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ABSTRACT

Through the past decades, new medical devices have been introduced at an
increasing pace at the urge primarily of manufacturers, clinicians, and pa-
tients. Whereas it is mandatory to assess and approve new pharmaceuticals
before their widespread use is allowed, innovations in medical devices gener-
ally have not been subject to the same restrictions. The European Commu-
nitys program on completion of the Internal Market has generated a series of
three Directives regulating the safety, reliability, and marketing of practically
all non-pharmaceutical medical products. Once CE-marked, devices are
available throughout the Union, an area constituted of nearly half a billion
citizens after the expansion to 25 Member States.

Before the European Union Directives were implemented, Boneloc® was in-
troduced to commercial distribution in the beginning of the nineties as a
new and promising bone cement to be utilized in joint arthroplasty pros-
theses. While promptly gaining wide acceptance in most of the Nordic coun-
tries, Boneloc® was after few years and about 5,500 implanted Scandinavian
patients withdrawn from the market abruptly because of inferior fixation
properties.

Utilizing Boneloc® as a test case, the present study critically examined
whether a comparable incident could occur after the implementation of the
European Union Directives and what strategies can be applied to avoid
equivalent future misconduct.

Dan Med Bull 2005;52:11-7.

Over the past four to five decades, advances in medical device tech-
nologies have contributed substantially to alleviating patients’ pain
and suffering as well as improving their functional status and
well-being (1). The incentive of manufacturers, clinicians, and pa-
tients for acquiring new and conceivably improved medical technol-
ogy is strong and new devices are being introduced at an increasing
pace. While it is mandatory to assess and approve new pharmaceuti-
cals before their widespread use is allowed, innovative medical de-
vice technology generally has not been subject to the same restric-
tion. However, with the establishment of the Single Market, the Eu-
ropean Economic Community (EEC) has since the nineties issued a
series of three directives to ensure product safety and reliability of all
medical devices. The last of these directives became active within the
Member States on December 7, 2003.

In the United States, since the beginning of the nineties there has
been a substantial interest in the approval process of medical devices
particularly in certain areas such as breast implants (2, 3). In the
Scandinavian countries, the attention has recently focused on or-
thopedic implants also. Along with numerous prosthetic designs,
different types of bone cement have been introduced in order to in-
crease prostheses' survival in joint replacement surgery (4, 5). The
shortcomings of conventional cement include bone injuries second-
ary to heat generated during the polymerization process and leakage
of toxic chemical compounds (6-12). Additionally, the peroperative
leakage of volatile monomers represents substantial health problems
for the nurses and medical staff engaged in these arthroplasty oper-
ations (13, 14).

DANISH MEDICAL BULLETIN VOL. 52 NO. 1/FEBRUARY 2005

The Boneloc® cement was developed in Denmark and introduced
to commercial distribution before the European Union Directives
were implemented. The proposed merits of Boneloc® were to reduce
the injurious biological effects occurring during and after cement-
ation of joint implants as well as minimizing operation room per-
sonnel to exposure from toxic vapors while at the same time main-
taining the mechanical properties of the cement (15). The integrated
mixing and delivery system was an innovation awaited since the in-
troduction of bone cement with toxic volatile monomers. Shortly
after being placed on the market, Boneloc® quickly gained wide ac-
ceptance in most Nordic countries, and approximately 5500 Scandi-
navian patients receiving total joint replacements were implanted
with this type of cement. Yet, approximately four years after the in-
troductory marketing in 1991, Boneloc® was withdrawn from dis-
tribution abruptly because of inferior fixation properties.

Utilizing Boneloc® as a test case, the present study analyzed
whether an equivalent incident could occur after implementation of
the European Union Directives and what strategies can be employed
to avoid similar future reoccurrence. The past and existing regula-
tory measures in the Nordic countries and the European Commu-
nity’s program for introducing new medical technology were scru-
tinized.

LEGISLATION

CLINICAL RESEARCH

Since long medical ethics constituted an important area within the
dimension of human research in the Nordic Countries. Approxi-
mately ten years after the introduction of the First Declaration of
Helsinki, the Nordic Medical Associations decided to revise it. Three
Scandinavian designees were endorsed to amend this Declaration
(16, 17), and the Second Declaration of Helsinki was adopted by the
Nordic Medical Associations as well as the 29th World Medical As-
sembly in Tokyo, Japan, October 1975. Later the Second Declaration
of Helsinki has been amended on several occasions (18).

The Nuremberg Code, the Declaration of Helsinki and other
codes that in part originated from the Nuremberg Trial constitute
guidelines in human biomedical research. Yet, the implicated phys-
icians and investigators can not be held juridically liable according
to these codes.

EUROPEAN UNION DIRECTIVES

The medical device industry comprehends a variety of products
covering hundreds of thousands of items ranging from gauze dress-
ings, walking canes, artificial heart valves to nuclear magnetic reso-
nance imaging equipment etcetera. There are overall about 5500
medical device manufacturers in Europe and the diversity as well as
the (increasing) number and complexity of the devices calls for
legislative measures ensuring product safety and reliability.

The EEC, now known as the European Union, has since 1987 is-
sued a series of some 25 Directives serving the dual purpose of facili-
tating the free movement of goods and assuring a high level of pro-
tection of public interests. These Directives all are adopted on the
New Approach to technical harmonization and the Global Ap-
proach to conformity assessment and certification. As part of this
program, the EEC has since June 20, 1990 issued a series of three
Directives covering all medical devices (19-23). These Directives
state that clinical investigations must be performed in accordance
with the Declaration of Helsinki and the assessment shall comply
with an appropriate plan to confirm or refute the manufacturer’s
claims for the device. Furthermore, the investigation shall include
an adequate number of observations to guarantee the scientific val-
idity of the conclusion and be performed in circumstances similar to
those found under normal conditions of use of the device. All ad-
verse events shall be recorded. The competent authorities must be
informed about any device related malfunctioning or deterioration
in performance characteristics. Such reporting is mandatory and
upon receipt of this information, Member States shall take the ne-
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cessary steps to inform the manufacturer. Furthermore, manufac-
turers must notify the competent authorities about any technical or
medical reason leading to systematic recall of a device. Data on
manufacturers recalls or adverse events shall be registered in a Euro-
pean database accessible to the competent authorities of the Mem-
ber States. Lastly, where a Member State ascertains that devices may
compromise the health or safety of the patients it shall take all ap-
propriate measures to withdraw such devices from the market or
prohibit that they are being placed on the market. Member States
shall immediately inform the Commission and the other Member
States of any such measures.

The first of the Directives covering Active Implantable Medical
Devices was implemented on January 1, 1993 (21). A transitional
period until December 31, 1994 was provided for by the Directive
during which any preexisting national control (in force on Decem-
ber 31, 1992) may coexist with the harmonized Community system.
The Medical Devices Directive was issued on June 14, 1993 and was
to take effect within all Member States on January 1, 1995 (22). Yet,
until June 13, 1998, Member States were to accept the placing on the
market and the putting into service of devices which conformed to
the national rules in force on December 31, 1994. This Directive in-
corporates medical equipment such as joint replacements, bone ce-
ment, intraocular lenses, heart valves, breast implants et cetera. The
Directive classifies medical devices into four categories (Class I, IIa,
IIb, and III) depending upon the risk associated with its use, the vul-
nerability of the part of the human body where the product is ap-
plied, and its wear time. Subsequently, the Directive has been sub-
ject to amendments including a reclassification of breast implants as
well as shoulder, hip, and knee prostheses for joint replacements
from category IIb to III. The third Directive covering In Vitro Diag-
nostic Medical Devices was accepted by the European Parliament
and by the Council on October 27, 1998 (23). This Directive became
active within the Member States on June 7, 2000. However, until De-
cember 7, 2003, Member States allowed marketing of devices which
conformed to the national rules in force on December 7, 1998.

The Member States incorporate each of the three Directives into
the national legislation. Each State is supposed to inform the Com-
mission and other Member States of the Notified Bodies designated
for carrying out the tasks of assessment and verification of medical
devices. The Notified Body and its staff is not to be the designer,
manufacturer, supplier, installer, or user of the devices which they
inspect, nor the authorized representative of any of these persons.
They may not be directly involved in the design, construction, mar-
keting, or maintenance of the devices, nor represent the parties en-
gaged in these activities.

LEGISLATION IN DENMARK
Before the European Union Directives were issued, the regulation on
medical devices was sparse and embodied certain items such as con-
traceptive devices, radiographic equipment, and liquids for contact
lenses. With the enactment of the law covering Medical Devices on
June 6, 1991 with subsequent amendments, a systematic regulation
in this field was initiated. The Medical Devices Directive became ac-
tive on January 1, 1995 and the Active Implantable Medical Devices
came into force on March 15, 1995 through two ministerial orders
issued by the Ministry of Health. The In Vitro Diagnostic Medical
Devices Directive came into force on June 7, 2000. The Department
of Medicines Inspection and Medical Devices was constituted on
August 1, 1997 under the Danish Medicines Agency. This office is
responsible also for the market surveillance of medical devices and
manufacturers of such products. The Ministry of Health and the
Danish Medicines Agency are the competent authorities and on No-
vember 2, 1995 the Danish Medical Devices Certification (DGM)
was designated Notified Body.

The Danish Institute for Health Technology Assessment was con-
stituted on August 15, 1997 under the auspices of the Ministry of
Health as an independent, state-financed institute in the National
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Board of Health. The evaluation performed by this Institute focuses
on four main areas, i.e. technology, economy, patients, and organi-
sation to support decision making.

Research ethical committees have resided since 1978 (24). Yet, it
was not until the enactment of the law covering the Research Ethical
Committee System and Biomedical Research Projects on June 24,
1992 that physicians performing research involving human subjects
became juridically liable. An application in support of a trial involv-
ing human subjects must be approved by the local or central re-
search ethics committees. Subsequently, the law on Research Ethical
Committee System and Biomedical Research Projects has been
slightly modified on several occasions. The Danish Medical Associ-
ation adopted the Ethical Regulations for Physicians on September
24, 1989. Later these regulations have been amended.

A council dealing with complaints about health care professionals
engaging in patient care, examination, and treatment (including ex-
perimental) was established on January 1, 1988. In order to ensure
patients information and informed consent to treatment the law
covering patients’ legal rights was enacted on July 1, 1998 taking ef-
fect from October 1, same year.

LEGISLATION IN SWEDEN

The first regulative step on medical devices was initiated with the
enactment of the law of May 7, 1975 covering inspection of factory
sterilized articles for single use for medical purposes. On July 1,
1993, this regulation was supplemented by the Medical Devices Act
and the Medical Devices Ordinance. This legislation applies to all
medical devices and basically it states that a medical device must
achieve its intended purpose as specified by the manufacturer and
pose no unacceptable risk to neither patients nor medical staff. As
Sweden entered the European Union on January 1, 1995, the Med-
ical Devices Directive became active. The Active Implantable Medi-
cal Devices Directive came into force on April 22, 1994. Along with
the enactment of the latter Directive, a regulation concerning manu-
facturers obligation to report incidents and near incidents with
CE-marked medical devices came into force. The In Vitro Diagnos-
tic Medical Devices Directive became active on June 7, 2000.

The Regulation on the Responsibility for Medical Devices in
Health Care of May 1, 1995 is in part based on other statutes and it
specifies who is responsible for the use, checking, maintenance,
safety, etcetera of various medical equipment utilized by health care
personnel. Since the Act on Health and Social Care was introduced
about twenty years ago it has been amended numerous times. Pa-
tients’ rights to information and informed consent to treatment are
acknowledged in these amendments along with the obligatory re-
porting of accidents and near incidents to the National Board of
Health and Welfare. The regulation of January 15, 1937 known as
lex Maria announced the mandatory reporting of hospital inflicted
patient injuries to the National Board of Health and Welfare as well
as the local police. Since September 1, 2001 through an internal re-
organisation process the authority responsibility for medical devices
is divided between the Medical Product Agency and the National
Board of Health and Welfare. The Medical Products Agency, Semko
AB, and SP-Certification are Notified Bodies.

The Swedish Council on Technology Assessment in Health Care
was instituted in 1987 under the auspices of the Ministry of Health
and Social Affairs and on July 1, 1992 it was established as an inde-
pendent society. For various medical specialities, the quality of med-
ical therapy has been accumulated in medical databases for up to a
couple of decades. As of yet the National Board of Health and Wel-
fare funds approximately 40 such registers. The Medical Access &
Result System (MARS) under the auspices of the National Board of
Health and Welfare serves the dual purpose of performing register
based follow up and publishing State of the Art Information.

The Swedish Medical Association adopted the Ethical Regulations
for Physicians on June 8, 1968. Though no national law covering
ethical issues on biomedical research has been endorsed by legisla-
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tion, every regional district has through decades had a research eth-
ical committee affiliated with the local university school of medi-
cine. Besides, most hospitals have an ethics committee. The council
entitled Hilso- och Sjukvardens Ansvarsnimnd has subsisted since
1980 and this office analyzes and decides on complaints about
health care professionals.

LEGISLATION IN NORWAY

The regulation on medical devices was initiated with the Registra-
tion and Control of Single-Use Medical Devices that came into force
on January 1, 1983. Once in effect this Regulation suspended a Royal
Decree issued 24 years earlier. Through signing the European Eco-
nomic Area (EEA) Agreement, Norway embraced the European
Union regulations on medical devices. Following the Norwegian
EEA treaty, the Regulation concerning Registration and Control of
Single-Use Medical Devices was adjusted on December 2, 1994 and
on June 14, 1998 it became obsolete except for the section covering
inactivated humane tissue. The Medical Devices Directive and the
Active Implantable Medical Devices Directive became active on
January 20, 1995 and the In Vitro Diagnostic Medical Devices
Directive on June 7, 2000.

After an internal reorganisation process in the spring of 1993, the
Department of Pharmaceutical Services was established under the
Norwegian Board of Health. This Department is responsible also for
the regulatory affairs concerning manufacturers of medical devices,
as well as the Notified Bodies within this area. Power is delegated to
the Norwegian Board of Health as Competent Authority and Na-
tional Contact Point for the Medical Devices Vigilance System. Any
device defect or failure must be reported to the Norwegian Board of
Health, Database for Reported Events. In the case of electromedical
equipment, the supervisory authority is held also by the Norwegian
Directorate for Product and Electrical Safety. For any manufacturer
or vendor of medical devices with business address in Norway, regis-
tration in the Register of Medical Devices, Manufacturers, and Dis-
tributors is compulsory. The Norwegian Board for Testing and Ap-
proval of Electric Equipment, Det Norske Veritas, and the Scandina-
vian Institute of Dental Materials are Notified Bodies.

On November 13, 1998 a proposition concerning the rights of pa-
tients was approved on a meeting of the Ministers of the State. No
council dealing with patients’ complaints has been endorsed by le-
gislation in Norway, but the proposition of November 13, 1998 ac-
knowledges patients’ rights to file such a suit. Furthermore, the
proposition recognizes the establishment of regional independent
institutions with no authority, but upon request it shall provide pa-
tients with information and counseling in the engagement with the
health care system.

The Norwegian Medical Association adopted the Ethical Regula-
tions for Physicians in 1961 with amendments in 1997. No national
law concerning medical research ethics committee has been enacted.
Yet, in 1985 five regional research ethics committees were estab-
lished, and subsequently hospital ethics committees faded out.
Three central research ethics committees among other domains cov-
ering medicine were constituted in 1990. Neither the central nor the
regional medical research committees have authority, but it is con-
sidered infeasible to perform clinical investigations without ap-
proval from the medical research committee.

LEGISLATION IN FINLAND

The regulation on medical devices was introduced with a decree
covering the quality of contraceptives in September 1, 1975. In 1991
the circular concerning Mandatory Type Testing and Control of
Medical Equipment was issued. This regulation embodied electro-
medical apparatus, and the objective was to ensure that a device
complied with the specifications as stated by the manufacturer.
Later this law has been abrogated and substitute regulations are en-
closed in the Medical Devices Act of 1994. The Medical Devices Act
of December 28, 1984 with subsequent amendments was abolished
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with the Act of December 29, 1994 concerning Medical Devices. As
Finland joined the European Union on January 1, 1995 the Medical
Devices and the Active Implantable Medical Devices Directives took
effect from the date of entrance. The In Vitro Diagnostic Medical
Devices Directive became active on June 7, 2000.

The National Agency for Medicines in its present form was estab-
lished on March 1, 1993. This organ is responsible for the regulation
of medicines, medical devices, and blood products as well as the
Notified Bodies within this area. Furthermore, the Agency is en-
gaged in the regulatory matters of research activities, keeps an Ad-
verse Incident Register, and among other publications has issued the
Normative Guideline on Clinical Investigation of Medical Devices
on December 11, 1997. The VIT Automation was designated Noti-
fied Body on April 28, 1995.

The National Research and Development Centre for Welfare and
Health (STAKES) was founded in 1992. This centre monitors and
evaluates the operation and development of social welfare and
health care and performs research and development in these fields.
Furthermore STAKES also houses the Office for Health Care Tech-
nology Assessment (FinOHTA) that was established on January 1,
1995. The National Board of Medicolegal Affairs licenses health care
professionals and is responsible for the supervision, disciplinary
matters, and restrictions on as well as withdrawal of such licenses.

The law of August 17, 1992 concerning the Status and Rights of
Patients came into force on March 1, 1993 and it relates to patients’
rights to information and consent to treatment. Moreover, estab-
lishments providing medical care must have a patient ombudsman,
whose duties are information and counseling — if necessary in assist-
ing filing a complaint about the treatment provided. On June 26,
1998 the National Ethical Committee for health care was established
with an act amending the Act on the Status and Rights of Patients.
Subsequent amendments have later been performed. The law on
Medical Research was constituted on April 9, 1999 taking effect
from November 1, the same year. It also contains a section on Eth-
ical Committees stating that every of the 20 hospital districts must
have at least one Ethical Committee.

THE BONELOC® CEMENT

The development of Boneloc® was initiated in 1986. The financial
support of the project was recommended by the National University
Hospital in Copenhagen as well as the National Board of Health in
Denmark. The cement was manufactured by Polymers Reconstruc-
tive A/S, Farum, Denmark and provided as an integrated package,
mixing, and delivery system consisting of a vacuum-packed, double
chamber pouch (15). Boneloc® was supposed to be less toxic as it
contained a relatively small proportion of the monomer methyl-
methacrylate (MMA). Compared to a standard cement the leakage
of MMA from Boneloc® was smaller after three weeks, however, the
total amount of released monomers extracted from Boneloc® within
the same time period was higher (25). Relative to standard poly-
methylmethacrylate (PMMA) bone cements, Boneloc® demon-
strated lower exothermic temperatures during the polymerization
process (26, 27). Whether a lower polymerization temperature and
an alteration in leakage of monomers from Boneloc® may have any
clinical relevance concerning the risk of aseptic implant loosening
remains to be substantiated.

On July 12, 1990, Boneloc® was introduced at the department of
orthopedic surgery, at the National University Hospital, Copen-
hagen, Denmark (28). Preceded by non-human experimental test-
ing including toxicological studies (29-32), this orthopedic depart-
ment established the use of this cement during an observation era
that ended late 1990. During this period 62 primary hip arthroplasty
patients were implanted with Boneloc®. In January 1991 Boneloc®
was put on the market and subsequently it was considered the ce-
ment of choice in this department until the use was abandoned in
November 1993. Apparently accepting that only limited clinical ex-
perience was available more than 30 hospitals and clinical centers in
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Denmark instituted the use of Boneloc®, and approximately 3100
patients were implanted with this cement in the period from 1991 to
April 1995. The manufacturer sold 7085 Boneloc® units in Den-
mark. Two or more units of the cement are commonly utilized in
each patient.

As a consequence of some early failures seen with the first gener-
ation of Boneloc® in a few Danish orthopedic departments, a con-
ference joined by 29 orthopedic specialists representing 22 out of a
total of 42 domestic orthopedic departments and clinics was ar-
ranged by Polymers Reconstructive A/S in Farum on January 29,
1993. It was the opinion of the attendants that the use of the Bone-
loc® cartridge system caused some difficulties. Yet, the participants
concluded it to be too early to draw any major conclusions about the
future clinical applicability of the Boneloc® cement. Imaginably, the
issues regarding the operating of the cement to some extent were
user related in that it was questionable whether the instruction
manual concerning the mixing, handling, and timing of application
was followed strictly in the clinical setting. Such inapt management
could compromise the mechanical strength of the cement seriously.
In 1994 the manufacturer introduced the second generation of
Boneloc® which partly compensated for the experienced mixing
problems.

Boneloc® was used extensively in other Scandinavian countries as
well. In Norway the employment of Boneloc® was accepted on April
11, 1991 by the Committee for Single-Use Medical Devices, and this
bone cement was registered accordingly to the Regulations for
Registration and Control of Single-Use Medical Devices. No pilot
study was ever initiated. Approximately 3600 Boneloc® units were
sold in this country, and about 1300 patients with total hip (33) and
around 300-400 with knee replacements were implanted with this
cement until the distributor withdrew from the Norwegian market
in May 1994.

Based on an analysis of 8579 Charnley prostheses in 7922 pa-
tients from the Norwegian Arthroplasty Register, Havelin et al. no-
tice the revision rate of the femoral and acetabular components im-
planted with Boneloc® to be 8.7 and 4.0 times higher, respectively,
than for the components with high-viscosity cement without anti-
biotic (34). Boneloc® was applied in 760 acetabular and 764 femoral
components of the 8579 implanted prostheses. Relative to the
high-viscosity cement without antibiotic, the revision rate for the
low-viscosity cement without antibiotic was 2.4 and 0.5 for the fem-
oral and acetabular components respectively. In May 1994 the con-
clusion of the Havelin et al. study was available and the data were
presented in October 1994 at the Norwegian Orthopedic Associa-
tion meeting in Oslo (35). On May 18, 1994 the Norwegian Ortho-
pedic Association as well as the Norwegian Board of Health in Nor-
way were notified about the performance of the new bone cement.
The Norwegian distributor and the Danish manufacturer of Bone-
loc® were informed as well. Subsequently the Norwegian distributor
resigned from marketing Boneloc®. Though confronted with the
critical data from the Norwegian Arthroplasty Register, Polymers
Reconstructive neither informed the National Board of Health in
Denmark nor did the company withdraw the bone cement from
commercial distribution. Upon receipt of the knowledge of the clin-
ical outcome of Boneloc® from patients enrolled in the National Ar-
throplasty Register, the Norwegian Orthopedic Association in 1994
recommended that the use of this cement should be stopped (36). In
July 1994 through a mainly nationally distributed journal published
by the Norwegian Board of Health the problems with Boneloc® as
documented by Havelin et al. were released. The National Board of
Health in Denmark is one of a few foreign subscribers to this very
journal. It was not until April 28, 1995 that the Norwegian Board of
Health through the Medical Devices Vigilance System issued the
crucial information about Boneloc® to the relevant boards in the re-
maining Scandinavian countries as well as the European Union
Member States. Conceivably, this delay was attributed partly to the
fact that the journal that owned all rights to the material accepted
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for publication from the Havelin et al. investigation did not grant
permission to releasing the pertinent data until then. Yet, as the vigi-
lance report was released, the data revealed that the percentage revi-
sion rate had increased from 4.5 after two years to nearly 10 at the
three years follow-up in March 1995 for the Boneloc® cemented
prostheses, whereas a comparable decrease in survival rate was not
documented in the control group.

In Sweden, based on a randomized study involving 30 patients
(25), it was concluded that Boneloc® demonstrated inferior fixation
properties, and subsequently (1995) the Swedish Orthopedic Asso-
ciation disbanded this cement.

In Finland, Boneloc® was introduced as an experimental therapy
in the autumn of 1990. No pilot study was performed before an esti-
mate of 1000 patients were implanted with this cement in the period
from February 1991 until late 1994. The first study published about
human subjects receiving Boneloc® revealed inadequate mechanical
qualities of the cement (37). Yet, the conclusion of this investigation
was based on a restricted number of observations. In late 1994 the
Finnish Orthopedic Association urged the Finnish distributor to
cease retailing Boneloc®. Subsequently the distributor resigned from
marketing this cement in Finland. No official statement was released
by the Finnish Medicolegal Affairs to discontinue the use of the
Boneloc® cement.

As of April 6, 1995 Polymers Reconstructive A/S withdrew from
the market worldwide. The Boneloc® cement was distributed world-
wide in approximately 50 countries, and the cumulated sales enu-
merated 30,694 units.

DISCUSSION
After medical devices are placed on the market, it is possible to pool
extensive information about the products through clinical trials and
reports from individual physicians. Few studies note a low failure
rate with Boneloc® (28, 38-40). Generally it appears clear today, that
in combination with other designs than the Exeter prosthesis Bone-
loc® leads to higher rates of aseptic loosening, relative to conven-
tional bone cement (25, 33, 34, 36, 37, 41-44). The femoral compo-
nent of the Exeter prosthesis allows for distal movement by creep
(33). It is hypothesized that this design may in part compensate for
inferior mechanical properties of a bone cement (33). Correspond-
ingly, relative to conventional bone cement, Boneloc® demonstrates
inferior fixation characteristics in total knee arthroplasty also (45).

Boneloc® had been studied extensively through laboratory testing
(14, 15, 29-32, 46, 47). In Denmark Boneloc® was initially evaluated
clinically not employing radiographic assessment modalities such as
dual-energy X-ray absorptiometry (DEXA) (48) or roentgen stereo-
photogrammetric analysis (RSA) (12, 49-52) known to be of value
in revealing early signs of prosthetic loosening. Essentials such as a
pilot study, randomization, or provision of a control group were not
included to assess the outcome of an experimental therapy. The ex-
isting legislation neither outlined nor required such prerequisites
and the applicable European Union Directive was not active at the
time of introduction of this new implantable device. After Boneloc®
was introduced to commercial distribution in the beginning of
1991, most of the orthopedic centers in Denmark, Norway, and Fin-
land could be criticized as they were more than quick to employ this
new cement without having reasonable caution for proven clinical
safety and effectiveness. On the other hand, it could be stated that in
January 1993, the manufacturer of Boneloc® as well as representa-
tives from most of the involved orthopedic departments did not
hesitate to openheartedly discuss potential problems with the bone
cement, the use of which the clinicians had evidently advocated a
couple of years earlier. In reconsideration, any consensus statement
concerning a future role of any experimental treatment appears best
solved under the auspices of the applicable medical society or the
National Board of Health without interference of the implicated
manufacturer.

The Danish manufacturer of Boneloc® was provided with the rel-
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evant data of the Havelin et al. study in mid 1994. Contrary to the
legislation at that time in Sweden, the manufacturer was not re-
quired to notify the Danish National Board of Health according to
the existent Danish law. The incentive of the manufacturer of Bone-
loc® to inform the relevant boards about the inferior performance
of the cement appeared at best unsatisfactory. Furthermore, despite
of being faced with the serious data, the bone cement manufacturer
did not recall the product in 1994, but hesitated and retreated from
the market on April 6, 1995.

On several occasions the Danish National Board of Health was in-
formed about problems encountered with the cement. It seems
troublesome that the Board of Health was ignorant and nonre-
spondent to the critical data about Boneloc® presented in October
1993 and October 1994 at the Danish Orthopedic Society meetings
in Copenhagen (53-55). In 1993 the Danish study at the two year
follow-up revealed that 13 of 43 (30 percent) patients implanted
with Boneloc® subsequently underwent revisions because of aseptic
loosening of the prostheses (53). After three years the loosening rate
increased to 16 of 43 (37 percent) (54). In March and November
1994, the Board was notified explicitly about the overall outcome of
this study and potential problems with the cement (55). Even then
the Board of Health apparently opted for an observant attitude. It
appears uncertain when the Danish Board was faced with the con-
troversies with Boneloc® as reported by the Norwegian Board of
Health in July 1994. The information about the device was obvi-
ously not appropriately coordinated within the Danish Board, and
the logistics appear in part flawed because of compromised internal
communication procedures (55). The Danish National Board of
Health never initiated a scrutiny process of Boneloc® neither did the
Board require a withdrawal of the device from the market. Estab-
lished on the existing federal law the Board concluded it to be infea-
sible to file a lawsuit against the company or take other legal action
in order to impose a recall of the device from commercial distribu-
tion. The fundamentals of the Danish regulations covering product
liability (June 6, 1989) and safety (May 18, 1994) are not to cover is-
sues involving medical devices and based on this legislation it ap-
pears questionable who is liable (if anybody) in the provision or use
of inadequate performing medical technology. The Medical Devices
Directive came into force in Denmark on January 1, 1995. Accord-
ing to the transitional provisions of the Directive, Member States
until June 13, 1998 should accept marketing of devices which con-
formed to the rules in force in their territory on December 31, 1994.
The Directive does not specify whether manufacturers of defective
devices placed on the market before January 1, 1995 can be forced to
recall such medical technology during the transitional period. The
Danish National Board of Health at that point of time obviously did
not consider itself to be authorized to take any action concerning the
employment of Boneloc®. In case absence of legislation was the par-
ticular factor for the passive policy one would hypothesize that the
incentive subsequently for establishing guidelines in this field was
strong. The Danish National Board of Health on July 2, 1999 re-
leased a statement on implementation of new interventions in
health care. The Swedish National Board of Health and Welfare in
September 1996 and the Finnish National Agency for Medicines in
December 1997 issued guidelines on clinical investigation of med-
ical devices.

In retrospect, the national legislative regulation on medical de-
vices in most of the Scandinavian countries was inappropriate until
the European Medical Directives were ratified. In part this has com-
promised the ability of the separate National Boards of Health to ap-
ply a dynamic and rigorous policy concerning potential device re-
lated failures leading to malfunctioning and complications. Yet, it
appears unclear whether an inadequate legislative support can be
conceived as an exclusive justification for the hesitant course of most
of the National Boards of Health in the Nordic countries. Retaining
sovereign authority in health care matters such boards have the ulti-
mate responsibility at any (early) time to regulate medical device
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technology. It appeared highly questionable whether the boards en-
deavored this assignment in the Boneloc® case.

The issues raised prompt the question whether an equivalent inci-
dent could occur today. A few years ago in France, 56 incidents of
spontaneous fracturing of ceramic zirconia femoral heads occurred
between 13 and 27 months after total hip replacements. All these
ceramic heads were fabricated by Saint-Gobain Ceramiques Avan-
cees Desmarquest in France. Worldwide the company fabricates
80% of the zirconia femoral heads distributed through about 50
manufacturers of arthroplasty prostheses. Initially it was believed
that the failure was limited to one serial batch, but soon it became
evident that several batches were affected. An investigation per-
formed by the French health department indicated that the fractur-
ing was associated with a modified fabricating technique performed
by Saint-Gobain in the early 1998. On July 26, 2001, the French
Agency of the Medical Safety of Health Products through the vigi-
lance system notified the European Union Member States as well as
other implicated countries about the occurrence. In order to cease
further mishaps it was decided to ban marketing, distribution, and
export of the applicable zirconia batches. A recall of the batches was
initiated through the various manufacturers. Saint-Gobain pro-
duced about 200,000 zirconia ceramic femoral heads in the period
from 1998 until the vigilance report was issued.

The ceramic femoral head was a Class IIb device and it was
CE-marked according to the Medical Devices Directive. Subse-
quently, shoulder, hip, and knee joint implants have been reclassi-
fied to category III. The incident implied potential shortcomings of
the Directives. Once CE-marked, medical devices are available
throughout the Union. After the expansion to 25 Member States this
economic area now constitutes above 450 million citizens. Such im-
mediate and universal access to a plethora of potential patients and
consumers certainly calls for properly designed clinical trials, com-
petent regulatory measures, and a cautious implementation of new
medical technology. The EEC is a supranational organisation able to
enact legislation directly on Member States. Based on the principles
of the New Approach, the EEC is faced with the dual task of coordi-
nating and harmonizing national regulations on medical devices to
dismantle barriers to trade and at the same time providing patients
and users with reliable, effective, and safe products. Such a complex
and prestigious program is not able to operate flawlessly at all times
and it should be realized, that at least initially some degree of hesita-
tion is inherent to any new legislation. Furthermore, a deviating
course is more than likely to occur occasionally, despite the fact that
the Member States have reached conformity. However, these consid-
erations do not justify that the recommendations on clinical assess-
ment of medical devices contained in the Directives are vague. They
do not recommended a minimum of individuals to be assessed nor
employment of parameters indicative of the long-term outcome or
survival of surgical implants neither a prerequisite such as random-
ization in order to minimize bias and systematic error. The current
European Union program is unable to warrant the long term reli-
ability and effectiveness of CE-marked devices and likely this objec-
tive emerges infeasible for any approval program. A too rigorous
policy is liable to cause a negative impact on the development of
new medical technology and ultimately deny patients useful innov-
ations.

After the Directives have been implemented, it is illegitimate to
withhold unfavorable pivotal information about a device during
shorter or longer periods of time. Now manufacturers are required
to report incidents and near incidents with CE-marked medical de-
vices. In that respect, a Boneloc® reoccurrence seems unlikely, de-
spite logistic problems with the vigilance system have been de-
scribed (56). The objective of the vigilance system is to improve the
safety and efficacy of medical devices by reducing the risk of the
same type of adverse event being repeated. The quality of the system
relies primarily on the awareness and compliance of the medical
profession, manufacturers, competent authorities, and patients. The
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spontaneous prosthesis fracturing case demonstrated an adequately
operating system. As indicated, any delays or flaws in recording and
reporting of adverse incidents may, however, compromise the safety
and health of even numerous patients.

Vigilance also is contained in the manufacturer’s wider post-mar-
keting surveillance obligations under the European Union Direct-
ives. As part of the quality assurance system, the manufacturer must
establish and keep up to date a systematic procedure to review ex-
perience gained from devices in the post-production phase. This ob-
ligation is often poorly understood and frequently underestimated
by the industry (56). Furthermore, data on recalls or adverse events
are registered in a data bank available to the Member States. Yet, the
Directives do not provide for freedom of information on all clinical
data of separate devices. Unless the medical companies or the com-
petent authorities comply, it is impossible to obtain information
about clinical data, performance status etcetera supporting the pre-
market approval application that assigned a device with a CE-mark.
Though it is possible for potential vendees to request data of the
kind, systematic recordings of all clinical data including post-mar-
keting performances should be available for clinicians, competent
authorities, and public at large. The need for equivalent databases
on various medical implants is imperative in order to establish the
base for benchmark testing.

The ultimate goal in medical outcome research is to improve
treatment and at the same time minimizing the risks. Yet, new med-
ical technology does not necessarily represent a breakthrough which
will be of long-term benefit. When interpreting the outcome of new
(CE-marked) devices a sceptical approach is always mandated and
further evaluation often will be needed. After results of (ran-
domized) trials are accessible, multicenter studies, and subsequent
longer-term monitoring of larger patient populations should pursue
(57). Once such adequate and valid tests have been successfully
passed, devices can be allowed general access. Such strategies reduce
the risk of compromising the health or safety of a large number of
patients.

Upholding high professional standards in medical outcome re-
search mandates more than evaluation through randomized con-
trolled trials, a step-by-step introduction, as well as establishment of
clinical databases. The final implication of recalling Boneloc® will
(hopefully) direct physicians to disregard interests in personal pref-
erences and resist the pressure from industry, politicians, press, col-
leagues, and patients to rush toward implementing new medical in-
novations extensively. This legacy is intangible and difficult to con-
trol by any regulation — including the European Union Directives on
medical devices.

ACKNOWLEDGMENT

The author thanks Michael Mosebo Jensen PhD; Kari J. Mikines MD et
DMSc, Herlev University Hospital, Department of Urology, 2730 Herlev,
Denmark; Povl Riis Professor, MD et DMSc; Ole Mogens Hansen MD; and
Per Riegels-Nielsen MD, Esbjerg Hospital, Department of Orthopedics, 6700
Esbjerg, Denmark, for valuable criticism of the manuscript. Herlev Univer-
sity Hospital, Denmark, is acknowledged for administrating the grant.

The study was financially supported by Sygekassernes Helsefond.

REFERENCES

1. Citron P. Medical devices: factors adversely affecting innovation. J Bi-
omed Mat Res 1996; 32 (1): 1-2.

2. Riehmann M, Gasser TC, Bruskewitz RC. The Hydroflex penile pros-
thesis: a test case for the introduction of new urological technology. J
Urol 1993; 149 (5): 1304-7.

3. Miller AS, Willard V, Kline K, Tarpley S, Guilotte J, Lawler FH, Pendell
GM. Absence of longitudinal changes in rheumatologic parameters after
silicone breast implantation: a prospective 13-year study. Plast Reconstr
Surg 1998; 102 (7): 2299-303.

4. Hansen D, Jensen JS. Additional mechanical tests of bone cements. Acta
Orthop Belg 1992; 58 (3): 268-71.

5. Havelin LI, Espehaug B, Vollset SE, Engesater LB, Langeland N. The
Norwegian Arthroplasty Register. A survey of 17,444 hip replacements
1987-1990. Acta Orthop Scand 1993; 64 (3): 245-51.

6. Homsy CA, Tullos HS, Anderson MS, Diferrante NM, King JW. Some

16

10.

11.

12.

13.

14.

15

16.

17.

18.

19.

20.

21.

22.

23

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

physiological aspects of prosthesis stabilization with acrylic polymer.
Clin Orthop 1972; 83 Mar-Apr: 317-28.

. Feith R. Side-effects of acrylic cement implanted into bone. A histological,

(micro)angiographic, fluorescence-microscopic and autoradiographic
study in the rabbit femur. Acta Orthop Scand Suppl 1975; 61: 3-136.

. Lindwer J, van den Hooff A. The influence of acrylic cement on the fe-

mur of the dog. A histological study. Acta Orthop Scand 1975; 46 (4):
657-71.

. Reckling FW, Dillon WL. The bone-cement interface temperature during

total joint replacement. ] Bone Joint Surg [Am] 1977; 59 (1): 80-2.
Linder L. Reaction of bone to the acute chemical trauma of bone cement.
] Bone Joint Surg [Am] 1977; 59 (1): 82-7.

Schoenfeld CM, Conard GJ, Lautenschlager EP. Monomer release from
methacrylate bone cements during simulated in vivo polymerization. J
Biomed Mater Res 1979; 13 (1): 135-47.

Mjoberg B. Loosening of the Cemented Hip Prosthesis. Acta Orthop
Scand Suppl 1986; 57 (221): 3-40.

Nissen J N, Corydon L. Corneal ulcer after exposure to vapours from
bone cement (methyl methacrylate and hydroquinone). Int Arch Occup
Environ Health 1985; 56 (2): 161-5.

Darre E, Jorgensen LG, Vedel P, Jensen JS. Breathing zone concentrations
of methylmethacrylate monomer during joint replacement operations.
Pharmacol Toxicol 1992; 71 (3): 198-200.

. Kindt-Larsen T, Smith DB, Jensen JS. Innovations in acrylic bone cement

and application equipment. ] Appl Biomat 1995; 6 (1): 75-83.

Thomsen O@, Riis P. Gastroenterology in the last decennia and initia-
tives in medical ethics: coincidence or linkage? Scand ] Gastroenterol
Suppl 1996; 216: 208-17.

Riis P. Forskning under etisk kontrol. Ugeskr Laeger 1976; 138 (36):
2195-200.

World Medical Association (WMA) Declaration of Helsinki. Recom-
mendations guiding physicians in biomedical research involving human
subjects. Adopted by the 18th World Medical Assembly in Helsinki, Fin-
land in June 1964, and amended by the 29th World Medical Assembly in
Tokyo, Japan in October 1975, and the 35th World Medical Assembly in
Venice, Italy in October 1983, the 41th World Medical Assembly in Hong
Kong in September 1989, the 48th General Assembly in Somerset West,
the Republic of South Africa in October 1996, and 52nd General Assem-
bly in Edinburgh, Scotland, October 7th, 2000.

Ludgate SM, Potter DC. European directives on medical devices. Br Med
] 1993; 307 (6902): 459-60.

Crisp S. The medical device directives and their impact on the develop-
ment and manufacturing of medical implants. Proc Inst Mech Eng H
1996; 210 (4): 233-9.21.

Council Directive 90/385/EEC of 20 June 1990, on the approximation of
the laws of the Member States relating to Active Implantable Medical De-
vices Directive. Commission of the European Communities. Off ] Eur
Comm 1990; L 189.

Council Directive 93/42/EEC of 14 June 1993, concerning Medical De-
vices. Commission of the European Communities. Off ] Eur Comm
1993; L 169.

. Directive 98/79/EC of the European Parliament and of the Council of

October 27, 1998 on In-vitro Diagnostic Medical Devices.

Holm S, Rossel P. What does the Danish population know about research
ethical committees? Ugeskr Laeger 1996; 158 (31): 4383-4.

Thanner J, Freij-Larsson C, Kédrrholm J, Malchau H, Wesslen B. Evalua-
tion of Boneloc® Chemical and mechanical properties, and a rand-
omized clinical study of 30 total hip arthroplasties. Acta Orthop Scand
1995; 66 (3): 207-14.

Wykman AGM. Acetabular cement temperature in arthroplasty. Effect of
water cooling in 19 cases. Acta Orthop Scand 1992; 63 (5): 543-4.
Wykman AGM, Sandersjoo G A. Low polymerization temperature with
Boneloc®. In vivo measurements in 11 hip replacements. Acta Orthop
Scand 1995; 66 (3): 218-9.

Jensen JS, Bodtker S, Kramhoft M, Thomsen PB, Pedersen D, Nielsen K.
Clinical results after 2-4 years with a new MMA/DMA/IBMA bone ce-
ment used for fixation of the femoral stem. Hip Intern 1995; 5 (1): 31-6.
Jensen JS, Sylvest A, Trap B, Jensen JC. Genotoxicity of acrylic bone ce-
ments. Pharmacol Toxicol 1991; 69 (5): 386-9.

Jensen ]S, Trap B, Skydsgaard K. Delayed contact hypersensitivity and
surgical penetration with acrylic bone cement. Acta Orthop Scand 1991;
62 (1): 24-8.

Trap B, Wolff P, Jensen JS. Acrylic bone cements: residuals and extracta-
bility of methacrylate monomers and aromatic amines. ] Appl Biomat
1992; 3 (1): 51-7.

Sylvest A, Kramhoft M, Jensen JS, Thomsen LD, Jensen JC. Monomer in
central venous blood during polymerization of bone cements, and tox-
icity of a new monomer. Eur ] Exp Musculoskel Res 1992; 1: 47-50.
Furnes O, Lie SA, Havelin LI, Vollset SE, Engeseter LB. Exeter and
Charnley arthroplasties with Boneloc® or high viscosity cement. Com-
parison of 1,127 arthroplasties followed for 5 years in the Norwegian Ar-
throplasty Register. Acta Orthop Scand 1997; 68 (6): 515-20.

DANISH MEDICAL BULLETIN VOL. 52 NO. 1/FEBRUARY 2005



34.

35.

36.

37.

38

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

Havelin LI, Espehaug B, Vollset SE, Engesater LB. The effect of the type
of cement on early revision of cement total hip of Charnley total hip
prostheses: a review of eight thousand five hundred and seventy-nine
primary arthroplasties from the Norwegian Arthroplasty Register. ] Bone
Joint Surg [Am] 1995; 77 (10): 1543-50.

Havelin LI, Espehaug B, Engesater LB, Vollset SE. The effect of the type
of cement on the survival of total hip prostheses. Proceedings of the an-
nual meeting of the Norwegian Orthopedic Association, Oslo, Norway.
October 1994.

Linder L. Boneloc® — The Christiansen experience revisited. Acta Orthop
Scand 1995; 66 (3): 205-6.

Suominen S. Early failure with Boneloc® bone cement. 4/8 femoral stems
loose within 3 years. Acta Orthop Scand 1995; 66 (1): 13.

. Thomsen PB, Hansen TB, Kampmann J, Klamer A. BonelocR cemented

Exeter hip arthroplasty - five years follow up. Abstract. Danish Ortho-
pedic Society Bulletin 1996; 25 (6): 18.

Robertsen K, Pedersen D, Nielsen K. Boneloc® cement and the Exeter
hip. Five years results. Abstract. Danish Orthopedic Society Bulletin
1996; 25 (6): 17.

Daubjerg K, Kaltoft M. Aseptic loosening and clinical result in total hip
replacement with the use of Boneloc®, Simplex or Palacos® cement. Ab-
stract. Danish Orthopedic Society Bulletin 1997; 26 (3): 46.
Riegels-Nielsen P, Sgrensen L, Morgen Andersen H, Lindequist S. Bone-
loc® cemented total hip prostheses: loosening in 28/43 cases after 3-38
months. Acta Orthop Scand 1995; 66 (3): 215-7.

Nilsen AR, Wiig M. Total hip arthroplasty with Boneloc®. Loosening in
102/157 cases after 0.5-3 years. Acta Orthop Scand 1996; 67 (1): 57-9.
Furnes A, Lie SA, Havelin LI, Engeswter LB, Vollset SE. The economic
impact of failures in total hip replacement surgery: 28,997 cases from the
Norwegian Arthroplasty Register, 1987-1993. Acta Orthop Scand 1996;
67 (2): 115-21.

Wedderkopp N, Ranberg FA, Andersen MB, Termansen NB. Aseptic
loosening of BonelocR cemented hip prostheses. Int Orthop 1997; 21
(2): 87-90.

Nilsson KG, Dalen T. Inferior performance of Boneloc® bone cement in
total knee arthroplasty. A prospective randomized study comparing
Boneloc® with Palacos® using radiostereometry (RSA) in 19 patients.
Acta Orthop Scand 1998; 69 (5): 479-83.

Nimb L, Stiirup J, Jensen JS. Improved cortical histology after cement-
ation with a new MMA-DMA-IBMA bone cement: an animal study. J
Biomed Mater Res 1993; 27 (5): 565-74.

Stiirup J, Nimb L, Jensen JS. Blood perfusion and remodelling activity in
canine tibial diaphysis after filling with a new bone cement compared to
bone wax and poly (methyl methacrylate) cement. Biomaterials 1995; 16
(11): 845-8.

Engh CA, McGovern TFE, Bobyn JD, Harris WH. A quantitative evalu-
ation of periprosthetic bone-remodeling after cementless total hip ar-
throplasty. ] Bone Joint Surg [Am] 1992; 74 (7): 1009-20.

Ryd L. Micromotion in knee arthroplasty. A roentgen stereophotogram-
metric analysis of tibial component fixation. Acta Orthop Scand Suppl
1986; 57 (220): 1-80.

Ryd L, Albrektsson BE, Carlsson L, Dansgard F, Herberts P, Lindstrand
A, Regner L, Larsen ST. Roentgen stereophotogrammetric analysis as a
predictor of mechanical loosening of knee prostheses. ] Bone Joint Surg
[Br] 1995; 77 (3): 377-83.

Kirrholm J, Malchau H, Snorrason F, Herberts P. Micromotion of fem-
oral stems in total hip arthroplasty. A randomized study of cemented,
hydroxyapatite-coated and porous-coated stems with roentgen stereo-
photogrammetric analysis. ] Bone Joint Surg [Am] 1994; 76: 1692-705.
Kérrholm J, Borssen B, Lowenhielm G, Snorrason F. Does early micro-
motion of femoral stem prostheses matter? 4-7-year stereoradiographic
follow-up of 84 cemented prostheses. ] Bone Joint Surg [Br] 1994; 76:
912-7.

Riegels-Nielsen P. Personnel communication. The Danish Orthopedic
Society Meeting, Copenhagen, October 29-30, 1993.

Serensen L, Andersen HM, Riegels-Nielsen P. Early experience with the
Boneloc® cement in total hip prostheses. Abstract. Danish Orthopedic
Society Bulletin 1994; 23 (6): 31.

Nielsen LN. Rapport on the role of the Danish National Board of Health
in the Boneloc® case. May 1998.

Randall H. Post-marketing surveillance and vigilance for medical de-
vices: the European approach. Drug Saf 2001; 24 (12): 869-72.

Malchau H. On the Importance of Stepwise Introduction of New Hip
Implant Technology. Assessment of Total Hip Replacement Using Clin-
ical Evaluation, Radiostereometry, Digitized Radiography, and a Na-
tional Hip Registry. Thesis. Goteborg 1995.

DANISH MEDICAL BULLETIN VOL. 52 NO. 1/FEBRUARY 2005

17



