charges,
which donot represent true cost estimates.

Direct costs must include the expected value
of a complication and thereby account for the
necessity of patients’ having further medical
treatment. This value can be calculated on the
basis of data that present the frequency of
various complications (by population cohort)
and the direct cost of such complications.

Indirect Costs

Indirect costs associated with orthopedic joint
implants include productivity losses that result
from patients’ spending time in the hospital and
recuperating at home and from the patients’
family and friends spending time visiting in the
hospital, etc. Typically, such time is valued by
lost earnings and lost household production
data. These data are readily available in a study
by Mushkin, et al. (45). Earnings foregone due
to premature death also comprise indirect costs.
These data, too, are available in the Mushkin
study.

Complications

Both direct and indirect costs must include
costs of any lack of safety and resulting presence
of complications associated with orthopedic
joint implants. Expected values of the direct and
indirect costs associated with complications
must be included in the estimate of total cost.

The literature suggests that much is known
about safety of joint implants. The materials—
metal, plastic, and cement—now have a long
period of use behind them and only mild evi-
dence of toxicity, quite commensurate with the
benefits. Cemented bones sometimes resorb
(dissolve) for reasons that are not well under-
stood. Delayed infections are thought by some
to be the consequence of sepsis (infection) origi-
nating elsewhere in the body, but most believe it
is the consequence of bacteria introduced at the
time of operation. Followups must be long-
term—2 or 3 years is not long enough—and
later occurring infections have been known to
arise after 8 years. However, most failures, ex-
cept infections and ultimate loosening of the im-
plant, become evident in the early months.

Complications with hip replacement are well
documented, and means for avoiding them are
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well established. Nevertheless, even the “best
centers” have not succeeded in eliminating these
complications entirely. In addition to facing the
risks associated with any major operation, pa-
tients with hip replacements have a higher in-
cidence of thromboembolitic problems, al-
though mortality from this cause is only about 1
percent. Deep wound infection occurs in 1 to 2
percent of patients (and may occur very late—
cases up to 8 years after the operation have been
reported). Loosening of the femoral component
is relatively common—estimates run as high as
20 percent of all patients—though in many cases
the patient remains asymptomatic. Occasional-
ly, the femoral component itself fails. Other
complications of joint replacement include
loosening, dislocation, neurovascular deficits,
periarticular calcification, nonunion of cut
bone, malposition of components, fractures,
and discrepancy in limb lengths. Reoperations
are often, but not always, possible.

It should be noted that R&D costs are not and
should not be included in the specification of
relevant costs. R&D costs are already sunk
costs; they are not incurred as the given
technology diffuses.

Determination of Benefits

The benefits that accrue to patients success-
fully undergoing orthopedic joint implantation
include intangible personal gains in terms of in-
creased self-esteem and decreased pain and suf-
fering, as well as economic savings realized by
increased income and reduced illness-related ex-
penditures. It is convenient to categorize bene-
fits in the same way as costs: direct and indirect.

Direct Benefits

Benefits pertaining to the relief of pain have
been described by Harris (29). He compared the
preoperative and postoperative prevalence of
five categories of pain, ranging from severe to
none, among 124 patients with hip implants.
Fifty of the 124 reported severe pain pre-
operatively; only 1 of them (with pain sec-
ondary to a sciatic palsy) complained of severe
pain after the operation. Preoperatively, only 1
patient reported no pain; 106 patients claimed
no pain postoperatively.

Examining functional status, Harris (29) com-
pared the preoperative and postoperative over-
all evaluation ratings of the 124 hips with fol-
lowup periods of 6 months or longer. The aver-
age preoperative score was 44.3 and the average
postoperative score was 92.3, substantial
change. In fact, all but a single patient reported
a significant improvement. In terms of support
required, the number of individuals requiring
no support increased from 23 preoperatively to
114 postoperatively. In terms of distance
walked, preoperatively, 15 individuals claimed
the ability to walk an unlimited number of
blocks; postoperatively, 114 individuals assert-
ed the same ability. Finally, in terms of having a
limp, 50 patients classified their limp as severe
preoperatively, and only 1 patient complained
of this problem postoperatively.

In order to ascertain monetary benefits, it is
necessary to take account of the heterogeneity
of the population undergoing surgery. On the
basis of several sources (Charnley in 1972 and
Ring in 1974, as described by Taylor (65)), we
can separate the population into three groups:
1) persons under 60 years (30 percent); 2) per-
sons aged 60 to 70 (42.5 percent); and 3) and
persons aged 70 or older (27.5 percent). The
most significant economic benefits based on ear-
nings accrue to those individuals in the pre-
retirement group (i. e., the first group and half of
the second group), although there is an under-
estimation of the savings accruing to females. If
we use income data that value household pro-
duction and take account of labor force partici-
pation rates, productivity increases, and mor-
tality trends (45), we can obtain a fairly good
estimate of the benefits accrued as a re-
sult of alleviating disabled and handicapped
persons.

Benefits paid to those incapacitated with
rheumatism and arthritis are transfer payments
and therefore should not be measured as part of
the real (resource) cost to the economy. How-
ever, they do merit consideration as an indica-
tion of the amount of economic assistance soci-
ety is offering potential recipients of orthopedic
joint implants. These benefits include appropri-
ate payments under the following programs:
Old Age, Survivors, and Disability Insurance;



14 . Background Paper #2: Case Studies of Medical Technologies

Aid to the Permanently and Totally Disabled;
Veterans Administration Annual Compensation
and/or Pension.

Indirect Benefits’®

Indirect benefits associated with joint im-
plants primarily consist of the savings that
result from averted expenditures on caring for
the individuals who without an implant would
have been handicapped by their arthritis. They
also include additional savings that result from
averted drug and equipment expenditures asso-
ciated with arthritis. Data concerning these can
be derived from information contained in a
study of the economics of arthritis by Nuki,
Brooks, and Buchanan (47). More recent infor-
mation can be found in unpublished and pub-
lished data from the Health Interview Survey of
NCHS.

Success and Efficacy

Both direct and indirect benefits must take ac-
count of both the expected success of the im-
plant procedure and the efficacy of the ortho-
pedic joint implant.

It has been observed, though not reliably doc-
umented, that success rates are higher with sur-
gical teams who do joint implantations fre-
guently, and who presumably, therefore, have
more skill and experience (4). Because deep in-
fections are a more frequent and severe com-
plication in joint implantation operations than
in others, adherence to rigorous standards of
asepsis is very important. Adherence to such
standards requires properly equipped facilities
and properly trained staff, and these re-
guirements are sometimes used as arguments to
support confining joint implantation operations
to selected centers.

Hip implants are said to be efficacious—that
is, to yield good to excellent results in relieving
pain and restoring nearly normal function—in
85 to 90 percent of the cases undertaken (26,
27). Knee implants have almost as good a

°1n the cost-effectiveness framework described above, these in-
direct benefits offset (and are therefore subtracted from) the cost of
the orthopedic joint implant procedure.

record—relief of pain in 90 percent of the cases,
deep infections in O to 7 percent, and an overall
failure rate of 7 to 22 percent after 2 years (18).

The aforementioned figures are drawn from
review articles, which in turn are the product of
long series of results. Charnley is still active in
the field, and his early patients provide the
longest term data. Many of the clinical trials of
orthopedic joint implants are simply voluntary
submissions by surgeons of a long series of their
patients. As a result, it is often difficult to iden-
tify the sources of differences in outcome among
different groups.

Focus on Average Rather
Than Marginal Effectiveness

The focus of CEA/CBA of orthopedic joint
implants is on average effectiveness, a measure
which assumes that benefits and/or effective-
ness are equally distributed among all persons
included in the computation of a single ratio,
Marginal effectiveness, a concept which refers
to the benefit and/or effectiveness derived from
the last orthopedic joint implant recipient, is
likely to be less than average effectiveness,
because the people who are likely to derive the
greatest benefit from orthopedic joint implants
are likely to receive prostheses earlier than
others for whom the potential benefit is not as
great.

In order to remove this constraint from the
analysis, it would be worthwhile to perform
CEA/CBA separately for different population
cohorts.

Regression to the Mean

Another limitation inherent in CEA/CBA of
orthopedic joint implants is the complication of
the interpretation of the results due to the re-
gression-towards-the-mean phenomenon. This
phenomenon is the tendency exhibited by pain
or functional status indicators that are selected
for a group of patients on the basis of extreme
values that may reflect a fluctuating compo-
nent. Thus, the actual fluctuation of pain and
functional status may obscure the difference
between preoperative true v. observed values.
For example, if there are substantial ranges
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associated with the definition of two health
status disability or functional impairment
categories, incorrect inferences would result
from a comparison of the higher boundary of
the low range with the lower boundary of the
higher range. This situation is likely to occur
when arthritis victims experience both pain-
free, unimpaired days and painful, disabled
days. Obviously, a before-and-after compari-
son yields results that are very dependent on the
value assigned to the before period.

Shepard and Finison (58) review methods of
removing the effect of regression towards the
mean. Many of these have practical—often ethi-
cal—difficulties. From a theoretical point of
view, the best procedure is to identify a ran-
domly assigned control group of patients who
would not be offered orthopedic joint implants.
A more ethically acceptable, albeit more costly,

method is to obtain a series of measurements
and average them. Shepard and Finison suggest
an alternative approach that builds on sys-
tematically collected data from large samples of
longitudinal research studies. Their work sug-
gests that it is possible to derive estimates of sta-
tistical regression and thereby obtain a mean-
ingful baseline indicator to determine the effects
of orthopedic joint implants.

Placebo Effect

The interpretation of benefits might be fur-
ther obscured by the placebo effect. In par-
ticular, it is possible that the benefits of or-
thopedic joint implants are overstated by the
value of benefits equivalent to the value of those
which are associated with any “treatment” (e.g.,
a bone scraping).

USEFULNESS OF CEA/CBA OF ORTHOPEDIC JOINT IMPLANTS

Present Policy Formulation

At the present time, orthopedic joint implant
technology is regarded in much the same man-
ner as other surgical procedures. Since it does
not require a substantial investment ($150,000)
in capital equipment, it is not affected by capital
controls, except to the extent that the building of
additional operating room facilities are affected.
In most cases, there are operating rooms fairly
well equipped to handle orthopedic joint im-
plant procedures; hence, the marginal cost asso-
ciated with this procedure is very low. The ma-
terials and devices used in the procedures are
subject to FDA regulation.

Effect of Limitations and Constraints
of CEA/CBA on Its Usefulness in
Public Policy Formulation

Imperfect Substitutability of Alternatives to
Orthopedic Joint Implants

The alternatives to joint implantation are
analgesics and other drugs, aids to ambulation,
and physical therapy. Rheumatoid arthritis can

be treated with a variety of drugs, none of them
very satisfactory. Osteoarthritis in its early
stages can be relieved by analgesics, but there
are no effective medical treatments for its ad-
vanced stages. Arthritis of all kinds tends to
become progressively worse with time, so con-
servative medical treatment is almost always
appropriate at first. Eventually, however, pa-
tients with these afflictions become candidates
for surgery. The stage at which surgery is ap-
propriate depends on many factors—age, gener-
al health, lifestyle, degree of impariment, re-
sponse to analgesics, etc. Surgeons emphasize
the matter of staging (particularly with rheuma-
toid arthritis, which is a systemic disease)—not
operating on a hip, for instance, until problems
with the knee and ankle have been brought
under control.

Thus, although there are short-run alternative
treatments, in the long-run, only orthopedic
joint implants restore functional and pain-free
status. Consequently, unless the analytical time
horizon (i.e., short-run v. long-run) is specified,
the policy implications of CEA/CBA results are
not clear and may even be misleading.
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Arbitrary Selection of a Policy Decision Rule

Another limitation on the usefulness of
CEA/CBA in public policy development, apply-
ing in the case of orthopedic joint implants as
well as other applications of such analysis, is
that imposed by the arbitrary selection of a
policy decision rule.

Feasibility of Expanding and
Integrating the Use of CEN/CBA in
Public Policy Formulation

Typically, the overwhelming problem pre-
cluding CEA/CBA is the lack of adequate data.
Although an optimal set of data to allow quick
and precise estimation of the costs and benefits
of all orthopedic joint implants does not exist,
further study in the area of CEA/CBA of ortho-
pedic joint implant technology is feasible,
because the necessary cost, incidence, prev-
alence, and outcome data can be assembled
from existing data and the literature. Further-
more, such study would be useful, because or
thopedic joint implants have the potential of
becoming a widespread technology and could
affect more than 900,000 arthritis patients who
are unable to engage in work, housekeeping, or
school activities.

Close study of the hip implant appears to be
particularly worthwhile, because research on
this would provide insight into future funding
decisions for other orthopedic joint prostheses.
Because the prostheses are at different stages of
development and address problems of different
degrees of severity, the prostheses for each joint
must be discussed separately. Although hip

USEFUL DIRECTIONS FOR FUTURE

In this study, we have indicated that CEA/
CBA is a feasible means of providing an objec-
tive, systematic, and useful analysis of public
policy issues relating to the diffusion of or-
thopedic joint implant technology. Performed
correctly, the technique provides a convenient
method of comparing two or more alternatives

joint replacements, in the great majority of
cases, are an accepted therapy to relieve pain
and restore the important function of mobility,
the same cannot be said of replacements of other
joint Whether or not to undertake replacement
is much more of an issue in the case of other
joints, and selection of patients remains a policy
issue about which the results from a current
CEA/CBA of hip joint implants could provide
valuable insights.

A prerequisite to the incorporation of CEA/
CBA of orthopedic joint implants in the process
of public policy development is the use of addi-
tional material to supplement such analysis. The
choice of which technologies’ development and/
or diffusion should be encouraged depends on
society’s welfare function, a weighted combina-
tion of values of the constituency, Although
CEA/CBA does provide a convenient means of
organizing and considering information about
orthopedic joint implants, results from such
analysis must be considered in conjunction with
relevant political realities and legal and ethical
issues.

Another prerequisite to the incorporation of
CEA/CBA of orthopedic joint implants in pub-
lic policy formulation is the use of current
analyses. Policies developed on the basis of out-
dated data and discount rates are not very use-
ful and can be misleading.

If these prerequisites are met, then CEA/CBA
of orthopedic joint implants could be a useful
input into policy decisions regarding reimburse-
ment practices, R&D funding, safety and ef-
ficacy regulation, capital controls, and medical
manpower distribution.

POLICY RESEARCH

by arraying and quantifying costs and benefits
for each.

Although CEA/CBA has intrinsic limitations
as an analytical technique (e.g., failure to pro-
vide a unique, nonarbitrary criterion for choice;
failure to account for rapidly evolving techno-



