World Jo
1CS

World | Orthop 2017 April 18; 8

Baishideng Publishing Group Inc



W\J | O [

Contents Monthly Volume 8 Number 4 April 18,2017

EDITORIAL
290 Orthopaedic education in the era of surgical simulation: Still at the crawling stage
Atesok K, MacDonald P, Leiter J, Dubberley J, Satava R, VanHeest A, Hurwitz S, Marsh JL

295 Growing spine deformities: Are magnetic rods the final answer?
Johari AN, Nemade AS

THERAPEUTIC ADVANCES
301 Syndesmotic Jnterna/Brace™ for anatomic distal tibiofibular ligament augmentation

Regauer M, Mackay G, Lange M, Kammerlander C, Bocker W

ORIGINAL ARTICLE
Basic Study
310 Posterior interosseous nerve localization within the proximal forearm - a patient normalized parameter

Kamineni S, Norgren CR, Davidson EM, Kamineni EP, Deane AS

317 Effect of a specialized injury prevention program on static balance, dynamic balance and kicking accuracy
of young soccer players
Dunsky A, Barzilay I, Fox O

Case Control Study
322 Abnormal ground reaction forces lead to a general decline in gait speed in knee osteoarthritis patients
Wiik AV, Aqil A, Brevadt M, Jones G, Cobb J

Retrospective Study
329 Variability in conflict of interest disclosures by physicians presenting trauma research
Wong K, Yi PH, Mohan R, Choo KJ

336 Associations among pain catastrophizing, muscle strength, and physical performance after total knee and
hip arthroplasty
Hayashi K, Kako M, Suzuki K, Hattori K, Fukuyasu S, Sato K, Kadono I, Sakai T, Hasegawa Y, Nishida Y

Clinical Trials Study

342 RANK-ligand and osteoprotegerin as biomarkers in the differentiation between periprosthetic joint
infection and aseptic prosthesis loosening
Friedrich MJ, Wimmer MD, Schmolders J, Strauss AC, Ploeger MM, Kohlhof H, Wirtz DC, Gravius S, Randau TM

Boishidenge ~ WJO | www.wjgnet.com I April 18,2017 | Volume 8 | Issue 4 |



Contents World Journal of Orthopedics
o Volume 8 Number 4 April 18, 2017

Observational Study
350 T1p/T2 mapping and histopathology of degenerative cartilage in advanced knee osteoarthritis
Kester BS, Carpenter PM, Yu HJ, Nozaki T, Kaneko Y, Yoshioka H, Schwarzkopf R

SYSTEMATIC REVIEWS
357  Total hip arthroplasty in patients with Paget’s disease of bone: A systematic review

Hanna SA, Dawson-Bowling S, Millington S, Bhumbra R, Achan P

Boishidenge ~ WJ]O | www.wjgnet.com I April 18,2017 | Volume 8 | Issue 4 |



Contents

World Journal of Orthopedics
Volume 8 Number 4 April 18, 2017

ABOUT COVER

Editorial Board Member of World Journal of Orthopedics, Gary J Hooper, MD, Profes-
sor, Department of Orthopaedic Surgery and Musculoskeletal Medicine, University of
Otago, Christchurch 8042, New Zealand

AIM AND SCOPE

Waorld Journal of Orthopedics (World | Orthep, WJ]O, online ISSN 2218-5836, DOI: 10.5312 ) is a
peer-reviewed open access academic journal that aims to guide clinical practice and improve
diagnostic and therapeutic skills of clinicians.

IWJO covers topics concerning arthroscopy, evidence-based medicine, epidemiology,
nursing, sports medicine, therapy of bone and spinal diseases, bone trauma, osteoarthropathy,
bone tumors and osteoporosis, minimally invasive therapy, diagnostic imaging, Priority
publication will be given to articles concerning diagnosis and treatment of orthopedic
diseases. The following aspects are covered: Clinical diagnosis, laboratory diagnosis,
differential diagnosis, imaging tests, pathological diagnosis, molecular biological diagnosis,
immunological diagnosis, genetic diagnosis, functional diagnostics, and physical diagnosis;
and comprehensive therapy, drug therapy, surgical therapy, interventional treatment,
minimally invasive therapy, and robot-assisted therapy.

We encourage authors to submit their manuscripts to WJO. We will give priority to
manuscripts that are supported by major national and international foundations and those
that are of great basic and clinical significance.

INDEXING/ABSTRACTING World Journal of Orthopedics is now indexed in Emerging Sources Citation Index (Web of
Science), PubMed, PubMed Central and Scopus.
FLYLEAF I-III  Editorial Board

EDITORS FOR

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Dax Li

Responsible Science Editor: Fang-Fang Ji
Proofing Editorial Office Director: Xin-Xia Song

THIS ISSUE Proofing Editor-in-Chief: Lian-Sheng Ma
NAME OF JOURNAL wwwwignet.com/2218-5836/editorialboard.htm PUBLICATION DATE
World Journal of Orthopedics April 18,2017
EDITORIAL OFFICE
ISSN Xiu-Xia Song, Director COPYRIG.HT L .
ISSN 2218-5836 (online) World Journal of Orthopedics © 2017 Baishideng Publishing Group Inc. Articles pub-
Baishideng Publishing Group Inc lished by this Open-Access journal are distributed under
LAUNCH DATE 8226 Regegncy Drive, (b;leasanton CA 94588, USA the terms.of the Creanvg COmmqns Atmbgu({n Non—
November 18, 2010 Telephone: 11925 ’2 238242 > > commercial License, which permits use, distribution,
ciephone: T 1-72- and reproduction in any medium, provided the original
FREQUENCY Fax: 4_—1'92_5'2_238243 . work is properly cited, the use is non commercial and is
Monthly E-mail: editorialoffice@wjgnet.com otherwise in compliance with the license.

EDITORS-IN-CHIEF

Quanjun (Trey) Cui, MD, Professor, Department of
Orthopaedic Surgery, School of Medicine, University
of Virginia, Chatlottesville, VA 22908, United States

Bao-Gan Peng, MD, PhD, Professor, Department of

Help Desk: http:/ /www.f6publishingcom/helpdesk
http:/ /www.wjgnet.com

PUBLISHER

Baishideng Publishing Group Inc
8226 Regency Drive,

Pleasanton, CA 94588, USA
Telephone: +1-925-2238242

SPECIAL STATEMENT

All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opin-
ions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.

Spinal Surgery, General Hospital of Armed Police INSTRUCTIONS TO AUTHORS
Force, 69 Yongding Road, Beijing 100039, China Fax: +1-925-2238243 http:/ /wwwwignet.com/bpg/gerinfo,/204
E-mail: bpgoffice@wjgnet.com
EDITORIAL BOARD MEMBERS Help Desk: http:/ /wwwif6publishingcom/helpdesk ONLINE SUBMISSION
All editorial board members resources online at http:// | http://www.wignet.com http://www.f6publishing.com
Boishidenge ~ WJO | www.wjgnet.com 111 April 18,2017 | Volume 8 | Issue 4 |




wdJ 0

World Journal of
Orthopedics

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.5312/wjo.v8.i4.342

World ] Orthop 2017 April 18; 8(4): 342-349

ISSN 2218-5836 (online)

ORIGINAL ARTICLE

Clinical Trials Study

RANK-ligand and osteoprotegerin as biomarkers in the
differentiation between periprosthetic joint infection and
aseptic prosthesis loosening

Max J Friedrich, Matthias D Wimmer, Jan Schmolders, Andreas C Strauss, Milena M Ploeger, Hendrik Kohlhof,

Dieter C Wirtz, Sascha Gravius, Thomas M Randau

Max J Friedrich, Matthias D Wimmer, Jan Schmolders,
Andreas C Strauss, Milena M Ploeger, Hendrik Kohlhof,
Dieter C Wirtz, Sascha Gravius, Thomas M Randau,
Department of Orthopedics and Trauma Surgery, University Clinic
of Bonn, 53125 Bonn, Germany

Author contributions: Friedrich MJ, Gravius S and Randau
TM conceived and designed the research; Friedrich MJ, Wimmer
MD, Ploeger MM, Kohlhof H, Strauss AC, Gravius S and
Randau TM performed the experiments; Friedrich MJ, Randau
TM, Schmolders J, Kohlhof H and Gravius S contributed to
patient recruitment and data collection; Randau TM, Friedrich
MJ, Wimmer MD, Strauss AC, Kohlhof H, Schmolders J, Ploeger
MM and Gravius S analyzed the data; Randau TM, Friedrich MJ,
Wimmer MD, Strauss AC, Schmolders J, Ploeger MM, Kohlhof
H, Wirtz DC and Gravius S wrote the paper.

Supported by The “Deutsche Arthrose-Hilfe e.V.”, No. P192-
A362-2009-12.

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of the University
of Bonn (No. 046/09).

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

Conflict-of-interest statement: Not declared.
Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/

Baishidenge ~ WJO | www.wjgnet.com

licenses/by-nc/4.0/
Manuscript source: Invited manuscript

Correspondence to: Thomas M Randau, MD, Department
of Orthopedics and Trauma Surgery, University Clinic of Bonn,
Sigmund Freud Str. 25, 53125 Bonn,

Germany. thomas.randau@ukbonn.de

Telephone: +49-228-28714460

Fax: +49-228-28715130

Received: October 12, 2016
Peer-review started: October 17, 2016
First decision: December 15,2016
Revised: January 10, 2017

Accepted: February 8, 2017

Article in press: February 13,2017
Published online: April 18,2017

Abstract

AIM

To assess serum levels of RANK-ligand (RANKL) and
osteoprotegerin (OPG) as biomarkers for periprosthetic
joint infection (PJI) and compare their accuracy with
standard tests.

METHODS

One hundred and twenty patients presenting with a
painful total knee or hip arthroplasty with indication
for surgical revision were included in this prospective
clinical trial. Based on standard diagnostics (joint aspi-
rate, microbiological, and histological samples) and
Musculoskeletal Infection Society consensus classification,
patients were categorized into PJI, aseptic loosening,
and control groups. Implant loosening was assessed
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radiographically and intraoperatively. Preoperative serum
samples were collected and analyzed for RANKL, OPG,
calcium, phosphate, alkaline phosphatase (AP), and the
bone-specific subform of AP (bAP). Statistical analysis was
carried out, testing for significant differences between the
three groups and between stable and loose implants.

RESULTS

All three groups were identical in regards to age,
gender, and joint distribution. No statistically significant
differences in the serum concentration of RANKL (P =
0.16) and OPG (P = 0.45) were found between aseptic
loosening and PJI, with a trend towards lower RANKL
concentrations and higher OPG concentrations in the
PJI group. The RANKL/OPG ratio was significant for the
comparison between PJI and non-PJI (P = 0.005). A
ratio > 60 ruled out PJI in all cases (specificity: 100%,
95%CI: 89, 11% to 100.0%) but only 30% of non-PJI
patients crossed this threshold. The positive predictive
value remained poor at any cut-off. In the differentiation
between stable and loose implants, none of the para-
meters measured (calcium, phosphate, AP, and bAP)
showed a significant difference, and only AP and bAP
measurements showed a tendency towards higher values
in the loosened group (with Z = 0.09 for AP and P = 0.19
for bAP).

CONCLUSION
Lower RANKL and higher OPG concentrations could be
detected in PJI, without statistical significance.

Key words: Aseptic loosening; Diagnostic; RANK-ligand;
Periprosthetic joint infection; Biomarker; Osteoprotegerin

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: No statistically significant differences in the
serum concentration of RANK-ligand (RANKL) and
osteoprotegerin (OPG) were found between aseptic
loosening and periprosthetic joint infection (PJI) with a
certain trend of lower concentrations in the PJI group.
Nevertheless, a RANKL/OPG ratio > 60 ruled out PJI in
all cases. In the differentiation between a stable and
loose implant the parameters measured showed no
significant difference, which let to the conclusion that
the sole use of these parameters for differentiating
PJI and aseptic loosening cannot be recommended.
RANK and OPG may have utility as a conformation test
but are not an effective screening parameter for the
discrimination of PJI and AL.

Friedrich MJ, Wimmer MD, Schmolders J, Strauss AC, Ploeger
MM, Kohlhof H, Wirtz DC, Gravius S, Randau TM. RANK-
ligand and osteoprotegerin as biomarkers in the differentiation
between periprosthetic joint infection and aseptic prosthesis
loosening. World J Orthop 2017, 8(4): 342-349 Available from:
URL: http://www.wjgnet.com/2218-5836/full/v8/i4/342.htm
DOI: http://dx.doi.org/10.5312/wjo.v8.14.342
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INTRODUCTION

Periprosthetic joint infection (PJI) after total joint replace-
ment still remains one of the most serious complications
and is a key challenge in orthopedic surgery. A precise
and rapid diagnosis of implant failure is mandatory
for treatment success. The differentiation between PJI
and aseptic loosening can, in particular, be unyielding
or controversial, and misdiagnosis can lead to serious
and permanent impairment. As the treatment of PJI
is completely different from the treatment of aseptic
loosening, its correct and timely diagnosis is crucial
for successful therapy and relies in part on the use of
molecular markers. Nevertheless, establishing a definite
diagnosis of PJI prior to surgical intervention is at times
difficult. Numerous researchers have focused on the
development of novel and more accurate molecular
methods™ ™. However, there is no diagnostic gold standard
so far. Various definitions have been proposed and current
recommendations are based on several prae-, intra-, and
postoperative parameterst®”’,

Previous studies have suggested osteoprotegerin
(OPG) and receptor activator of nuclear factor-kB ligand
(RANK Ligand, RANKL) as markers of periprosthetic
osteolysis™, RANKL and its receptor RANK and OPG play
an important role in osteoclastogenesis as final effectors of
bone resorption. RANKL, which expresses on the surface
of osteoblast, stromal cells and activated T-lymphocytes,
binds to RANK on osteoclastic precursors cells or mature
osteoclasts, and thereby promotes osteoclastogenesis and
bone resorption. OPG, which is expressed by osteoblasts
and stromal cells, strongly inhibits bone resorption by
binding to its ligand RANKL, and thereby preventing it
from binding to its receptor, RANK. The RANKL/RANK/
OPG system regulates the formation of multinucleated
osteoclasts from their precursors as well as their activation
and survival in normal bone remodeling™®*!, Therefore,
the balance between OPG and RANKL is essential to
regulate bone remodeling, by controlling the activation
state of RANK on osteoclasts™.

In cases of aseptic loosening, it has been demon-
strated that the accumulation of wear debris around
the joint leads to an activation of mononuclear cells and
T-lymphocytes, resulting in a multinuclear cell giant
cell reaction. This causes an osteoclast activation and
bone resorption™, Periprosthetic membranes retrieved
from patients with aseptic loosening contain fibroblasts,
macrophages, and T lymphocytes™, as well as oste-
oclasts and multinucleated foreign body giant cells!*”..
This periprosthetic tissue produces a variety of factors
including tumor necrosis factor (TNF), interleukin-1
(IL-1), IL-6 and other peptides that stimulate osteoclasts
through the induction of RANKL™*”), TNF in turn directly
stimulates the production of RANKL by stromal cells,
T-lymphocytes, and endothelial cells. Indirect stimulus of
RANKL expression works the TNF-induced up regulation
of prostaglandins, IL-1 or IL-17, resulting in an advanced
expression of RANKL as well. The dominant form of this
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response is due to innate reactivity to implant debris
through danger associated molecular pattern signaling
and inflammatory responses!'®.,

Correspondingly, in the pathogen-associated molecular
patterns in PJI, bacterial toxins and parts of the pathogen'’s
cell membrane seem to induce infiltration with mainly
neutrophil granulocytes and macrophages. Though
the trigger is a different one, the final result with bone
loosening and prosthesis failure is the same. So far,
there are no investigations concerning the exact role of
interleukins and RANKL/OPG signaling in PJI-associated
prosthesis failure. The role of the RANKL/RANK/OPG
system has not yet been examined in the differentiation
between PJI and aseptic prosthesis loosening. In this
study, therefore, we defined the sensitivity, specificity,
and accuracy of RANKL and OPG in patients with PJI vs
aseptic loosening and compared these results to current
standards of diagnostic testing. Total joint replacement
without signs of PJI or aseptic loosening severed as the
control group. Furthermore, we tested whether there is
a difference between loosened and stable implants in the
serum levels of these and other parameters.

Our hypothesis was that the measured serum
levels of RANKL and OPG correlate positively: (1) with
the presence of PJI; and (2) with implant loosening.
Secondly, we investigated if the serum levels of calcium
(Ca™), phosphate (PO4), and alkaline phosphatase (AP)
would be different in stable or loosened implants.

MATERIALS AND METHODS

This prospective study was approved by the local
Institutional Review Board and Ethics committee with
informed consent obtained in compliance with the
dedlaration of Helsinki prior to being enrolled in the study.
Between 2010 and 2011 we included 120 consecutive
patients presenting with a painful total hip or total knee
arthroplasty undergoing revision arthroplasty surgery for
(1) PII; (2) aseptic failure (AL); or (3) aseptic revision
causes without PJI or aseptic loosening. Any patient
scheduled to undergo revision surgery of a hip or knee
arthroplasty were included. After signing of informed
consent, all patients underwent standardized diagnostics
as outlined in literature™. Preoperative serum samples
were collected and joint aspiration was performed under
strictly aseptic conditions for cell count, cell differentiation,
and microbiological analysis.

White blood cell count was determined from the blood
samples, and serum samples were analyzed for C-reactive
protein (CRP) (Dimension Vista, Siemens Medical Solutions
Diagnostics GmbH, Eschborn, Germany), RANKL, and
OPG (Sandwich ELISA, Fa. BioVendor GmbH, Heidelberg,
Germany); Serum Ca*, serum POs, AP and the bone-
specific subform of the AP (bAP) were also analyzed
in serum (Immunolite, Siemens, Eschborn, Germany).
Ratio of RANKL/OPG was calculated from the determined
values.

Intraoperatively, tissue specimens were taken for
microbiological and histological analysis™®”, and the intrao-
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perative aspect was recorded. Assessment of relevant
implant instability is a routine for the experienced
arthroplasty surgeon and part of many revision algo-
rithms. If in the surgeon’s view at least one implant
component with bony contact could be removed with
ease after debridement, the implant was considered
“loosened”™. Also, radiographic signs of loosening were
taken into account where implant migration or dislocation
could clearly be seen preoperatively.

Depending on the results of the laboratory diag-
nostics, including serum CRP as well as cell count and
differentiation of the aspirate, microbiologic assessment
of aspirate and intraoperative cultures, as well as his-
topathology of the intraoperative samples, the diagnosis
of PJI was considered proven following the criteria
according to the Musculoskeletal Infection Society (MSIS)
consensus paper by Parvizi et al”’, independent of the
implant being loose or stable. Those who did not meet
the criteria for a diagnosis of PJI and required a revision
due to loosening were assigned as aseptic loosening
(AL) group. Those without signs of PJI or loosening were
assigned as controls (control group). For subanalysis of
loosening, the PII group was divided for those presenting
with a macroscopically loosened implant vs those with
stable implants. Demographic data (age, sex, body mass
index, type of prosthesis [total hip arthroplasty (THA)/total
knee arthroplasty (TKA)] were collected for comparative
analysis.

Data were collected in Microsoft Excel (Microsoft
Corporation, Richmond, United States), and statistical
analysis was carried out using GraphPad Prism 5.04
(GraphPad Software, La Jolla, CA, United States),
testing for statistical significance between the three
groups with Kruskal-Wallis-ANOVA without assuming
normal distribution and with Dunn’s post-hoc test. To
test for significance between PJI vs non-PJI or stable vs
loose, Mann-Whitney t-tests were used, and Receiver-
Operator-Characteristic (ROC) curves were calculated
to assess the discriminatory strength on the basis of the
area under the curve (AUC) and to determine optimal
cut-off. Nonparametric Correlation (Spearman) was
calculated between selected parameters. According to
the “Standards for Reporting of Diagnostic Accuracy”,
probabilistic measures, such as sensitivity, specificity,
likelihood ratios, and their confidence limits for individual
values and combinations were calculated™"). For calculating
the geometric coefficient of variation (GCV), data was
log-transformed and coefficient of variation calculated
from the transformed data set.

RESULTS

One hundred and twenty patients were enrolled into
our prospective cohort study. In all groups, there were
no differences with regard to age, gender, or joint
distribution. In the PJI group (26 THA, 54%) and in the
aseptic loosening group (35 THA, 69%), more THA were
recruited, while the control group included more TKA (13
TKA, 62%). The patient demographics and details are
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Table 1 Patient demographics

Group Total (7) Mean age (+ SD) Sex (W:M) Joint (hip:knee)
PJI 48 69.5 yr 27 female 22 TKA
(#1211 yr) 21 male 26 THA
Aseptic 51 68 yr 33 female 16 TKA
loosening (#11.1 yr) 18 male 35 THA
Control 21 64.05 yr 13 female 13 TKA
(119 yr) 8 male 8 THA
All 120 67.94 73 female 51 TKA
(#117) 47 male 69 THA
P 0.2686 0.8611 0.1110

One hundred and twenty consecutive patients were enrolled in the study
prospectively. Group assignment was done according to the criteria
as mentioned above. There was no statistical difference in patient age,
gender, or distribution of joints in the groups. More women than men
were enrolled in total and in all groups. There was a lower number of total
hip arthroplasties (THA) than total knee arthroplasties (TKA) only in the
control group. PJI: Periprosthetic joint infection.

given in Table 1. In our collective, 31 out of 48 patients
(64%) in the PJI group had consistent findings in two or
more positive microbiology cultures, matching the “major”
MSIS criterion for microbiology; another five patients had
one positive culture, and the remaining 12 patients were
“culture negative” PJIs.

Statistical analysis was completed to compare the
means of laboratory values between the three groups.
The results are summarized in Figure 1A and B. We
found no significant differences in the mean values of
PJI, AL, or the control group in the serum concentration
of RANKL (P = 0.16) or OPG (P = 0.45) with a certain
trend of lower RANKL concentrations and higher OPG
concentrations in the PJI group. The “geometric” coeffi-
cients of variation were within a tolerable range. For
RANKL, we calculated GCV as 10.65% (PJI), 18.6%
(AL), and 15.85% (Control), for OPG we calculated GCV
as 21.46% (OPG), 19.33% (AL) and 19.65% (Control).
To assess discriminatory strength of these parameters,
we pooled the AL and control group into a larger non-
PJI group and calculated ROC with AUC, and a non-
parametric t-test (Figure 1C-F). Neither RANKL nor OPG
showed a significant difference (P = 0.26 for RANKL and
P = 0.3 for OPG), and discriminatory strength was poor
(AUC: 0.57 £ 0.05 for RANKL and 0.56 £ 0.06 for OPG).
Since the aforementioned trend was still visible, we
calculated sensitivity and specificity for different cut-offs
and found the best, yet still poor likelihood ratio to detect
a PJI for RANKL at < 188.9 pmol/L [sensitivity: 93.94%,
95% confidence interval (95%CI): 79,77% to 99.26%;
specificity: 32.47%, 95%CI: 22.23% to 44.10%,
likelihood ratio: 1.39], and for OPG at > 9.38 pmol/L
(sensitivity: 28.13%, 95%CI: 13.75% to 46.75%;
specificity: 89.33%, 95%CI: 80.06% to 95.28%,
likelihood ratio: 2.64).

To determine if the parameters were independent
of each other, we calculated the Spearman correlation,
which showed an r of 0.01 (95%CI: 0.18 to 0.21,
P = 0.88) stating that there was neither a positive
nor a negative correlation between OPG and RANKL.
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We therefore calculated the RANKL/OPG ratio as an
additional parameter, to make use of possible synergistic
effects. Though this parameter also remained without
statistical significance between all three groups (P =
0.1), the comparison between PJI and non-PJI (Figure
1G and H) was significant (with P = 0.005) and the
discriminatory strength was much enhanced (AUC: 0.7 +
0.05). A ratio > 60 ruled out PII in all cases (specificity:
100%, 95%CI: 89.11% to 100.0%) but only 30% of
non-PJI patients crossed this threshold (95%CI: 21.67%
to 40.29%), while the positive predictive value remained
poor at any cut-off.

Both groups, PJI and non-PJI included patients where
parts of the prosthesis were loosened. We therefore
assessed whether or not any of the parameters would
correlate with the bony integration and a stable interface
of the prosthesis. None of the parameters measured
showed a significant difference in this analysis (Figure
2), and only the AP and bAP measurements showed
a tendency towards higher values in the loosened
group (with P = 0.09 for AP and P = 0.19 for bAP). No
other trends were visible, and no further statistics were
calculated.

DISCUSSION

The accurate diagnosis of PJI is difficult, as the clinical
symptoms often resemble those of aseptic loosening,
with nonspecific pain and swelling of the joint. Though both
entities share a common final pathway, leading to osteolysis
and implant failure, their exact pathomechanisms remain
unclear. Analyzing the available evidence and existing
published data on the definition of PJI, a workgroup
convened by the MSIS presented a summary of recom-
mendations concerning a new definition for PJIV, These
recommendations are based on clinical findings, laboratory
parameters, sterile joint aspiration for synovial leucocyte
count, and microbiological analysis as well as tissue
sampling for histopathology. Nevertheless, because of the
inconsistent data, even the MSIS cannot provide general
recommendations in interpretation of single aspects
(e.g., different cut-off values of CRP or leukocyte count in
synovial tests). Consequently, there is a need for further
research and development into hew methods aimed at
improving diagnostic accuracy and speed of detection.

Several studies have attempted to assess the clinical
relevance of RANKL and OPG levels in a variety of human
diseases characterized by local or systemic changes in
bone remodeling™®'”****!, The essential role of the OPG/
RANK/RANKL pathway in regulating bone remodeling
around orthopedic implants is well recognized, but the
clinical usefulness of circulating OPG and RANKL levels in
the differentiation between PJI and aseptic loosening is
unknown.

Our hypothesis was therefore that the measured
serum levels of RANKL and OPG correlate positively: (1)
with the presence of PJI; and (2) with implant loosening.
Secondly, we investigated if the serum levels of calcium,
phosphate, and alkaline phosphatase would be different
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Figure 1 sRANKL and osteoprotegerin in serum, periprosthetic joint infection vs non-periprosthetic joint infection. Analysis of variance (Kruskal-Wallis-
ANOVA) without assuming normal distribution with Dunn’s post-hoc test. RANKL and OPG serum levels showed no significant (ns) differences in the mean values
between periprosthetic joint infection (PJI) and aseptic loosening (AL) and between PJI and control (A and B). ANOVA for a pooled group of non-PJI (AL + control) vs
PJI did not show a significant difference for either RANKL or OPG (P = 0.26 for RANKL and P = 0.3 for OPG) (C and D). The receiver-operating characteristic (ROC)
curve of RANKL and OPG showed a poor discriminatory strength (AUC: 0.57 + 0.05 for RANKL and 0.56 + 0.06 for OPG) (E and F). ANOVA for the RANKL/OPG
ratio showed a significant difference between PJI and non-PJI (G), and the discriminatory strength was enhanced with an AUC of 0.7 + 0.05 (H); °P < 0.001. RANKL:
RANK-ligand; OPG: Osteoprotegerin.

in stable or loosened implants. mentioned hypotheses, as we found no significant
According to the results, we had to discard our above differences in the mean values of circulating RANKL and
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Figure 2 Serum parameters, loosened vs stable implants. Analysis of variance (Kruskal-Wallis-ANOVA) without assuming normal distribution with Dunn’s post-
hoc test. RANKL and OPG serum levels showed no significant (ns) differences in the mean values between a stable and loose implant (A and B), nor did the other
parameters as alkaline phosphatase (AP), boneAP, and serum phosphate (C-F). RANKL: RANK-ligand; OPG: Osteoprotegerin.

OPG in PJI vs AL or control groups, but found a certain
trend of lower RANKL concentrations and higher OPG
concentrations in the PJI group.

Granchi et al'® tried to evaluate whether serum
levels of OPG and RANKL could be different in patients
with aseptic loosening compared to patients with stable
implants. While the serum levels of RANKL and the OPG-
to-RANKL ratio showed no significant changes with the
clinical condition or status of the implant, an increased
serum level of OPG provides good diagnostic accuracy
in detecting implant failure due to aseptic loosening with
a sensitivity of 92%, a specificity of 75%, and a positive
likelihood ratio of 7.1®. These findings are in accordance
with the results of He et a**' who analyzed multiple
biomarkers for the detection of aseptic loosening in total
hip arthroplasty. They found elevated plasma levels of
OPG in failed THA and an increase of OPG plasma level
from stable healthy patients to early aseptic loosening
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to late aseptic loosening, stating that OPG may reflect
a protective mechanism of the skeleton to increased
bone resorption thereby inhibiting osteoclast formation
and bone resorbing activity in aseptic loosening. These
findings are in contrast to our observations, as we could
not see any significant differences of OPG and RANKL
plasma levels in the subanalyses between stable and loose
implants. Only the AP and bAP measurements showed a
tendency towards higher values in the loosened group. On
the other hand, we successfully evaluated and confirmed
that the RANKL/OPG ratio as an additional parameter may
help in the differentiation between aseptic loosening and
PII as a ratio > 60 ruled out PJI in all cases. These results
suggest that osteolysis inside the periprosthetic interface of
artificial joints is not associated with a significant systemic
elevation of the RANKL/RANK/OPG system.

The current paradigm to explain aseptic loosening
involves an inflammatory response to wear debris par-
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ticles produced by prosthetic implants. These particles
are phagocytosed by macrophages adjacent to the
implant resulting in cell activation and the release of
cytokines as well as in a localized inflammatory re-
sponse. By examination of periprosthetic tissues of
59 patients undergoing hip replacement revision for
aseptic loosening Veigl et a**! could show that RANKL
is present only in tissues with a large amount of wear
debris and predominantly in cases involving loosened
cemented implants. Gehrke et al'”’ examined the pre-
sence and distribution of RANKL, RANK and OPG in the
periprosthetic interface in cases of septic and aseptic
loosening by immunohistochemistry and immunoblotting.
They could show a different histopathologic pattern as
well as a difference in grade of inflammatory infiltrate.
The inflamed periprosthetic tissue produces a variety
of factors including TNFa, IL-1, IL-6 and prostaglandin
stimulating osteoclast to resorb bone through the induction
of RANKL. However, none of these cytokines represents a
final common pathway for the process of particle-induced
osteoclast differentiation and maturation. While many of
these biomarkers are established in the differentiation
between aseptic loosening and PJI, to the best of our
knowledge, the role of the RANKL/RANK/OPG system
has not yet been examined.

We acknowledge that our study has limitations. It
must be considered that group definition is difficult in
revision arthroplasty. The MSIS has defined a “gold
standard" in PJI diagnostics. But they also acknowledge
that infection may be present even without major or
minor criteria being fulfilled. We therefore cannot gua-
rantee that patients with low-grade infections and low
virulence would not be misclassified into the “aseptic
loosening” or control group. Also, the sample size is low
for a study investigating arthroplasties. The inhomogenity
of the patients investigated is both a weakness and
strength of the paper. We did not exclude patients with
systemic or inflammatory diseases that may also interfere
with the parameters investigated. Patients with PJI are
complex and difficult to compare, but this represents day-
to-day clinical experience. Eventually, new biomarkers
and a further modification of the therapy algorithm may
become necessary.

COMMENTS

Background

Periprosthetic joint infection (PJI) after total joint replacement still remains
one of the most serious complications and is a key challenge in orthopedic
surgery. A precise and rapid diagnosis of implant failure is mandatory for
treatment success. Especially the differentiation between PJI and aseptic
loosening can be unyielding or controversial and misdiagnosis can lead to
serious and permanent impairment. As the treatment of PJI is completely
different to the treatment of aseptic loosening the correct and timely diagnosis
is crucial for successful therapy and relies in part on the use of molecular
markers. Nevertheless, establishing a definite diagnosis of PJI prior to surgical
intervention is at times difficult.

Research frontiers
Numerous researchers have focused on the development of novel and more
accurate molecular methods. However, there is no diagnostic gold standard
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so far. Several studies have attempted to assess the clinical relevance of
RANK-ligand (RANKL) and osteoprotegerin (OPG) levels in a variety of human
diseases characterized by local or systemic changes in bone remodeling. The
essential role of the OPG/RANK/RANKL pathway in regulating bone remodeling
around orthopedic implants is well recognized, but the clinical usefulness
of circulating OPG and RANKL levels in the differentiation between PJI and
aseptic loosening is unknown.

Innovations and breakthroughs

No statistically significant differences in the serum concentration of RANKL
and OPG were found between aseptic loosening and PJI, with a trend towards
lower RANKL concentrations and higher OPG concentrations in the PJI group.

Applications
The sole use of these parameters for differentiating PJI and aseptic loosening
cannot be recommended, but they may have utility as a conformation test.

Terminology

Receptor activator of nuclear factor-KB (RANK) ligand (RANKL), its receptor
RANK and OPG play an important role in osteoclastogenesis as final effectors of
bone resorption. RANKL, which expresses on the surface of osteoblast, stromal
cells and activated T-lymphocytes, binds to RANK on osteoclastic precursors
cells or mature osteoclasts, and thereby promotes osteoclastogenesis and bone
resorption. While OPG, which is expressed by osteoblasts and stromal cells,
strongly inhibits bone resorption by binding to its ligand RANKL and thereby
preventing it from binding to its receptor, RANK. The RANKL/RANK/OPG system
regulates the formation of multinucleated osteoclasts from their precursors as well
as their activation and survival in normal bone remodeling. Therefore, the balance
between OPG and RANKL is essential to regulate bone remodeling, by controlling
the activation state of RANK on osteoclasts.

Peer-review
A good study with a well stated hypothesis and methodology.
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