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Explant analysis and implant registries are both 
needed to further improve patient safety
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• In the early days of total joint replacement, implant fracture, material problems and wear 
presented major problems for the long-term success of the operation.

• Today, failures directly related to the implant comprise only 2–3% of the reasons for revision 
surgeries, which is a result of the material and design improvements in combination 
with the standardization of pre-clinical testing methods and the post-market surveillance 
required by the legal regulation.

• Arthroplasty registers are very effective tools to document the long-term clinical 
performance of implants and implantation techniques such as fixation methods in 
combination with patient characteristics.

• Revisions due to implant failure are initially not reflected by the registries due to their small 
number.

• Explant analysis including patient, clinical and imaging documentation is crucial to identify 
failure mechanisms early enough to prevent massive failures detectable in the registries.

• In the past, early reaction was not always successful, since explant analysis studies have 
either been performed late or the results did not trigger preventive measures until clinical 
failures affected a substantial number of patients.

• The identification of implant-related problems is only possible if all failures are reported and 
related to the number of implantations.

• A system that analyses all explants from revisions attributed to implant failure is mandatory 
to reduce failures, allowing improvement of risk assessment in the regulatory process.

History

Arthroplasty became popular in the second half of the 20th 
century and has developed since then into one of the most 
successful fields in orthopaedics (1). This development 
was not free from problems and failures. The reduction 
of polyethylene (PE) wear debris was initially the main 
focus of implant research (Fig. 1). A satisfactory solution 
was finally achieved by the introduction of modern cross-
linked and oxidation-stabilized PEs (2, 3). Some product 
developments and innovations failed systemically during 
their clinical use. These failures included corrosion-induced 
loosening of cemented titanium stems (4), mechanical 
breakdown of a polymethylmethacrylat (PMMA) bone 
cement due to problems with the glass transition 
temperature (5), wear problems with highly crystalline 
phase-modified polyethylene (6) and toxicological surface 

contamination on porous-coated sockets (7). Innovative 
procedures such as hip resurfacing and large metal-on-
metal hip joint bearings (8) (Fig. 2), dual-taper modular 
primary hip stems (9, 10) (Fig. 3) or titanium alloys with 
reduced material stiffness (11) worked well clinically as 
long as they were used in the inventor’s hands but showed 
insufficient robustness for the wider use by the orthopaedic 
community, frequently resulting in discontinuation.

All the above-mentioned products failed despite 
intensive laboratory testing and the approval of 
regulatory competent authorities either in the US or 
in Europe. Failures despite fulfilling all requirements 
result in harm to the patient and detriment of the 
medical device company due to recourse claims from 
the patients and in the midterm to a loss of confidence 
among surgeons. How can it happen that fully approved 
and tested implants fail? The key aspect in this context 
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is the ‘risk assessment’ based on a worst-case scenario, 
which forms the basis for the required pre-clinical testing 
and the approval of a product. If the risks are not really 
predictable as with completely new implant designs, 
the only solution is a well-defined clinical evaluation 
investigating the safety and functionality of the product. 
This aspect is now regulated by the Medical Device 
Regulation (MDR) (12), which took effect in 2021 and 
replaced the Medical Device Directive issued in 1993. 
The MDR requires post-market surveillance of all class 
IIb and III products by the manufacturers, who have to 
demonstrate the clinical safety of their products on a 
yearly basis. This will provide a substantially higher level 
of safety for most orthopaedic bone and joint implants 
that belong to these classes.

The role of registries and 
regulatory bodies

During the early days of arthroplasty, many of the 
observed problems were directly related to the design and 
the material of the endoprostheses (13). Joint arthroplasty 
registries were established to identify problematic designs 
and materials, to remove these from the market step by 
step and to improve the quality of joint replacement 
surgeries (14). In part, as a result, today endoprostheses 
for hip and knee replacement show very good results after 
10 and 20 years (15, 16).

The problem with hip resurfacing and large head metal-
on-metal (MoM) articulations in total hip replacement 
(THR) is an example from the past which hopefully 
would not repeat today with new innovative designs. The 
regulatory bodies finally intervened but it took quite long 
until measures were taken. In April 2010, the Medicines and 
Healthcare products Regulatory Agency in the UK issued 
the Medical Device Alert MDA/2010/033 informing all 
people involved in the management of patients with joint 
replacement about revisions of MoM hip replacements 
associated with soft tissue reactions. Systems had to be 
put in place for the follow-up of patients implanted with 
MoM implants including blood metal ion measurements 
and cross-sectional imaging, as appropriate. In September 
2010, the ASR design was recalled (MDA/2010/069). 
This design had already been recalled in Australia by the 
Therapeutic Goods Administration in December 2009. 
Publications based on clinical studies and explant analysis 
pointing out different problematic issues such as a more 
difficult surgical technique, femoral neck fractures, tissue 
reactions, wear sensitivity and design-specific issues with 
hip resurfacing and large-diameter MoM THRs had started 
around 2005 (17). From then on, it took about 5 years until 
these problems were widely recognized and appropriate 
measures were initiated, resulting in a rapid decline in 
the use of these implants. The manufacturers and the 
regulatory system ‘learn’ from such scenarios, adapting 
requirements and standards, hopefully preventing 

Figure 1
Massive osteolysis around the acetabular cup and the femoral 
stem of an uncemented total hip arthroplasty due to PE wear 7 
years after implantation.

Figure 2
Excessive wear of a hip resurfacing couple 
due to edge loading caused by 
misalignment of the cup resulting in 
ARMD (left: post-OP X-rays, right: wear 
maps for cup and head showing the 
deviation to pristine components).
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future failure. In 2005, total hip, knee and shoulder 
joint replacements were reclassified from Class IIb to III 
(2005/50/EC) in the European Union, with a transition 
period between 2007 and 2009.

Today, revisions due to implant failure are not clearly 
reflected in the joint arthroplasty registries due to their 
small number. Revision surgeries directly related to an 
implant failure comprise today only 2–3% of all revision 
surgeries (18, 19), which is a result of the material 
and design improvements in combination with the 
standardized mandatory pre-clinical testing methods.

Yet, problems related to the implant itself still pose 
a serious concern in the European society, heralded by 
inadequate media interpretation of problems with new 
implants and medical devices, even though they involve 
only a very small percentage of surgical revisions.

Risk assessment

A weak spot of the current system for the introduction 
of new implants into the market and for the post-market 
surveillance of existing implants is the risk assessment. The 
risk assessment substantiates the whole approval process. 
It is executed by the manufacturer and approved by the 
notified body. In order to improve the risk assessment 
(and thus the requirements for the pre-clinical testing) 

in an implant category, every revision of an implant that 
occurs during clinical use and in which the implant plays a 
causative role has to be identified. Only then it is possible to 
decide whether the observed failure mode is a singular one 
or the beginning of a series. This will determine whether it 
is necessary to withdraw the implant from the market and 
to extend the pre-clinical testing for this implant category 
to evaluate the observed failure mechanism. However, 
this action mode would require that failed implants are 
preserved by the revising surgeon, a system to be available 
to identify relevant failures, and the required explant 
analysis to be provided. Such a system would help to 
identify ‘new’ unknown failure mechanisms earlier and 
would increase the trust of the patients in the implants 
and surgeons.

Explant analysis

The documentation of explant analyses in the literature 
had started in the 1980’s. A search in the Pubmed database 
with the search terms ‘retrieval’, ‘explant’, ‘analysis’, ‘hip’ 
and ‘knee’ and the MESH term ‘[All Fields]’ excluding the 
results from computer models and the term ‘therapy’, 
revealed 468 relevant publications. This rather low 
number could be due to the fact that the many explant 
analyses are published as case studies, which are rarely 
listed in Pubmed.

Current initiative on retrieved implants 
collection and analysis

In 2020, the European Federation of Orthopaedics and 
Traumatology (EFORT) launched an Implant & Patient 
Safety Initiative addressing the introduction of innovation, 
the off-label use and mix and match of arthroplasty 
components and the collection and analysis of implants 
retrieved during revision surgery. A pilot study in the latter 
topic was started in early 2022 to directly document, in 
a transparent way, implant or material-related problems 
leading to revision. The aim is to get a better understanding 
of the clinical situation related to implant failure. Fifteen 
selected hospitals with a large volume of revision surgeries 
were asked to provide implants from cases in which the 
reason for revision was suspected to be directly related to 
a mechanical failure or wear of the implant if the implant 
was implanted less than 5 years. Implants are only included 
if previously reported to the responsible regulatory 
body (BfArM) and to the manufacturer, as required by 
the German law. The documentation to include a case 
in the study requires the patient consent, radiographs 
both after implant surgery and pre-revision, the surgical 
reports of the index and the revision surgery, and finally 
the suspected reason for revision. Each explant is screened 

Figure 3
Fracture of the neck piece of a bi-modular hip stem.
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free of charge by one of the four participating University 
laboratories (Hamburg, Heidelberg, Munich and Rostock), 
whose research is focused on Biomechanics and Implant 
Development. Based on the individual experience, each 
laboratory decides whether further explant analysis is 
indicated or if the reason for failure can be sufficiently 
assessed through the screening including only simple 
analysis and relevant literature and registry review. The 
hospital performing the revision surgery receives a short 
report within 4 weeks. In case of any significant finding, 
the national regulator BfArM, the manufacturer and the 
hospital are immediately informed.

The analysis is interposed into the standard process 
guided by the BfArM and designed to give a quick first 
independent result to the submitting hospital. In the 
past long response times, insufficient transparency and 
inconclusive reports from the manufacturers, who are 
legally mandated to analyse their failed implants, have 
resulted in little interest by the surgeons to report cases 
and submit explants for analysis. This has to be changed. 
In the first 3 months of the study, seven explants of which 
six were fractured revision implants (two revision knees 
hinge mechanism, one revision knee stem, two modular 
hip revision stem and one proximal femur) were received. 
None of the failure mechanisms observed were novel.

Conclusion

The regulatory requirements to introduce a new 
arthroplasty product to the market and the requirements 
to keep it there have been greatly extended over the last 
30 years with the new MDR comprising the most recent 
step. Many manufacturers had to remove implants from 
the market since they could not demonstrate their clinical 
success, especially in the case of low-volume designs 
infrequently used. In order to be approved according 
to the MDR, a class III implant has had to demonstrate 
successful passing of all required pre-clinical tests. 
Furthermore, it has had to demonstrate its clinical safety 
in a clinical study. Despite this process, failures do and 
will occur, since variability in the patient and the surgical 
procedure is highly complex. Implant monitoring by the 
arthroplasty registries guarantees that underperforming 
implants will be identified and measures will be taken. 
But this process is rather slow and bears the risk that a 
large number of patients have already been treated. 
Another risk is that small numbers of implant-related 
failures will not bring attention if the overall implant 
success in the registries is satisfactory. Screening all 
explants, which are deemed to be responsible for their 
revision by independent experts, will help to early 
identify failure mechanisms eventually not included in 
the risk assessment for an implant category. It will also 
allow to improve the risk assessment for this implant 

category. In order to achieve this goal and organize the 
process, national systems need to be established. A first 
pilot study has been initiated in Germany based on the 
EFORT initiative.

ICMJE Conflict of Interest Statement
M M has been a consultant and received grants and lecture fees from DePuy 
Synthes. This is outside the submitted work; A H reports receiving funding from 
Nuvasive and Medacta; J P K reports being a consultant for Ceramtec and has 
received grants and/or lecture fees from DePuy Synthes, Implantcast, Mathys, 
Permedica, Questmed, Spineserv, Endolab, Endocon, Sintx, Implantec, IMA; E 
G B and D C W have no interests to declare.

Funding Statement
The work reported here did not receive any specific grant from any funding 
agency in the public, commercial or not-for-profit sector.

Acknowledgement
The authors thank Dr Ulrich Fink for sharing his insight into the approval process 
of medical devices for this publication. The authors also acknowledge Atilla 
Bulent, Dario Bergadano, Joshua Bridgens , Esther-Patricia Cónsul-Tejero, José 
Cordero-Ampuero, Antti Eskelinen, Li Felländer-Tsai, Michael Georg, Theodore 
P. Kormas, Justyna Kozik-Jaromin, Katre Maasalu, Jan Noyez, Luca Orlandini, 
Rihard Trebše, Gijs Van Hellemondt for contributing to the EFORT IPSI initiative 
on explant analysis.

References
1. Learmonth  ID, Young  C & Rorabeck  C. The operation of the century: total 
hip replacement. Lancet 2007 370 1508–1519. (https://doi.org/10.1016/S0140-
6736(07)60457-7)

2. Kobayashi  A, Freeman  MA, Bonfield W, Kadoya Y, Yamac T, Al-Saffar  N, 
Scott  G & Revell  PA. Number of polyethylene particles and osteolysis in total joint 
replacements. A quantitative study using a tissue-digestion method. Journal of Bone 
and Joint Surgery: British Volume 1997 79 844–848. (https://doi.org/10.1302/0301-
620x.79b5.7602)

3. Elke R. Particle disease. Is tribology a topic in revision surgery? Der Orthopade 2001 30 
258–265. (https://doi.org/10.1007/s001320050606)

4. Willert  HG, Brobäck  LG, Buchhorn  GH, Jensen  PH, Köster  G, Lang  I, 
Ochsner P & Schenk R. Crevice corrosion of cemented titanium alloy stems in total hip 
replacements. Clinical Orthopaedics and Related Research 1996 333 51–75.

5. Abdel-Kader KF, Allcock S, Walker DI & Chaudhry SB. Boneloc bone-cement: 
experience in hip arthroplasty during a 3-year period. Journal of Arthroplasty 2001 16 
811–819. (https://doi.org/10.1054/arth.2001.25561)

6. Scott DL, Campbell PA, McClung CD & Schmalzried TP. Factors contributing to 
rapid wear and osteolysis in hips with modular acetabular bearings made of hylamer. Journal 
of Arthroplasty 2000 15 35–46. (https://doi.org/10.1016/s0883-5403(00)91103-3)

7. Bonsignore  LA, Goldberg  VM & Greenfield  EM. Machine oil inhibits 
the osseointegration of orthopaedic implants by impairing osteoblast attachment 
and spreading. Journal of Orthopaedic Research 2015 33 979–987. (https://doi.
org/10.1002/jor.22850)

8. Hannemann F, Hartmann A, Schmitt J, Lutzner J, Seidler A, Campbell P, 
Delaunay  CP, Drexler  H, Ettema  HB, García-Cimbrelo  E, et  al. European 

Downloaded from Bioscientifica.com at 08/09/2022 11:41:46AM
via free access

https://doi.org/10.1016/S0140-6736(07)60457-7
https://doi.org/10.1016/S0140-6736(07)60457-7
https://doi.org/10.1302/0301-620x.79b5.7602
https://doi.org/10.1302/0301-620x.79b5.7602
https://doi.org/10.1007/s001320050606
https://doi.org/10.1054/arth.2001.25561
https://doi.org/10.1016/s0883-5403(00)91103-3
https://doi.org/10.1002/jor.22850
https://doi.org/10.1002/jor.22850


www.efortopenreviews.org

7:6INSTRUCTIONAL LECTURE: 
GENERAL ORTHOPAEDICS

348

multidisciplinary consensus statement on the use and monitoring of metal-on-metal 
bearings for total hip replacement and hip resurfacing. Orthopaedics and Traumatology, 
Surgery and Research 2013 99 263–271. (https://doi.org/10.1016/j.otsr.2013.01.005)

9. Buente D, Huber G, Bishop N & Morlock M. Quantification of material loss from 
the neck piece taper junctions of a bimodular primary hip prosthesis. A retrieval study from 
27 failed Rejuvenate bimodular hip arthroplasties. Bone and Joint Journal 2015 97-B 
1350–1357. (https://doi.org/10.1302/0301-620X.97B10.35342)

10. Baxmann M, Jauch SY, Schilling C, Blömer W, Grupp TM & Morlock MM. 
The influence of contact conditions and micromotions on the fretting behavior of modular 
titanium alloy taper connections. Medical Engineering and Physics 2013 35 676–683; 
discussion 676. (https://doi.org/10.1016/j.medengphy.2012.07.013)

11. Morlock  M, Bünte  D, Gührs  J & Bishop  N. Corrosion of the head-stem taper 
junction – are we on the verge of an epidemic? HSS Journal 2017 13 42–49. (https://doi.
org/10.1007/s11420-016-9526-4)

12. Regulation (EU) 2017/745 of the European Parliament and of the Council of 5 April 2017, 
2017. (available at: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:3201
7R0745&from=EN)

13. Harris LJ & Tarr RR. Implant failures in orthopaedic surgery. Biomaterials, Medical Devices, 
and Artificial Organs 1979 7 243–255. (https://doi.org/10.3109/10731197909117579)

14. Herberts P & Malchau H. Long-term registration has improved the quality of hip 
replacement: a review of the Swedish THR Register comparing 160,000 cases. Acta Orthopaedica 
Scandinavica 2000 71 111–121. (https://doi.org/10.1080/000164700317413067)

15. Deere KC, Whitehouse MR, Porter M, Blom AW & Sayers A. Assessing the 
non-inferiority of prosthesis constructs used in hip replacement using data from the National 
Joint Registry of England, Wales, Northern Ireland and the Isle of Man: a benchmarking study. 
BMJ Open 2019 9 e026685. (https://doi.org/10.1136/bmjopen-2018-026685)

16. Deere KC, Whitehouse MR, Porter M, Blom AW & Sayers A. Assessing the 
non-inferiority of prosthesis constructs used in total and unicondylar knee replacements 
using data from the National Joint Registry of England, Wales, Northern Ireland and the 
Isle of Man: a benchmarking study. BMJ Open 2019 9 e026736. (https://doi.org/10.1136/
bmjopen-2018-026736)

17. Cook RI, Render M & Woods DD. Gaps in the continuity of care and progress on 
patient safety. BMJ 2000 320 791–794. (https://doi.org/10.1136/bmj.320.7237.791)

18. Hip, Knee and Shoulder Arthroplasty: 2021 Annual Report. Adelaide: Australian 
Orthopaedic Association National Joint Replacement Registry (AOANJRR), 2021. (available 
at: https://aoanjrr.sahmri.com/annual-reports-2021)

19. Endoprothesenregister Deutschland. Jahresbericht. Berlin: EPRD, 2021. (available at: 
https://www.eprd.de/fileadmin/user_upload/Dateien/Publikationen/Berichte)

Downloaded from Bioscientifica.com at 08/09/2022 11:41:46AM
via free access

https://doi.org/10.1016/j.otsr.2013.01.005
https://doi.org/10.1302/0301-620X.97B10.35342
https://doi.org/10.1016/j.medengphy.2012.07.013
https://doi.org/10.1007/s11420-016-9526-4
https://doi.org/10.1007/s11420-016-9526-4
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745&from=EN
https://doi.org/10.3109/10731197909117579
https://doi.org/10.1080/000164700317413067
https://doi.org/10.1136/bmjopen-2018-026685
https://doi.org/10.1136/bmjopen-2018-026736
https://doi.org/10.1136/bmjopen-2018-026736
https://doi.org/10.1136/bmj.320.7237.791
https://aoanjrr.sahmri.com/annual-reports-2021
https://www.eprd.de/fileadmin/user_upload/Dateien/Publikationen/Berichte

	History
	The role of registries and regulatory bodies
	Risk assessment
	Explant analysis
	Current initiative on retrieved implants collection and analysis
	Conclusion
	ICMJE Conflict of Interest Statement
	Funding Statement
	Acknowledgement
	References

