JMIR RESEARCH PROTOCOLS Maurer et &

Original Paper

A Reqistry for Evaluation of Efficiency and Safety of Surgical
Treatment of Cartilage Defects: The German Cartilage Registry
(KnorpelRegister DGOU)

JuliaMaurer”, MA; Birgit Grotgjohann®’, DPhil; Carolin Jenkner"’; Carla Schneider” ; Thomas Flury®', Dr. rer. nat.;
Adrian Tassoni''; Peter Angele®®, Prof. Dr. med.; Jirgen Fritz¥, MD; Dirk Albrecht®, MD; Philipp Niemeyer®,
Prof. Dr. med.

IClinical Trials Unit, Medical Center - University of Freiburg, Faculty of Medicine, University of Freiburg, Freiburg im Breisgau, Germany
2Department Trauma Surgery, University Hospital Regensburg, Regensburg, Germany

3Sporthopwdicum, Straubing, Berlin, Regensburg, Miinchen, Germany

4Orthopédisch Chirurgisches Centrum Tiibingen, Tiibingen, Germany

SKlinik im Kronprinzenbau Reutlingen, Reutlingen, Germany

6Department of Orthopedics and Trauma Surgery, Medical Center - University of Freiburg, Faculty of Medicine, University of Freiburg, Freiburg im
Breisgau, Germany

*all authors contributed equally

Corresponding Author:

JuliaMaurer, MA

Clinical Trials Unit

Medical Center - University of Freiburg
Faculty of Medicine, University of Freiburg
Elsaesser Str 2

Freiburg im Breisgau, 79110

Germany

Phone: 49 761 270 ext 77830

Fax: 49 761 270 73730

Email: juliamaurer @uniklinik-freiburg.de

Abstract

Background: The need for documentation in cartilage defects is as obvious as in other medical specialties. Cartilage defects
can cause significant pain, and lead to reduced quality of life and loss of function of the affected joint. The risk of developing
osteoarthritisis high. Therefore, the socioeconomic burden of cartilage defects should not be underestimated.

Objective: The abjective of our study was to implement and maintain a registry of all patients undergoing surgical treatment
of cartilage defects.

Methods: We designed this multicenter registry for adults whose cartilage defects of a knee, ankle, or hip joint are treated
surgically. The registry consists of two parts: one for the physician and one for the patient. Data for both parts will be gathered
a baseline and at 6-, 12-, 24-, 36-, 60-, and 120-month follow-ups.

Results: To date, awide range of German, Swiss, and Austrian tria sites are taking part in the German Cartilage Registry, soon
to be followed by further sites. More than 2124 (as of January 31, 2016) cases are already documented and the first publications
have been released.

Conclusions: The German Cartilage Registry addresses fundamental issues regarding the current medical care situation of
patients with cartilage defects of knee, ankle, and hip joints. In addition, the registry will help to identify various procedure-specific
complications, along with putative advantages and disadvantages of different chondrocyte products. It provides an expanding
large-scale, unselected, standardized database for cost and care research for further retrospective studies.

Trial Registration: German Clinical Tridls Register: DRKS00005617; https://drks-neu.uniklinik-freiburg.de/

drks web/navigate.do?navigationld=tria.HTML& TRIAL_1D=DRK S00005617 (Archived by WebCite a
http://www.webcitation.org/6hbFqSws0)
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Introduction

Isolated cartilage defects are common orthopedic disorders in
middle-aged patients that are typically associated with pain,
reduced quality of life, and loss of function of the affected joint
[1,2]. In fact, chondral defects have been described in 34% to
62% of knee arthroscopies [3-6]. They tend to progress to
osteoarthritis, as spontaneous healing is rare, and can therefore
be considered a potential risk factor or precondition for joint
degeneration [7].

Asof 2008, nearly 27 million US adults aged 25 and older have
clinical osteoarthritis [8]. Osteoarthritis is the fourth most
frequent cause of hospital admission in the United States and
the leading cause of joint replacement surgery [9]. In 2009, in
the United States 905,000 knee or hip replacements were
conducted, resulting in treatment costs of US $42.3 billion [9].
In sum, osteoarthritis is one of the major causes of global
disability and is a socioeconomic burden that will most likely
soon become a substantial problem for global health systems
[10,11]. Therefore, it isvery important to cure cartilage defects
in thefirst place.

Concerning cartilage repair techniques, several therapies have
been established, which can be divided into two major groups:
bone marrow stimulation techniques and transplantation
techniques [12,13]. Despite the fact that the number of
randomized controlled trials (RCTs) on cartilage repair has
increased significantly over the years, RCTsaim only at direct
comparison between two surgical procedures, such as the
comparison between arthroscopic microfracturing and
autol ogous chondrocyte implantation [ 14-18]. In addition, only
ahighly selected patient population is considered in thesetrials.
Real-life clinical data are hardly ever considered.

The group of Engen et al [11] published a study on this issue
and cameto the final conclusion that only approximately 4.5%
of patients with cartilage defects are represented by RCTSs.
Jakobsen et al [19] stated that promising results of cartilage
repair studies have to be interpreted carefully due to their low
methodological quality. Against this background and based on
thefact that some scientific questions, such asadetailed anaysis
of surgical complication, and the influence of sex, overweight,
and other factors, cannot be investigated in RCTs, many experts
think that RCTs should be supplemented by well-designed
observational studies [20-24]. Thus, we have initiated this
multicenter patient registry to 1) systematically describe the
current medical care situation of patients undergoing surgical
treatment of their cartilage defect, 2) compare competing
cartilage therapiesregarding their outcomes, procedure-specific
complication rates, and symptom relief by collecting rea-life
clinical data, 3) identify putative advantages and disadvantages
of various chondrocyte productsin daily clinical care, 4) develop
new hypotheses on cartilage repair techniques as a basis for
future RCTs and to test outcomes of former RCTs in a larger
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and more representative population, and 5) evaluate the
efficiency and safety of surgically treated cartilage defects of
knee, hip, and ankle joints, independent of strict patient
characteristics or surgical procedure.

Here we describe the study design and layout of the German
Cartilage Registry, which is to our knowledge the first patient
registry for thisindication worldwide.

Methods

Study Design

The German Cartilage Registry is an observational and
international multicenter registry that was initiated by the
Arbeitsgemeinschaft Klinische Geweberegeneration (Working
Group Clinical Tissue Regeneration) of the German Society for
Orthopaedics and Trauma (DGOU) in 2013. It is a purely
scientifically motivated project and as a consequence
independent of the interests of industrial partners. The study is
conducted in accordance with the Declaration of Helsinki and
registered at germanctr.de (DRK S00005617).

The registry investigates the efficiency and safety of surgical
treatment of cartilage defects in patients under real-life
conditions. In October 2013, the assessment started with the
documentation of cartilage defects of the knee. The modules
for cartilage defects of the ankle and hip joint wereimplemented
1 year later.

Ethics Approval

Depending on individual state’s law, investigators consult the
responsible ethics committee before starting the study at their
site. At their request, investigators are supported by the Clinical
Trials Unit (CTU; Medical Center - University of Freiburg,
Freiburg, Germany) in preparing the essential documents for
submission (first approval in Freiburg on March 13, 2013,
internal number 105/13). So far, 33 ethics committees have
welcomed theimplementation of the German Cartilage Registry
in their jurisdiction.

After consulting the ethics committee, investigators are allowed
to take part in the German Cartilage Registry.

Study Population

All patients aged >18 years who meet the following criteriaare
eligible to take part in the German Cartilage Registry: 1) they
have had surgical treatment of cartilage defects of aknee, ankle,
or hip joint at a participating site, 2) they have given written
informed consent, 3) they have a personal email address.

Procedure and Data Collection

Only after the patient has signed the written informed consent
theinvestigator isallowed to register the patient in the database.
We recommend that this registration procedure takes place
immediately after the surgery is completed. Thus, the
investigator can type in the following mandatory baseline data
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at the same time: initially, the date of surgery, the patient’s
identification, and the patient’s email addressto generate anew
case; and subsequently, basic information concerning patient
history and treatment technique. In the course of 6-, 12-, 24-,
36-, 60-, and 120-month follow-ups, the physi cian can document
further optional data.

Theday followinginitial dataentry by the physician, the patient
automatically receives an email inviting him or her to fill in a
guestionnairefor baseline data. Additionally, the patient receives
an invitational email at 6-, 12-, 24-, 36-, 60-, and 120-month
follow-ups to complete the questionnaire. If the patient does
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not complete the form within a given time limit, an email
reminder is sent automatically. If the patient still does not fill
inthe questionnaire, thetrial site seeks personal contact. Figure
1 shows the flow chart of the German Cartilage Registry in
detail, naming all deployed questionnaires. Light blue represents
all questionnaires that are used in the knee part, medium blue
showsthe questionnaires deployed in the hip part, and dark blue
displaysall questionnaires used in the ankle part of the German
Cartilage Registry. Completion of the questionnaires shown in
the dotted box is optional. Answering all other questionnaires
is mandatory.

Figure 1. Flow chart of the German Cartilage Registry and questionnaires deployed to physicians and patients. AOFAS: American Orthopaedic Foot
& Ankle Society; AQ: additional questions, FAAM: Foot and Ankle Ability Measure; FAOS: Foot and Ankle Outcome Score; ICRS: International
Cartilage Repair Society; iHOT33: International Hip Outcome Tool-33; IKDC: International Knee Documentation Committee; KOOS: Knee injury
and Osteoarthritis Outcome Score; MOCART: magnetic resonance observation of cartilage repair tissue; MRI: magnetic resonance imaging; NAS:

numeric analog scale for pain description; SA: sports activities.
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The German Cartilage Registry consists of two parts: one for
the physician and one for the patient. At baseline, the physician
section includes mandatory information on patient-specific
characteristics (age, sex, smoking behavior, weight and height,
as well as varus or valgus malalignment), the preliminary
operation(s), al surgical procedures performed on the injured
joint (including defect-specific characteristics), and therapy
characteristics.

Furthermore, the physician can fill in a premagnetic resonance
imaging score (similar to the magnetic resonance observation
of cartilage repair tissue, or MOCART, score), as well as
joint-specific scores, such asthe International Cartilage Repair
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Documentation Committee, IKDC, objective score) for the knee
joint and American Orthopaedic Foot & Ankle Society
(AOFAS) for the ankle joint [25,26]. Investigator’s data entry
a 6-, 12-, 24-, 36-, 60-, and 120-month follow-upsis optional.
But there is the opportunity to document joint-specific scores,
such as MOCART [27,28], AOFAS, and ICRS (see Figure 1).

At all times, the patient’s questionnaire consists of a numeric
analog scale for pain description, afew questions about sports
activities, and joint-specific, validated, and standardized
instruments, such as IKDC subjective score and Knee injury
and Osteoarthritis Outcome Score (for the knee part) [29-33],
International Hip Outcome Tool-33 (hip part) [34,35], Foot and
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Ankle Outcome Score, and Foot and Ankle Ability Measure
(ankle part) [36-38]. At 6-, 12-, 24-, 36-, 60-, and 120-month
follow-ups, 3 additional questions ask about the patient’s
satisfaction with the surgical treatment at baseline and further
surgeries (see Figure 1).

Data Entry

The Web-based remote data entry system called RDE-LIGHT
was devel oped by the CTU of the Medical Center - University
of Freiburg as an electronic data entry interface and data
management system for clinical studies and other projects in
clinical research. Data are collected paperless and directly on
siteviaan Internet browser. The RDE-LIGHT system displays
the questionnaires in a structured view in the main window,
indicating the status of the questionnaires astraffic light colors.
Questionnaires are based on HTML. RDE-LIGHT is available
invarious|anguages and validated according to GAMP 5 (I SPE,
Tampa, FL, USA). Furthermore, it fulfills al requirements of
good clinical practice.

The RDE-LIGHT system applies established security standards
such as cryptographic security protocols (secure socket
layer/transport layer security), user authentication protocols,
and authorization concepts. For example, investigators can
access data only of their own site, while the system denies
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unauthorized access. Datatransfer to the database is encrypted
and secured. The server is located in the Medical Computer
Department of the Medical Center - University of Freiburg,
with strict access control. Hence, common concepts of data
protection are implemented. Changes to the database and the
underlying system are logged, saved, and archived regularly to
ensure end-to-end tracking.

When working with personal data, the CTU encouragesinvolved
researchers to use pseudonymsto prohibit the identification of
their patients. The patients hames and contact details (email
address) will be kept confidential and are available to the
research team only for contact purposes. Any data presented
publically will ensure participants anonymity. In order to be
able to automatically send emails to the patients when new
guestionnaires have to be completed, it is necessary to access
the patients email addresses in the system’s database. As the
email addressis part of the patients' personal information, it is
stored in an encrypted way in the database using password-based
encryption with MD5 and Triple Data Encryption Standard.
Figure 2 illustrates the data storage location and clearly shows
that the email addresses are separated from the physicians’ and
patients' questionnaires, as well as the patients' identification,
in awell-protected way.

Figure 2. Data storage location for the German Cartilage Registry. ID: identification; SSL: secure socket |ayer.
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Statistical Analysis

After approval from the Arbeitsgemeinschaft Klinische
Geweberegeneration (Working Group Clinical  Tissue
Regeneration), every participating physician is allowed to
publish the full set of anonymized data available at that time.
Datawill always be prepared by an experienced biostatistician
of the CTU. We are planning several descriptive analyses
concerning the structure and composition of the registry.
Analyses will be done by first specifying several different
research questions (eg, efficacy of certain therapiesin real-life
datasets) and prespecifying inclusion criteriafor these specific
questions. Independently, every investigator is allowed to
download his or her own data set for anonymized statistical
evaluations. However, it is important to keep in mind that
registry data need special care in the analysis, as populations
are unbalanced and several sources of bias can be present, such
as in confounding variables. Therefore, the results must be
interpreted very carefully.

Quality Assurance

Theregistry is being implemented and maintained by the CTU
of the Medical Center- University of Freiburg. The CTU is
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member of the network of coordinating centersfor clinical trials
in Germany [39] and offers profound expertise in all areas of
clinica trial planning, conduct, and analysis, in both universities
and industry. The CTU isinvolved in about 250 trials a year.

Skilled and experienced staff of the CTU offer email and
telephone support for any emerging problems. Additionally,
documents, user manual's, and Web-based instructions viavideo
may help to assist physicians and other personnel at the site. A
gquery management system helps to identify patients and
physicians who did not fill in the mandatory questionnaires.

Results

At time of data collection for this paper, 100 German trial sites
and 5 trial sitesin Austria and Switzerland are taking part in
the German Cartilage Registry. Among these are university
medical centers and private hospitals, doctors surgeries, and
outpatient surgical centers. As of January 31, 2016, a total of
2124 patients have been registered (see Figure 3) and the first
clinical results have been published [40-42].

Figure 3. Total number of patientsin the German Cartilage Registry as of January 31, 2016.
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Discussion

The primary aim of this multicenter registry is to assess the
efficiency and safety of surgically treated cartilage defects of
knee, hip, and ankle joints and to subsequently provide future
patients with their best treatment option. Therefore, we are
collecting as much valuable information as possible on a
preferably heterogeneous group of peoplewho have been treated
in day-to-day clinical practice.

http://www.researchprotocols.org/2016/2/€122/
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In the following section we highlight the strengths of the
German Cartilage Registry and discuss the known limitations
to this project.

Complementing Data from RCTs

In recent years, there has been a focus on RCTs in cartilage
repair, since they still are the highest level of clinical research
[43]. Nevertheless, dueto strict inclusion and exclusion criteria,
study populations in many RCTs do not completely represent
clinical routine and the entire population of patients with
cartilage defects. In fact, the number of patientswho areeligible
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for RCTsinthefield of cartilage defectsis estimated to be only
around 4.5% [11]. Hence, the vast majority of patients are not
represented by RCTS, since they do not qualify for different
reasons, such as an increased body massindex or concomitant
pathologies. In addition, important patient-related factors such
as smoking and being overweight have been proven to
significantly influence the outcome of cartilage repair
techniques, but they cannot be analyzed by RCTs for
methodological reasons [44-46]. This also applies to
pathology-related parameters such as the influence of defect
size or detailed defect location [46]. Furthermore, concomitant
pathologies are considered to be exclusion criteriain most RCTs
but are frequently present in cartilage repair patients. All of
these factors underline the necessity of not exclusively relying
on findings of RCTs, but to complement the results of RCTs
with data from well-designed observational studies (eg,
registries), and, therefore, to reassess findings of RCTsin daily
clinical use.

Selection Bias

Dueto organizational or other limitations, we cannot guarantee
that every single patient with asurgically treated chondral defect
of aknee, hip, or anklejoint will be documented in the system.
For instance, for small- or medium-sized medical health
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providers, the additional workload for datainput may seem too
high. But we tried to keep the administrative effort as small as
possible by allowing the physicians to register a patient
immediately after surgery has been completed, although the
first patient questionnaire refers to the complaints before
surgery. In this way, the physician can record all mandatory
data at once. Furthermore, we tried to include as many patient
characteristics as possible that are thought to affect outcomes.

Data Quality

No onsite clinical monitoring is provided to assure the quality
of entered data, and the respective sites are solely responsible
for data input. Nevertheless, quality parameters need to be
established and carefully applied. For instance, we have to
observe the follow-up rate, which is crucia in any type of
clinical research. Therefore, avalidation study of recorded data
will have to follow.

Expansion of the Registry

Additional sitesin German-speaking countries, namely Austria
and Switzerland, have aready been &ffiliated and others will
be approached to join the registry.

Further information is available on the Knorpel Register website

[47].

Acknowledgments

We thank all participating sites and the Arbeitsgemeinschaft Klinische Geweberegeneration (Working Group Clinical Tissue
Regeneration) of the German Society for Orthopaedics and Trauma who have contributed to the successful implementation of
the German Cartilage Registry. Special thanks to Deutsche Arthrose-Hilfe e.V. and Stiftung Oskar-Helene-Heim, who supported
thisregistry financially.

Thearticle processing charge was funded by the German Research Foundation (DFG) and the Albert-Ludwigs University Freiburg
in the funding program Open Access Publishing.

Conflictsof Interest
None declared.

References

1. Heir S Nerhus TK, Retterud JH, Laken S, Ekeland A, Engebretsen L, et al. Focal cartilage defects in the knee impair
quality of life as much as severe osteoarthritis: a comparison of knee injury and osteoarthritis outcome score in 4 patient
categories scheduled for knee surgery. Am J Sports Med 2010 Feb;38(2):231-237. [doi: 10.1177/0363546509352157]
[Medline: 20042546]

2. Solheim E, Krokeide AM, Melteig P, Larsen A, Strand T, Brittberg M. Symptoms and function in patients with articular
cartilage lesionsin 1,000 knee arthroscopies. Knee Surg Sports Traumatol Arthrosc 2014 Dec 13:1-7. [doi:
10.1007/s00167-014-3472-9] [Medline: 25502829]

3. ArgenA, Lgken S, Heir S, Alvik E, Ekeland A, Granlund OG, et a. Articular cartilage lesions in 993 consecutive knee
arthroscopies. Am J Sports Med 2004;32(1):211-215. [Medline: 14754746]

4.  Curl WW, Krome J, Gordon ES, Rushing J, Smith BP, Poehling GG. Cartilageinjuries: areview of 31,516 knee arthroscopies.
Arthroscopy 1997 Aug;13(4):456-460. [Medline: 9276052]

5.  HjdleK, Solheim E, Strand T, Muri R, Brittberg M. Articular cartilage defectsin 1,000 knee arthroscopies. Arthroscopy
2002 Sep;18(7):730-734. [Medline: 12209430]

6.  Widuchowski W, Widuchowski J, Trzaska T. Articular cartilage defects: study of 25,124 knee arthroscopies. Knee 2007
Jun;14(3):177-182. [doi: 10.1016/j.knee.2007.02.001] [Medline: 17428666]

7.  Cicuttini F, Ding C, Wluka A, Davis S, Ebeling PR, Jones G. Association of cartilage defects with loss of knee cartilage
in healthy, middle-age adults: a prospective study. Arthritis Rheum 2005 Jul;52(7):2033-2039 [FREE Full text] [doi:
10.1002/art.21148] [Medline: 15986359]

http://www.researchprotocols.org/2016/2/e122/ JMIR Res Protoc 2016 | vol. 5 |iss. 2 | €122 | p. 6

(page number not for citation purposes)


http://dx.doi.org/10.1177/0363546509352157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20042546&dopt=Abstract
http://dx.doi.org/10.1007/s00167-014-3472-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25502829&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14754746&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9276052&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12209430&dopt=Abstract
http://dx.doi.org/10.1016/j.knee.2007.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17428666&dopt=Abstract
http://dx.doi.org/10.1002/art.21148
http://dx.doi.org/10.1002/art.21148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15986359&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Maurer et &

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Lawrence RC, Felson DT, Helmick CG, Arnold LM, Choi H, Deyo RA, National Arthritis Data Workgroup. Estimates of
the prevalence of arthritis and other rheumatic conditionsin the United States. Part 1. Arthritis Rheum 2008 Jan;58(1):26-35
[FREE Full text] [doi: 10.1002/art.23176] [Medline: 18163497]

Murphy L, Helmick CG. Theimpact of osteoarthritisin the United States: a population-health perspective. Am JNurs 2012
Mar;112(3 Suppl 1):S13-S19. [doi: 10.1097/01.NA J.0000412646.80054.21] [Medline: 22373741]

CrossM, Smith E, Hoy D, Nolte S, Ackerman |, Fransen M, et al. The global burden of hip and knee osteoarthritis: estimates
from the global burden of disease 2010 study. Ann Rheum Dis 2014 Jul;73(7):1323-1330. [doi:
10.1136/annrheumdis-2013-204763] [Medline: 24553908]

Engen CN, Engebretsen L, Argen A. Knee cartilage defect patients enrolled in randomized controlled trials are not
representative of patients in orthopedic practice. Cartilage 2010 Oct;1(4):312-319 [EREE Full text] [doi:
10.1177/1947603510373917] [Medline: 26069562]

Niemeyer P, Kreuz PC, Steinwachs M, Siidkamp NP. [Operative treatment of cartilage lesionsin the kneejoint]. Sportverletz
Sportschaden 2007 Mar;21(1):41-50. [doi: 10.1055/s-2007-963030] [Medline: 17385104]

Cole BJ, Pascual-Garrido C, Grumet RC. Surgical management of articular cartilage defectsin the knee. JBone Joint Surg
Am 2009 Jul;91(7):1778-1790. [Medline: 19571102]

Basad E, Ishaque B, Bachmann G, Stiirz H, Steinmeyer J. Matrix-induced autologous chondrocyte implantation versus
microfracture in the treatment of cartilage defects of the knee: a 2-year randomised study. Knee Surg Sports Traumatol
Arthrosc 2010 Apr;18(4):519-527. [doi: 10.1007/s00167-009-1028-1] [Medline: 20062969]

Vanlauwe J, Saris DB, Victor J, AlImgvist KF, Bellemans J, Luyten FB, TIG/ACT/01/2000& EXT Study Group. Five-year
outcome of characterized chondrocyte implantation versus microfracture for symptomatic cartilage defects of the knee:
early treatment matters. Am J Sports Med 2011 Dec;39(12):2566-2574. [doi: 10.1177/0363546511422220] [Medline:
21908720]

SarisD, Price A, Widuchowski W, Bertrand-Marchand M, Caron J, Drogset JO, et al. Matrix-applied characterized autologous
cultured chondrocytes versus microfracture: two-year follow-up of a prospective randomized trial. Am J Sports Med 2014
Jun;42(6):1384-1394. [doi: 10.1177/0363546514528093] [Medline: 24714783]

Saris DB, Vanlauwe J, Victor J, Almgvist KF, Verdonk R, Bellemans J, TIG/ACT/01/2000& EXT Study Group. Treatment
of symptomatic cartilage defects of the knee: characterized chondrocyte implantation resultsin better clinical outcome at
36 monthsin arandomized trial compared to microfracture. Am J Sports Med 2009 Nov;37 Suppl 1:10S-19S. [doi:
10.1177/0363546509350694] [Medline: 19846694]

Saris DB, Vanlauwe J, Victor J, Haspl M, Bohnsack M, Fortems'Y, et al. Characterized chondrocyte implantation results
in better structural repair when treating symptomatic cartilage defects of the knee in arandomized controlled trial versus
microfracture. Am J Sports Med 2008 Feb;36(2):235-246. [doi: 10.1177/0363546507311095] [Medline: 18202295]
Jakobsen RB, Engebretsen L, Slauterbeck JR. An analysis of the quality of cartilage repair studies. J Bone Joint Surg Am
2005 Oct;87(10):2232-2239. [doi: 10.2106/JBJS.D.02904] [Medline: 16203888]

Concato J, Lawler EV, Lew RA, Gaziano JM, Aslan M, Huang GD. Observational methods in comparative effectiveness
research. Am JMed 2010 Dec;123(12 Suppl 1):e16-e23. [doi: 10.1016/j.amjmed.2010.10.004] [Medline: 21184862]
Ligthelm RJ, Borzi V, Gumprecht J, Kawamori R, Wenying Y, Vaens P. Importance of observational studiesin clinical
practice. Clin Ther 2007 Jun;29(6 Pt 1):1284-1292. [doi: 10.1016/].clinthera.2007.07.004] [Medline: 18036390]

Hannan EL . Randomized clinical trialsand observational studies: guidelinesfor assessing respective strengthsand limitations.
JACC Cardiovasc Interv 2008 Jun;1(3):211-217 [FREE Full text] [doi: 10.1016/j.jcin.2008.01.008] [Medline: 19463302]
Silverman SL. From randomized controlled trials to observational studies. Am JMed 2009 Feb;122(2):114-120. [doi:
10.1016/j.amjmed.2008.09.030] [Medline: 19185083]

Black N. Why we need observational studies to evaluate the effectiveness of health care. BMJ 1996 May
11;312(7040):1215-1218 [FREE Full text] [Medline: 8634569]

KitaokaHB, Alexander 1J, Adelaar RS, Nunley JA, Myerson M S, Sanders M. Clinical rating systemsfor the ankle-hindfoot,
midfoot, hallux, and lesser toes. Foot Ankle Int 1994 Jul;15(7):349-353. [Medline: 7951968]

Kostyj T, Schaper K, BaumsM, Lieske S. Eine Validierung des AOFA S-Ankle-Hindfoot-Scal e fur den deutschen Sprachraum.
Ful3 & Sprunggelenk 2014 Jun;12(2):100-106. [doi: 10.1016/j.fuspru.2014.02.002]

Marlovits S, Striessnig G, Resinger CT, Aldrian SM, Vecsel V, Imhof H, et al. Definition of pertinent parameters for the
evaluation of articular cartilage repair tissue with high-resolution magnetic resonance imaging. Eur J Radiol 2004
Dec;52(3):310-319. [doi: 10.1016/].ejrad.2004.03.014] [Medline: 15544911]

Marlovits S, Singer B, Zeller B, Mandl 1, Haller J, Trattnig S. Magnetic resonance observation of cartilage repair tissue
(MOCART) for the evaluation of autologous chondrocyte transplantation: determination of interobserver variability and
correlation to clinical outcome after 2 years. Eur JRadiol 2006 Jan;57(1):16-23. [doi: 10.1016/j.ejrad.2005.08.007] [Medline:
16203119]

Irrgang JJ, Anderson AF, Boland AL, Harner CD, Kurosaka M, Neyret P, et al. Development and validation of the
international knee documentation committee subjective knee form. Am J Sports Med 2001;29(5):600-613. [Medline:
11573919]

http://www.researchprotocols.org/2016/2/e122/ JMIR Res Protoc 2016 | vol. 5 |iss. 2 | e122 | p. 7

(page number not for citation purposes)


http://dx.doi.org/10.1002/art.23176
http://dx.doi.org/10.1002/art.23176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18163497&dopt=Abstract
http://dx.doi.org/10.1097/01.NAJ.0000412646.80054.21
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22373741&dopt=Abstract
http://dx.doi.org/10.1136/annrheumdis-2013-204763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24553908&dopt=Abstract
http://europepmc.org/abstract/MED/26069562
http://dx.doi.org/10.1177/1947603510373917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26069562&dopt=Abstract
http://dx.doi.org/10.1055/s-2007-963030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17385104&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19571102&dopt=Abstract
http://dx.doi.org/10.1007/s00167-009-1028-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20062969&dopt=Abstract
http://dx.doi.org/10.1177/0363546511422220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21908720&dopt=Abstract
http://dx.doi.org/10.1177/0363546514528093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24714783&dopt=Abstract
http://dx.doi.org/10.1177/0363546509350694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19846694&dopt=Abstract
http://dx.doi.org/10.1177/0363546507311095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18202295&dopt=Abstract
http://dx.doi.org/10.2106/JBJS.D.02904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16203888&dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2010.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21184862&dopt=Abstract
http://dx.doi.org/10.1016/j.clinthera.2007.07.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18036390&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1936-8798(08)00170-2
http://dx.doi.org/10.1016/j.jcin.2008.01.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19463302&dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2008.09.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19185083&dopt=Abstract
http://europepmc.org/abstract/MED/8634569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8634569&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7951968&dopt=Abstract
http://dx.doi.org/10.1016/j.fuspru.2014.02.002
http://dx.doi.org/10.1016/j.ejrad.2004.03.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15544911&dopt=Abstract
http://dx.doi.org/10.1016/j.ejrad.2005.08.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16203119&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11573919&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Maurer et &

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

Anderson AF, Irrgang JJ, Kocher MS, Mann BJ, Harrast JJ, International Knee Documentation Committee. The International
Knee Documentation Committee Subjective Knee Evaluation Form: normative data. Am J Sports Med 2006
Jan;34(1):128-135. [doi: 10.1177/0363546505280214] [Medline: 16219941]

Higgins LD, Taylor MK, Park D, Ghodadra N, Marchant M, Pietrobon R, International Knee Documentation Committee.
Reliability and validity of the International Knee Documentation Committee (IKDC) Subjective Knee Form. Joint Bone
Spine 2007 Dec;74(6):594-599. [doi: 10.1016/j.jbspin.2007.01.036] [Medline: 17888709]

Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee Injury and Osteoarthritis Outcome Score
(KOOS)--devel opment of a self-administered outcome measure. J Orthop Sports Phys Ther 1998 Aug;28(2):88-96. [doi:
10.2519/jospt.1998.28.2.88] [Medline: 9699158]

Kesser S, Lang S, Puhl W, Stéve J. [The Knee Injury and Osteoarthritis Outcome Score--a multifunctional questionnaire
to measure outcome in knee arthroplasty]. Z Orthop Ihre Grenzgeb 2003;141(3):277-282. [doi: 10.1055/s-2003-40083]
[Medline: 12822074]

Baumann F, Weber J, Zeman F, Miller M, Lahner M, Nerlich M, et al. Validation of a German version of the International
Hip Outcome Tool (G-iHOT33) according to the COSMIN checklist: how much improvement is clinically relevant? Arch
Orthop Trauma Surg 2016 Jan;136(1):83-91. [doi: 10.1007/s00402-015-2336-1] [Medline: 26419895]

Mohtadi NG, Griffin DR, Pedersen ME, Chan D, Safran MR, Parsons N, Multicenter Arthroscopy of the Hip Outcomes
Research Network. The development and validation of a self-administered quality-of-life outcome measure for young,
active patients with symptomatic hip disease: the International Hip Outcome Tool (iHOT-33). Arthroscopy 2012
May;28(5):595-605. [doi: 10.1016/j.arthro.2012.03.013] [Medline: 22542433]

van Bergen CJ, Sierevelt IN, Hoogervorst P, Waizy H, van Dijk CN, Becher C. Trandation and validation of the German
version of the foot and ankle outcome score. Arch Orthop Trauma Surg 2014 Jul;134(7):897-901. [doi:
10.1007/s00402-014-1994-8] [Medline: 24748232]

Nauck T, Lohrer H. Tranglation, cross-cultural adaption and validation of the German version of the Foot and Ankle Ability
Measure for patients with chronic ankle instability. Br J Sports Med 2011 Aug;45(10):785-790. [doi:
10.1136/bjsm.2009.067637] [Medline: 19955163]

Martin RL, Irrgang JJ, Burdett RG, Conti SF, Van Swearingen JM. Evidence of validity for the Foot and Ankle Ability
Measure (FAAM). Foot Ankle Int 2005 Nov;26(11):968-983. [Medline: 16309613]

KKS Netzwerk. Koordinierungszentren fir Klinische Studien. Cologne, Germany: KKS Netzwerk URL : http://www.
kks-netzwerk.de/ [accessed 2016-05-19] [WebCite Cache ID 6hcmui C67]

Niemeyer P, Schweigler K, Grotejohann B, Maurer J, Angele P, Aurich M, et al. [The German Cartilage Registry
(KnorpelRegister DGOU) for evaluation of surgical treatment for cartilage defects: experience after six months including
first demographic data]. Z Orthop Unfall 2015 Feb;153(1):67-74. [doi: 10.1055/s-0034-1383222] [Medline: 25723583]
Spahn G, Fritz J, Albrecht D, Hofmann GO, Niemeyer P. Characteristics and associated factors of Klee cartilage lesions:
preliminary baseline-data of more than 1000 patients from the German cartilage registry (KnorpelRegister DGOU). Arch
Orthop Trauma Surg 2016 Mar 21:1-6. [doi: 10.1007/s00402-016-2432-x] [Medline: 27001180]

Niemeyer P, Feucht MJ, Fritz J, Albrecht D, Spahn G, Angele P. Cartilage repair surgery for full-thickness defects of the
kneein Germany: indications and epidemiological data from the German Cartilage Registry (Knorpel Register DGOU).
Arch Orthop Trauma Surg 2016 Apr 9:1-7. [doi: 10.1007/s00402-016-2453-5] [Medline: 27062375]

Obremskey WT, Pappas N, Attallah-Wasif E, Tornetta P3, Bhandari M. Level of evidence in orthopaedic journals. JBone
Joint Surg Am 2005 Dec;87(12):2632-2638. [doi: 10.2106/JBJS.E.00370] [Medline: 16322612]

Jaiswal PK, Bentley G, Carrington RW, Skinner JA, Briggs TW. The adverse effect of elevated body massindex on outcome
after autologous chondrocyte implantation. J Bone Joint Surg Br 2012 Oct;94(10):1377-1381. [doi:
10.1302/0301-620X.94B10.29388] [Medline: 23015564]

Jaiswal PK, Macmull S, Bentley G, Carrington RW, Skinner JA, Briggs TW. Does smoking influence outcome after

autol ogous chondrocyte implantation?: A case-controlled study. J Bone Joint Surg Br 2009 Dec;91(12):1575-1578. [doi:
10.1302/0301-620X.91B12.22879] [Medline: 19949119]

Niemeyer P, Salzmann GM, Hirschmiller A, Sidkamp NP. [Factors that influence clinical outcome following autologous
chondrocyte implantation for cartilage defects of the knee]. Z Orthop Unfall 2012 Feb;150(1):83-88. [doi:
10.1055/s-0030-1270894] [Medline: 21526464]

Knorpel Register DGOU, AG Klinische Geweberegeneration. KnorpelRegister DGOU. Berlin, Germany: Deutsche
Gesellschaft fiir Orthopédie und Unfallchirurgie; 2016. URL: http://www.knorpel register-dgou.de/start.html [accessed
2016-05-19] [WebCite Cache ID 6hcnMZYuO]

Abbreviations

AOFAS: American Orthopaedic Foot & Ankle Society
CTU: Clinical Trials Unit

DGOU: German Society for Orthopaedics and Trauma
ICRS: International Cartilage Repair Society

http://www.researchprotocols.org/2016/2/e122/ JMIR Res Protoc 2016 | vol. 5 |iss. 2 | €122 | p. 8

(page number not for citation purposes)


http://dx.doi.org/10.1177/0363546505280214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16219941&dopt=Abstract
http://dx.doi.org/10.1016/j.jbspin.2007.01.036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17888709&dopt=Abstract
http://dx.doi.org/10.2519/jospt.1998.28.2.88
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9699158&dopt=Abstract
http://dx.doi.org/10.1055/s-2003-40083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12822074&dopt=Abstract
http://dx.doi.org/10.1007/s00402-015-2336-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26419895&dopt=Abstract
http://dx.doi.org/10.1016/j.arthro.2012.03.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22542433&dopt=Abstract
http://dx.doi.org/10.1007/s00402-014-1994-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24748232&dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2009.067637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19955163&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16309613&dopt=Abstract
http://www.kks-netzwerk.de/
http://www.kks-netzwerk.de/
http://www.webcitation.org/

                                            6hcmuiC67
http://dx.doi.org/10.1055/s-0034-1383222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25723583&dopt=Abstract
http://dx.doi.org/10.1007/s00402-016-2432-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27001180&dopt=Abstract
http://dx.doi.org/10.1007/s00402-016-2453-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27062375&dopt=Abstract
http://dx.doi.org/10.2106/JBJS.E.00370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16322612&dopt=Abstract
http://dx.doi.org/10.1302/0301-620X.94B10.29388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23015564&dopt=Abstract
http://dx.doi.org/10.1302/0301-620X.91B12.22879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19949119&dopt=Abstract
http://dx.doi.org/10.1055/s-0030-1270894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21526464&dopt=Abstract
http://www.knorpelregister-dgou.de/start.html
http://www.webcitation.org/

                                            6hcnMZYuO
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Maurer et &

IKDC: International Knee Documentation Committee
MOCART: magnetic resonance observation of cartilage repair tissue
RCT: randomized controlled tria

Edited by G Eysenbach; submitted 21.04.16; peer-reviewed by E Solheim; accepted 06.05.16; published 29.06.16

Please cite as:

Maurer J, Grotejohann B, Jenkner C, Schneider C, Flury T, Tassoni A, Angele P, Fritz J, Albrecht D, Niemeyer P

A Registry for Evaluation of Efficiency and Safety of Surgical Treatment of Cartilage Defects: The German Cartilage Registry
(KnorpelRegister DGOU)

JMIR Res Protoc 2016;5(2):e122

URL: http://www.researchprotocols.org/2016/2/e122/

doi: 10.2196/resprot.5895

PMID: 27357998

©JuliaMaurer, Birgit Grotejohann, Carolin Jenkner, Carla Schneider, Thomas Flury, Adrian Tassoni, Peter Angele, Jirgen Fritz,
Dirk Albrecht, Philipp Niemeyer. Originally published in IMIR Research Protocol s (http://www.researchprotocol s.org), 29.06.2016.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Research Protocols, is properly cited. The complete bibliographicinformation,
alink to the original publication on http://www.researchprotocols.org, as well as this copyright and license information must be
included.

http://www.researchprotocols.org/2016/2/e122/ JMIR Res Protoc 2016 | vol. 5 |iss. 2 | €122 | p. 9
(page number not for citation purposes)

RenderX


http://www.researchprotocols.org/2016/2/e122/
http://dx.doi.org/10.2196/resprot.5895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27357998&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

