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Foreword

This case study is one of 17 studies comprising Background Paper #2 for OTA’s
assessment, The Implications of Cost-Effectiveness Analysis of Medical Technology.
That assessment analyzes the feasibility, implications, and value of using cost-effec-
tiveness and cost-benefit analysis (CEA/CBA) in health care decisionmaking. The ma-
jor, policy-oriented report of the assessment was published in August 1980. In addition
to Background Paper #2, there are four other background papers being published in
conjunction with the assessment: 1) a document which addresses methodological
issues and reviews the CEA/CBA literature, published in September 1980; 2 ) a case
study of the efficacy and cost-effectiveness of psychotherapy, published in October
1980; 3) a case study of four common diagnostic X-ray procedures, to be published in
summer 1981; and 4) a review of international experience in managing medical tech-
nology, published in October 1980. Another related report was published in
September of 1979: A Review of Selected Federal Vaccine and Immunization Policies.

The case studies in Background Paper #2: Case Sudies of Medical Technologies
are being published individually. They were commissioned by OTA both to provide
information on the specific technologies and to gain lessons that could be applied to
the broader policy aspects of the use of CEA/CBA. Several of the studies were specifi-
cally requested by the Senate Committee on Finance.

Drafts of each case study were reviewed by OTA staff; by members of the ad-
visory panel to the overall assessment, chaired by Dr. John Hogness; by members of
the Health Program Advisory Committee, chaired by Dr. Frederick Robbins; and by
numerous other experts in clinical medicine, health policy, Government, and econom-
ics. We are grateful for their assistance. However, responsibility for the case studies re-
mains with the authors.

JOHN H. GIBBONS
Director
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Preface

This case study is one of 17 that comprise
Background Paper #2 to the OTA project on the
Implications of Cost-Effectiveness Analysis of
Medical Technology. * The overall project was
requested by the Senate Committee on Labor
and Human Resources. In a]], 19 case studies of
technological applications were commissioned
as part of that project. Three 01 the 19 were spe-
cifically requested by the Senate Committee on
Finance: psychotherapy, which was issued sepa-
rately as Background Paper #3; diagnostic X-
ray, which will be issued as Background Paper
#5; and respiratory therapies, which will be in-
cluded as part of this series. The other 16 case
studies were selected by OTA staff.

In order to select those 16 case studies, OTA,
i n consultation with the advisory panel to the
overall project, developed a set of selection
criteria. Those criteria were designed to ensure
that as a group the case studies would provide:

* examples of types of technologies by func-
tion (preventive, diagnostic, therapeutic,
and rehabilitative );

+ examples of types of technologies by physi-
cal nature (drugs, devices, and procedures);

+ examples of technologies in different stages
of development and diffusion (new, emerg-
in, and established );

+ examples from different areas of medicine
(such as general medical practice, pedi-
atrics, radiology, and surgery);

+ examples addressing medical problems that
are important because of their high fre-
guency or significant impacts (such as
cost) ;

+ examples of technologies with associated
high costs either because of high volume
(for low-cost technologies) or high individ-
ual costs;

+ examples that could provide informative
material relating to the broader policy and
methodological issues of cost-effectiveness
or cost-benefit analysis (CEA/CBA); and

*Ottice of Technology Assessment, ULS. Congress, Tie hplica
trons of Cost FrHectiveness Analuas of Medieal Tochnology GPO
stock No. 052-003-00705 7 1tWashington. 1. C US. Government
Printing Ottice, August 19801

. examples with sufficient evaluable litera-
ture.

On the basis of these criteria and recommen-
dations by panel members and o t her experts,
OTA staff selected the other case studies. These
16 plus the respiratory therapy case study re-
guested by the Finance Committee make up the
17 studies in this background paper.

All case studies were commissioned by OTA
and performed under contract by experts in aca-
demia. They are authored studies. OTA sub-
jected each case study to an extensive review
process. Initial drafts of cases were reviewed by
OTA staff and by members of the advisory
panel to the project. Comments were provided
to authors, along with OTA’s suggestions for
revisions. Subsequent drafts were sent by OTA
to numerous experts for review and comment.
Each case was seen by at least 20, and some by
40 or more, outside reviewers. These reviewers
were from relevant Government agencies, pro-
fessional societies, consumer and public interest
groups, medical practice, and academic med-
icine. Academicians such as economists and de-
cision analysts also reviewed the cases. In all,
over 400 separate individuals or organizations
reviewed one or more case studies. Although all
these reviewers cannot be acknowledged indi-
vidually, OTA is very grateful for their com-
ments and advice. In addition, the authors of
the case studies themselves often sent drafts to
reviewers and incorporated their comments.

These case studies are authored works
commissioned by OTA. The authors are re-
sponsible for the conclusions of their spe-
cific case study. These cases are not state-
ments of official OTA position. OTA does
not make recommendations or endorse par-
ticular technologies. During the various
stages of the review and revision process,
therefore, OTA encouraged the authors to
present balanced information and to recog-
nize divergent points of view. In two cases,
OTA decided that in order to more fully
present divergent views on particular tech-
nologies a commentary should be added to
the case study. Thus, following the case
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studies on gastrointestinal endoscopy and
on the Keyes technique for periodontal dis-
ease, commentaries from experts in the ap-
propriate health care specialty have been
included, followed by responses from the
authors.

The case studies were selected and designed to
fulfill two functions. The first, and primary,
purpose was to provide OTA with specific in-
formation that could be used in formulating
general conclusions regarding the feasibility and
implications of applying CEA/CBA in health
care. By examining the 19 cases as a group and
looking for common problems or strengths in
the techniques of CEA/CBA, OTA was able to
better analyze the potential contribution that
these techniques might make to the management
of medical technologies and health care costs
and quality. The second function of the cases
was to provide useful information on the spe-
cific technologies covered, However, this was
not the major intent of the cases, and they
should not be regarded as complete and defini-
tive studies of the individual technologies. In
many instances. the case studies do represent ex-
cellent reviews of the literature pertaining to the
specific technologies and as such can stand on
their own as a useful contribution to the field. In
general, though, the design and the funding
levels of these case studies were such that they
should be read primarily in the context of the
overall OTA project on CEA/CBA in health
care.

Some of the case studies are forma] CEAs or
CBAs; most are not. Some are primarily con-
cerned with analysis of costs; others are more
concerned with analysis of efficacy or effec-
tiveness. Some, such as the study on end-stage
renal disease, examine the role that formal
analysis of costs and benefits can play in policy
formulation. Others, such as the one on breast
cancer surgery, illustrate how influences other
than costs can determine the patterns of use of a
technology. In other words, each looks at eval-
uation of the costs and the benefits of medical
technologies from a slightly different perspec-

il

tive. The reader is encouraged to read this study
in the context of the overall assessment’s objec-
tives in order to gain a feeling for the potential
role that CEA/CBA can or cannot play in health
care and to better understand the difficulties and
complexities involved in applying CEA/CBA to
specific medical technologies.

The 17 case studies comprising Background
Paper #2 (short titles) and their authors are:

Artificial Heart: Deborah P. Lubeck and John P.
Bunker

Automated Multichannel Chemistr, Analyzers:
Milton C. Weinstein and Laurie A. Pearlman

Bone Marrow Transplants: Stuart O. Schweitz-
er and C. C. Scalzi

Breast Cancer Surgery: Karen Schachter and
Duncan Neuhauser

Cardiac Radionuclide Imaging: William B.
Stason and Eric Fortess

Cervical Cancer Screening: Bryan R. Luce

Cimetidine and Peptic Ulcer Disease: Harvey V.
Fineberg and Laurie A. Pearlman

Colon Cancer Screening: David M. Eddy

CT Scanning: Judith L. Wagner

Elective Hysterectomy: Carol Korenbrot, Ann
B. Flood, Michael Higgins, Noralou Roos,
and John P. Bunker

End-Stage Renal Disease: Richard A. Rettig

Gastrointestinal Endoscopy: Jonathan A. Show-
stack and Steven A. Schroeder

Neonatal Intensive Care: Peter Budetti, Peggy
McManus, Nancy Barrand, and Lu Ann
Heinen

Nurse Practitioners: Lauren LeRoy and Sharon
Solkowitz

Orthopedic Joint Prosthetic Implants: Judith D.
Bentkover and Philip G. Drew

Periodontal Disease Interventions: Richard M.
Scheffler and Sheldon Rovin

Selected Respirator- Therapies: Richard M.
Scheffler and Morgan Delaney

These studies will be available for sale by the
Superintendent of Documents, U.S. Govern-
ment Printing Office, Washington, D.C. 20402.
Call OTA’s Publishin Office (224-8996) for
availability and orderin information.
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Case Study #14:

Cost Benefit/Cost Effectiveness of
Medical Technologies: A Case Study of
Orthopedic Joint Implants

Judith D. Bentkover, Ph. D.
and
Philip G. Drew, Ph. D.

Arthur D. Little, Inc.
Cambridge, Mass.

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

i



4 . Background Paper #2: Case Sudies of Medical Technologies

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

Pelvis

Hip prosthesis

Femur

Patella

Fibula

Tibia

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

Femur
Metal

\‘?\PBJY Pasic sokl

Lateral articulating
condyle

Plastic insert

Bone
cement
Tibia
| = I

SOURCE Scientific American, January 1978




o ® Buckground Paper #2- Case Studies of Medical Technologies

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