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There are three current formats for re-
porting the performance of orthopaedic 
implants: prospective, randomized clin-
ical trials; meta-analyses; and retrospec-
tive case series. Maloney1 argued that 
none of these approaches is suitable as 
an early warning system for problems 
related to total joint implants because 
of the long delays between the perfor-
mance of the studies and the publica-
tion of the results. To address this 
problem, he proposed the creation of a 
national joint registry that would ac-
complish three goals: it would define 
the epidemiology of joint replacement 
surgery in a particular patient popula-
tion, provide timely information to the 
orthopaedic community on the out-
comes of joint replacements, and iden-
tify risk factors for a poor outcome and 
then improve results through continu-
ous feedback to participating centers 
and surgeons.

The Swedish hip registry is often 
cited as an example of a well-functioning 
national joint registry that fulfills 
these three goals2. Nonetheless, the es-
tablishment of a national joint registry, 
whether with or without governmental 
support, presents important practical 
and legal considerations. Legal consid-
erations include complying with appli-
cable laws relating to confidentiality, 

privacy, and discoverability. Practical 
challenges include the cost of the tech-
nology infrastructure, management of 
the data, governance, and selective ac-
cess to the database.

Centralized Documentation
On the basis of the pioneering work in 
the field of orthopaedic and trauma 
documentation initiated by Professor 
M.E. Müller in the 1960s, the Univer-
sity of Bern Institute for Evaluative Re-
search in Orthopaedic Surgery has 
advanced the concept of centralized 
documentation to enable the establish-
ment of national registries. It builds 
on the earlier work with the Interna-
tional Documentation and Evaluation 
System3,4. One of the first objectives of 
the institute was to analyze systemati-
cally the existing International Docu-
mentation and Evaluation System 
database. Over the past forty years, 
data from more than fifty hospitals 
from different countries, including 
Switzerland, Germany, Italy, France, 
Austria, Belgium, and Canada, were 
centrally collected within the Interna-
tional Documentation and Evaluation 
System database. Currently, the data-
base holds data sets for approximately 
50,000 primary total hip arthroplasties, 
12,000 revision arthroplasties, and 
77,000 follow-up evaluations. They 
form one of the richest and most valu-
able data collections in the field of or-
thopaedic surgery. The value of the 
systematic data retrieval from the In-

ternational Documentation and Evalu-
ation System hip registry, which was 
begun in 2001, has been recognized 
with awards from the Swiss Orthope-
dic Society (Marathon Award, 2002) 
and The Hip Society (Frank Stinchfield 
Award, 2003) and in several peer-
reviewed publications5-7.

We have now built on our experi-
ence of more than four decades and 
have devised a new methodology in 
centralized data management, the Clin-
ical Documentation Technology Sys-
tem, which uses the latest innovations 
in medical informatics. This system al-
lows data management with use of vari-
ous tools that include a web interface, 
optical mark readers, and mobile bar-
code readers that record, validate, and 
transmit data to and from a central 
server. Furthermore, both the implant 
characteristics (article and lot numbers) 
and the radiographic data are inte-
grated by means of dedicated interfaces 
to commercially available systems.

The striking advantage of this 
technology is that the end user is not re-
quired to purchase, install, or maintain 
software and hardware. All technical 
servicing is performed only at the 
central server. Consequently, clinical 
protocols can be easily and quickly dis-
tributed to a large user community, 
while data retrieval and analysis can be 
conducted locally or centrally. Such a 
system will facilitate the setup of any 
regional, national, and supranational 
registry.

A commentary is available with the elec-
tronic versions of this article, on our web
site (www.jbjs.org) and on our quarterly
CD-ROM (call our subscription department,
at 781-449-9780, to order the CD-ROM).
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Content
Europe represents a challenging labo-
ratory for building such a registry be-
cause of the heterogeneity of regional 
interests and national characteristics. 
We addressed this problem by creating 
three levels of content: supranational 
(e.g., Europe or the United States), na-
tional (e.g., individual European coun-
tries or states in the United States), and 
individual (participating clinics). The 
core data set, i.e., the minimum essen-
tial data for all participants, is imple-
mented on the supranational level. 
Registries on national or state levels 
can then be designed to use the core 
data, but they can add content that is 
specifically interesting or important for 
the respective participant. An online 
question generator gives individual 
centers the possibility to design a third 
level of content that is of unique inter-
est to that center. Thus, while main-
taining their own research interests in 
day-to-day documentation, all parti-
cipating clinics contribute core data 
sets to the supranational and national 
data pool. Also included in the data-
base are standard patient-based, 
disease-specific, and general health 
questionnaires. For those question-
naires, automatic, system-integrated 
score calculations are available.

Documentation in a 
Clinical Setting
Documentation is considered a time-
consuming task and must compete 
with the multiple and more immediate 
demands of a busy hospital and its 
busy clinicians. Currently, in many 
centers, data are collected retrospec-
tively, captured on paper in a nonvali-
dated or incomplete fashion, and 
eventually entered into a local data-
base. Final analysis or consolidation of 
data in a common pool is often not 
achieved. To standardize data collec-
tion and make it a successful team ef-
fort, the process must be compatible 
with the hospital working environ-
ment. Our data collection technology 
divides content into smaller, manage-
able task-oriented entities. These so-
called subforms typically include data 

collected at admission, clinical evalua-
tion, surgery, and discharge. The sub-
form structure allows real-time 
documentation, i.e., data can be re-
corded at the time and place where 
they are generated. Different users the-
oretically can fill in one or more sub-
forms at a different time and place even 
with use of a different technology.

A web interface provides the 
common data entry, query, and admin-
istration site. In addition to direct data 
entry or retrieval, data can be recorded 
with portable barcode readers employ-
ing special questionnaire templates de-
fined in barcode format. Alternatively, a 
hybrid solution between paper-based 
data collection and paperless data ad-
ministration—the preferred data col-
lection mode in Europe—allows data 
capture with pencil on optical mark 
reader questionnaires, which are read 
locally with an optical mark reader 
scanner. The scanner is hooked up to a 
local personal computer by means of a 
standard interface and is remotely con-
nected to the central database by means 
of the local network. Data also can be 
collected on paper questionnaires for 
later entry with use of the online user 
interface.

The Clinical Documentation 
Technology System is a workflow-based 
methodology that validates the quality 
of the collected data. All validation 
checks are performed at the point of 
data entry so that the user cannot sub-
mit incomplete, invalid, or inconsistent 
data sets. Error messages pointing out 
missing or contradictory answers are 
displayed until the preprogrammed 
standards are met. This setup eliminates 
the need for retrospective data correc-
tion, and it guarantees the desired in-
tegrity, validity, and completeness of the 
data in the central database.

Technology—High Tech for 
Flexibility and Additional Features
In addition to providing modularity of 
data collection, the generic information 
technology architecture allows the im-
plementation of new content quickly 
and efficiently. Consequently, the effort 
to design and distribute a new ques-

tionnaire by means of a web interface is 
minimal, and costs can be kept low. In 
contrast, new optical mark reader forms 
or barcode questionnaire templates are 
more cumbersome to design, and the 
necessary hardware, such as barcode 
readers or optical mark reader scanners, 
must be purchased. Radiographs and 
implant identification and lot numbers, 
as well as patient objective scores, are 
easily integrated into the system. Our 
server allows submission of up to six 
digitized radiographs per question-
naire. After transfer to the central unit, 
digitized radiographs are converted to a 
standardized format, and they can be 
viewed and manipulated by means of 
web-enabled imaging tools. Also, an au-
tomated implant-tracking system can 
capture implant information directly 
from operating rooms. The unique im-
plant and lot numbers are captured 
with a specialized barcode reader by the 
operating-room staff, and data are for-
warded by means of a dedicated tele-
phone modem connection. A unique 
interface allows linking of a copy of all 
captured implant and lot numbers with 
the respective clinical data set for the 
patient. Thus, precise implant tracking 
becomes possible without any addi-
tional documentation efforts by the 
physicians.

The reporting and the statistical 
packages are powerful data retrieval 
tools. Clinical reports or patient 
responses to questionnaires can be 
printed out in a customizable text tem-
plate. The statistics package allows real-
time queries of the data and presents 
results as tables and graphs within sec-
onds. For registries with a sufficient 
caseload, benchmarking mechanisms 
can be implemented. Consequently, 
comparisons of performance between 
departments and peers on regional, na-
tional, or supranational levels become 
possible, depending on the application 
level of the registry. For personal statis-
tical analysis, data can be downloaded 
in standard worksheet formats. That 
way, all required data sets for the out-
come of total hip arthroplasty, such as 
clinical, surgical, patient, implant, and 
radiographic data sets, are centrally 
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stored and accessible from any net-
worked terminal worldwide.

Moreover, implant usage statistics 
at various levels (patient, physician, or 
department) can be generated and, in 
case of implant recall scenarios, a list of 
all patients in whom the respective 
component has been implanted is im-
mediately available. Finally, the open 
partner concept has facilitated a steady 
growth in the number of participating 
implant manufacturers, which makes 
the implementation of an early 
warning system for implant-related 
problems, as required by Maloney1, 
technically feasible.

Privacy Issues
The exchange of medical data sets 
across regional or state boundaries by 
means of the World Wide Web presents 
important challenges with regard to the 
protection of patient privacy. Addition-
ally, participating physicians may be 
uncomfortable sending data to a central 
server that is not located within their 
institution. To address this problem, we 
developed a personal computer-based 
web server that acts as a filter between 
the user and the central database and 
deletes all identifiable information from 
the data sets. With this module, a com-
munity of hospitals can access the 
system through their own web site, ad-
minister the module autonomously, 
and hence keep full control and respon-
sibility for all data sets that identify us-
ers or patients. Only the anonymous 
“raw” medical data sets are passed on to 
the central server.

Participation Setup and Cost
To minimize the cost to participants, we 
used low-cost software packages and 
provided interfaces to commercially 
available systems. Participation costs in 
the Clinical Documentation Technol-
ogy System can accommodate depart-
ments, large centers, and specialty 
societies. Private physicians are also 
welcome to participate with pricing 
models based on caseload. The Clinical 
Documentation Technology System fees 
(in United States dollars) are calculated 
per department per study (e.g., hip, 

knee, or spine study), regardless of the 
number of entered cases, as follows:

• $50 monthly for the basic web 
interface 

• $25 monthly add-on for a 
barcode interface

• $25 monthly add-on for an 
optical mark reader interface

• $0.10 add-on for each digital 
radiograph

For example, an orthopaedic de-
partment participating in a national hip 
registry using the optical mark reader 
interface incurs a flat cost of $75 per 
month, excluding the one-time pur-
chase cost of optical mark reader scan-
ners and paper questionnaires. The 
module that ensures privacy of com-
munication (the so-called MEMdoc 
Module) is offered to large centers or 
medical societies at a price of $25,000, 
with an optional service and support 
fee of $6000 annually. Finally, all con-
sulting work in the electronic setup or 
statistical analysis of registries is in-
voiced hourly, according to the Univer-
sity of Bern rates.

In conclusion, we have developed 
a centralized data management and 
evaluation instrument for establishing 
registries that meet the documentation 
needs of nations or individual clinics. 
This tool is offered to the orthopaedic 
and nonorthopaedic communities for 
testing and usage. Interested users can 
freely explore the test environment of 
the web application by accessing our 
web site, www.memdoc.org, and click-
ing on “Demo Tour.” The brochure, 
which describes the complete function-
alities, can also be downloaded. We can 
be contacted personally for further in-
formation regarding the terms and con-
ditions of participation.
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Commentary
Total joint replacement offers patients 
with end-stage degenerative joint dis-
ease a solution to disabling joint pain 
that results in a marked improvement 
in quality of life. As with all mechanical 
devices, failure can and will occur. The 
survival of the implant is multifactorial. 
Patient-related factors, surgical tech-
nique, and implant design as well as 
manufacturing all play a role in failure. 
Despite an extensive investment in re-
search and development by implant 
manufacturers to improve implant per-
formance, unintended consequences of 
a change in design may result in prema-
ture failure. Regardless of the amount 
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of premarket testing done with any 
given device, it is important to remem-
ber that the final testing ground is in 
our patients. Only there will all of the 
factors noted above come into play. 
With that in mind, it seems a reason-
able goal to track outcomes at least at a 
high level to potentially identify poorly 
performing designs or surgical tech-
niques at the earliest possible point.

In this paper, Röder et al. offer a 
strategy for the documentation of out-
comes of total joint arthroplasty. They 
reestablished the concept of central 
documentation utilizing the newest 
documentation technology, including 
web interface, optical mark readers, 
and mobile barcode readers. This sys-
tem allows immediate usage and track-
ing statistics for all captured implant 
data. In addition, digitized radio-
graphs can be automatically trans-
formed into a standardized format. 
They noted that the advantage is that 
the purchase, installation, mainte-
nance, and updates of local software 
are no longer necessary. All technical 
servicing is done at the central server. 
This has obvious potential benefits 
from the standpoint of the user.

As it relates to a national registry 

in the United States, the system of 
Röder et al. has several complicating is-
sues. First, it is important to remember 
that there is a fundamental difference 
between a registry and a database. A 
registry simply keeps track of what goes 
in and what goes out. For a registry to 
be valid, it has to be in widespread use 
to eliminate or minimize the potential 
for bias. In the United States, that rep-
resents a potential problem. According 
to the 1997 data, approximately 50% of 
the total hip replacements in Medicare 
patients were done by surgeons who 
did ten or fewer such procedures per 
year. Most surgeons have never partici-
pated in clinical research and thus are 
not likely to be motivated to submit 
data. To have a valid registry in the 
United States, it is my opinion that the 
level-one data (that is, the basic data 
that keeps track of what goes in and 
what goes out) must be an institutional 
responsibility with identifiable, dedi-
cated personnel responsible for data 
entry. That person is not likely to be an 
orthopaedic surgeon but a hospital em-
ployee. Second, the new guidelines of 
the Health Insurance Portability and 
Accountability Act make tracking of 
identifiable information very difficult. 

The primary purpose of a registry in 
the United States must be to improve 
patient safety and quality assurance and 
not to provide a research tool. This may 
in the future allow some leeway as it re-
lates to data collection. Currently, with 
the pilot project for the American Joint 
Registry, we plan to obtain consent 
prior to entry into the registry project. 
As an ongoing issue, this is costly and 
burdensome. It is possible that in the 
future, with appropriate protections 
of identifiable information, a registry 
such as this may be able to be housed 
under the umbrella of a patient-safety 
organization. This certainly would 
make the project more feasible on a 
large-scale basis.

Finally, it is quite clear that the 
data must be protected. The stakehold-
ers in this matter include the patients, 
the surgeons, and the hospitals as well 
as the manufacturers. Inappropriate re-
lease of data prematurely is in no one’s 
best interest and may do more harm 
than good.
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St. Louis, Missouri


