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An Announcement From:

Dr Rami M Sorial FRACS FAOrthA
President, Asia Pacific Arthroplasty Society & Associate

Editor-in-Chief, Pacific Rim, Reconstructive Review

&
Timothy McTighe, Dr. H.S. (hc)
Executive Director, JISRF,

& Editor-in-Chief, Reconstructive Review

We are pleased to announce that JISRF’s
journal Reconstructive Review will become
the official journal for APAS. We welcome
its Members to open free access to all

publications and encourage its Members to

Reconstructive
REVIEW

submit manuscripts for publication in one of

four quarterly issues.

We also welcome interested Members to

become reviewers for the Reconstructive )
Review. A

Joint Implant Surgery and Research Foundation

Reconstructive Review Editor-in-Chiefs Role
has been Expanded Providing Global Outreach

Dr. Keith Berand, USA
Dr. Evert Smith, UK

Dr. Rami Sorial. Pacific Rim

Please visit our websites for more information:

www.jisrf.org ® www.reconstructivereview.org
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- sRE Joint Implant Surgery & Research Foundation

i Seased to GJO/ZZZ/ZM&CLJMQ@&O Allrance with the

DARF

DONALDSON ARTHRITIS
RESEARCH FOUNDATION

DAREF, founded in 2005 by Dr. Thomas K. Donald-
son, has a focus on outcome studies and basic science
with major emphasis on implant retrievals. His ongoing
collaboration with Ian Clarke, PhD provides a syner-
gy between the laboratory and clinical surgical science.
Both men are Board Members of JISRF and have a sig- _ )
nificant working relationship with its Executive Director Y .~ N g fl 1
TlmOthy MCTlghe Dr. HS (hC) Ian Clarke, PhD & Thomas K. Donaldson, MD

JISRF, founded in 1971, has had significant experi-
ence with continuing medical education, product devel-
opment, and clinical surgical evaluation of total joint
implant devices.

The long term relationships JISRF has with to-
tal joint surgeons world wide and the experience of its
Co-Directors and research evaluation equipment of the
DAREF Retrieval Center make for a strong long-term re-
lationship.

Together both groups will provide unprecedented
analysis of your Retrievals.

www.jisrf.org o www.darfcenter.org

Metal on metal retrieval
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J I S RF & However, many online publications continue to use

subscription base distribution methods that essential-

R e C O n St r u Ct i Ve ly serve to restrict access to knowledge. Intellectual

property regulations also limit the use of this informa-

R eVi eW a re tion to inform and develop similar areas of research.

We believe that keeping information readily and freely

C O m m itt e d to available to anyone in the world with Open Access not
only removes these barriers but also improves and ac-
y N celerates research and learning.
Open Access:

p * makes research and knowledge available to all
0 P E N ¥y _9 Acc E S S « increases opportunity for authors to publish
_ * encourages use for teaching and education
e * expands distribution and readership
* allows libraries to expand content at no cost

to our third edition for  Cheers to Open Access!

Welcome 2014. As we approach the

final stretch of another busy year we want to under- /

score the importance and timeliness of our commit- /- /

ment and support to the Open Access method of schol-

arly publishing. Timothy McTighe, Dr. HS (hc)
The seemingly exponential growth of the Internet ~ Executive Director, JISRF

has made the distribution of research and knowledge = & Editor-in-Chief
more efficient and further reaching than ever before. ~ Reconstructive Review

JISRF Mission Statement

he specific and primary endeavors are to operate for
scientific purposes by conducting medical research of
potential improvements in medical surgical methods and

materials for preserving and restoring the functions of the

human body joints and associated structures which are threatened or

impaired by defects, lesions or diseases.

This Journal as all activities conducted by JISRF are available to all interested surgeons, scientists
and educators. Our focus is on new cutting edge technologies, science — all with the intent to raise
the level of discussion and discovery. Please become a part of this endeavor, we look forward to your

interest and participation.

www jistf.org ® Joint Implant Surgery & Research Foundation
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Founderv
Charles Bechtol, MD

was internationally known in the fields of

JISKRF

biomechanics and orthopedic surgery. His
engineering and biomechanical research resulted

in the development of numerous joint replacement
implants and internal fracture fixation devices —
instruments that are familiar to orthopedic surgeons
the world over. His innovations included shoulder
and knee prostheses, the Bechtol Total Hip system,
the Bechtol “fluted” bone screw, and the Bechtol

“continuous strength” bone plate.

Visit www.jisrf.org for more information.
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C ditorial

anager

\We are pleased to announce that JISRF and the
Reconstructive Review is now offering a new online
submission service called ‘Editorial Manager'.

Editorial Manager (EM), developed by Aries
Systems, streamlines the article submission
process making it easier for authors to submit their
work for consideration on Reconstructive Review.
In addition, EM provides workflow solutions that
manage the complexities of modern publishing
— from article submission to editorial
management, peer review, and more.

I 5 s

Call for Papers P

to expand our hase of

reviewers.

We would welcome your ~ Topices include: If you would like to become

on-going support and e Original Articles a reviewer on Reconstructive
encourage you to submit e Basic Science Review please visit
any new papers via this new e Case Reports http://JISRFRR.edmgr.com
system which you can access e Clinical/Surgical to register.
via the following link: e Commentary
http://JISRFRR.edmgr.com e Controversial Issues (i.e. If you require any
Full details for authors can modularity, tapers, MoM) assistance please
be found at http://www.jisrf. e Historical Reviews contact David Faroo,
org/pdfs/JISRF-RR-Author- e | etters to the Editor Managing Editor at
Submission-Process.pdf e Surveys dfaroo@jisrf.org.
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Reconstructive
REVIEW Reconstructive;R” /!

' OFFICIA
JOINT IMPLANT SURGH

1\IOW with its own website | rscovsmrucnvereview e |
to facilitate a more e s S |
: T e TS S SR oo |

user friendly platform for e ———— R =
viewing and searching all | e = |
past and current articles. e m e |
. . [ Towbmit e hh":::'f"lmm Ine. FONT S12E ‘
The website is based on Lk " mesan meeedd A @ |
open source software called | **™'e =
TABLE OF CONTENTS }

Open Journal Systems
(OJS) created by the Public
Knowledge Project.

OJS was designed for the

management and online | B |
presentation of open access, ———— - |
peer-reviewed academic ReconstructiveReview.org

journals. The software has a

‘plugin’ architecture allowing

easy integration of key features including tools to facilitate
indexing in online directories such as Google Scholar and

PubMed Central.

Reconstructive Review — Available on Three Websites

Reconstructive Review articles are available on these websites:
* ReconstructiveReview.org

e JCJR .net

* JISRF.org

www jistf.org ® Joint Implant Surgery & Research Foundation
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Reconstructive
REVIEW

The Reconstructive Review (ISSN 2331-2262 print,
ISSN 2331-2270 online) will be published initially once
a year working towards four times a year in 2014 by the
Joint Implant Surgery & Research Foundation (JISRF), 46
Chagrin Plaza #117, Chagrin Falls, Ohio 44023.

Editorial Correspondence

Please direct any requests for inclusion, editorial com-
ments or questions to Timothy McTighe, Dr. HS (hc), Ex-
ecutive Director, JISRF, 46 Chagrin Plaza #117, Chagrin
Falls, Ohio 44023, tmct@jisrf.org.

Correspondence

Direct any questions regarding the submission process,
or requests for reprints to David Faroo, Director of Com-
munications, JISRF, 46 Chagrin Plaza #117, Chagrin Falls,
Ohio 44023, dfaroo@jisrf.org.

There is no subscription charge for receipt of this pub-
lication. This is done as a service keeping with the overall
mission of JISRF.

For information on how to submit articles to the Re-
constructive Review please review the following or vis-
it http://www jistf.org/reconstructive-review-submit.html.

Submit Articles to the Reconstructive Review

We are pleased to announce a new
on-line submission system for Recon-
structive Review —‘Editorial Manag-
er’'— www.editorialmanager.com/JISRFRR. All material
to be considered for publication in Reconstructive Review
should be submitted electronically via this online submis-
sion system.

Before submitting an article to ‘Reconstructive Re-
view’, please follow the instructions below.

ARTICLE TYPES

Reconstructive Review accepts the following catego-
ries of articles:

* Original Articles

* Basic Science

* Case Reports

* Clinical/Surgical

¢ Commentary

* Controversial Issues (i.e. modularity, tapers, MoM)

* Historical Reviews

* Letters to the Editor

* Surveys

The emphasis for these subjects is to address real life
orthopaedics in a timely fashion and to encourage the par-
ticipation from a broad range of professionals in the ortho-
paedic health care field.

We will strive to be responsible and reactive to the needs
expressed to our editors and all members of JISRF. We an-
ticipate our format will evolve as we move forward and
gain more experience with this activity. Your opinion is a
critical step to our motivation and overall success, please
do not hesitate to communicate with us.

INSTRUCTIONS FOR SUBMITTING ARTICLES

Please read the following information carefully to en-

sure that the review and publication of your paper is as effi-
cient and quick as possible. The editorial team reserves the
right to return manuscripts that have not been submitted in
accordance with these instructions.

File Formats

* All articles must be submitted as Word files (.doc/.
docx) with lines of text numbered. PDF’s are not ac-
ceptable for submission.

* Figures, images, and photographs should be high
quality .JPG images (at least 150 dpi, 300 dpi if pos-
sible). All illustrations and line art should be at least
1200 dpi.

Joint Implant Surgery & Research Foundation  www jistf.org
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Article Preparation

Articles submitted will need to be divided into separate

files including:

* Cover Page - includes article title, lists all authors
that have contributed to the submission and pro-
vides all authors information including their title, full
name, their association with the paper, their full post-
al address and email. Please list all authors in the or-
der that you want them to appear.

* Manuscript - EXCLUDES ALL AUTHOR INFOR-
MATION. The manuscript is used in creating the file
for peer review — a double blind process. Your sub-
mission should follow this structure:

- Title

- Abstract

- Introduction

- Materials and Methods

- Results

- Discussion

- References (please refer to the website
http://medlib.bu.edu/facts/faq2.cfm/content/cita-
tionsama.cfm)

* Figures, Images and Photographs - Please do not
embed figures, images, and photographs in the main
manuscript. They should be uploaded as individual
files.

Once you have prepared your manuscript according to
the information provided above, go to www.editorialman-
ager.com/JISRFRR. Please click on the Register Now link.
Once you have registered you will click on the Submit
New Manuscript link. Detailed instructions on how to sub-
mit your manuscript online can be found at: http://www.
jisrf.org/pdfs/JISRF-RR-Author-Submission-Process.pdf.

INFORMED CONSENT

Any manuscript dealing with human subjects must in-
clude a statement that proper disclosure was given and pa-
tient consent was received.

COPYRIGHT AGREEMENT

Authors retain copyright and grant Reconstructive Re-
view the right of first publication with their work. The
Journal allows anyone to download works and share them
with others as long as they credit the senior author, Re-
constructive Review, and the Joint Implant Surgery & Re-
search Foundation (JISRF). While works can be down-
loaded and shared they cannot change them in any way or
use them commercially.

DISCLOSURE STATEMENT

Disclosure by all authors as to any commercial inter-
est must be made by the corresponding author and all co-
authors.

Note: When the paper is submitted to Reconstructive
Review, the co-authors listed will automatically receive an
email which will contain questions relating to the ‘Disclo-
sure statement’.

It is the responsibility of the corresponding author to
ensure compliance and full disclosure of all co-authors.
From your author main menu you will be able to monitor
the responses received from the co-authors that you associ-
ate with your submission.

Reconstructive Review Production
Specifications

The Reconstructive Review is currently constructed
using InDesign running on a Mac. The document is pub-
lished on the web, available for download as a PDF at jistf.
org, and printed in limited quantities.

* Trim Size: 8.5 x 117

* Live Area: 7.25” x 9.25”

* No Bleeds

Ad Specification

* Full color or black and white - available sizes:

e Full Page, 7.25” x 9.25”

* Half Page Horizontal, 7.25” x 4.25”

* Half Page Vertical, 3.25” x 9.25”

Any questions regarding these specifications should be
directed to media@jisrf.org.

General Statement

The ideas, opinions and statements expressed in the Re-
constructive Review do not necessarily reflect those of the
publisher and or editor of this publication. Publication of
advertisement does not indicate an endorsement of prod-
uct or service by the publisher or editor of JISRF. The pub-
lisher and editor assume no responsibility for any injury or
damage resulting out of any publication of material within
the Reconstructive Review. The reader is advised to review
and regard with balance any information published within
this publication with regard to any medical claim, surgical
technique, product features or indications and contraindi-
cations. It is the responsibility of the professional treating
medical physician to review any and all information be-
fore undertaking any change of treatment for their patients.

www jistf.org ® Joint Implant Surgery & Research Foundation
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Peri-Prosthetic Infection in the Orthopedic

Tumor Patient

Daniel C. Allison MD, MBA, FACS"?; Eddie Huang, MD?; Elke R. Ahlmann, MD?; Scott Carney, MD?;
Ling Wang, PA-C?; Lawrence R. Menendez, MD, FACS?

Abstract

Background: Infection complicates traditional joint reconstruction prostheses in up to 7% of cases,
with even higher rates in oncologic cases.

Questions / Purposes: The authors ask if prosthetic infection in bone tumor patients is associated with
any epidemiologic, treatment, or outcome variables that could influence management of these difficult
conditions.

Patients and Methods: Authors retrospectively reviewed 329 consecutive bone tumor (malignant and
benign) patients treated with hip or knee tumor resection and subsequent joint reconstruction, comparing
infected and non-infected cases. Patients were followed for a mean of 34 months.

Results: Of lower extremity tumor reconstructions, 13.1% developed periprosthetic infection, with
the knee significantly more involved than the hip (20.5% vs 6.1%). The most common organism cultured
was Staphylococcus aureus (33%). The diagnosis of sarcoma was associated with a higher infection rate,
and infections were associated with a two-fold increase in number of total surgeries. Adjuvant radiation
alone and chemotherapy alone (but not in combination) was associated with statistically increased infec-
tion rates. Debridement with fixed implant retention achieved a 70% infection remission rate, as opposed
to 62% with two-staged treatment, and 100% with amputation. The implants tended to survive longer
than the patients.

Conclusions: Infection complicates lower extremity prosthetic joint reconstructions in tumor patients
more frequently than in non-tumor arthroplasty cases, with eradication rates lower than that of non-tumor
patients. Periprosthetic infection correlates with radiation and chemotherapy administration, as well as
an overall increase in revision surgery. Single stage debridement procedures result in infection remission
rates comparable to two-stage reconstructions.

Level of Evidence Level 111, Retrospective comparative study.

Introduction

Periprosthetic joint infection remains a very common
cause of failure of hip and knee arthroplasty [12]. The
prevalence of infection in total knee arthroplasty ranges
from 0.9% [13], to 2.01% [19], to 4.0% [1], while recent
studies document the prevalence of infection in total hip
arthroplasty at 1.1 —2.2% [25, 26]. Another study notes a 1
— 7% infection prevalence in all primary joint arthroplasty

cases [12]. The incidence and prevalence of joint arthro-
plasty infection is increasing, with a two-fold increase in
hip and knee prosthetic infections documented from 1990-
2004 [17,18,19].

1 Cedars-Sinai Medical Center, Los Angeles, CA USA
2 University of Southern California Keck School of Medicine, Los Angeles,
CA USA
© 2014 Daniel C. Allison, Eddie Huang, Elke R. Ahlmann, Scott Carney, Ling Wang, Lawrence R. Menendez. All

rights reserved « DOI: 10.15438/rr.4.3.74 « ISSN 2331-2262 (print) * ISSN 2331-2270 (online)
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The clinical impact of periprosthetic joint infection re-
mains severe, with infection noted to be the leading cause
of morbidity following joint replacement [22], the #1
cause of joint arthoplasty failure [12], and associated with
a statistically increased rate of revision surgery [1]. Peri-
prosthetic infection has been shown to carry a 2.7 — 18%
mortality rate [22]. The economic impact of periprosthetic
joint infection remains a significant problem, with these
cases totaling three to four times the cost of uncomplicated
primary arthroplasty [3,4,18]. One study estimates a cost
of $50,000 per periprosthetic infection [12], while another
notes that septic revisions cost $60,000 more than aseptic
revision [1].

Peri-endoprosthetic infection for tumor reconstruc-
tion has been documented to occur in 5.7 — 15% of cas-
es [8,10,11,23,2427]. One series of 650 endoprosthe-
sis cases, notes a 9.6% infection rate [7]. Another series
documents the infection prevalence to increase to 43% in
revision endoprosthesis cases [5], and another notes peri-
endoprosthetic infection results in amputation in 23.5% of
cases [27]. A thorough review of previous endoprosthesis
infection case series was performed in 2010 [2]. The study
found staphylococcus was most common organism among
multiple case series. Factors associated with infection were
myeloma, radiation therapy, poor soft tissue condition, re-
vision surgery, and extra-articular joint resection. These
studies yielded mixed recommendations on treatments and
outcomes [2].

The current study aims to investigate the incidence,
prevalence, risk factors, treatments, and associated out-
comes of infection of lower extremity arthroplasty cas-
es performed for the treatment of musculoskeletal tumors
in order to help improve their prevention and treatment.
The authors post the question: is periprosthetic infection in
our bone tumor patients associated with any disease, treat-
ment, or outcome variables that could influence manage-
ment of these difficult conditions?

Patients and Methods

All musculoskeletal tumor patients treated with lower
extremity tumor resection and artificial joint reconstruc-
tion over a ten year period at a single institution were ret-
rospectively reviewed, specifically evaluating those who
developed deep periprosthetic infection, as determined by
the clinical diagnosis of the evaluating surgeon. Non-tu-
mor patients and those with infection prior to reconstruc-
tion were excluded.

Table 1 describes relevant patient demographics. Four
basic lower extremity reconstructions were performed af-

ter surgical treatment of benign and malignant tumors:
standard femoral stem arthroplasty, proximal femoral en-
doprosthetic reconstruction, distal femoral reconstruction,
and proximal tibial reconstruction. Infection cases were
then analyzed according to multiple variables, including
patient epidemiology, pathology, adjuvant therapy, surgi-
cal history, type of prosthesis, previous implant surgeries,
presentation time, causative organism, original treatment
modality, and subsequent infection treatment. Patients
were followed according to standard oncologic protocols
for a mean of 34 months (range 4 to 251 months).

Table 1. Patient Demographics

Gender Age Follow up
Type of Prosthesis n (M/F) (Min - Max) (months)
Hip Endoprosthesis 147 69/78 61 (14 - 86) 13 (0.5t0 217)
Hip Standard 16 5/11 59 (23 - 86) 21 (0.75 to 152)
Prosthesis
Hinged 125 61/64 30 (12 - 90) 87 (1.8 to 251)
Distal Femur
Endoprosthesis
Hinged 41 23/18 31(11-82) 70 (4.4 to 195)
Proximal Tibia
Endoprosthesis
Total 329 158/171 50 (11 - 90) 34 (0.4 to 251)

Variables were then compared within the infection co-
hort, using the student t-test to compare means and relative
risk ratio. Kaplan-Meier survival analysis was performed
to evaluate both implant and patient survival. Statistical
confidence was set to a 95% interval, and data analysis was
performed using Graphpad® statistical software. No pow-
er analysis was performed.

Results

The overall prevalence of infection in this tumor pros-
thetic patient cohort was 13.1%. Proximal femoral endo-
prostheses demonstrated a 5.4% rate of infection, as op-
posed to the 12.5% rate of standard hip prostheses, 19.2%
in distal femoral endoprostheses, and 22% in proximal tib-
ial endoprostheses (Table 2). Hip prosthesis reconstruc-
tions demonstrated a 6.1% infection rate as opposed to
the 20.5% rate observed in knee endoprosthetic cases, a
difference that was noted to be statistically significant (p
< 0.001). When looking at infection rates with regard to
specific diagnosis, sarcomas demonstrated the highest in-
fection rate (21.7%), which was statistically increased
when compared to non-sarcoma cases (p = 0.001 [Table
3]). Metastatic disease demonstrated the lowest overall
infection rate at 7.4%, which was statistically lower than
non-metastatic disease cases (p = 0.006 [Table 3]). Table
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4 describes the cultured pathogens associated with the in-
fections, with Staphylococcus aureus demonstrated in 33%
of culture positive specimens, and Staphylococcus epider-
midis in 17%. 50% of Staphylococcus Aureus specimens
were methicillin resistant.

Table 2. Overall Infection Rate by Location

modular component exchange and varying degrees of sup-
pressive antibiotics was associated with a 70% success
rate. Formal two-staged implant removal, antibiotic spacer
placement with subsequent reimplantation was associated
with a 62% success rate, while 100% of infection cases
treated with amputation resulted in remission of infection.

Type of Prosthesis n | Time (mo) | Infection (n) Infection % Table 5. Number of Associated Surgeries (prior to infection diagnosis)
Hip Endoprosthesis 147 12 8 54 Infection No-Infection
Hip Standard Prosthesis 16 18 2 12.5 # of Surgeries n % n %
Hinged Distal Femur 125 70 24 19.2 1 20 45 224 78
Endoprosthesis ) 15 34 50 17
Hinged Proxupal Tibia 41 53 9 220 3 3 7 9 3
Endoprosthesis
Total 329 28 43 13.1 4 2 5 ! 0
5 2 5 0 0
Table 3. Overall Infection Rate by Disease Mean (p=0.005) 2 1
Disease n Infection Rate (%) P-value
Sarcoma 106 217 0001 Table 6. Infection and Adjuvant Therapy
Metastatic Disease 163 74 0.006 . . Infection Relz.ltive
Adjuvant Patients Rate Risk p-value
Benign Bone Tumor 60 153 0.64
Chemotherapy alone 91 0.20 1.51 0.05
Table 4. Microbiology Radiation alone 6 0.50 3.85 0.03
Pathogens Patients (n) Chemotherapy & 139 0.09 0.66 0.05
Staphylococcus Aureus 10 (5 MRSA) Radiation
Coag Neg Staphylococeus 5 No Adjuvant Therapy 87 0.13 1.00 0.81
Diptheroids 3
Strept 3 Infections Versus Time
reptococcus
o Krnee Inodence _—a
Enterobacter 3 3 | —wvicais Piaiarics | e
Enterococcus 2 82 —
s . i
Escherichia Coli 2 3§ =
E1
Candida Albicans 1 g, . »
Cryptococcus 1 P - —
R e L N , 5
No Growth (gross purulence) 9 p s 7 & i o
Time (Months)
Figure 1. Incidence and prevalence of knee infections with regard to time
The mean total number of surgeries performed (prior to
infection) was doubled in the infection group when com- Infections Versus Time
pared to that of the non-infected group (p= 0.005 [Table i
5]). The knee endoprosthetic cases demonstrated a consis- P — — — PENE——
. . . . .. . 281 y
tently stable incidence with time, while hip infections de- $ /
. e . . S 6 o
veloped earlier, and their incidence decreased with time £ i
. . . .. 2
(Figure 1 & 2). With regard to adjuvant therapy, radiation 2 U
therapy alone was noted to carry a significantly higher risk .
of infection (RR =3.85, p = 0.03), as did chemotherapy 0 2 0 e Mot 80 100

alone (RR = 1.51, p =0.05). Interestingly, chemotherapy
in combination with radiation was associated with a de-
creased rate of infection (RR = 0.66, p = 0.05 [Table 6]).
With regard to the results of the final treatment modality,
irrigation and debridement procedures alone (without any
component exchange) were associated with 42% success
at achieving remission of infection, while single stage ir-
rigation and debridement procedures with the addition of

Figure 2. Incidence and prevalence of hip infections with regard to time

Figure 3 describes the overall implant survival in the
entire base population, with over 70% of these implants
surviving beyond a projected 20 years. Hip implants last-
ed longer than knee implants, when the subgroups were
divided (Figure 4). Overall patient survival in the cohort
hovered at roughly 40% for the long term (Figure 5), with
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Figure 3. Kaplan-Meier curve decribing overall implant survival
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Figure 5. Kaplan-Meier curve describing overall patient survival

knee patients surviving much longer than the hip counter-
parts (Figure 6). In all cases, implant survival was greater
than patient survival.

Discussion

Periprosthetic infection represents a leading cause of
failure, morbidity, and mortality in non-oncologic primary
joint arthroplasty. Tumor prostheses are associated with in-
creased infection rates when compared to traditional joint
arthroplasty. The current study asks if periprosthetic infec-
tion in our bone tumor patients is associated with any epi-
demiologic, treatment, or outcome variables that could in-
fluence the prevention, diagnosis, and treatment of these
conditions.

A major weakness of the study includes the lack of
control and standardization of patients with multiple con-
founding variables with regard to their disease and treat-
ment. For example, hip prosthesis were more often used
in those with malignant diagnoses, especially metastatic
disease. The decreased life expectancy seen in metastatic

Patient Survival

Patient Survival (%)

0 100 200
Time (months)

Figure 4. Kaplan-Meier curve describing implant survival with regard to location &
type of implant (oncologic [endoprosthesis] vs non-oncologic [standard] implant)
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Figure 6. Kaplan-Meier curve describing patient survival with regard to location &
type of implant (oncologic [endoprosthesis] vs non-oncologic [standard] implant)

disease will influence the prevalence of infection. Despite
this lack of control, and relatively small numbers, statisti-
cal differences were indeed discovered with analysis of the
subgroups in the cohort. The diagnosis of deep peripros-
thetic infection was based on the clinical judgment of the
treating surgeon, and the diagnosis of initial or recurrent
infection can often be unclear. The fact that all treating sur-
geons in the study were well versed in the clinical diagno-
sis and management of periprosthetic infection may miti-
gate this weakness.

Disease variables that were associated with infection in
this tumor prosthesis series include the location and type
of implant, with the knee significantly more at risk than the
hip (20.5% vs 6.1% [p = 0.0001]). This correlates with a
former study finding 23% of proximal tibial endoprosthet-
ic reconstructions became infected [14]. The malignant di-
agnosis of sarcoma was associated with a statistically high-
er infection rate (p = 0.001), while those with metastatic
disease demonstrated a statistically lower infection rate (p
= 0.006). This finding contrasts previous literature citing
increased infection rates with myeloma, as opposed to oth-
er tumors [14]. Most hip infections occurred in the first
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year, while knee infections with same incidence at 5 years
out. Previous publications show that most infections oc-
curred early, but could be seen as late as 210 months after
implantation [2]. Staphylococcus species remain the most
common pathogen (50% of culture positive cases), a find-
ing which also corresponds to the previous literature re-
view [2].

In this study, radiation alone was associated with sig-
nificantly higher infection risk (50%,RR =3.85,p =0.03),
and less so chemotherapy (20%,RR =1.51,p=0.05). Sev-
eral previous publications demonstrate increased infection
rates with adjuvant radiation therapy [9,14,15,20]. A pre-
vious review of endoprosthesis infection case series failed
to find any studies showing a correlation between chemo-
therapy and implant infection [2]. In the current study,
chemotherapy and radiation in combination demonstrated
a statistically decreased overall infection rate, likely due
to the fact that their combined use often indicated under-
lying metastatic disease, with treatments administered at
lower doses in those with shorter life expectancies. Infec-
tions were associated with significantly increased num-
ber of associated prior to development of infection (p =
0.005). Previous studies have also indicated infection cor-
relates with revision surgery rates [9,14,20]. In these cas-
es, the increased number of surgeries could be a cause or
an effect of the periprosthetic infection. Irrigation & de-
bridement with modular component exchange was noted
to have similar success rates when compared to formal, ex-
tensive 2-staged procedures (70% vs 62%) in the current
study. This contrasts with several studies in previous lit-
erature, which often found two stage procedures to have
higher resolution rates, with single stage procedure success
rates ranging from 6% to 73% [6,7,9,14,16,21].

With regard to survival, the current study’s long term (>
10 year projected) implant survival was noted to be well
over 70%, which correlates with recent literature regarding
modular oncologic endoprostheses [28]. In our study, stan-
dard primary hip implants lasted longer than “oncologic”
endoprostheses, which also correlates with previous stud-
ies. This study’s highest survival was documented in prox-
imal tibia and knee cases. This difference occurred pre-
sumably because primary tumors (benign and malignant)
more commonly occurred in the knee, as opposed to the
increased proportion of metastatic disease occurring in the
proximal femur.

In conclusion, periprosthetic joint infection in the tumor
patient occurs at a higher Incidence and prevalence when
compared to traditional primary joint arthroplasty. Stpahy-
lococcus Aureus remains the most common cultured or-
ganism in these cases. Knee endoprosthetic infections can
occur late, and the development of infection is associat-

ed with radiation therapy, chemotherapy, and revision sur-
gery. Irrigation and debridement with modular component
exchange may result in infection remission rates compara-
ble to two-staged procedures.
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Surgical Stabilization of the Medial
Capsulo-Ligamentous Envelope in Total
Knee Arthroplasty

Brandon Green, DO'; Jon Minter, DO?; Paul Ghattas, DO'; Jennifer Waterman, DO’

Abstract

This study will evaluate an alternative method in which a four prong bone staple was used to repair
the medial collateral ligament following over-release or avulsion injuries in (#6) cases during a total knee
arthroplasty. The use of a four prong bone staple to repair medial collateral ligament injuries status post
total knee replacement will provide satisfactory results with respect to post-operative knee stability and
range of motion. Our retrospective review revealed that all six patients improved with regards to range
of motion following the total knee arthroplasty. We feel that repair of the medial collateral ligament with
a four-prong bone staple is a viable option after an over-release or avulsion injury sustained during a to-

tal knee arthroplasty.

Introduction

One of the more common complications of total knee
arthroplasty is an intraoperative injury to the medial col-
lateral ligament (MCL), in which there is significant loss
of collateral ligament tissue with or without damage to
the medial femoral condyle/epicondyle [7]. In a thorough
review of the orthopedic literature, the overall incidence
of this injury during total knee arthroplasty is unknown
[7.9,10]. In this study, we describe a new, unreported fixa-
tion method of repairing the knee medial collateral liga-
ment status post injury during a total knee arthroplasty us-
ing a Smith and Nephew four prong bone staple.
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When researching the most current arthroplasty litera-
ture, insufficiency of the medial collateral ligament when
discovered in the preoperative physical examination with
varus and valgus stress testing can be treated with either
soft tissue reconstruction using one of the following meth-
ods: 1.) hamstring fixation technique, 2.) achilles allograft
with a calcaneal bone block and fixation with 6.5mm can-
cellous screws, 3) or with an implant that provides stabil-
ity, not only in the sagittal but in the coronial plane as well
with the use of a constrained knee construct [2,3,4,5].

The medial collateral ligament is the primary restraint
to valgus stability of the knee. At around 30° of flexion, the
medial collateral ligament provides 80% of the restrain-
ing force [12,13]. While in full extension, it only provides
60% of the restraining force [12,13]. A thorough under-
standing of the anatomy of the knee medial collateral lig-
ament is crucial before any repair of this ligament can be
performed.

The superficial medial collateral ligament otherwise
known as the tibial collateral ligament is the largest struc-
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ture of the medial aspect of the knee. This structure consists
of one femoral attachment and two tibial attachments. The
femoral attachment has been shown to be oval in shape and
on average is located 3.2mm proximal and 4.8mm posteri-
or to the medial epicondyle [12,13]. As it courses distally,
it has two tibial attachments. The first proximal attachment
point is primarily to soft tissue over the semimembranosus
tendon. This attachment measures an average of 12.2mm
distal to the tibial joint line [11,12,13]. The distal tibial
attachment of the superficial medial collateral ligament
is broad and attaches directly to the bone approximately
61.2mm distal to the tibial joint line [11,12,13].

The deep medial collateral ligament is comprised of
thickened tissue and is found on the medial aspect of the
joint capsule. This ligament is divided into meniscofem-
oral and meniscotibial components. The mensicofemoral
portion of the deep medial collateral ligament has a slight
convex curve attachment is located 12.6mm distal and
deep to the femoral attachment of the superficial medial
collateral ligament [12]. The meniscotibial portion is much
shorter and thicker. It attaches just distal to the edge of the
articular cartilage of the medial tibial plateau and is found
3.2mm distal to the medial joint line and 9.0mm proximal
to the proximal tibial attachment of the superficial medial
collateral ligament [11,12].

Literature supports the fact that the medial collateral lig-
ament has an excellent capacity to heal after injury. In the
opinion of our lead surgeon (JM), the use of a constrained
hinged knee construct and/or the implantation of allograft
tendon to repair the medial collateral ligament injury is not
needed. Our hypothesis is that the use of a four-prong bone
staple (Smith and Nephew) to repair the medial collateral
ligament injury status post total knee replacement will pro-
vide satisfactory clinical results with regards to post-oper-
ative stability and range of motion.

Methods and Materials

All demographic and intraoperative data were retrieved,
as part of a prospective database, on all patients (758) un-
dergoing total knee arthroplasty at the senior author’s (JM)
institution since 2008. Our present study included all of the
patients who underwent total knee arthroplasty performed
by the senior author (JM) between the dates of 08-01-2008
to 02-15-2013 and who sustained an intraoperative injury
to the medial collateral ligament as documented in the da-
tabase with confirmation in the operative report. Patients
with prior MCL injuries were excluded. These operative
reports were carefully examined and confirmed that the
injury to the medial collateral ligament occurred during

over-release or avulsion of the medial collateral ligament
in attempts to balance a tight varus/valgus knee.

The same surgical techniques along with cruciate re-
taining implants were used by the senior author (JM) dur-
ing each case. All the operations were performed by the se-
nior author or under his direct supervision. The author used
a straight midline incision, measuring four fingerbreadths
above the superior pole of the patella to the medial aspect
of the tibial tubercle. The standard medial parapatellar in-
cision was used as the exposure technique in all the knees.

After eversion of the patella and flexion of the knee, a
self-retaining knee strap was used to maintain the knee in
flexion. A scalpel was then used to transect and remove the
anterior cruciate ligament. Attention was then placed on
the tibia, where the subperosteal plane was developed be-
neath the deep medial collateral ligament. Bovie electro-
cautery was then utilized to continue the dissection from
anterior to posterior. Careful attention was taken as the dis-
section proceeded in the posterior direction to ensure that
the insertion site of the medial collateral ligament is not
violated.

Bilateral weight-bearing radiographs were available in
the room to assess for varus/valgus deformity. If the knee
was neutral to slight varus, the dissection was stopped at
the midcoronal plane. If the knee had a more severe varus
deformity, the dissection was extended to the posterior me-
dial corner of the knee. Carefully attention was placed on
retractor placement during the entire procedure in attempts
to decrease iatrogenic injury.

Injury of the medial collateral ligament was identified
after insertion of the trial implants and during balancing
of the knee in both flexion and extension. At this time, the
defect whether at the femoral origin or the tibial insertion
point was repaired using a Smith and Nephew four prong
bone staple. Medial collateral ligament defects on the fem-
oral side were thought to develop due to the nature of the
osteoporotic bone. Here the cortical bone is so thin and the
cancellous bone underneath is so soft; the demineralized
bone almost fractures off and lifts away during manipula-
tion of the knee. This portion was repaired by first by fully
extending the knee joint and localizing the area of liftoff/
fracture. The four prong bone staple (Smith and Nephew)
was then impacted into the femoral epicondyle. Of note,
the staple dimensions are 16mm in width and 22mm in
length, therein it does not come into contact with the femo-
ral or tibia component.

If the medial collateral ligament deficiency was noted
on the tibial side, it was thought to occur due to over-re-
lease during soft tissue balancing. This deficiency was then
repaired by first placing a varus stress to the knee followed
by flexing the knee to 60°. A kocher clamp was then used
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to advance the ligament distally and lateral-
ly to an isometric point on the tibia and the
four prong bone staple (Smith and Nephew)
was then malleted into place.

The senior author (JM) once again eval-

uated the balance of the knee with the trial =~ Fiswre -4

. . . example of the
implants in to ensure optimal balance. The s and Neph-
final implants were placed and the knee was ~ ¢w four-prong

staple used for
repair.

once again thoroughly evaluated as in all to-
tal knee arthroplasty’s.

Figure 2. Post-operative radiographs following four-prong staple fixation
on the femur side.

r

Figure 3. Post-operative radiographs following four prong staple fixation
on the tibia side.

In the acute post-operative setting, these patients were
treated as a normal total knee arthroplasty, with no addi-
tional precautions. Each patient was placed in a continuous
passive range of motion machine immediately and each
proceeded to participate fully with physical therapy with
no restrictions on weight-bearing status. All patients re-
ceived 10mg of Xarelto orally once a day for 3 months for
deep venous thrombosis prophylaxis. Upon discharge from
the hospital, each patient continued with physical therapy
in an outpatient setting or attended a skilled nursing facil-
ity for rehabilitation.

The 2011 Insall Modified Knee Society score will also
be utilized as a tool to evaluate each patient in the post-
operative setting. This system has been developed by the
Knee Society to provide a more current and stringent eval-
uation form. The system is subdivided into a knee score
that rates only the knee joint itself and a functional score
that rates the patient’s ability to walk and climb stairs [1].
The dual rating system eliminates the problem of declining
knee scores associated with patient infirmity. This score
was obtained before the surgery and after the surgery to
assess pain and function following the total knee arthro-
plasty.

Results

We retrospectively reviewed the medical records of the
758 patients (380 knees) who underwent primary TKA
from August of 2008 to February of 2013. Intraoperative
medial collateral ligament disruption or stretching was rec-
ognized when there was unexpected medial laxity in a pa-
tient with no preoperative medial instability. There were
(#6) patients with recognized intraoperative medial collat-
eral ligament injury (0.79%). Six knees in six patients were
available for follow up at a mean of 75 days following sur-
gery (range 30 days to 120 days). The mean age of each
patient was 68 years (range 54 to 76) and the mean age at
the time of surgery was 66 years. Two of the patients were
male and four were female. Four of six of our patients were
considered to be obese according to the body mass index
scale with a score of 30 or greater. Three of the knee re-
placements were right sided and three were left sided. The
pre-operative diagnosis for five of the patients was osteoar-
thritis with the other having traumatic arthritis.

After careful thought and discussion, it was found that
all of our injuries occurred secondary to either over-ma-
nipulation of the osteoporotic femur or by the sharp osteo-
tomes used for the subperosteal elevation in attempts to
balance the varus/valgus knee. Four of the medial collater-
al ligament injuries were on the tibial side and two were on
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the femoral side. No patients in this study were required to
wear any bracing devices after the surgery and no patients
reported any instability of the knee joint. Each patient am-
bulated into the clinic at the last follow up visit with no as-
sistance needed. None of these patients had to undergo any
form of revision surgery.

In the post-operative setting, each patient was sched-
uled to follow up at the senior author’s clinic for orthope-
dic and radiographic evaluation. At the first follow up visit,
the range of motion of the knee was evaluated and docu-
mented with the use of a goniometer along with assess-
ment of standing knee radiographs to determine whether
an acceptable overall alignment was achieved. Each of the
radiographs was reviewed by the lead surgeon and an up-
per level orthopedic resident, revealing well aligned knee
prosthesis with no presence of radiolucent lines, lytic le-
sions, or component migration.

The Knee Society clinical rating score was officially
performed at the pre-operative visit and at the initial fol-
low-up appointment. Of note, stability of the medial col-
lateral ligament was assessed on physical examination by
gently applying a valgus stress to the knee at both 0° and
with the knee flexed to 30°. Grading of valgus stress testing
was defined as follows: A) 0 defined as 0-3mm of opening,
B) +1 defined as 3-5Smm of opening, C) +2 defined as 5169
10mm of opening and D) +3 defined as >10mm of open-
ing. Failure in our study was defined as >5mm of opening
at either 0° or 30° with absence of a firm endpoint with
stressing of the knee.

At follow up examination, the senior author (JM) eval-
uated each of the patients and found that each exhibited
an increase in range of motion along with no laxity not-
ed upon varus/valgus stress testing of the affected knee at
both 0° and 30°. Table 1 reviews the pre and post-operative
knee laxity, range of motion, and Knee Society score.

The average preoperative knee range of motion was
1.6° of extension to 92° of flexion. Upon comparison, the
average postoperative range of motion was 3° of exten-
sion to 95.6 ° of flexion. The average grade of preopera-
tive valgus laxity of the affected knee was (+) 1.6, but this
decreased to zero laxity after total knee arthroplasty and

tive and postoperative Knee Society scores were 23.6 and
75.8 respectively. Each patient had a significant increase
in Knee Society score, with an average score increase of
(+)522.

Conclusion

Any disturbance of the medial collaterial ligament dur-
ing a total knee arthroplasty is a serious complication and
should be treated with the utmost respect. Is has been well
documented in the orthopedic literature that all coronial
plane instabilities can result in the need for revision to-
tal knee arthroplasty with the use of a constrained device
[8,9,10]. In addition, these patient’s actually function well
with respect to the knee society score. The downfall of this
treatment option is placing a constrained revision compo-
nent into a primary total knee. Our study is the first to ad-
dress this issue with only the use of a small, unconstrained,
minimally invasive implant device.

In our study of six patients, four of them who sustained
medial collateral ligament injuries were obese according to
the body mass index scale. In a past article by Winiarsky,
Barth, and Locke, they concluded that the rate of periop-
erative complications was significantly higher in obese pa-
tients. According to their study, 22% of their obese patients
had a wound complication, 10% had an infection, and 8%
had an avulsion of the medial collateral ligament.

In comparison, 2% of the knees in their non-obese con-
trol group had a wound complication, 0.6% had an infec-
tion, and none had an avulsion of the medial collateral lig-
ament [15]. This is an important factor to consider when
performing a total knee arthroplasty on the obese popula-
tion in the future.

There are limited studies dedicated to the treatment of
intraoperative injuries to the medial collaterial ligament
without the use of a constrained device [2,3,4,5]. Most of
the current literature recommends using a constrained im-
plant instead of direct repair [8,9,10]. In our study, we eval-
uated (#6) cases in which a four-prong bone staple (Smith
and Nephew) was used to repair the medial collateral liga-
ment following either over-release or avulsion injury dur-

Pre-operative |Pre-operative |Post-operative|Post-operative|Pre-operative |Post-operative
Age BMI  |Sex Injury Side JROM laxity ROM laxity Knee Score Knee Score Change
72 31]mate  |Right Tibia Jo-75 (+)2]0-s0 0 15 86](+)71
51 1SjFemale Inghl Tibia J0-75 (+)3]5-100 0 2 77(+)75
66]  44fremale JLeft Femur Jo-s0 (+)1]o-s4 0 25 67](+)42
72| 3o|male ILeft Tibia 0-125 (+)1]6-105 0 36| 68](+)32
65| 26QFemale ILeft Tibia 10-120 0§3-100 0) 27 76)(+)43
72 30jFemale Inght Femur J0-S0 0]4-103 0 37 81)(+)44
Avg: 66.3 I I Avg: 92 Avg: 1.2 Avg:95.6 Avg:0 Avg:23.6 Avg:75.8 Avg:(+)52.2

medial collateral ligament fixation. The average preopera-
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ing total knee arthroplasty.

Two limitations of our case series are 1) the small num-
ber of patients (#6) and 2) the lack of a control group of
which to compare. Another limitation of our study is the
short follow up period, which averaged 75 days post-sur-
gery. This study could be stronger if these patients were
followed for a longer period of time to assess function and
pain control, which will be an area that this research paper
could expand on in the future. However, we remain cau-
tiously optimistic that this mode of fixation will provide
adequate fixation over the life of the arthroplasty.

Our retrospective review revealed that all six patients
improved with regards to range of motion and Knee So-
ciety score following the total knee arthroplasty. Post-op-
erative varus and valgus stress testing of the affected knee
found no laxity. Once again, no patients in this study were
required to wear any bracing devices after the surgery and
no patients reported any instability of the knee joint. None
of these patients had to undergo any form of revision sur-
gery. Due to these results, we feel that repair of the medial
collateral ligament with a four-prong bone staple (Smith
and Nephew) is a viable option after an over-release or
avulsion injury during a total knee arthroplasty.
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CASE REPORT

Early Intraprosthetic Dislocation of Dual-
Mobility Total Hip Arthroplasty Implant
Following Attempted Closed Reduction:

A Case Report

Joseph D. Schirmers, MD?; Ryan D. Horazdovsky, MD': Scott B. Marston, MD’

Introduction

Introduced in 1974 by Bousquet, the dual-mobility
bearing for use in total hip arthroplasty (THA) confers in-
creased jump distance and improved overall stability rela-
tive to conventional THA designs [1-3]. The dual-mobility
bearing incorporates a relatively small (22-28mm) metal
or ceramic femoral head press fit into a larger polyethylene
liner which articulates with the acetabular component. Dis-
sociation of the femoral head from the polyethylene lin-
er (intraprosthetic dislocation) is a known late complica-
tion thought to be related to polyethylene liner wear and
has been previously reported [2-7]. In a consecutive se-
ries of 384 primary THAs employing Bousquet’s original
design, there were 14 intraprosthetic dislocations over 15
years (3.6%). The authors cited polyethylene wear as caus-
ative and mean time to intraprosthetic dislocation was 8.9
years [2].

A recent investigation by Hamadouche et al. reported
a 2.4% rate of intraprosthetic dislocation among 168 con-
secutive primary THAs followed for a minimum of 5-years
[5]. The dislocations occurred at a mean 5.9 years and were
thought to be secondary to wear at the mobile insert. A case
report from the UK describes an intraprosthetic dislocation
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of a dual mobility implant occurring 1.5 years after prima-
ry THA [8]. There have been no reports in North America
of early intraprosthetic dislocation following use of dual
mobility implants for primary THA.

Three recent case reports describe early (within 14
months) intraprosthetic dislocation of the dual mobility
implants following attempted closed reduction of an ipsi-
lateral hip dislocation [4,6-7]. The reports, however, con-
cern patients in which the dual-mobility head was used in
an off-label, mix-and-match fashion to revise an existing
THA with retention of either the femoral stem [7] or ac-
etabular cup [4,6].

We present a patient with intraprosthetic dislocation
following attempted closed reduction of a primarily-im-
planted dual-mobility THA. To our knowledge, this is the
first case of early intraprosthetic dislocation of a prima-
ry dual-mobility implant to be reported in North Ameri-
ca. The purpose of the current report is to increase aware-
ness of intraprosthetic dislocation and mitigate its risk by
recommending that orthopaedic surgeons be involved with
any attempted reduction of dual mobility implants.

Case Report

A sixty-seven-year-old man with a pertinent history of
cerebral palsy (CP) presented to an outside hospital after a
fall onto his left hip while attempting to rise from a chair.
Prior to the fall, the patient was a community ambulator.
Roentgenograms revealed a displaced, comminuted femo-
ral neck fracture and the patient was transferred to a trauma
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center for definitive management. The time of orthopaedic
consult was twenty-four hours after original injury. Due to
the timing and the patient’s pre-injury functional status, it
was felt a total hip arthroplasty was most appropriate. Due
to his history of CP, it was felt that use of a large head with
dual mobility would minimize his risk of dislocation. The
patient subsequently underwent primary total hip arthro-
plasty utilizing a posterior approach with implantation of a
56mm press-fit cobalt chrome acetabular shell in anatomic
anteversion and a 28mm diameter ceramic femoral head
with a 50mm polyethylene insert (Anatomic Dual-Mobil-
ity X3; Stryker, Mahwah, New Jersey) (Fig. 1). Grade 3-4
degenerative changes were found anteriorly and superiorly
on femoral head. Additionally, two luque wires were placed
proximal and distal to the lesser trochanter for fracture pro-
phylaxis per surgeon’s routine for hip fracture patients un-
dergoing arthroplasty. The polyethylene and ceramic head
were assembled with implant-specific tools according to
the manufacture’s specifications. The hip was noted to be
stable intraoperatively with flexion to 90 degrees, adduc-
tion to 20 degrees and internal rotation to 80 degrees with
no impingement or subluxation. Both the posterior capsule
and short external rotators were repaired. The patient had
an uneventful postoperative course and was discharged on
hospital day 5.

Figure 1: Post-operative anteroposterior (A) and cross-table lateral (B) views of the
hip.

Portable

X-Table

Figure IB

On postoperative day 26, the patient presented to the
emergency department with left hip pain and inability to
bear weight subsequent to a fall out of bed onto his left hip.
Imaging revealed a posterior dislocation of the left hip. On
initial dislocation films the poly head can be visualized
in place on the ceramic femoral head (Fig. 2). Emergen-
cy medicine physicians performed closed reduction under

Figure 2: Anteroposterior pelvic film after initial dislocation. The poly head can be vi-
sualized in place on the ceramic femoral head.

conscious sedation. Postreduction
roentgenograms were read as nor-
mal. Retrospective review dem-
onstrates an eccentrically located
femoral head and a circular radio-
lucency overlying the left gluteal
musculature (Fig. 3). The patient
was discharged with instructions to
bear weight as tolerated, limiting
hip flexion to less than 70 degrees.

Six weeks after the index pro-
cedure, the patient again presented
to the emergency department with
left hip pain and inability to bear

Figure 3: Anteroposterior
hip film after reduction. Note
the eccentrically located
femoral head and a circular
radiolucency of poly head

. . . overlying the left gluteal
weight after attempting to get into  yusculanure (identified by
a car. Plain imaging revealed a pos-  the arrow).

terior hip dislocation with the pros-

thetic head superior and posterior to the acetabular com-
ponent (Fig. 4). The patient underwent closed reduction
under conscious sedation with subsequent relocation of the
hip in the ER. Post-reduction films were notable for an ec-
centric position of the femoral head within the acetabular
component in addition to a spherical lucency posterior to
the acetabulum confirming an intraprosthetic dislocation
(Fig. 5). The patient returned to the operating theater for
revision THA. Intraoperatively, the polyethylene liner was
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SUPINE

Figure 4: Anteroposterior pelvic films af-
ter the posterior hip dislocation with the

prosthetic head superior and posterior to
the acetabular component.

Figure 5: Anteroposterior hip films after
reduction. Note the eccentric position

of the femoral head within the acetabu-
lar component in addition to a spheri-
cal lucency posterior to the acetabulum
confirming an intraprosthetic dislocation
(identified by the arrow).

identified within the gluteal musculature, completely dis-
sociated from the femoral head. A trial was done with ex-
isting components and the hip was found to be stable with
flexion to 90 degrees, adduction to 20 degrees, internal ro-
tation to 70 degrees, with no obvious component failure.
Due to concern for damage to the cobalt chrome acetabular
shell and ceramic head from articulation over the previous
weeks both the femoral head and acetabular components
were revised using a 58mm press-fit cobalt chrome acetab-
ular shell and 28mm outer diameter ceramic femoral head
with a 52mm polyethylene insert (Anatomic Dual-Mobili-
ty X3; Stryker, Mahwah, New Jersey). The CoCr shell was
placed with an additional 10 degrees of anteversion and
patient had a stable intraoperative exam. He tolerated the
procedure well but his postoperative course was compli-
cated by sigmoid volvulus. This resulted in an emergent
exploratory laparotomy, a prolonged course in the SICU
from which the patient did not recover, and ultimately the
death of the patient on post operative day 79 from the in-
dex procedure.

Discussion

This is the first case of early intraprosthetic dislocation
of a primary dual-mobility implant to be reported in North
America. Previous literature has suggested restricting the
use of dual-mobility components in primary THA only to
patients at increased risk for dislocation (i.e. patients >75
years of age, those with neuromuscular or cognitive dis-
orders, and patients having an ASA score =3) [9]. A dual
mobility implant was therefore chosen for this patient with
cerebral palsy who is at higher risk for dislocation. Our in-
stitution has flat cap pricing contracts and we occasionally
use this device in patients felt to have an increased risk of
instability.

The patient’s diagnosis of cerebral palsy is material to
the current discussion, as the risk of THA dislocation is
higher in patients with CP [10]. While there have been no
large case series analyzing the incidence of dual-mobility
THA dislocation in patients with cerebral palsy, a retro-
spective cohort of eight patients (10 hips) treated with du-
al-mobility designs reported no dislocations at an average
follow-up of 39 months [11].

The posterior approach was utilized in this patient ac-
cording to the preference of the primary surgeon. An anteri-
or or anterior lateral approach can be considered in patients
with increased dislocation risk. However, in a retrospec-
tive review of 228 THA revisions in the Swedish Hip Ar-
throplasty Register using dual mobility implants 56% were
preformed through a posterior approach and there was no
increased incidence of dislocation in this cohort relative to
other approaches [12].

Philippot et al. recently postulated three mechanisms
of intraprosthetic dislocation after analysis of 81 such cas-
es from a series of 1960 primary dual-mobility THAs im-
planted between 1985 and 1998 [13]. Type I “pure” dislo-
cation results from wear of the polyethylene retentive rim
in an otherwise functional prosthesis; this accounted for
32% of cases. Type II was secondary to extrinsic blocking
of the polyethylene liner, for example, by arthrofibrosis or
heterotopic ossification; 51% of dislocations were classi-
fied as Type II. Finally, Type III was characterized by cup
loosening and accounted for 17% of intraprosthetic dislo-
cations. Notably, each of these mechanisms is a late com-
plication with mean onset of 11, 8, and 9 years, respec-
tively.

In North America there are no randomized controlled
trials comparing the rate of dislocation among dual-mobil-
ity and conventional THA implants. A single non-random-
ized, retrospective study compared the rate of dislocation
of conventional THA and dual-mobility THAs implant-
ed primarily following femoral neck fracture. Among 98
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primary THAs at one year there were no dislocations re-
ported in the dual-mobility group compared with 8 of 56
(14%) of the conventional THAs [11]. Moreover, in a re-
cent retrospective comparison of bipolar hemiarthropasty
and dual-mobility THA the authors reported a significantly
increased incidence of dislocation among patients treated
with bipolar hemiarthroplasty (14.6% vs. 4.5%) [15].

Analogous to the current case, intraprosthetic disloca-
tion of bipolar hemiarthroplasty implants after attempted
closed reduction has been described in the French litera-
ture [16]. In both cases bipolar hemiarthroplasty was uti-
lized in treating displaced femoral neck fractures. The au-
thors of this report postulate a “bottle-opener” effect where
the cup engages the posterior acetabular rim and subse-
quent limb traction results in dislocation of the intrapros-
thetic joint. It is reasonable to conclude, although no bio-
mechanical studies have been conducted to address this
claim, that the “bottle-opener” effect would only be ex-
aggerated when the relatively smooth posterior acetabular
rim is replaced with a metal acetabular component.

In contradistinction to postulated mechanisms of late
intraprosthetic dislocation, the current case was likely a di-
rect result of attempted closed reduction with subsequent
impingement of the polyethylene head on the acetabular
component. The aforementioned case report by Banzhof et
al. describes this impingement mechanism leading to early
intraprosthetic dislocation following attempted closed re-
duction [4].

We advise caution with any attempt at closed reduction
of dual-mobility implants. In many communities emergen-
cy room physicians routinely perform closed reduction of
dislocated total hips under sedation without consulting or-
thopaedics. For patients with a dual-mobility implant and
THA dislocation, an orthopaedic surgeon should perform
the reduction attempt under general anesthesia with com-
plete muscle relaxation using fluoroscopy. Although an
intraprosthetic dislocation could still occur in this setting
the risk would be reduced, recognition of the complication
immediate, and it would allow for an open reduction un-
der the same anesthetic if required. We recommend advis-
ing patients with dual mobility implants that orthopaedic
surgeons be involved with any attempted reduction in the
event their total hip dislocates to mitigate the risk on an in-
traprosthetic dislocation. If similar case reports follow in
the literature consideration should be made for advising
patients with dual-mobility implants to have dislocations
addressed in the manner described above.
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Abstract

Cementless components in TKA have been used for almost 3 decades, despite mixed success rates.
However, biologic fixation remains attractive, especially for younger patients, because of the potential of
unlimited durability. This paper is the first to report results on a modular tibial base plate using trabecu-
lar metal as a fixation surface. Twenty-four primary TKAs were evaluated clinical and radiographically
at mean 1.9 year followup. Excellent clinical results were obtained. There was no significant subsidence
or change in orientation of any component. One component was probably loose radiographically but
was insufficiently symptomatic to warrant revision. Five components showed nonprogressive radiolucent
lines. One reoperation was performed for stiffness, at which time the components were well fixed. Thus,
it would appear that excellent bony fixation can be achieved with a modular cementless tibial component

with excellent short-term clinical results.

Introduction

Cementless components in total knee arthroplasty
(TKA) have been used for three decades, with mixed re-
sults, especially for fixation. As such, cemented compo-
nents have continued to be endorsed as the gold standard
[1-5]. However, cementless fixation remains attractive, es-
pecially for younger and more active patients, in whom ce-
mented fixation may be less durable, with a greater risk of
polyethylene wear/osteolysis from third body wear [1,6,7].
Therefore, an optimum implant would be cementless and
reliably achieve durable bony fixation.

Previous cementless devices suffered from poor design
characteristics such as improper pore size, debonding of
the porous coating, and excessively thin polyethylene in-
serts [8]. Newer technologies such as hydroxyapatite coat-
ing have to achieve better osseointegration at early fol-

low-up with limited subsidence [9]. Similarly, nonmodular
trabecular metal (TM) tibial components have demonstrat-
ed excellent fixation and mid-term durability [10,11].

This study evaluates the early radiographic fixation sta-
tus and changes and clinical outcomes of a modular tibial
component with a TM coating intended for cementless fix-
ation. To the best of our knowledge, this is the first report
on this implant.

1 STAR Orthopaedics Inc., La Quinta, CA USA
2 UCLA School of Medicine, Los Angeles, CA USA
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Patients/Methods

A total of 24 primary TKAs (16 right sided) indicat-
ed for painful OA unresponsive to conservative medical
therapy were performed in 21 patients by the senior author
(RKS) from 2007 to 2009. The cohort consisted of 5 fe-
males and 16 males. The mean age at the time of surgery
was 64.78 (range 46.94-74.95; SD 7.00). The mean age of
males was 66.39 (range 55.54-74.95; SD 5.69). The aver-
age age of females was 59.94 (46.94-68.84; 8.71). Three
patients had bilateral TKAs, with 2 patients having simul-
taneous bilateral TKAs. In no case was a TM tray aban-
doned for a cemented component. These data are summa-
rized in Table 1.

Table 1: Demographics

Number of Patients 21

Males/Females 16/5

64.78 (46.94-74.95; 7.00)
66.39 (55.54-74.95; 5.69)
59.94 (46.94-68.84; 8.71)
1.78 (.08-4.14;1.25)

Average Age for cohort in years (range; SD)

Average Age Males in years (range; SD)

Average Age Females in years (range; SD)

Average Follow-up in in years (range; SD)

All of the surgeries were performed using a mini-
midvastus approach and used an uncemented Zimmer®
NexGen® Trabecular Metal™ Tibial Tray (Figure 1), a
cemented posteriorly stabilized Zimmer® NexGen® LPS-
flex femur and cemented all-polyethylene patellar compo-
nents. Post-operatively patients were allowed immediate
weight bearing as tolerated status with the use of crutches
or a walker. Continuous passive motion was not used with
any of the patients. Thomboprophylaxis was achieved with
use of aspirin and calf pumps.

Figure 1: Zimmer® NexGen® Trabecular Metal™ Modular Tibial Tray. The implant
has the standard locking mechanism, and has 3 pegs coated in trabecular metal for
bone ingrowth.

Fixation status was assessed by retrospectively evalu-
ating serial standard Anterior-Posterior and Lateral radio-
graphs, which were obtained immediately post-operatively
and at an average of 1.78 years post-operatively. The pres-
ence or absence of lucencies was recorded at 13 coronal
zones and 4 lateral zones as illustrated in Figure 2. Ad-

ditionally, immediate postop and latest follow-up X-rays
were evaluated for changes in femoral-tibial angle (FTA),
coronal femoral component angle (cFCA), coronal tibial
component angle (cTCA) and the posterior tibial slope.
All Radiographs assessed were digital, with built-in mea-
surement tools and image enhancement features. Finally, a
chart review was performed to obtain information on post-
op ROM, recovery status, and complications.

Figure 2: Tibial Zones

Results

Table 2 summarizes the alignment measurement data.
The average FTA change from immediate postop to the lat-
est films was 0.33 degrees valgus from 4.25 valgus (range:
10 valgus - 4 varus) to 3.92 valgus (range: 9 valgus - 10
varus) with t(23)=0.725, p=0.476 showing no significant
statistical difference. The average cFCA change from im-
mediate postop to the latest films was 0.59 degrees varus
with t(23)=0.394, p=0.697, showing no significant statis-
tical difference. The average cTCA change from immedi-
ate postop to the latest films was 1.21 degrees valgus with
t(23)=0.011, p=0.991 showing no significant statistical dif-
ference. The average cFCA change from immediate post-
op to the latest films was an increase by 0.72 degrees with
t(23)= 0.449, p=0.658, showing no significant statistical
difference.

Table 2: X-ray measurements

Average Average
1st Postop Most Recent Mean
Measurement | Measurement | Difference | Standard | T- P-
(range) (range) (degrees) | Deviation | test | value
FTA 4.25 valgus 3.92 valgus ( 03 4.58 0.725 | 0476
(10 valgus -4 | 9 valgus - 10
varus ) varus)
cFCA 297 3.56 0.59 334 0.394 | 0.697
cTCA 1.24 0.029 121 2.14 0011 | 0.991
PTS 431 503 0.72 458 0449 | 0.658

Figure 3 demonstrates the radiographic appearance of
a fully osseointegrated, well functioning component. Im-
mediate post op films showed one knee with one non-pro-
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gressive radiolucent line (RLLs) in coronal zone 1 and
in one other patient on the lateral view there was another
non-progressive radiolucent line in the anterior tray region
that both subsequently cleared on the most recent follow-
up films. On follow-up A/P films there were 5 components
with non-progressive RLLs on AP views: 3 RLLs in zone
1,2 RLLs in zone 3,1 RLL in zone 5, 1 RLL in zone 9 and
3 RLLs in 13. On follow-up lateral films there were 6 com-
ponents with non-progressive RLLs with 6 seen in the an-
terior tray and 2 in the posterior tray (Table 3). All RLLs
were 1 mm or less in thickness.

Figure 3: Example of well-fixed component without lucencies

Table 3: Fixation Status

# of RLLs**
Coronal Zone* Immediate post-op Most recent
3
1 1 (3 new, 1 resolved)
3 0 1
5 0 1
9 0 1
13 0 3
# of RLLs**
Lateral Zone* Immediate post-op Most recent
6
Anterior Tray 1 (6 new, 1 resolved)
Posterior Tray 0 2

* all unlisted zones had no RLLs present
** all RLLs were non-progressive

On clinical follow-up, one reoperation was done at 7
months post op and was needed due to poor ROM with
pain and swelling, stiffness, and startup pain. In this partic-
ular case only the polyethylene insert was replaced, as the
tibial implant was found to be well fixed intra-operatively.
Another patient required fluid aspiration, was experiencing
increased quad weakness and had a probable radiographi-
cally loose component (Figure 4), but opted not to revise at
18 months post op as pain was tolerable. A third patient at
17 months post op was experiencing knee pain and overac-
tivity-induced pes bursitis and was given a cortisone shot,
with symptom relief. Otherwise, generally patients recov-
ered well, with no other notable symptomatic RLLs and
with minimal residual pain symptoms. Average ROM post
op was 0.6%(range 0-10) to 118.7* (range 80-140). Two

out of 24 patients had a flexion contracture of 5* and 10*,
with the rest having full extension. Sixteen out of 24 pa-
tients had flexion to 120* or greater postop (data summa-
rized in Table 4).

Figure 4: Example of worst appearing x-ray in series. In Zones, 4, 5,6, 7, 8, 10, 11 and
12, there is evidence of bone ingrowth, despite radiolucent lines in other zones.

Table 4: Final post-op follow-up results

ROM

Measurement Average Range SD

Extension 0.625° 0°-10° 224

Flexion 118.7° 80°-140° 18.6
Discussion

This is the first report on a modular trabecular tibial
component intended for cementless fixation during TKA.
In general, this design reliably achieved early bony fixa-
tion. No components were revised and 1/24 was probably
radiographically loose or fibrous stable. Compared to other
cementless designs, this low failure rate compares favor-
ably. For example, Moran et al found a 19% failure rate
due to aseptic failure of the tibial component in a series of
108 primary total knee arthroplasties in 96 patients after an
average follow-up of 64 months using an uncemented, po-
rous-coated system (PCA designed by Howmedica, Ruth-
erford, NJ) 4. Additionally, Goldberg et al observed a 13%
failure rate in 124 TK As on 99 patients after an average fol-
low-up of 11 years in the surviving knees (Miller- Galante
I, designed by Zimmer, Warsaw, IN), although only 1 revi-
sion was cited as being due to tibial component loosening.
Additionally, Berger et al observed a 19% failure rate (7%
due to tibial loosening) in a series of 108 TKAs (Miller-
Galante I, designed by Zimmer, Warsaw, IN), performed
on 82 patients after follow-up greater than 7 years, and av-
erage 11 year follow-up of surviving knees2. In addition,
this modular version compares favorably to its nonmodu-
lar counterpart. Patients did not have prolonged pain post-
operatively, and at latest follow-up, behaved like typical
TKA patients.

Given the short follow-up, no comments can be made
regarding durability of fixation. Longer term study will be
needed. In addition, the femoral component was a high flex
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No Rationale for Gender Specific Femoral
Stems for Total Hip Arthroplasty

Raj K. Sinha, MD, PhD’; Vangalea Weems, BS, PA-C'; Margaret J. Cutler, RN

Abstract

The purpose of this study was to compare the applicability of two femoral stem systems in male and
female populations via preoperative templating. The radiographs of 47 consecutive patients (94 hips)
were templated using one of two stem systems by first fixing the acetabular center of rotation. Based upon
templating, the result categories were: no obvious advantage of either system, System 1 preferred, Sys-
tem 2 preferred, neither system adequate. Preference was determined based upon having a best-fit stem
choice and at least one additional length or offset option, and avoiding the extremes of the system as the
best-fit choice. Significantly, there were gender differences in applicability of femoral stems. Specifical-
ly, more neck length and offset options seem to be required for females. The potential limitations of the
implant systems in applicability could be overcome by adjusting the level of neck resection. Therefore, it
would appear that there is a limited role for gender specific implants for total hip arthroplasty.

Keywords: hip arthroplasty modular stem gender

Introduction

Variations in femoral anatomy [1,2,3,4] and acetabu-
lar anatomy [5] have been partially ascribed to gender dif-
ferences. Traditionally, femoral stems for THA have been
designed across an entire population including both males
and females. The purpose of this study was to compare the
applicability of two femoral stem systems, one with modu-
lar bodies and one with a one piece stem, in male and fe-
male populations via preoperative templating.

1 STAR Orthopaedics, Inc, La Quinta, CA 92253 USA
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Methods

All patients seen during a single month who present-
ed complaining of knee pain had screening pelvis x-rays.
These x-rays formed a consecutive cohort of hips for the
templating study. During templating, the acetabular com-
ponent was placed in a fully medialized position at 450 of
abduction. The center of rotation was marked. The fem-
oral neck osteotomy was set at 15 mm proximal to the
top of lesser trochanter, as recommended in the technique
guide. Templates of equal magnification were utilized for
both systems. System 1 (Figure 1a) had a double tapered
wedge body design, a fixed 1350 neck-shaft angle with
two different offsets (6 mm difference) and two different
neck lengths (4 mm difference). There were 7 head options
with different lengths. System 2 (Figure 1b) had the same
body design with a modular neck offering 20 different off-
sets/lengths and 7 different neck-shaft angles, with only
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one head option. Neck length and offset were indepen-
dent of body size for both systems. Based upon templat-
ing, the categories were: No obvious advantage of either
system, System 1 preferred, System 2 preferred, Neither
system adequate. Preference was determined based upon
providing at least one additional length or offset option,
and avoiding the extra extended offset option in System
2 based upon the risk of fracture or disassociation due to
extremely high moments [6,7]. Examples of templates are
depicted in Figure 2.

Fisher exact test was utilized to calculate the probabil-
ity of a difference in system applicability across groups.

Figure 1. (a) In System 1, there are two
neck length and two neck offset choic-

es. The stem on the left is a reduced neck
length, standard offset. The stem on the
right has standard length and offset. (b) In
System 2, multiple neck lengths and offsets
can be used with any body. The neck length
of the head is always +0.

Figure 2. Template Examples. (a) System 1
applicable as lateralized stem matches cen-
ter of rotation of the templated acetabular
component. (b) System 1 would not be ap-
plicable as the stem has too much offset to
match the center of rotation of the templat-
ed acetabular component.

Results

There were 20 female patients contributing 40 hips and
27 males contributing 54 hips. The data are summarized,
by gender, in Table I. Among the males, there was no ob-
vious advantage in 20/54 hips (37%), System 1 was pre-
ferred in 11/54 hips (20.4%), System 2 was preferred in
15/54 hips (27.8%), and neither system was adequate in
8/54 hips (14.8%). In addition, System 1 could have been
used in 33/54 hips (61.1%), while System 2 could have
been used in 42/54 hips (77.8%). Overall, 46/54 male hips
(85.2 %) could be implanted with either of these stems.
There was no statistically significant advantage of one sys-
tem over the other in applicability (p = 0.13). Among the
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Table 1. Neck Cut 15 mm above lesser trochanter

Males Females
No Advantage 20/54 17/40
System 1 Preferred 11/54 1/40
System 2 Preferred 15/54 13/40
Neither Adequate 8/54 9/40
Either Possible 46/54 31/40

Table I1. Neck Cut Adjustable

Males Females
No Advantage 31/54 30/40
System 1 Preferred 14/54 1/40
System 2 Preferred 4/54 6/40
Neither Adequate 5/54 3/40
Either Possible 49/54 37/40

Table 111. Dorr B and C Females, with adjustable neck cut

Dorr B Dorr C
No Advantage 15/21 11/16
System 1 Preferred 1/21 0/16
System 2 Preferred 5121 3/16
Neither Adequate 0/21 2/16
Either Possible 21/21 14/16

females, there was no obvious advantage in 17/40 hips
(42.5%), System 1 was preferred in 1/40 hip (2.5%), Sys-
tem 2 was preferred in 13/40 hips (32.5%), and neither sys-
tem was adequate in 9/40 hips (22.5%). In addition, Sys-
tem 1 could have been used in 22/40 hips (55%), while
System 2 could have been used in 31/40 hips (77.5%). Nei-
ther system was appropriate in 9/40 (22.5%) of the female
patients. Overall, 31/40 female hips (77.5 %) could be im-
planted with either of these stems. There was no statisti-
cally significant advantage of one system over the other in
applicability (p =0.07).

We then changed the level of the neck cut to a posi-
tion that could accommodate either of the stem systems,
with no neck resection less than 5 mm above the lesser
trochanter. These data are summarized in Table II. Among
the males, there was no obvious advantage in 31/54 hips
(57.4%), System 1 was preferred in 14/54 hips (25.9%),
System 2 was preferred in 4/54 hips (7.4%), and neither
system was adequate in 5/54 hips (9.3%). In addition, Sys-
tem 1 could have been used in 49/54 hips (90.7%), while
System 2 could have been used in 44/54 hips (81.5%).
Overall, 49/54 male hips (90.7 %) could be implanted with
either of these stems. Importantly, the availability of Sys-
tem 2 did not increase the applicability of the stem family
for THA ( p=0.31). Among the females, there was no ob-
vious advantage in 30/40 hips (75%), System 1 was pre-
ferred in 1/40 hip (2.5%), System 2 was preferred in 6/40
hips (15%), and neither system was adequate in 3/40 hips

(7.5%). In addition, System 1 could have been used in
35/40 hips (87.5%), while System 2 could have been used
in 37/40 hips (92.5%). Overall, 37/40 female hips (92.5 %)
could be implanted with either of these stems. Again, the
addition of System 2 slightly increased the utility of this
stem family, but not significantly (p=0.38).

Because women are purported to have larger diameter
canals (so-called Dorr B and C bone), we next assessed the
applicability of the stem systems as a function of bone ge-
ometry. Among the female patients, there were 3 Dorr A
femurs, 21 Dorr B femurs and 16 Dorr C femurs. The tem-
plating data are summarized in Table III. With flexible neck
level resections, among the Dorr B hips, there was no ob-
vious advantage in 15/21 hips (71.4%), System 1 was pre-
ferred in 1 hip (4.7%), System 2 was preferred in 5/21 hips
(23.8%), and neither system was adequate in 0/21 hips.
In addition, System 1 could have been used in 19/21 hips
(90.4%), while System 2 could have been used in 21/21
hips. The enhanced modularity of System 2 increased the
utility of this product line for 10% of the female Dorr B
hips, but there was no statistical significance in applicabil-
ity (p=0.12). Among the Dorr C hips, there was no obvious
advantage in 11/16 hips (68.8%), System 1 was preferred
in 0/16 hips, System 2 was preferred in 3/16 hips (18.8%),
and neither system was adequate in 2/16 hips (12.5%). In
addition, both systems could have been used in 14/16 hips
(87.5%). In Dorr C femurs, the enhanced modularity of
System 2 did not increase the applicability (p=0.80).

Discussion

Bone atlas and CT scan data suggests that women have
larger canals, relatively shorter necks, more varus necks,
greater anteversion [2,3.4], less acetabular abduction and
more acetabular anteversion [5]. As a result, it has been
suggested that a gender specific implant is needed to ad-
equately address such gender-related anatomical varia-
tions when considering cementless femoral stems in THA
[8]. Significantly, there appear to be gender differences in
applicability of femoral stems. Whether these differences
translate into poorer outcomes is debatable [9,10].

According to this study, with a fixed level of neck re-
section, more neck length and offset options seem to be
required for female patients. However, by individualizing
the level of neck resection, fewer stem options would be
required to reconstruct most hips. Similarly, center of rota-
tion of the acetabular component can be adjusted to over-
come shortcomings in available stem sizes, although bio-
mechanically, that may be less desirable. With appropriate
preoperative planning, it would be expected that an experi-
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enced surgeon should be able to successfully perform THA
regardless of patient gender, obviating the need for gender
specific implants.

Increased stem modularity has also recently been im-
plicated in pain and bone loss due to increased crevice
corrosion [11]. Further, there have been several reports of
modular neck disassociation and fracture [6,7], requiring
additional surgeries with all of their associated morbidity.
In these reports, excessive offset has been one associat-
ed factor with both modes of modular neck failure. In this
study, we specifically avoided the extremes of the product
line, thereby likely reducing the risk of such failures. Nev-
ertheless, recent data compels the surgeon to use caution
when planning a hip arthroplasty with enhanced modular-
ity stems.

There are some limitations of this study. We did not ac-
count for appropriateness of stem as a function of variation
in anteversion. In addition, this study included both normal
and arthritic hips, which may affect the results. Further in-
vestigation is necessary to determine the role of neck-shaft
angle, bone quality and adjustment of neck osteotomy
height on stem design and patient outcome as a function
of gender. Nevertheless, it would seem that no single stem
product line can account adequately for all the anatomical
variations encountered in routine arthroplasty practice, fur-

ther underscoring the importance of preoperative templat-
ing and planning when choosing an implant.
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Abstract

Poly(ether-ether-ketone) (PEEK)s are a group of polymeric biomaterials with excellent mechanical
properties, chemical stability, and nonmagnetism. In the present study, we propose a novel self-initiat-
ed surface graft polymerization technique, using which we demonstrate the fabrication of a highly hy-
drophilic and biocompatible nanometer-scale layer on the surfaces of PEEK and carbon fiber-reinforced
PEEK (CFR-PEEK) by the photoinduced graft polymerization of 2-methacryloyloxyethyl phosphoryl-
choline (MPC) without using any photoinitiators. The thus formed hydrophilic and smooth 100-nm-thick
PMPC-grafted layer caused a significant reduction in the sliding friction of the bearing interface because
the thin water film and hydrated PMPC layer acted as extremely efficient lubricants (so-called fluid-film
lubrication or hydration lubrication). Fluid-film lubrication suppressed the direct contact of the counter-
bearing surface with the PEEK substrate and thus reduced the frictional force. A PMPC-grafted layer
is therefore expected to significantly increase bearing durability. Furthermore, the PMPC-grafted layer
shows unique phenomena, e.g., it prevents damage of the metal counter surface regardless of the carbon
fiber content of CFR-PEEK. Smart PEEK using the self-initiated surface graft polymerization of MPC
should lead to development of novel orthopedic bearings.

Keywords: poly(ether-ether-ketone), 2-methacryloyloxyethyl phosphorylcholine, surface modification, photopolymerization,

Jjoint replacement, wear mechanism

Introduction

In recent years, joint reconstruction surgeries ranging
from minor repairs to damaged joints to total hip arthro-
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plasty (THA) have become increasingly important with
the increasingly aging population worldwide. THA has
emerged as one of the most successful of such surgeries,
and it has been demonstrated to dramatically relieve pa-
tients’ pain and to improve their quality of life. The most
popular artificial hip joint is a bearing couple composed
of polyethylene (PE, specifically cross-linked PE (CLPE))
and a cobalt—chromium-molybdenum (Co—Cr-Mo) alloy.
However, the implantation duration and clinical outcome
of THA is significantly limited by the incidence of oste-
olysis [1]. Osteolysis is triggered by various inflammatory
responses to wear particles produced from a PE articular
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surface [2]. These undergo phagocytosis by macrophages,
in turn inducing the secretion of bone resorptive cytokines
[3]. Although osteolysis is one of the most common rea-
sons for late revision surgery, the major short-term compli-
cation is dislocation. As a solution to this problem, a large
femoral head increases not only the range of motion prior
to the impingement of the femoral stem neck on the liner
but also the jump distance. Therefore, larger femoral heads
involving a thin acetabular liner have been frequently used
in recent times to improve the stability of the bearing sur-
face.

To reduce wear particles, improve stability, and increase
the longevity of artificial hip joints, studies have focused on
various bearing alternatives and the improvement of bear-
ing materials [4-10]. Recently, studies have shown that
poly(ether-ether-ketone) (PEEK) might be useful in reduc-
ing wear debris and improving stability. PEEK consists
of an aromatic backbone molecular chain interconnected
by ketone and ether functional groups (i.e., its molecular
structure contains a benzophenone (BP) unit). It is well
known that PEEK is chemically inert, insoluble in most
conventional solvents, and compatible with several rein-
forcement agents (such as carbon fibers, i.e., carbon fiber-
reinforced PEEK (CFR-PEEK)); furthermore, it exhibits
excellent mechanical properties and nonmagnetism. PEEK
and CFR-PEEK are therefore considered potential high-
performance plastic replacements for conventional implant
materials. Consequently, PEEK and/or CFR-PEEK bearing
materials are being increasingly utilized in various appli-
cations [11, 12]. However, both PEEK and CFR-PEEK do
not satisfy certain properties required in an artificial joint,
such as low friction, high wear resistance and biocompati-
bility [11]. CFR-PEEK acetabular cups, e.g., MITCH PCR
Cup (Stryker SA, Montreux, Switzerland) [13] and ABG II
acetabular liner (Stryker SA) [14, 15], have been clinically
used to a limited extent in several hospitals; the available
early clinical results support the short-term efficiency of
CFR-PEEK but do not yet demonstrate a long-term clinical
advantage over other well established orthopedic bearings
[12]. In this light, surface modification has emerged as one
of the most important techniques for developing new mul-
tifunctional biomaterials for joint reconstruction in order
to satisfy various requirements.

Herein, we propose a new and safer methodology for
constructing a nanometer-scale functional layer on PEEK
and CFR-PEEK substrates by the self-initiated photoin-
duced graft polymerization of functional vinyl compounds
at the surface. It is well known that when BP is exposed to
photoirradiation such as ultraviolet (UV) irradiation, a pi-
nacolization reaction is induced [8]. This results in the for-
mation of semi-benzopinacol-containing radicals that act

as photoinitiators. We therefore focused on the BP units in
PEEK and developed a self-initiated surface graft polym-
erization technique that uses these units [6-8]. The polym-
erization reaction involving free radicals is photoinduced
by UV irradiation. This technique enables the direct for-
mation of a functional polymer layer on the PEEK surface
in an aqueous medium without any photoactive low-mo-
lecular-weight compounds, making this an easy and hu-
man-friendly process. Additionally, we prepared a biocom-
patible polymer layer, i.e., poly (2-methacryloyloxyethyl
phosphorylcholine (MPC)) (PMPC). MPC is a methacry-
late monomer bearing a phosphorylcholine group, and it
can provide various types of polymers upon copolymer-
ization with other vinyl compounds [16-25]. MPC poly-
mers show great potential for applications in the fields of
biomedical science and bioengineering because they pos-
sess beneficial properties such as excellent antibiofouling
ability and friction suppression. Thus, numerous medical
devices, including intravascular stent [24], soft contact
lenses [25], artificial heart [19], and artificial hip joint [22,
23] have been developed from MPC polymers and applied
clinically. The biomedical efficacy and safety of MPC
polymers are therefore well established.

Toward finding a solution, we investigated the surface
characteristics of surface modified PEEK and CFR-PEEK
samples, including the wettability, lubricity, and wear re-
sistance. Such investigations are of great importance for
designing life-long artificial hip joints and for obtaining a
better understanding of the limitations resulting from the
use of this material. During our studies, we sought answers
to two questions: (1) Will the PMPC grafting affect the lu-
brication characteristics of PEEK and CFR-PEEK surfac-
es? (2) Will the modifications affect their wear resistances?

Materials and Methods

Self-initiated graft polymerization of MPC

The preparation of PMPC-grafted PEEK is schematical-
ly illustrated in Fig. 1. PEEK (450G; Victrex PLC, Thorn-
ton-Cleveleys, UK) and CFR-PEEK (Sumiploy CK4600;
Sumitomo Chemical Co., Ltd., Tokyo, Japan) specimens
were machined from extruded bar stocks, and then fin-
ished by surface-polishing. CFR-PEEK was blended with
discontinuous polyacrylonitrile (PAN)-based carbon fiber
of 30 mass%. The surfaces of the PEEK and CFR-PEEK
specimens were ultrasonically cleaned in ethanol for 20
min, and then dried in vacuo. MPC (NOF Corp.; Tokyo, Ja-
pan) was dissolved in degassed water to obtain 0.50-mol/L
MPC aqueous solution. The PEEK and CFR-PEEK speci-
mens were then immersed in these solutions. Photoinduced
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graft polymerization was subsequently carried out at 60°C
for 90 min on the PEEK and CFR-PEEK surfaces under
UV irradiation (UVL-400HA ultra-high pressure mercu-
ry lamp; Riko-Kagaku Sangyo Co. Ltd., Funabashi, Ja-
pan) with 5 mW/cm2 intensity. A filter (UV-D35; Toshiba
Corp., Tokyo, Japan) was used to restrict the incident UV
light to wavelengths of 350 + 50 nm. After polymerization,
the PMPC-grafted PEEK and CFR-PEEK specimens were
removed from the MPC solution and washed with pure wa-
ter and ethanol to remove the unreacted monomers and un-
grafted polymers.

Surface morphological observation by atomic force
microscopy and transmission electron microscopy

The surface morphologies of the PMPC-grafted PEEK
and CFR-PEEK were analyzed by atomic force microsco-
py (AFM; Nanoscope Illa; Nihon Veeco, Tokyo, Japan) in
the tapping mode. The measurements were performed un-
der dry conditions using a monocrystal silicon cantilever.
A scan rate of 0.25 Hz, tip velocity of 5 um/s, and imaging
size of 50 pm x 50 um were used for all samples.

Transmission electron microscopy (TEM; JEM-2010F;
JEOL Ltd., Tokyo, Japan) at acceleration voltage of 200
kV was used to observe the cross section of the PMPC lay-
er on the PMPC-grafted PEEK and CFR-PEEK surfaces.
A thin film of the samples was prepared by the focused ion
beam (FIB) technique (FB-2100; Hitachi High-Technolo-
gies Co., Tokyo, Japan) at an acceleration voltage of 40 kV.
Untreated and PMPC-grafted CFR-PEEK specimens were
precoated with a carbon film before the FIB process.

Schematic illustration of the preparation of PMPC-grafted PEEK and PMPC-grafted CFR-PEEK.

Wettability and friction evaluation

The static water contact angles on the PMPC-grafted
PEEK and CFR-PEEK surfaces were measured by the ses-
sile drop method using an optical bench-type contact angle
goniometer (DM300; Kyowa Interface Science Co., Ltd.,
Saitama, Japan). Drops of purified water (1 uL) were de-
posited on the PMPC-grafted PEEK and CFR-PEEK sur-
faces, and the contact angles were directly observed by
a microscope after 60 s of dropping. Fifteen points were
measured for each PEEK and CFR-PEEK sample, and the
average values were used.

A unidirectional friction test was performed using a
pin-on-plate machine (Tribostation 32; Shinto Scientific
Co. Ltd., Tokyo, Japan). Six specimens were prepared for
each of the PMPC-grafted PEEK and CFR-PEEK surfac-
es. A 9-mm-diameter Co-Cr-Mo alloy pin was also pre-
pared. The surface roughness (Ra) of the pin was <0.01
um, which was comparable to that of femoral head prod-
ucts. The friction test was performed for each specimen at
room temperature using a load of 0.98 N, sliding distance
of 25 mm, frequency of 1 Hz, maximum of 100 cycles, and
pure water for lubrication. The mean coefficients of dy-
namic friction were determined by averaging the measure-
ments for five data points from 96-100 cycles.

Pin-on-disk wear test

Multidirectional wear tests were conducted using a
POD testing machine (Ortho POD; AMTI, Watertown,
MA, USA). Untreated PEEK, untreated CFR-PEEK, and
PMPC-grafted CFR-PEEK pins with 10-mm diameter
were used for the wear tests and control soak tests to cor-
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rect the water-absorption increments (n = 3). As the con-
trol, untreated CLPE pins (n = 3) with 10-mm diameter
were prepared; these were machined from a compression-
molded bar stock of PE (GUR1020 resin; Quadrant PHS
Deutschland GmbH, Vreden, Germany) irradiated with a
50-kGy dose of gamma-rays in N2 gas atmosphere and an-
nealed at 120 °C for 7.5 h in N2 gas to facilitate cross-
linking. The Co—Cr—Mo alloy disks had a surface rough-
ness of Ra < 0.01 pm. A mixture of bovine serum with
a protein content of 30 g/L, 20 mM ethylenediamine-N,
N, N’, N’-tetraacetic acid (EDTA), and 0.1 mass% sodi-
um azide was used at 37°C as the lubricant. The multidi-
rectional wear test was conducted on a rectangular sliding
surface. The test conditions were specified as a static load
of 213 N, sliding distance of 30 mm, and frequency of 1
Hz for a maximum of 1.0 x 106 cycles, according to the
ASTM F732 standard. Gravimetric wear was determined
by weighing the pins and disks. Soak controls were used to
compensate for fluid absorption by the specimens.

Hip simulator wear test

A 12-station hip simulator (MTS Systems Corp., Eden
Prairie, MN) using untreated PEEK and CFR-PEEK, and
PMPC-grafted PEEK and CFR-PEEK cups (n = 3) with
inner and outer diameters of 26 and 52 mm, respectively,
was used for the wear test according to the ISO 14242-3
standard. A Co—Cr—Mo alloy ball of 26-mm diameter (K-
MAX® HH-02; KYOCERA Medical Corporation, Osaka,
Japan) was used as the femoral head. A mixture of 25-vol%
bovine serum, 20 mM EDTA, and 0.1 mass% sodium azide
was used as the lubricant. The lubricant was replaced ev-
ery 0.5 x 106 cycles. Gait cycles were applied by simulat-
ing a physiological loading curve (Paul-type) with double
peaks at 1793 and 2744 N and a multidirectional (biaxial
and orbital) motion of 1Hz frequency. Gravimetric wear
was determined by weighing the cups at intervals of 0.5 x
106 cycles. Load-soak controls (n = 2) were used to com-
pensate for fluid absorption by the specimens according to
the ISO 14242-2 standard. Testing was continued for a to-
tal of 3.0 x 106 cycles.

The wear particles were isolated from the bovine serum
solution used for lubrication and observed using a scanning
electron microscope (SEM). Isolation was accomplished
by incubating the lubricant in a 0.4 g/mL sodium hydrox-
ide solution for 1 h at 60°C and then adding methanol to it.
The mixture was sonicated for 10 min to digest the degrad-
ed and precipitated adhesive proteins and then sequentially
filtered through a 0.1-pm membrane filter. The membrane
was directly observed under an SEM (S-3400N; Hitachi
Ltd., Tokyo, Japan) using an acceleration voltage of 15 kV
after gold deposition.

To evaluate the wear conditions, the features of the
bearing surfaces of the femoral heads were observed af-
ter 3.0 x 106 cycles of the hip simulator wear test using a
confocal laser scanning microscope (OLS1200; Olympus
Corp., Tokyo, Japan) and a fluorescence microscope (Ax-
ioskop 2 Plus; Carl Zeiss AG, Oberkochen, Germany). For
the fluorescence microscope observation, an appropriate
exposure time (~0.2 s) was allowed to obtain best-quality
sample images. The arithmetic mean of the surface rough-
ness of the contact and non-contact areas of the retrieved
femoral heads was determined using a surface roughness
tester (Surftest SV-3100; Mitutoyo Corporation, Kawasa-
ki, Japan) according to the ISO 7206-2 standard.

Statistical analysis

The mean values of the four groups (untreated and
PMPC-grafted PEEK, and untreated and PMPC-graft-
ed CFR-PEEK) were compared by one-factor analysis of
variance (ANOVA) and the significance of differences was
determined by post-hoc testing using the Bonferroni meth-
od. All statistical analyses were performed using an add-
on software (Statcel 3; OMS Publishing Inc., Tokorozawa,
Japan) for a computerized worksheet (Microsoft Excel®
2010; Microsoft Corporation, Redmond, WA).

Results

The preparation of the PMPC-grafted layer on the sur-
face affected the morphologies of the PEEK and CFR-
PEEK substrates. Nanometer-scale scratches (attributed to
the surface finishing (polishing)) and pits (attributed to the
removal of carbon fibers) were observed on the surfaces of
the untreated PEEK and CFR-PEEK (Fig. 2). In contrast,
the surfaces of the PMPC-grafted PEEK and CFR-PEEK
were smooth; scratches and pits were hardly observed. For
both PMPC-grafted PEEK and CFR-PEEK, an approxi-
mately 100-nm-thick PMPC layer was clearly observed on
the surface of the PEEK substrate, and neither cracks nor
delamination were observed on the PEEK substrate or at
the interface between the PMPC layer and the PEEK sub-
strate.

PMPC grafting affected the hydration and friction char-
acteristics of the PEEK and CFR-PEEK surfaces. The con-
tact angles of untreated PEEK and CFR-PEEK were ~90°
(PEEK; mean = 92.5°, 95% CI = +1.0, and CFR-PEEK;
mean = 88.3°,95% CI = +1.6) and decreased to their low-
est values of <10° after PMPC-grafting on the surfaces
(PEEK; mean = 6.8°, 95% CI = +0.9, p < 0.01 and CFR-
PEEK; mean =5.5°,95% CI =+0.8,p <0.01) (Fig. 3). The
coefficient of dynamic friction of untreated CFR-PEEK
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Figure 2. (A) Surface AFM images and (B) cross-sectional TEM images of untreated PEEK, PMPC-grafted PEEK, untreated CFR-PEEK, and PMPC-grafted CFR-PEEK.
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Figure 3. (A) Static water contact angle and (B) coefficient of dynamic friction of untreated PEEK, PMPC-grafted PEEK, untreated CFR-PEEK, and PMPC-grafted CFR-PEEK.
Data are expressed as mean + 95% confidence intervals. **: One-factor ANOVA and post-hoc test, significant differences (p < 0.01) were observed in the comparison between four
groups.

(mean =0.354,95% CI = £0.025) was two times that of un- In the multidirectional pin-on-disk wear test, untreat-
treated PEEK (mean =0.167,95% CI =+0.013,p <0.01).  ed CFR-PEEK (mean = -0.18 mg/106 cycles, 95% CI
However, regardless of the carbon-fiber reinforcement, = +0.10) and PMPC-grafted CFR-PEEK (mean = 0.01

the lowest values of both coefficients of dynamic friction ~ mg/106 cycles, 95% CI = +0.01) pins were found to un-
were <0.01 after PMPC grafting on the surfaces and were  dergo significantly less (p < 0.01) gravimetric wear rate
97% lower (PEEK; mean = 0.005, 95% CI = £0.001, p <  than untreated PEEK (mean = 9.50 mg/106 cycles, 95% CI
0.01 and CFR-PEEK; mean =0.007,95% CI =+0.001,p< = +4.14) pins (Fig. 4). On the other hand, the gravimetric
0.01) than those of untreated PEEK and CFR-PEEK. wear rate of the counter Co—Cr—Mo alloy disks against the
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untreated CFR-PEEK pins (mean = 0.61 mg/106 cycles,
95% CI = +0.46) exhibit higher wear (p < 0.05) than the
CLPE pins (mean = 0.02 mg/106 cycles, 95% CI = +0.02).

In the hip simulator wear test, the characteristics of the
PMPC grafted surface affected the durability of the PEEK
and CFR-PEEK cups. During 3.0 x 106 cycles of the hip
simulator wear test, the PMPC-grafted PEEK cup (mean
= 31.60 mg/106 cycles, 95% CI = +£19.54) was observed
to experience less gravimetric wear rate than the untreat-
ed PEEK cup (mean = 216.97 mg/106 cycles, 95% CI =
+181.02) (Fig. 5A). However, the difference was not statis-
tically significant owing to the wide deviation of the gravi-
metric wear of the untreated PEEK cups. The untreated and
PMPC-grafted CFR-PEEK cups (untreated: mean = —2.46
mg/106 cycles, 95% CI = +0.24; PMPC-grafted: mean =
-5.49 mg/106 cycles, 95% CI = +1.62) were found to un-
dergo significantly less (p < 0.05) gravimetric wear than
the untreated PEEK cups. Remarkably, fewer wear parti-
cles were isolated from the lubricants of the PMPC-grafted
PEEK cups than from those of the untreated PEEK cups af-
ter 3.0 x 106 cycles (2.5-3.0 x 106 cycles) of the hip simu-
lator test (Fig. 5B). Moreover, extremely small and barely
observable wear particles were produced by the untreat-
ed CFR-PEEK and PMPC-grafted CFR-PEEK cups. The
wear particles of the untreated PEEK and PMPC-graft-
ed PEEK cups were micrometer-sized fibrils and sub-mi-
crometer-sized granules. In contrast, those of the untreat-
ed CFR-PEEK and PMPC-grafted CFR-PEEK cups were
only sub-micrometer-sized granules. PMPC grafting did
not affect the morphologies of the PEEK or CFR-PEEK
wear particles. In the confocal laser scanning microscope
images shown in Fig. 6A, the surfaces of the Co—Cr—Mo al-
loy femoral heads against the untreated and PMPC-grafted
PEEK cups and the PMPC-grafted CFR-PEEK cups were
smooth. However, that against the untreated CFR-PEEK
cups had a different morphology; the surface was worn and
slightly roughened by scratches. In the fluorescence micro-
scope image of only the femoral head against the untreat-
ed PEEK cup, fluorescence of the adhesives was observed
(Fig. 6B). This is primarily attributed to the PEEK. The
mean of the surface roughness of the worn femoral heads
against the untreated CFR-PEEK cups (mean = 0.019 pm,
95% CI = +0.005) was significantly higher (p < 0.05) than
those of the other bearing couples (untreated PEEK: mean
= 0.009 um, 95% CI = +0.004; PMPC-grafted PEEK:
mean = 0.006 pm, 95% CI = £0.001; PMPC-grafted CFR-
PEEK: mean = 0.010 um, 95% CI = £0.003) (Fig. 6C).
There were no differences among the mean surface rough-
ness of the other three bearing couples.

Discussion

In this study, we developed the novel self-initiated sur-
face graft polymerization technique, by which we dem-
onstrate the fabrication of a highly hydrophilic and bio-
compatible 100-nm-thick smooth layer on the surfaces of
PEEK and CFR-PEEK by the photo-induced graft polym-
erization of MPC without using any additional low-mo-
lecular-weight photoinitiators. Furthermore, we investi-
gate the surface characteristics of PMPC-grafted PEEK
and CFR-PEEK. We considered two research questions:
(1) Will the PMPC grafting affect the lubrication charac-
teristics of PEEK and CFR-PEEK surfaces? (2) Will the
modifications affect their wear resistances? The results
suggested that it was possible to improve the durability of
orthopedic bearing materials.

It is important to optimize the water-wettability and lu-
bricity of the bearing surface to improve wear resistance.
The wettabilities of PMPC-grafted PEEK and CFR-PEEK
surfaces are considerably greater than those of the untreat-
ed PEEK and CFR-PEEK surfaces (Fig. 3A). This 1s be-
cause of the presence of a smooth 100-nm-scale PMPC
layer resulting from the polymerization of highly hydro-
philic MPC monomer (Fig. 2). Fig. 3B shows that the co-
efficients of dynamic friction of the PMPC-grafted PEEK
and CFR-PEEK surfaces were significantly lower than
those of the untreated PEEK and CFR-PEEK surfaces. The
wettabilities of the PMPC hydrated layer clearly affected
the frictional properties of the PEEK and CFR-PEEK sur-
faces. The higher friction of untreated PEEK and CFR-
PEEK surfaces is one of their disadvantages because it re-
sults in greater wear and the seizure of bearing couples.
The higher frictional properties of untreated PEEK and
CFR-PEEK surfaces actually affected the wear properties
determined by the hip simulator wear test.

The wear properties of PEEK and CFR-PEEK when
used as bearing materials in hip joint articulations have
been reported in previous studies [26-30]. To the best of
our knowledge, the wear resistances of these materials are
not completely satisfactory. Scholes et al. reported that the
wear rate was 1.16 mm3/106 cycles [28], and Brockett et al.
reported that the wear rate was 0.30 mm3/106 cycles [30]
for CFR-PEEK cups against alumina or zirconia-tough-
ened alumina (ZTA) ceramic femoral heads, respective-
ly. In the hip simulator wear test, the significant improve-
ments in the water-wettabilities, frictional properties, and/
or carbon-fiber-reinforced properties of the PMPC-graft-
ed PEEK and CFR-PEEK cups resulted in substantial im-
provements in their wear resistances. The wear rate of the
PMPC-grafted CFR-PEEK cups was almost zero (-3.81
mm3/106 cycles, as calculated using a specific gravity of
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1.44 g/cm3) even when articulated to Co—Cr-Mo alloy
femoral heads. As noted earlier, PMPC is water-soluble be-
cause MPC is highly hydrophilic. Fluid-film lubrication (or
hydration lubrication) with the PMPC-grafted surface was
therefore afforded by the hydrated layer. It can be affirmed
that an orthopedic bearing using PMPC mimics natural ar-
ticular cartilage. The bearing surfaces of a natural synovial

joint are covered by a specialized type of hyaline cartilage
(i.e., articular cartilage) that protects the joint interface
from mechanical wear and facilitates smooth movement
of the joints during daily activity [31]. Articular cartilage
consists of surface-active phospholipids, chondrocytes,
and surrounding matrix macromolecules, such as proteo-
glycans, glycosaminoglycans, and collagens. Because of
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grafted PEEK and CFR-PEEK cups after 3.0 x 106 cycles. (A) Confocal laser scan-
ning microscope images, (B) fluorescence microscope images, and (C) surface rough-
ness of Co—Cr-Mo alloy femoral heads. Data are expressed as mean + 95% confidence
intervals. * indicates p < 0.05, ** indicates p < 0.01.

their charge, they can trap water to maintain the water-fluid
and electrolyte balance, which provides hydrophilicity and
affords effective boundary lubrication [32]. The thin-film
fluid lubrication of the hydrated layer of articular cartilage
is essential to the smooth movement of natural synovial
joints. Considering that the study and mimicking of nature
has been widely successful in science and technology, an
investigation of the bearing surfaces of artificial joints with
the purpose of mimicking cartilage by surface modifica-
tion appears promising [32].

There was a significant difference between the wear of
PEEK and CFR-PEEK in both the multidirectional pin-
on-disk wear test and hip simulator wear test. CFR-PEEK
exhibited extremely low wear compared to PEEK. The
PAN-based carbon fiber content of the composite must be
sufficient to achieve high wear resistance, and it scratched
the counter surfaces that exhibited high metal wear [27]. In
contrast, the counter surfaces against PMPC-grafted CFR-
PEEK were smooth. It is assumed that the fluid-film and/or
hydrated layer produced by the PMPC graft suppressed di-
rect contact between the counter-bearing face and the hard
carbon fibers of the CFR-PEEK substrate (Fig. 7). This
prevented the damage of the metal counter surface, regard-
less of the carbon fiber content of CFR-PEEK. Evans et al.
reported that wear of the metal counter surface proved to
be of little concern because it is one-hundredth-thousandth
that of CFR-PEEK [33]. Similarly, in the multidirectional
pin-on-disk wear test in this study, the wear of the metal
counter is only a few percent that of CFR-PEEK or CLPE.
However, we should focus on the increasing concern about
the adverse local and systemic effects of elevated metal
ion release (and electrochemical corrosion), which could
cause serious problems such as local soft-tissue reaction
and pseudotumor formation [34].

Brockett et al. reported that CFR-PEEK cups exhibited
step-like wear with periods of higher wear rate (approxi-
mately 0.4-1.4 mm3/106 cycles) and lower wear rate (ap-
proximately <0.4 mm3/106 cycles) owing to the composi-
tion of the material [30]. The two wear phases were related
to the loss of carbon fiber and PEEK matrix, a phenome-
non that has been reported previously as well [28]. In con-
trast, the CFR-PEEK cups exhibited linear low wear [29].
It is assumed that the stepwise wear observed in previous
studies was due to the polishing of the worn surface or re-
moval of carbon fibers during the hip simulator wear test.
Surface wear of the CFR-PEEK cups was hardly observed
during the hip simulator wear test. Because of the surfaces,
resulting in relatively linear low wear of carbon fibers and
PEEK matrix and a smooth bearing surface, had been pol-
ished before the test.

Careful observation of wear particles for PEEK and
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CFR-PEEK is necessary because the production of wear
particles in THA is recognized as the main factor that ini-
tiates periprosthetic osteolysis and aseptic loosening [1—
3]. These wear particles are not biodegradable in vivo, and
their deposition in the periprosthetic tissue activates mac-
rophages and the subsequent release of cytokines, which
stimulate bone resorption. The inflammatory cellular re-
sponse to particles is thought to be dependent upon factors
such as particle number, size, and shape; surface area; and
material chemistry. In the wear particle analysis, remark-
ably fewer wear particles were isolated from the lubricants
used for the PMPC-grafted PEEK and CFR-PEEK cups
than from those used for the untreated cups. The wear par-
ticles from the PMPC-grafted PEEK and CFR-PEEK cups
were almost sub-micrometer-sized. However, the proce-
dure used for isolating the wear particles cannot entire-
ly capture particles of diameter less than 0.1 um. More-
over, because the amount of wear particles produced by
the PMPC-grafted PEEK and CFR-PEEK cups was ex-
tremely small, the procedure could not separate them from
those produced by the PEEK matrix and the blended car-
bon fiber. Considering the results of the wear particle anal-
ysis, we expect the biological response of the PMPC-graft-
ed PEEK and CFR-PEEK cups in vivo to be comparable
with those of PE or CLPE [12, 35]. This is supported by
the cell culture experiments performed by Howling et al.,
who reported that CFR-PEEK wear particles had no cyto-
toxic effects and could not possibly cause adverse cellu-
lar (929 and U937 cells) reactions [36]. Jones et al. re-
ported that wear particles of CFR-PEEK cups exhibited no
cytotoxic or mutagenic potential in the Ames test and the
evaluation of chromosome aberration in human lympho-
cytes [12]. On the other hand, Lorber et al. suggested an
increased proinflammatory potential of CFR-PEEK in the
evaluation of cytokine (TNF-a, IL-1p, and IL-6) expres-
sion tests [37]. Additionally, no in vivo biocompatibility
studies using an appropriate animal have been published
on this subject. Therefore, we think that careful consider-
ation for wear particles of PEEK and CFR-PEEK is neces-

sary, regardless of PMPC grafting.

The design of a new implant with a well-characterized
surface and substrate is a very important but difficult task.
At present, the possibility of using PEEK and CFR-PEEK
as orthopedic bearings in artificial hips is being earnestly
investigated globally. The results do not yet demonstrate
a clinical advantage of PEEK and CFR-PEEK over other
well-established orthopedic bearings, such as CLPE and
alumina or ZTA ceramics. The novel self-initiated sur-
face graft polymerization technique proposed in this study,
namely, the simple and innovative photoinduced graft po-
lymerization technique would be very suitable for the sur-
face modification of PEEK and CFR-PEEK orthopedic
bearings. Indeed, smart PEEK and CFR-PEEK surfaces
could usher in a new generation of orthopedic bearing im-
plants.

Conclusions

In the present study, we successfully demonstrate the
fabrication of a highly hydrophilic and biocompatible
nanometer-scale layer on the surfaces of PEEK and CFR-
PEEK by the photo-induced graft polymerization of MPC
using self-initiated surface graft polymerization. The wet-
tability of the PMPC-grafted PEEK and CFR-PEEK sur-
faces was considerably greater than that of the untreated
surfaces. The coefficient of dynamic friction depended on
the wettability. The PMPC-grafted layer was expected to
significantly improve the wear resistance of the bearings;
smart PEEK using the self-initiated surface graft polym-
erization of MPC should lead to the development of novel
orthopedic bearings.
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Scott, MD, FACS, Insall Scott Kelly Institute for Orthopaedics and Sports Medicine « Jan Victor, MD, PhD, Ghent University Hospital
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Tissue Sparing Total
Hip Arthroplasty
Study Group

The Joint Implant Surgery and Research Foundation has a long history in
the study of THA. It began back in 1971 when Professor Charles O. Bechtol,
M.D. established JISRF as a nonprofit scientific and educational foundation.

JISRF continues this study with the formation of a new study group of
international surgeons and scientists. Findings will be
posted on the foundation’s web site at www.jisrf.org.

JISE Surgeons interested in

. . iéarning more contact
Joint Implant Surgery and Research Foundation the Executive Director
46 Chagrin Shopping Plaza, #117 « Chagrin Falls, OH 44022 at www.JISRF.org

BRENNAN, MANNA & DIAMOND
is known nationally for its experience and expertise in
Healthcare & Hospital Law.

From physicians to hospital medical staff, from home
healthcare providers to allied health professionals and
everything in between, BMD can develop and implement
strategic plans specifically designed to help you meet and
navigate the ever changing healthcare environment.

We serve as legal counsel AND as business and strategic
advisors to our healthcare clients.

We give our clients peace of mind so they can get back to the
business of caring for their patients.

BRENNAN MANNA & DIAMOND

ATTORNEYS & COUNSELORS AT LAW

Joint Implant Surgery & Research Foundation  www jisrf.org
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Make a
Donation

—_—

erhaps you were a patient and you were able to regain an important part
of your life. Or, perhaps you are simply someone interested in medical

Play a Role in Our Ground
Breaking Research

research and seeking a new way to participate. Whatever the case, your
generosity in helping to fund research is critical to our success - and much appreciated.

The Joint Implant Surgery & Research Foundation is a not-for-profit 501(c)(3) corporation.
Your contributions enable scientific discoveries that will help future patients. Contributions
over the years from people like you have helped to shape orthopaedics today.

Contributions
Donations of any amount will immediately be put to use to fund
ongoing and future orthopaedic research projects.

How to Give
* Your gift of cash, securities or other negotiable assets is
immediately put to use in our research.
* Your contributions are fully tax deductible as specified
under Section 501(c)(3) regulations.

For more information please visit our

website at www jisrf.org or contact us at:

Joint Implant Surgery

& Research Foundation

46 Chagrin Shopping Plaza, #118
Chagrin Falls, OH 44022
440.785.9154

JISRF Creates Institutional Review Board

JISRF’s Board of Directors have approved the formation
of an Institutional Review Board (IRB).

JISRF has a long rich history of conducting clinical/surgical research projects. There has been considerable in-
terest in JISRF establishing a formal IRB Committee. The specific purpose of this IRB Committee is to assure,
both in advance and by periodic review, that appropriate steps are taken to protect the rights and welfare of humans
participating as subjects in a research study. JISRF’s IRB Committee will attempt to ensure protection of subjects
by reviewing research protocols and related materials. IRB protocol review assesses the ethics of the research and
its methods, promotes fully informed and voluntary participation by prospective subjects capable of making such

choices and seeks to maximize the safety of subjects.

JISRF has lectured and published on ethics and full disclosure since 1993. The Board sees the IRB Committee as
a next logical step in interdisciplinary research and education while protecting the individual patients rights on full
disclosure with regard to decision making of new technologies and potential conflict of interest in an ever chang-

ing health care environment.

Research grants, charitable contributions and revenue from our general fund support the IRB’s work.

www jistf.org ® Joint Implant Surgery & Research Foundation
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[C]R

WORLD
ARTHROPLASTY

CONGRESS

16 -18 APRIL 2015 PARIS, FRANCE

COURSE CO-CHAIRMEN: Jean-Noé&l Argensen, MR, PhD'  Arlen D. Hanssen., MD
W. Nerman Scatt, MD, FACS  Jan Victor, MD, PhD

PLAN FOR PARIS!

www.icjr.net/2015paris

Joint Implant Surgery & Research Foundation  www jisrf.org
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%A TRULY INTERAGTIVE GOURSE
WITH EXCGELLENT FAGULTYI#

- 2013 MEETING ATTENLDEES

[CJR

6TH ANNUAL
MODERN TRENDS IN

JOINT REPLACEMENT

PALM SPRINGS, CA
DECEMBER 4-6, 2014

Course Chairman: Raoj K. Sinha, MD, PhD
STAR Orthopaedics, La Quinta, CA

www.icjr.net/2014palmsprings

[CJR
/TH ANNUAL

WINTER HIP &
KNEE COURSE

VAIL, CO
JANUARY 15-18, 2015

Course Chairman: Raymond H. Kim, MD
Course Directors:
Fred D. Cushner, MD =~ Mark W. Pagnano, MD

www.icjr.net/2015vail
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2nd Annual
PAN PACIFIC
ORTHOPAEDIC CONGRESS

JULY 22-25, 2015  HILTON WAIKOLOA

on the Big Island of Hawaii

COURSE CHAIRMEN: Douglas A. Dennis, MB | ShuichiMalsuda, PhD' | Richord 2. Komistek, PRG W, Normian Scott, MB, FACS

2015 HIGHLIGHTS SPECIAL!

www.icjr.net/2015panpac
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World Class Healthcare, Orthopaedics “Sports Medicine,” Rehabilitation, Plastic Surgery, Research & Education

White Sulphur Springs,

V/irginia

recognized as an industry leader in executive
health and wellness through utilizing advanced
diagnostics in the early diagnosis, prevention and
treatment of disease. Building upon that history
of medical excellence, Jim Justice, Chairman and
owner of the Greenbrier Resort, has announced the
creation of the Greenbrier Medical
Institute. The institute’s 1st phase
is projected to cost about $250 A
million, employ more than 500 W\
people and include 3 buildings. [

S ince 1948, the Greenbrier Clinic has been

qr \-".\_ b §
c:-‘?fn 1y i

This phase will include an
expansion of our world renowned
executive health and wellness
practice, The Greenbrier Clinic,
which will be bolstered by a
world-class sports medicine
program, including an orthopedic surgery center
and athletic performance/rehabilitation facility,

all led by the Founder of the American Sports
Medicine Institute, Dr. Jim Andrews and Chair of
Cleveland Clinic Innovations, Thomas Graham.
Rounding out the Institute’s services will be a first-

Future Site Selected For This
Cutting-Edge Medical Initiative

o, e

A\

AMERICA’S RESORT

in-class plastic and cosmetic surgery and Lifestyle
Enhancement Academy, helping people look and
feel their best. Physicians, universities, research
foundations, medical journals and other healthcare
industry leaders, all of whom are on the cutting
edge of medical technology, research and care,
have committed to join the project and establish

an international research and
education destination or “think
tank” to stimulate research, drive
innovation, force change and
redefine how the world approaches
health, wellness and longevity.

The Institute’s facility, designed
by Willie Stokes, will feature
Georgian architecture similar to
the resort’s facade, a replica of
the Springhouse, the site of the
famous sulphur springs and special guests suites for
patients and their families. Jack Diamond, President
and CEO, and Mark Krohn, COO, are leading the
development of this exciting project and are actively
looking for other physicians and medical thought
leaders to be involved.

For more information, please contact:

Mark E. Krohn, Chief Operating Officer
Greenbrier Medical Institute, 330-697-6581
mekrohn@bmdllc.com
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. ultra hard titanium nitride
v coating for extended blade life

Helps to quickly and precisely remove an
acetabular cup with minimal loss of bone

Non-modular bhlade system

Reduces the cost significantly, and helps reduce surgical time as blades
don’t need to be changed interoperatively. Can typically be used for several
procedures, then can be returned for a nominal replacement charge.

Optional Large Delrin Heads* (39-60mm)
Designed to provide tight, secure surface contact when
removing larger size acetabular cups, and can also be used
if the cup liner of a standard size cup is worn and must be

removed. Available in diameters from 39 to 60mm in 1mm increments.
*US Patent #7,998,146 B2

Widest available range of blade and head sizes
Blades from 42 to 80mm in 2mm increments, and heads from 22 to 60mm.

Optional Wrench Drive Handles S
Works like a socket wrench, allowing improved —
torque without changing positions. L

Benefits of Our Titanium Nitride Coated Blades

D Extends Blade Life...by increasing surface hardness

D Prolongs Sharpness...with an ultra hard, heat resistant coating

D More Wear Resistant...due to high lubricity of titanium nitride coating
D Prevents Galling...won’t chip, peel, or flake

D Reduces Friction...eliminates seizing in metal-on-metal contact

D Chemical and Corrosion Resistant

> Non-toxic...medically approved and proven

Extended blade life leads to long term savings!

Fully Customizable Sets

Rent or purchase — configure with as few or as many options required.

PRODUCT NO:

5200-00 [Complete Set]
20 Starter, 20 Finish, 3 each of 5 Head Sizes, and 5 cases

Smaller Sets Also Available, consisting of:
5 Starter and 5 Finish Instruments (5 sizes) with case,
and 2 each of 5 head sizes with case — 22mm-36mm

Components also sold individually
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System Designed by James Kudma, MD and Stephen Incavo, MD
Wrench Drive Handle Designed by Guido Grappiolo, MD
Delrin Heads Designed by Adolph Lombardi, MD
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