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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 
submit manuscripts for publication in one of 
four quarterly issues.

We also welcome interested Members to 
become reviewers for the Reconstructive 
Review.

Please visit our websites for more information:

www.jisrf.org • www.reconstructivereview.org

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

www.jisrf.org • www.reconstructivereview.org

http://www.reconstructivereview.org
http://jisrf.org
http://www.jisrf.org/
http://reconstructivereview.org/ojs/index.php/rr
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DARF, 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 
Timothy McTighe Dr. HS (hc).

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 
DARF Retrieval Center make for a strong long-term re-
lationship.

Together both groups will provide unprecedented 
analysis of your Retrievals.

www.jisrf.org      •      www.darfcenter.org

Strategic Alliance

Joint Implant Surgery & Research Foundation

is Pleased to Continue a Strategic Alliance with the

Donaldson Arthritis Research Foundation

Ian Clarke, PhD  &  Thomas K. Donaldson, MD

Metal on metal retrieval

http://jisrf.org
http://www.reconstructivereview.org
http://www.jisrf.org
http://www.darfcenter.org
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Levels of Evidence For Primary Research Question1

Types of Studies 
 Therapeutic Studies –  

Investigating the 
results of treatment 

Prognostic Studies – 
Investigating the effect 
of a patient 
characteristic on the 
outcome of disease 

Diagnostic Studies – 
Investigating a 
diagnostic test 

Economic and 
Decision Analyses – 
Developing an 
economic or decision 
model  

Level I • High quality 
randomized trial with 
statistically 
significant difference 
or no statistically 
significant difference 
but narrow 
confidence intervals 

• Systematic Review2 
of Level I RCTs (and 
study results were 
homogenous3) 

• High quality 
prospective study4 
(all patients were 
enrolled at the same 
point in their disease 
with ≥ 80% follow-
up of enrolled 
patients) 

• Systematic review2 
of Level I studies 

• Testing of 
previously 
developed 
diagnostic criteria 
on consecutive 
patients (with 
universally applied 
reference “gold” 
standard)  

• Systematic review2 
of Level I studies 

• Sensible costs and 
alternatives; values 
obtained from many 
studies; with 
multiway sensitivity 
analyses 

• Systematic review2 
of Level I studies 

Level II • Lesser quality RCT 
(e.g. < 80% follow-
up, no blinding, or 
improper 
randomization) 

• Prospective4  
comparative study5 

• Systematic review2 
of Level II studies or 
Level 1 studies with 
inconsistent results 

• Retrospective6 study 
• Untreated controls 

from an RCT 
• Lesser quality 

prospective study 
(e.g. patients 
enrolled at different 
points in their 
disease or <80% 
follow-up.)  

• Systematic review2 
of Level II studies 

• Development of 
diagnostic criteria 
on consecutive 
patients (with 
universally applied 
reference “gold” 
standard) 

• Systematic review2 
of Level II studies 

• Sensible costs and 
alternatives; values 
obtained from 
limited studies; with 
multiway sensitivity 
analyses 

• Systematic review2 
of Level II studies 

Level III • Case control study7 
• Retrospective6 

comparative study5 
• Systematic review2 

of Level III studies 

• Case control study7 • Study of non-
consecutive 
patients; without 
consistently applied 
reference “gold” 
standard 

• Systematic review2 
of Level III studies 

• Analyses based on 
limited alternatives 
and costs; and poor 
estimates 

• Systematic review2 
of Level III studies 

Level IV Case Series8 Case series • Case-control study 
• Poor reference 

standard 

• Analyses with no 
sensitivity analyses 

Level V Expert Opinion Expert Opinion Expert Opinion Expert Opinion 
 
1. A complete assessment of quality of individual studies requires critical appraisal of all aspects of the study design. 
2. A combination of results from two or more prior studies. 
3. Studies provided consistent results. 
4. Study was started before the first patient enrolled. 
5. Patients treated one way (e.g. cemented hip arthroplasty) compared with a group of patients treated in another way 

(e.g. uncemented hip arthroplasty) at the same institution.  
6. The study was started after the first patient enrolled. 
7. Patients identified for the study based on their outcome, called “cases”; e.g. failed total arthroplasty, are compared to 

those who did not have outcome, called “controls”; e.g. successful total hip arthroplasty. 
8. Patients treated one way with no comparison group of patients treated in another way. 

Levels of Evidence
Reconstructive Review has adopted the American Academy of Orthopaedic Surgeons (AAOS) Levels of Evidence for 

Primary Research Question. These guidelines will now be part of the review process for manuscript submission.

http://www.reconstructivereview.org
http://jisrf.org
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Our new website provides a 
more user friendly platform 

for viewing and searching all past 
and current articles. It’s based on 
open source software called Open 
Journal Systems (OJS) created by 
the Public Knowledge Project.

OJS was designed for the 
management and online 
presentation of open access, 
peer-reviewed academic 
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.

Abstracts Indexed On:

And Searchable In:
Google and Google Scholar

for viewing and searching all past 

open source software called Open 
Journal Systems (OJS) created by 

Reconstructive Review  
– Promoted on Four Websites
Reconstructive Review articles are 
available on these websites:
• APASonline.org
• ICJR.net
• JISRF.org
• ReconstructiveReview.org

.org

http://jisrf.org
http://www.reconstructivereview.org
http://apasonline.org/
ICJR.net
JISRF.org
ReconstructiveReview.org
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Reconstructive Review
A Journal Published by the Joint Implant Surgery & Research Foundation

Editor-in-Chief
Timothy McTighe, Dr. HS (hc)
Executive Director, JISRF
Chagrin Falls, OH, USA
tmct@jisrf.org 

Associate Editor-in-Chief USA
Keith R. Berend, MD
Joint Implant Surgeons
New Albany, OH, USA 

Associate Editor-in-Chief UK
Evert J. Smith, MD

Associate Editor-in-Chief  
Pacific Rim
Rami M Sorial, FRACS FAOrthA

Editor Emeritus
M.A.R. Freeman, MD, FRCS
London, UK

Managing Editor
David Faroo
Chagrin Falls, OH, USA
dfaroo@jisrf.org

Copy Editor
Megan McTighe
Cleveland, OH, USA 

USA Editorial Board

Daniel C. Allison, MD
Keith R. Berend, MD
Charles Bryant, MD
Harbinder S. Chadha, MD
Edward Cheal, PhD
Terry Clyburn, MD
Douglas Dennis, MD
Thomas K. Donaldson, MD
Chris Drinkwater, MD
Mark Froimson, MD
Ron Hillock, MD
Eric Hirsch, MD
Riyaz Jinnah, MD
Richard “Dickey” Jones, MD

International Editorial Board

Declan Brazil, PhD
Warwick Bruce, MD
Hugh U. Cameron, MB, ChB, FRCS
David Campbell, MD
Dermot Collopy, MD
Dr. John M. Harrison AM
Christian Kothny, MD

Michael Kaplan, MD
Kristaps J. Keggi, MD
John M. Keggi, MD
Robert “Ted” Kennon, MD
Louis Keppler, MD
Stefan Kreuzer, MD 
James Kudrna, MD, PhD
Richard Kyle, MD
Jeremy Latham, MA MCh FRCS
Chris Leslie, DO
Audley Mackel, MD
David Mauerhan, MD
Michael B. Mayor, MD
Joseph McCarthy, MD

Ed McPherson, MD
Jon Minter, DO
Russell Nevins, MD
Lee Rubin, MD
Frank Schmidt, MD
H. Del Schutte, MD
W. Norman Scott, MD
David Stulberg, MD
Sam Sydney, MD
Robert L. Thornberry, MD
Thomas Tkach, MD
Bradley K. Vaughn, MD
Bradley Walter, MD

Lafayette Lage, MD
Jasmeet Saren, MD
Suresh Siva, MD, FRCS
Evert Smith, Bsc, MBBCh, FRCS
Robert M. Streicher, PhD
Prof. Emer. Panayot Tanchev, MD 
Allen Turnbull, MD

Adrian van der Rijt, MD
Peter Walker, MD
Duncan Whitwell, MD
David Wood, MD
Ian Woodgate, MD

System Administrator
Wendy Moore
Oxford, UK

Co-Directors of Research & 
Development, JISRF 
Declan Brazil, PhD
NSW, Australia, Branch
Professor Ian Clarke, PhD
Orthopaedic Research at Loma 
Linda University & Co-Director, 
DARF Implant Retrieval Center

http://www.reconstructivereview.org
http://jisrf.org
mailto:tmct%40jisrf.org?subject=
http://www.jointimplantsurgeons.com/sections/ourPractice/KBerend.aspx
mailto:dfaroo%40jisrf.org?subject=
t
http://www.drallison.org/
http://www.jointimplantsurgeons.com/sections/ourPractice/KBerend.aspx
http://www.charlesbryantmd.com/
http://www.lscortho.net/8.html
http://www.omnils.com/our-company/leadership.cfm
http://www.jointreplacementassociates.com/terry-clyburn-md.html
http://www.coloradojoint.org/cli/our-physicians/dr--dennis/
http://www.darfcenter.org
http://www.urmc.rochester.edu/people/26733982-christopher-j-drinkwater
https://www.linkedin.com/pub/mark-froimson/14/409/788
http://orthodoc.aaos.org/ronaldhillockmd/
https://citrusorthodocs.portalforpatients.com/portal/providers/dr-hirsch/default.aspx
http://seorthopedics.org/riyaz-jinnah-md.html
http://signatureortho.com.au/company.html
http://www.warwickbruce.com.au/warwickbruce.html
http://sunnybrook.ca/team/member.asp?t=16&page=2533&m=271
http://www.woc.com.au/david-g-campbell.html
http://www.doctoralia.com.au/healthpro/dermot+collopy-11590356
http://www.specialtyorthopaedics.com.au/about-us/our-doctors/8-dr-john-m-harrison
http://icjr.net/author.876.c3#.VdTRqyxVhBc
http://www.activeorthopaedicspc.com/michael-j-kaplan-md/
http://yalemedicalgroup.org/services/kristaps_keggi.profile?source=news
http://www.orthonewengland.com/john-m-keggi-m-d/
http://www.orthonewengland.com/robert-edward-kennon-m-d/
https://www.stvincentcharity.com/services/centers-and-institutes/spine-ortho/master-surgeons/louis-keppler-md
http://www.anteriorhip.net/stefan-kreuzer.html
http://www.northshore.org/apps/findadoctor/physicians/James-C.-Kudrna
http://orthodoc.aaos.org/drkyle/
http://www.uhs.nhs.uk/ContactUs/Directoryofconsultants/Consultants-by-service/Bones-and-joints-consultants/Hip-and-knee/LathamMrJeremy.aspx
http://www.lakeregional.com/physicians/physiciandetail.aspx?key=557f8c35-4bf1-4838-8816-165b2236882a
https://www.stvincentcharity.com/services/centers-and-institutes/spine-ortho/master-surgeons/audley-mackel-md
http://www.carolinashealthcare.org/body.cfm?id=8061&&ref=2391&action=detail&fr=true
http://engineering.dartmouth.edu/people/faculty/michael-mayor/
http://www.nwh.org/docs/details?physician_id=89729
http://laoi.org/about_mcp.htm
http://www.northsidetotaljoint.com/
http://www.nevadaorthopedic.com/our_physicians/bio8.php
http://orthodoc.aaos.org/drleerubin/
http://openrangeortho.com/team/frank-schmidt-md/
http://www.ciaortho.com/providers/h-del-schutte-jr/
http://iskinstitute.com/physicians/wnormanscott.html
http://www.drstulberg.com/
http://www.mdbonedocs.com/OurProviders/SamVSydney
http://www.tlhoc.com/bios/detail/thornberry-m.d
http://www.mcbrideclinic.com/Physicians/FindaPhysician/ThomasTkach.aspx
http://www.vaughnmd.com/orthopedic-surgeon-raleigh-nc.html
http://www.archbold.org/Directory/Details/1/6598/1/bwalter.html
http://clinicalage.com/site/
http://www.fatimah.com.my/HospitalFatimah/orthopaedics_traumatology.html
http://evertsmith.com/about/
http://www.researchgate.net/profile/Panayot_Tanchev
http://www.orthocentre.com.au/about-us/dr-allen-turnbull.html
http://www.riverinahipandknee.com.au/the-practice/dr-van-der-rijt.aspx
http://www.bmihealthcare.co.uk/consultant/consultantdetails?p_name=Duncan-Whitwell&p_id=47322
http://www.hipkneetumoursurgery.com/about/associate-prof-ian-g-woodgate
http://www.jointimplantsurgeons.com/sections/ourPractice/KBerend.aspx
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JISRF Board Members
Charles O. Bechtol, MD 
(Founder 1971-1998)
Louise Bechtol, R.N. 
(Founding member)
Keith Berend, MD 
Hugh U. Cameron, MB, ChB
Ian Clarke, PhD
Jack Diamond, Esq.
Thomas Donaldson, MD
Kristaps J. Keggi, MD
Dr. John M. Harrison AM
Edward James McPherson, MD
Richard E. Jones, MD
Timothy McTighe, Dr. HS (hc) 
H. Del Schutte, MD

Lifetime Achievement Honorees
1991 Charles O. Bechtol, MD
1992 Charles O. Townley, MD
1993 Irwin S. Leinbach, MD
1994 Bruce D. Shepherd, MB
1995 James E. Bateman, MD
1996 Roderick H. Turner, MD
1997 William R. Murray, MD
2003 Thomas H. Mallory, MD
2007 Ian Clarke, PhD
2010 Kristaps J. Keggie, MD 
2014 John H. Harrison, PM, MD

Clinical/Surgical Research Advisors:
Warwick Bruce, MD
Terry Clyburn, MD 
John Keggi, MD 
Louis Keppler, MD
S. David Stulberg, MD 
Thomas Tkach, MD
Allan Turnbull, MD
Bradley K. Vaughn, MD

Regional Offices
California Division
Director
Edward J. McPherson, MD, FACS
1414 S. Grand Ave.
Suite #123
Los Angeles, CA 90015

Co-Directors of Research
Declan Brazil, PhD, Sydney, Australia
Professor Ian Clarke, PhD, Loma Linda, 
California

Members of the TSI™ Study Group 
posted on www.jisrf.org.

JISRF Founder

1912-1998

Charles Bechtol, MD  
was internationally known in the fields of 
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.

http://jisrf.org
http://www.reconstructivereview.org
http://www.jisrf.org
http://www.jisrf.org
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Joint Implant Surgery and Research Foundation
46 Chagrin Shopping Plaza, #117 • Chagrin Falls, OH 44022

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.

Surgeons interested 
in learning more 

contact the 
Executive Director 
at www.JISRF.orgat www.JISRF.org

JISRF Mission Statement

The 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.

http://www.reconstructivereview.org
http://jisrf.org
http://jisrf.org
http://jisrf.org
http://jisrf.org
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The Reconstructive Review (ISSN 2331-2262 print, 
ISSN 2331-2270 online) will be published four times a 
year by the Joint Implant Surgery & Research Founda-
tion  (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 visit 
http://www.reconstructivereview.org. 

Submit Articles to the Reconstructive Review

Please visit ReconstructiveReview.org to submit an ar-
ticle for review and publication in the Reconstructive Re-
view. All material to be considered for publication should 
be submitted via this online submission system.

Before submitting an article to Reconstructive Review, 
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)
• Healthcare Policy/Economics 
• 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.

Article Preparation
Articles submitted will need to be divided into separate 
files including cover page and manuscript. Figures, im-
ages, and photographs should be submitted separately.

http://jisrf.org
http://www.reconstructivereview.org
mailto:tmct%40jisrf.org?subject=
mailto:dfaroo%40jisrf.org?subject=
http://www.reconstructivereview.org
http://www.reconstructivereview.org/ojs/index.php/rr/index
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• 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 (ALL ARTICLES MUST INCLUDE 

AN ABSTRACT)
- Introduction
- Materials and Methods
- Results
- Discussion
- References (for styles please refer to the website 

http://www.nlm.nih.gov/bsd/uniform_require-
ments.html)

• 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, please go to our web-
site ReconstructiveReview.org and click on the Register 
link. Once you have registered you will click on the Sub-
mit New Manuscript link. Detailed instructions on how 
to submit your manuscript can be found at Reconstructi-
veReview.org.

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 the journal right of 

first publication with the work. Reconstructive Review 
follows the Creative Commons Attribution-NonCommer-
cial CC BY-NC. This license allows anyone to download 
works, build upon the material, and share them with others 
for non-commercial purposes as long as they credit the se-
nior author, Reconstructive Review, and the Joint Implant 
Surgery & Research Foundation (JISRF). An example 
credit would be: “Courtesy of (senior author’s name), Re-
constructive Review, JISRF, Chagrin Falls, Ohio”. While 
works can be downloaded and shared they cannot be used 
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 jisrf.
org, and printed in limited quantities.

• Trim Size: 8.5” x 11”
• Live Area: 7.25” x 9.25”
• No Bleeds
Ad Specification
• Full color or black and white - available sizes:
• 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.

http://www.reconstructivereview.org
http://jisrf.org
http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.nlm.nih.gov/bsd/uniform_requirements.html
ReconstructiveReview.org
http://www.reconstructivereview.org/ojs/index.php/rr/index
http://www.reconstructivereview.org/ojs/index.php/rr/index
jisrf.org
jisrf.org
mailto:media@jisrf.org
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Reconstructive Review
C O N T E N T S   Volume 5, Number 4, December 2015

13 Multimodal Venous Thromboembolism Prophylaxis with Preoperative Thrombophilia 
Screening Examinations for Total Hip and Knee Arthroplasties

  Oshima Y, Fetto J

19 New Instrumentation Reduces Operative Time in Medial Unicompartmental Knee 
Arthroplasty Using the Oxford Mobile Bearing Design

  Berend K, Hurst J, Morris M, Adams J, Lombardi A

23 Early Experience with a Modern Generation Knee System: Average 2 Years’ Follow-up
  Paszicsnyek T

29 Modular Head Mismatch in THA
  McTighe T

33 Third-body Wear Damage Produced in CoCr Surfaces by Hydroxyapatite and Alumina 
Ceramic Debris: A 10-cycle Metal-on-Metal Simulator Study

  Halim T, Burgett-Moreno M, Donaldson T, Clarke I 

41 The Power of One Publication
  McTighe T

50 Disclosure Statements

We welcome your on-
going support and 

encourage you to submit any 
new papers via our website:   
ReconstructiveReview.org.

Topics include:
•	 Original	Articles
•	 Basic	Science
•	 Case	Reports
•	 Clinical/Surgical
•	 Commentary
•	 Controversial	Issues	

(i.e. modularity, 
tapers, MoM)

•	 Reviews
•	 Letters	to	the	Editor
•	 Surveys

If you require any 
assistance please 
contact David Faroo, 
Managing Editor at 
dfaroo@jisrf.org.

A	Call	for	
Papers

We are also looking 
to expand our base 
of reviewers.  
If	you	would	like	to	
become	a	reviewer	for	
Reconstructive Review 
please visit our website 
to register.
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Abstract

objective: To evaluate the efficacy of a multimodal venous thromboembolism (VTE) prophylaxis 
including preoperative thrombophilia screening for total hip and knee arthroplasties (THAs and TKAs) 
and to consider the possibility of utilizing thrombophilic blood markers for preoperative identification 
of patients with high risk for VTE.

method: The physical evaluation, involving the medical history of previous VTE, recent malignancy, 
and preoperative prolonged immobility status, and the existence of deep venous thrombosis (DVT) de-
tected by duplex venous ultrasonography were assessed. Then, the patients with high risk of VTE were 
offered an inferior vena cava (IVC) filter preoperatively. The laboratory examination of complete blood 
count and standard biochemistry with factor VIII, activated protein C resistance (APCR), and prothrom-
bin gene mutation were also measured. The operations were performed under regional anesthesia in most 
cases, and with venous foot pump (VFP), and early mobilization and aspirin (325 mg) daily were applied 
postoperatively. 

results: IVC filters were placed in 6, and acute DVT was detected in 5 of the total 99 cases. However, 
there was no critical bleeding or fatal VTE. In the blood markers, prothrombin mutation and factor VIII 
seemed to have a relation to DVT.

conclusion: The efficacy of our multimodal protocol was confirmed. Further research is necessary to 
apply factor VIII and prothrombin gene mutation as thrombophilic blood markers.
Keywords: total hip and knee arthroplasties, multimodal venous thromboembolism prophylaxis, thrombophilia screening ex-
aminations, factor VIII, prothrombin gene mutation 
level of evidence: AAOS Therapeutic Level IV
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Abbreviations: total hip and knee arthroplasties (THAs and TKAs); 
venous thromboembolism (VTE); deep venous thrombosis (DVT); pul-
monary embolism (PE); inferior vena cava (IVC); intermittent pneu-
matic compression (IPC); venous foot pump (VFP); low molecular 
weight heparin (LMWH); activated protein C resistance (APCR) 

Introduction

Total hip and knee arthroplasties (THAs and TKAs) are 
highly successful treatments for severe arthritis to remove 
pain, increase functional ability, and improve the quality of 
life. [1] In 2009, there were an estimated 284,000 primary 
THAs, 45,000 revision THAs, 619,000 primary TKAs, and 
59,500 revisions TKAs performed in the USA, and these 
numbers are expected to increase in the future. [2]

Generally, the factors related to surgery including the 
operative procedures, the use of pneumatic tourniquet, 
and the heat of bone cement, together with the patients’ 
inherent factors and intra- and post-operative immobiliza-
tion are thrombogenic stimuli, which are part of Virchow’s 
triad of hypercoagulability, hemodynamic stasis, and en-
dothelial injury. [3] The surgery is a traumatic event that 
increases the risk of venous thromboembolism (VTE) in-
cluding deep venous thrombosis (DVT) and pulmonary 
embolism (PE). Especially THAs and TKAs have been re-
ported to have high incidence of VTE in surgery. [4, 5]

The incidence of DVT without prophylaxis after THAs 
and TKAs has been reported to be 42 to 57 % and 41 to 
85 %, and the incidence of fatal PE is 0.1 to 2.0 % and 0.1 
to 1.7 %, respectively. [6] However, VTE is considered to 
be a preventable cause of hospital readmission and death. 
[7,8]

Traditional VTE prophylaxis is composed of mechani-
cal and pharmacological categories. The mechanical treat-
ments with early mobilization, the use of elastic stocking, 
intermittent pneumatic compression (IPC) and venous foot 
pump (VFP) devices work against the immobility status 
to prevent blood stagnation and promote blood circula-
tion. [9] The pharmacological prophylaxis has been devel-
oped with many anticoagulant agents, i.e. aspirin, warfa-
rin, unfractionated heparin, low molecular weight heparin 
(LMWH), factor Xa inhibitors, and thrombin inhibitors. 
However, the most effective or the gold standard treatment 
for VTE prophylaxis with the optimum outcome, mini-
mum risk and acceptable expense after THAs and TKAs 
remains undecided. [10] This situation has been made 
more confusing by the assumption discussed by all of the 
published studies, that all patients undergoing THAs and 
TKAs present with an equal genetic potential for suffering 
of a VTE event. This is a wholly unsupported assumption 
which compromises the conclusions made regarding the 

benefits of one prophylaxis protocol or agent over another.
A multimodal thromboprophylaxis with regional anes-

thesia, VFP, early mobilization and aspirin has been ap-
plied at our institution, and the outcome was acceptable 
without any critical complications or fatal VTE. [11,12] 
However, the question remains of whether additional ap-
proaches are needed for preventively and objectively iden-
tifying patients with inherent or acquired thrombophilia 
condition. [13]

We hypothesized that a multimodal VTE prophylaxis 
with aspirin would be able to perform even better if we 
could identify and exclude patients with a demonstrated 
increased risk for VTE. Thus, the primary objective of the 
present study was to evaluate the efficacy of a multimodal 
VTE prophylaxis with preoperative thrombophilia screen-
ing examinations involving preoperative physical evalu-
ations and duplex venous ultrasonography for THAs and 
TKAs. Moreover, many blood markers for thrombophilia 
screening have been reported, however, it is still debatable 
which markers are reliable and how to use these markers 
for patient selection before surgery. Therefore, the second 
objective was to consider the possibility of utilizing throm-
bophilic blood markers for preoperative identification of 
patients with high risk for VTE.  

Patients and Methods

Between January 2011 and June 2014, 135 primary and 
revision THAs and TKAs were performed by a single sur-
geon with a multimodal VTE prophylaxis in 113 unselect-
ed, consecutive patients. Prior to the surgery, all patients 
received preoperative physical evaluations by their prima-
ry care physicians. Patients without all items of laboratory 
examinations were excluded.

1. Preoperation
To detect thrombophilia as a high risk condition 

for VTE, physical evaluation, involving the medi-
cal history of previous VTE, recent malignancy, 
and preoperative prolonged immobility status, and 
the existence of DVT by duplex venous ultrasonog-
raphy were assessed for all pre-surgical patients. 
Moreover, laboratory examination of complete 
blood count and standard biochemistry with factor 
VIII, activated protein C resistance (APCR), and 
prothrombin gene mutation were measured.

Those patients with positive physical evaluations 
and a pre-existing DVT were regarded as having 
an increased thromboembolic risk. These patients 
were examined by hematologists at our institute, 
and treatments with a removable inferior vena cava 
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(IVC) filter and anticoagulants of warfarin, heparin, 
or LMWH, were applied to maintain blood coagu-
lation level at international normalized ratio of 2.0, 
when necessary. IVC filters were usually removed 3 
months after surgery.

2. Intraoperation
Regional anesthesia was undertaken, in which the 

physical conditions were stable and pain manage-
ment was achieved. Otherwise, patients were oper-
ated under general anesthesia.

THAs were performed through a posterior ap-
proach with noncemented FMP Acetabular and Rev-
elation Hip System (DJO Global, Vista, CA). TKAs 
were performed through a parapatellar approach 
with cemented 3DKnee System (DJO Global, Vis-
ta, CA). Patella was replaced in all cases. Pneumatic 
tourniquet was applied only during cementing pro-
cess, usually 15 to 20 minutes.

VFP (Covidien, Mansfield, MA) were worn on the 
contralateral site foot from the beginning of surgery, 
and on the surgical site from just after surgery. This 
device consists of an anatomically shaped inflation 
pad and cushioned foot cover that can withstand a 
period of rapid inflation (0.4 seconds) followed by a 
3 second impulse hold time to achieve a pressure of 
130 mmHg and a 20 second deflation period.

3. Postoperation
  VFP were worn on both feet throughout hospi-

talization, usually for two to three days after sur-
gery. Ankle and toe mobilization was started with 
a physical therapist from the night of surgery. Full 
weight bearing ambulation with a walker, crutches, 
or a cane was started from the morning of the first 
postoperative day. Patients received two sessions of 
physical therapy per day during their hospitalization.

 Aspirin (acetylsalicylic acid) 325 mg daily was ad-
ministrated for six weeks, started from the night of 
surgery. Celecoxib (COX-2 selective nonsteroidal 
anti-inflammatory drug) 400 mg per day and oral 
opioids were prescribed for breakthrough pain.

All patients were followed for three months af-
ter surgery, and none was lost to follow-up. Stan-
dardized clinical criteria were used to identify prob-
able cases of DVT (tenderness or discomfort of the 
calf or thigh, a positive Homan’s sign, edema of the 
leg and ankle, and increase in local temperature) or 
PE (pleuritic chest pain, dyspnea, arterial blood gas 
measurements, changes in the chest radiograph and/
or changes in the electrocardiogram). [11] Routine 
venography or duplex venous ultrasonography was 
not performed.

This study was approved by Institution Review 
Board (IRB). All patients provided informed con-
sent. No funding or financial benefits were provided 
to the authors for the project from any source.

Statistical Analysis

Descriptive statistics were used to describe the subject 
population and evaluate the incidence of VTE. Fisher’s ex-
act tests were used to compare the rates of VTE for each 
of the variables included. Logistic regression was used to 
identify factors related to the occurrence of VTE while 
controlling for all other variables. All statistical analyses 
were performed with SPSS version 19.0 software (SPSS 
Inc., Chicago, Il), and significance level was set at p < 0.05. 

Results

Ninety-nine cases in 83 patients were enrolled. Sixteen 
patients had received 2 separated surgeries during this time 
periods (Table 1). Of 99 cases, 42 were male and 57 were 
female. The mean age was 68 years (range from 36 to 92 
years). Fifty-two cases were primary THAs, 32 were pri-
mary TKAs, 11 were revision THAs, and 4 were revision 
TKAs. Six patients with 8 cases were severely obese (40 
kg/m2 >BMI ≥ 35 kg/m2), and 5 patients with 6 cases were 
morbidly obese (BMI ≥ 40 kg/m2). The procedures of an-
esthesia were regional in 81 cases (81.8%) (femoral nerve 
block : 1, epidural : 21, spinal : 59), and general in 18 cas-
es (18.2%).

One patient with a revision THA had already had a per-
manent IVC filter in place at the time of initial consulta-
tion, because of a prior history of PE and chronic distal 
DVT. No additional VTE treatment was performed for this 
patient, however, he did not have any further episode of 
VTE. IVC filters were placed for 6 cases in 5 additional pa-
tients, and thus, the total was 7 cases in 6 patients. 

Table 1: Patients with 2 surgeries
Total number of patients: 16
Simultaneous bilateral THA: 5
Simultaneous bilateral TKA: 6
Two staged bilateral THA: 1
Two staged bilateral TKA: 1
Primary THA and revision THA: 2
Revision THA and contralateral 
primary THA:

1
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Acute DVT was detected postoperatively in 5 cases in 
4 patients, all of which were distal. An IVC filter had been 
newly placed preoperatively in only one among these 5 
cases in 4 patients with acute DVT, and this was the only 
case of acute DVT among the 6 newly placed filter cases.

Six patients had previous VTE histories, and 1 patient, 
as mentioned above, had already received a filter. Because 
2 out of 5 patients had rejected treatments with a filter and 
additional anticoagulants, these patients received only the 
standard treatment with aspirin, and the other 3 patients re-
ceived new filters and additional anticoagulant treatments. 
One patient with a newly placed filter had acute DVT after 
surgery, however, there was no fatal VTE.

All patients suffered from severe hip or knee pain pre-
operatively, however, none were categorized as critically 
immobilized.

For malignancy, 6 patients with 8 cases had histories, 
and 5 patients with 6 cases were in remission. One patient 
with 2 cases was suffering from an advanced stage breast 
cancer, however, that patient rejected any additional an-
ticoagulant and/or filter treatment. She received only our 
standard treatment, however, there was no critical VTE 
after surgery. Thus, no filter nor additional anticoagulant 
treatment was applied for malignancy in any cases.

Ten patients with 15 cases had histories of cardiovas-
cular diseases, and they consulted cardiologists. Most of 
these were treated with warfarin, started before surgery.

In the preoperative laboratory examinations, factor VIII 
was elevated in 40 patients with 49 cases, in which all the 
acute and chronic DVT cases were included (P=0.012). 
APCR was lower than normal in 2 patients with 2 cases, 
however, these cases did not involve any VTE episode. 
Heterozygosity of prothrombin gene was shown in 4 pa-
tients with 5 cases, in which one case had a prior VTE his-
tory, 1 case had prior VTE and chronic DVT, and 1 case 
had prior VTE and acute DVT (Table 2).

A 71-year-old male, who had suffered from hyperten-
sion, hypertrophic obstructive cardiomyopathy, aortic re-
gurgitation, and diabetes, died 2 weeks after primary TKA 
under general anesthesia. However, autopsy determined 

cause of death to be acute myocardial infarction. Conse-
quently, there was no patient readmitted or reoperated with 
critical bleeding, major wound complications, or critical 
VTE.  

Discussion

VTE is a common multicausal disease affected by in-
teraction of genetic, environmental and behavioral factors. 
[14] Many surgeons tend to focus on DVT prophylaxis to 
prevent VTE, however, low correlation has been found be-
tween DVT and PE. [9,15] Accordingly, we have been ap-
plying a multimodal VTE prophylaxis to manage each risk 
factor of VTE step by step.

Firstly, to minimize the immobilization period, VFP 
and early mobilization are applied. However, additional 
chemoprophylaxis is still thought to be necessary, espe-
cially for patients at high risk for VTE. [9]

Recently, many anticoagulant agents have been devel-
oped and applied to target different steps of the coagulation 
cascade, in which fibrin becomes blood clot at the end. The 
balancing of clotting and bleeding is essential, however, 
some of the recent anticoagulants are costly and may in-
crease such wound complications as hematoma, delayed 
wound healing, surgical site infection, and uncontrolled 
bleeding. [13,15] Thus, the routine use of these agents for 
all patients has been questioned. [16]

Aspirin, an antiplatelet drug, does not directly affect the 
coagulation cascade, and thus results in  much less bleeding 
complication than aggressive anticoagulants. [15] Recent-
ly, the two most commonly applied guidelines, published 
by the American College of Chest Physicians (ACCP) and 
the American Academy of Orthopaedic Surgeons (AAOS) 
in the USA, have accepted aspirin as a VTE prophylaxis 
agent. [17]

The use of regional anesthesia has been shown to de-
crease the incidence of VTE and to attain the rehabilitative 
goals more rapidly compared to general anesthesia. [18] 
Consequently, regional anesthesia was applied for most of 

our cases, other than the 
physically morbid and 
some bilateral and revi-
sion cases. Because of 
its low risk for bleeding 
complication, aspirin 
could be applied safe-
ly even after spinal and 
epidural anesthesia. [15]

The efficacy and 
safety of VTE pro-

Table 2: Heterozygosity of prothrombin gene mutation
Age, Gender Factor VII APCR Surgery Anesthesia VTE History Filter DVT
71-y-o, male 219 2.9 Revision 

THA
General PE and chronic 

DVT
Prior filter Chronic

70-y-o, 
female

207 3.05 Revision 
THA

Regional None Received a 
new filter

Acute

85-y-o, male 141 2.84 Revision 
THA

Regional DVT Received a 
new filter

None

91-y-o, male 106 2.59 Two staged 
TKAs

Regional None No filter None
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phylaxis using regional anesthesia, VFP, early mobiliza-
tion and aspirin for THAs and TKAs had been confirmed. 
[4,11,12,15,16,19] However, it is still debatable wheth-
er aspirin is adequate for high risk patients of VTE. [13] 
Thus, preoperative screening examinations were used to 
detect and eliminate high risk patients, rather than apply-
ing the potent anticoagulants routinely to all. Obesity is 
commonly considered to be a risk factor of VTE. [4,16] 
However, while obesity has been reported to be a risk for 
peripheral edema, wound inflammation, and wound infec-
tion, [20,21] at least, no critical VTE was detected in the 
severe and morbid obese patients in the present study. Car-
diovascular disease is a high risk for arterial complications, 
and actually one patient in this study died of acute myocar-
dial infarction. However, cardiovascular disease, itself, is 
not directly linked to high risk of VTE. [14] 

Blood markers have also been examined to detect 
thrombophilia conditions. [14,22] D-dimer rises during an 
acute event of VTE, however, it has been reported not to 
be an adequate marker for VTE risk screening, because the 
value easily varies depending upon the conditions and tim-
ing of taking blood samples. [23] 

Elevated factor VIII has been reported to increase 
the risk of VTE. [22,23] Forty-nine among our 99 cases 
(49.5%), i.e. 40 among 83 patients showed elevated fac-
tor VIII levels, and all acute and chronic DVT cases in our 
study were included among this group with statistical sig-
nificance. However, further research for the threshold of 
this marker for VTE risk screening is necessary. Factor V 
Leiden is a common genetic risk factor for VTE, and over 
80% of the APCR phenotype can be explained by the fac-
tor V Leiden mutation. [24] Thus, we examined APCR lev-
els, and 2 patients with 2 cases showed lower than normal, 
however, they had no episode of VTE before or after sur-
gery. Prothrombin gene mutation has been shown to be as-
sociated with a high risk of VTE. [24] In the present study, 
prothrombin mutation seemed to have a relation to VTE. 
However, the benefit and accuracy of routine blood mark-
er examinations for thrombophilia screening could not be 
proven even in our results. [24-26] Thus, blood markers 
have been used only as a reference at our institute.

After preoperative thrombophilia screening, we placed 
new filters and administered additional anticoagulants for 
5 patients, and one among those 5 patients developed acute 
DVT. The remaining 4 patients did not have any VTE ep-
isodes after surgery. However, we do not know whether 
these were over treated or if VTE had actually been pre-
vented in some patients by the multimodal prophylaxis. 

This study has several limitations. It was a retrospective 
analysis based on a data source. It was not designed to in-
vestigate the incidence of VTE, nor did it include a control 

group. DVT evaluation was performed only for symptom-
atic patients, and thus asymptomatic DVT was not eluci-
dated. Although we had never had any case of critical VTE 
with our multimodal VTE prophylaxis  before introduc-
ing the VTE risk screening, we thought the screening to be 
beneficial for detecting high risk patients preoperatively. 
[11,12] Therefore, we applied the preoperative thrombo-
philia screening examinations, and tried to evaluate their 
usefulness in this study. Unfortunately, many patients had 
to be excluded from this study because of lack of blood 
marker data from primary care physicians.

The costs of blood screening examinations, duplex ve-
nous ultrasonography evaluation and IVC filter placement 
are much less than those associated with the use of recent 
anticoagulants or the cost for readmission, reoperation, or 
critical PE treatment. Therefore, our multimodal prophy-
laxis with preoperative thrombophilia screening is thought 
to be beneficial for THAs and TKAs, as it reduces the need 
for aggressive anticoagulants.

Conclusions

As there was neither critical bleeding nor fatal VTE 
when applied for THAs and TKAs, the efficacy of our mul-
timodal VTE prophylaxis with preoperative thrombophil-
ia screening examinations and mechanical and pharmaco-
logical prophylaxis has been confirmed. Further research, 
however, is necessary to discuss factor VIII and prothrom-
bin gene mutation as useful markers for preoperative VTE 
risk assessment. 
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Abstract

Redesigned instrumentation has become available for implantation of the Oxford Mobile Bearing 
Medial unicompartmental knee arthroplasty. To assess the benefit of these changes, we compared opera-
tive time of 200 Phase III and 176 Microplasty UKA done 2008-2011. An average time savings of 8.6 
minutes was seen with the Microplasty design.  Additionally, the standard deviation in operative times, 
minimum and maximum operatives were lower in knees in which Microplasty instrumentation was uti-
lized.  A 15% savings in operative time was seen with the new Microplasty instrumentation.  
Keywords: unicompartmental knee arthroplasty, surgical technique, instrumentation, mobile-bearing, operative time
level of evidence: AAOS Therapeutic Level III – Retrospective comparative therapeutic study
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Introduction

Multiple publications cite excellent results in terms of 
survivorship and functional outcomes with a medial-mo-
bile bearing unicompartmental partial knee arthroplasty 
design utilizing the Phase III minimally invasive instru-
mentation platform (Zimmer Biomet, Warsaw, IN) (Fig-
ure 1A-D) [1-13].   The most recent modifications to the 
mobile-bearing Oxford Partial Knee Arthroplasty (Zimmer 
Biomet) were intended to enhance the stability and me-
chanics of the femoral component and improve the pro-
cess of implantation and reproducibility of implant posi-
tioning.  Previous reports have demonstrated good early 
outcomes and more accurate and reproducible femoral 
component alignment and implantation using this newer 
design and improved instrumentation [14,15].  Specific de-
sign changes to the instrumentation platform include siz-

ing spoon-stylus system to decrease the need to recut the 
tibial plateau (Figure 2A-B), an intramedullary based fem-
oral alignment guide (Figure 3A-B) and an accurate and 
efficient guide for reducing impingement (Figure 4A-B) 
(Microplasty Instrumentation; Zimmer Biomet).  In addi-
tion to improved accuracy, the Microplasty instrumenta-
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Figure 1.  The Phase III instrumentation:  Tibial resection (1A), 
femoral alignment lateral view (1B), femoral alignment A/P view 
(1C), femoral alignment distal femoral view (1D) (Reproduced 
courtesy of Zimmer Biomet, Inc.)

Figure 1A. Figure 1B. Figure 1C. Figure 1D.

Figure 2. Microplasty instrumentation tibial resection guide with 
spoon/stylus and “G-clamp” for setting resection depth: lateral view 
(2A), A/P view (2B). (Reproduced courtesy of Zimmer Biomet, Inc.)

Figure 3.  Microplasty 
intramedullary linked 
femoral alignment guide:  
lateral view (3A), A/P view 
(3B). (Reproduced courtesy 
of Zimmer Biomet, Inc.)

Figure 4  Microplasty impingement removal device:  Removal of 
anterior impingement (4A), removal of posterior impingement (4B).  
(Reproduced courtesy of Zimmer Biomet, Inc.)

Figure 5. For the Phase III instrumentation, anterior osteophytes and 
potential impinging bone were removed with the use of an osteotome:  
Removal of anterior impingement (5A), removal of posterior 
impingement (5B). (Reproduced courtesy of Zimmer Biomet, Inc.)

Figure 2A.

Figure 4A.

Figure 5A.

Figure 3A.

Figure 2B.

Figure 4B. Figure 5B.

Figure 3B.
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tion platform was intended to streamline the surgical pro-
cedure making it more efficient.  The purpose of this study 
is to determine if the new Microplasty instrumentation al-
lows for a more efficient surgical procedure that would 
translate into reduced operative time.  

Materials and Methods

A query of our practice’s arthroplasty registry revealed 
176 knees in patients who signed an institutional review 
board-approved general research consent allowing retro-
spective review, and underwent medial unicompartmental 
knee arthroplasty (UKA) performed with the Microplasty 
instrumentation between July 2011 and December 2011. A 
matched group of 200 UKA in patients who signed an IRB-
approved general research consent allowing retrospective 
review, implanted using the Phase III instrumentation and 
the single-peg femoral component from 2008 to 2011, was 
selected.  Only procedures in which unilateral UKA were 
performed were examined; 38 simultaneous bilateral pro-
cedures were excluded (Table 1).  The surgeons (KRB, 
AVL, JMH, MJM) begin using the Phase III instrumen-
tation in July of 2004, and thus the Phase III group repre-
sents procedures that are well beyond the initial learning 
curve.

The preoperative diagnosis was avascular necrosis in 
1 knee (enhanced twin-peg group) and osteoarthritis in 

all others. The groups were well matched in terms of gen-
der, age, body mass index, preoperative ROM, and Knee 
Society pain and clinical scores. Forty-six percent of pa-
tients were males and 54% were females. Mean patient age 
at surgery was 63.7 years overall (stdev 9.1; range 29-88 
years), mean BMI was 32.3 kg/m2 (stdev 6.6, range 17-57 
kg/ m2), and mean ROM was 116.3° (stdev 7.7, range 90°-
135°).

Operative time was recorded for each procedure.  Oper-
ative time was defined as the time from initial incision un-
til the final dressing was applied.   Operative time between 
the Microplasty group and the Phase III group was com-
pared using the Satterthwaite method and the Folded F test.  
Statistical significance was defined as p<0.05.  

Results

The mean operative time was significantly shorter with 
the Microplasty instrumentation (49 minutes) compared 
with the Phase III (58 minutes).  This difference was sig-
nificant (t value 5.23; p<0.0001 and F value 1.41; p=0.02).  
Additionally, the standard deviation was significantly low-
er in the Microplasty group (14 minutes) versus the Phase 
III (17 minutes).  The minimum and maximum operative 
times were also less in the Microplasty group compared 
with the Phase III (24-88 minutes versus 30-126 minutes).

Table 1. Demographics and results
Characteristic Phase III Instrumentation Microplasty Instrumentation P value
Knees 200 176
Patients 177 164
Gender by patients
   Male patients 76 (43%) 81 (49%) 0.322
   Female patients 101 (57%) 83 (51%)
Gender by knees
   Knees in male patients 84 (42%) 86 (49%) 0.182
   Knees in female patients 116 (58%) 90 (51%)
Mean age (years) 62.9 (±9.6, 29-88) 64.5 (±8.5, 44-81) 0.086
Mean height (inches) 66.7 (±4.0, 59-76) 66.8 (±4.0, 59-75) 0.759
Mean weight (pounds) 202.0 (±42.0, 120-330) 207.6 (±47.0, 116-375) 0.227
Mean body mass index (kg/m2) 31.9 (±6.0, 17-52) 32.7 (±7.3, 17-57) 0.235
Mean preoperative range of motion (degrees) 116.5 (±7.8, 90-135) 116.1 (±7.6, 90-130) 0.640
Mean preoperative Knee Society pain score (0-50 possible) 9.8 (±11.8, 0-50) 9.5 (±10.6, 0-45) 0.834
Mean preoperative Knee Society clinical score (0-100 possible) 41.0 (±14.1, 18-83) 40.4 (±12.7, 23-94) 0.637
Mean operative time (minutes) 58.0 (±17.1, 30-126) 49.4 (±14.4, 24-88) <0.001
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Discussion

Unicompartmental knee arthroplasty (UKA) using the 
Oxford Phase III medial mobile-bearing knee has enjoyed 
excellent results [1-13].  Price and Svard reported 91.0% 
all cause cumulative survival rate at 20 years in a series of 
543 patients (682 knees) [12]. Our center previously re-
ported 95.2% survival at a mean of 3.7 years in 688 pa-
tients with 839 medial Oxford III UKA [1].  We have also 
previously reported that use of the new Microplasty instru-
mentation results in more accurate and reproducible femo-
ral component placement [15].  White et al reported 100% 
survival and 97% patient satisfaction at 2 years postoper-
ative utilizing the Microplasty instrumentation and twin-
peg femoral design [14].  An additional goal of the new in-
strumentation was to allow for a more efficient procedure.  
The current study demonstrates that this new instrumenta-
tion platform reduces operative time.   

Specifically, the three steps of the procedure in which 
we believe this improved efficiency and decreased opera-
tive time are gained include the tibial resection, femoral 
alignment, and removal of impingement.  The spoon-based 
Microplasty instrumentation (Figure 2) references the pos-
terior femoral condyle and acts as a stylus to accurately re-
move 6.5 (3 “G-clamp”) or 7.5mm (4 “G-clamp) of tibial 
resection.  This accuracy reduces the number of time the 
tibial plateau requires re-resection.  Further, in our previ-
ous study, we noted that this bone-conserving approach to 
tibial preparation resulted in a greater number of thinner 3 
and 4 mm bearings utilized in the Microplasty group [15].  
This provides the added benefit of not only less operative 
time, but a more conservative tibial resection and less bone 
removal.

With Phase III instrumentation, femoral alignment re-
quired visualization and adjustment of 6 separate variables 
or alignment measurements (Figure 1A-D).  This individ-
ual adjustment required checking each alignment position 
while manually holding the other 5 positions.  With the 
intramedullary alignment guide, not only is the alignment 
more accurate and reproducible, but this step requires less 
operative time (Figure 3A-B).  With Phase III instrumen-
tation, anterior osteophytes and potential impinging bone 
were removed with the use of an osteotome (Figure 5A-
B).  This was inaccurate and frequently required checking 
the bearing in extension multiple times to ensure an ap-
propriate amount of bone was removed.  The Microplasty 
guide for removing impingement (Figure 4A-B) allows for 
this step to be performed once with no need to recheck im-
pingement-free range of motion, thus reducing operative 
time.  These efficiencies resulted in an average of almost 9 
minutes less operative time or a 15% reduction.  

Microplasty instrumentation decreases operative time 
for implanting the Oxford mobile-bearing medial unicom-
partmental knee.  A 15% reduction in operative time could 
translate into the ability to perform more surgeries, de-
creased risk of infection, and decreased length of tourni-
quet use, all of which would have positive benefits to sur-
geon and patient.
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Early Experience with a Modern Generation 
Knee System: Average 2 Years’ Follow-up

Paszicsnyek T 1

Abstract

Arthritis in the knee is a leading cause of pain and disability with total knee ar-
throplasty (TKA) often the treatment of choice after failure of more conservative 
treatments. TKA has been demonstrated to be one of the most successful proce-
dures performed.  However, despite the good long-term survivorship rates, patient 
satisfaction is still an issue post TKA with over 20% of patients exhibiting patient 
dissatisfaction most commonly due to anterior knee pain (over 18-28% patients) 
and mediolateral or varus-valgus instability.  Recent studies have demonstrated that 
collateral ligament strains are altered post TKA which may lead to laxity and/or 
tightness of the ligaments resulting in patient discomfort, pain, stiffness and/or in-
stability post TKA.  As a result, it may be beneficial to ensure ligamentous strains 
after TKA are similar or close to the native situation.  The purpose of this study was 
to evaluate the clinical and radiographic results of the Unity Knee™ Total Knee System (Corin Ltd, Ci-
rencester, UK), a modern generation, single-radius total knee replacement (TKR) and its accompanying 
instrumentation which is designed to help maintain proper ligament balance and restore the medial joint-
line.  A total of 89 knees (89 patients) were implanted with the device in a single surgeon series.  All pa-
tients were assessed using the American Knee Society Score (AKSS), the Oxford Knee Score (OKS), and 
radiographs.  There was 1 revision due to infection and Kaplan-Meier survivorship was 98.9% at 2 years.  
The mean AKSS knee score for the total cohort was 87.1 ± 7.98 and the mean Oxford Knee score was 
45.89 + 3.69. Radiographic review found no signs of radiographic failure in any of the knees. This study 
demonstrates good survivorship, clinical, and radiographic results at 2 years for this TKR.
Keywords: total knee arthroplasty; total knee replacement; knee prosthesis; treatment outcome; single radius, joint line preservation
level of evidence: AAOS Therapeutic Level IV

Unity Knee™ 
Total Knee System

Introduction

Arthritis in the knee is a leading cause of pain and dis-
ability [1] and when non-surgical treatments like medi-
cations and walking supports are no longer effective, to-
tal knee arthroplasty (TKA) is frequently the treatment of 
choice.  It has been demonstrated to be a safe and effective 
procedure and one of the most successful procedures per-
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formed [2].
Despite the good long-term survivorship rates, patient 

satisfaction is still an issue post TKA with over 20% of 
patients exhibiting patient dissatisfaction [3]. In particular 
anterior knee pain is a persistent issue post-surgery with 
over 18-28% patients demonstrating pain. [4] In addition 
mediolateral or varus-valgus instability is the most com-
mon cause of instability resulting in early clinical failure 
post total knee arthroplasty [5,6,7]. Recent studies [8] have 
demonstrated that collateral ligament strains alter post 
TKA which may lead to laxity and/or tightness of the lig-
aments and subsequent instability and loss of motion. In 
order to prevent patient discomfort, pain, stiffness and/or 
instability post TKA, it may be beneficial to ensure liga-
mentous strains after TKA are similar or close to the native 
situation. It has been shown that structural damage occurs 
in ligaments from 5.14% strain levels [9]. Therefore, as a 
minimum, attempts should be made to keep strain levels 
below this by ensuring medial collateral ligament (MCL) 
isometry post TKA. 

Studies have highlighted that both the medial and lateral 
posterior femoral condyles, in the native knee, are a single 
radius in the sagittal plane between 10˚ and 120˚ of flexion 
[10,11]. Modern TKA femoral implants which mimic this 
geometry have demonstrated improved mid-flexion stabil-
ity, preventing anterior movement of the femoral compo-
nent during flexion [13]. The cohort studies published on 
these designs have demonstrated faster rehabilitation, re-
duction in anterior knee pain and improved range of mo-
tion over traditional knee designs [13,14,15]. However, 
there have also been studies which do not demonstrate an 
improvement in function over traditional knee systems 
[16,17,18]. Hall et al [16] found comparable knee extensor 
mechanism function after TKA with either a single-radius 
or multi-radius implant.  Jo et al [17] found no differences 
in Hospital for Special Surgery (HSS) knee scores, West-
ern Ontario and McMaster Universities Osteoarthritis In-
dex (WOMAC), and visual analog scale (VAS) of anterior 
knee pain during stair climbing in a single-radius knee de-
sign compared to a multi-radius knee design.

Biomechanically, the MCL is significant in maintaining 
knee stability post TKA.  Unlike the lateral collateral liga-
ment (LCL), the MCL remains near isometric with length 
changes less than 2% throughout the range of motion of 
the knee [19]. The MCL contributes 78% of the restraining 
force against valgus injuries in mid-flexion [20,21]. Given 
this significance of the MCL in maintaining knee stability 
post TKA, knee implant systems that focus on the optimi-
zation of MCL isometry through the range of motion may 
lead to improved outcomes.  

The purpose of this study is to evaluate the early clini-

cal and radiographic results of a modern, single-radius to-
tal knee replacement system that uses a unique instrumen-
tation system to maintain balance throughout the range of 
motion. This study reports on 2 year post-operative out-
comes of a modern knee system in a single surgeon series 
and compares this to published literature on more estab-
lished traditional knee implants.

Materials and Methods

This retrospective/prospective study analyzes 2 year 
clinical and radiographic outcomes of patients in a consec-
utive single surgeon series who received the Unity™ Total 
Knee System (Corin Ltd., Cirencester, UK). The design of 
this total knee system utilizes a single radius implant ge-
ometry with an instrument platform which aims to main-
tain the medial joint-line throughout range of motion in or-
der to optimize MCL isometry post TKA. In addition, the 
patellofemoral track in this design has a lower profile and 
an early lateralized anatomic patellar track compared with 
traditional knee systems, with the aim to reduce constraint 
on the patellofemoral mechanism and therefore minimize 
anterior knee pain [22].  The goal of this TKR system is to 
maintain balance throughout the range of motion, resulting 
in improved patient outcomes.

Eligibility criteria included skeletally mature male and 
female patients diagnosed as having severe osteoarthritis 
with clinical and radiological symptoms.  The study was 
ethics approved and patients were properly consented to 
participate in the study. Retrospective data included pre-
operative, operative, and early post-operative data obtained 
from clinic records and prospective data was collected dur-
ing a clinic visit at the 2 year post-operative interval. 

A total of 89 patients (31 males and 58 females) were 
implanted with the Unity knee system between March 
2012 and January 2014 with an average of 68 years of age 
(SD = 8.49; range 45 – 87) and average BMI of 28.6 (SD = 
5.33; range 19.8 – 45.5) at time of surgery.  All patients had 
a primary diagnosis of osteoarthritis (Table 1).

All surgeries were conducted after extensive pre-oper-
ative planning which used long leg radiographs to assess 
the degree of deformity.  All surgeries used the implant 
specific surgical technique and unique instrumentation to 
confirm rotation and ligament balance intra-operatively. 
All patients were implanted with posterior-stabilized (PS) 
implants using a minimally invasive approach under gen-
eral anaesthesia. The patella was resurfaced on all patients 
using a domed patellar implant. 

Survivorship, clinical outcomes and radiographic re-
view were assessed at 2 years post-operative. Clinical out-
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comes included the 
American Knee So-
ciety Score (AKSS), 
AKSS pain score, 
AKSS function score, 
and range of motion 
(ROM). The Oxford 
Knee Score (OKS) 
was also collected 
since it is a patient reported assessment of post-operative 
results.  Weight-bearing anteroposterior (AP), lateral, sky-
line patella and long-leg x-rays were completed.  Pre-oper-
ative x-rays were evaluated by each surgeon and post-op-
erative x-rays were evaluated by an independent reviewer. 
Radiographs were assessed for signs of aseptic loosen-
ing including radiolucent lines >2mm in 50% or more of 
zones around a single component, measurable changes of 
tibial vertical migration and/or subsidence >2mm, mea-
surable changes in angular orientation of any component 
>2 degrees, and progressive radiolucent lines, extending 

into one or more contiguous zones or expanding in width 
>2mm. Post-operative adverse events (AEs) were also re-
ported.  

Demographic and baseline characteristics were tabulat-
ed and descriptive analysis of patient outcomes (frequen-
cy, mean, standard deviation, minimum & maximum val-
ues) were completed. Additional analysis included Student 
t-tests for difference in means of outcomes scores for com-
parisons based upon on gender and Pearson correlation for 
analysis of interval data age and BMI. 

Table 1 
Patient Demographics and Surgical Details

All Male Female
n n n

Number of procedures 89 31 34.83% 58 65.17%
Number of patients 89 31 34.83% 58 65.17%
AGE & BMI mean SD (R) mean SD (R) mean SD (R)
Age at surgery (yrs) 68 8.49 (45.0-87.0) 67 9.73 (45.0-84.0) 69 7.66 (53.0-87.0)
BMI1 at surgery 28.6 5.33 (19.8-45.5) 26.8* 3.21 (21.0-34.4) 29.5* 5.99 (19.8-45.5)
Primary Diagnosis n % n % n %
   Osteoarthritis 89 100 31 100 58 100
Side n % n % n %
   Left 34 38.2 9 29.03 25 43.1
   Right 55 61.8 22 70.97 33 56.9
Implant Type n % n % n %
   Cruciate Retaining (CR) 0 0 0 0 0 0
   Posterior Stabilized (PS) 89 100 31 100 58 100
Patellar Resurfacing n % n % n %
Patella Resurfaced2 89 100 31 100 58 100
Patella Not Resurfaced 0 0 0 0 0 0
Approach n % n % n %
Minimally invasive (MIS) 89 100 31 100 58 100
Anaesthesia n % n % n %
General 89 100 31 100 58 100

*Significant difference p < 0.05
1Due to missing height and weight some BMI are incalculable 
2All patellar implants were domed.
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Results

The mean follow-up for all subjects (n=89) was 1.95 
years (SD 0.301; range 1.1 – 2.9 years). There was 1 revi-
sion for infection in a 72 year old male which occurred at 
1.1 years post-operative.  Kaplan-Meier survivorship at 2 
years was 98.9%. There have been no deaths.

Female patients were on average 69 years of age with 
an average BMI of 29.5 at time of surgery with their male 
counterparts respectively 67 years of age and a BMI of 
26.8. There was a significant difference between female 
and male patients on BMI (p<.05). See Table 1.     

The mean AKSS knee score at 2 years post-operative for 
the total study group of 89 patients was 87.10 ± 7.98 (range 
36 - 100), mean AKSS pain score of 48.64 ± 4.27 (range 
20 – 50), AKSS function score of 96.42 ± 8.84 (range 60 
– 100), and a mean ROM score of 24.63 ± 1.44 (range 16 
– 25).  The mean patient reported OKS was 45.89 ± 3.69 
(range 23 – 48) out of a possible score of 48 (best out-
come). This is consistent with the good AKSS results.

On examination, all patients had excellent anteroposte-
rior and mediolateral stability in the knee. Three patients 
had a fixed flexion deformity (2 of 5° and 1 of 10°) and for 
one patient this was associated with quadriceps weakness 
(<10 degree lag).  Average flexion was 136.31 ± 12.09 de-
grees (range 90 - 155). 

Analysis examined the comparison of the AKSS out-
comes scores by gender, which showed no significant dif-
ference between male and female patients (Table 2). 

Analysis also demonstrated that age was significantly 
correlated to AKSS pain score (p=0.01) (Table 3).  How-
ever, age and BMI are not predictive of any of the other 

AKSS scores or the OKS. The results demonstrated that 
older patients experienced less pain at 2 year follow-up 
than younger patients. The coefficient of determination 
(R2 = 0.0648) demonstrated that 6% of the variation in the 
AKSS pain score is predicted by age. 

Radiographic review by an independent reviewer found 
no signs of aseptic loosening, no radiolucent lines >2mm 
in 50% or more of zones around a single component, no 
measurable changes of tibial vertical migration and/or sub-
sidence >2mm, measurable changes in angular orientation 
of any component >2 degrees, or progressive radiolucent 
lines. One patient had a stable lucency around the tibial 
keel at 6 months which had not progressed at the 2 year ra-
diograph. Myositis Ossificans was identified in one patient 
at 3 months post-operative.

Discussion

This paper reports the early clinical outcomes and ra-
diological results for a single surgeon series using a mod-
ern total knee implant system which includes a single sag-
ittal femoral radius in the active flexion arc and unique 
instrumentation designed to optimize MCL isometry by 
maintaining the medial joint-line throughout the range of 
motion. The short-term results reported in this study dem-
onstrate good survivorship and patient outcomes using the 
PS prosthesis.

In comparison to the published literature on more estab-
lished traditional knee implants, total knee implants with a 
single sagittal femoral radius have demonstrated good to 
excellent results.  Mahoney et al. [13] reported mean AKSS 

Table 2 
Comparison of 2 Year AKSS Scores by Gender 

GENDER
All 
(89)

Female 
(n=58)

Male  
(n=31)

Mean
(SD, range)

Mean
(SD, range)

Mean
(SD, range)

Sig*

AKSS knee 
score

87.10
(7.98, 36 -100)

87.02
(8.81; 36 - 100)

87.27
(6.21; 71 - 100)

NS

AKSS pain 
score

48.64
(4.27, 20 - 50)

48.53
(4.49; 20 - 50)

48.83
(3.87; 30 - 50)

NS

AKSS 
function

96.42
(8.84, 60 – 100)

97.33
(6.89, 70 – 100)

94.67
(11.67, 60 – 100)

NS

AKSS 
ROM

24.63
(1.44, 0 - 25)

24.53
(1.65; 16 - 25)

24.80
(0.93; 0 - 25)

NS

OKS 45.89
(3.69, 23 - 48)

45.74
(4.09, 23 – 48)

46.17
(2.82, 34 – 48)

NS

*t-test difference in means between female and male patients

Table 3 
Correlation of Age & BMI on 2 Year AKSS 

scores 
AGE BMI

AKSS knee 
score

r = 0.1238 
NS

r = -0.0434 
NS

AKSS pain 
score

r = 0.2546
p = 0.0167

R2 = 0.0648

r = -0.0697
NS

AKSS 
function

r = 0.1741
NS

r = -0.0327
NS

AKSS 
ROM

r = 0.0609
NS

r = -0.148
NS

OKS r = 0.1098
NS

r = -0.1565
NS

*Pearson correlation
N=70 due to missing BMI
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knee scores improving from an average 44.0 (range: 30 – 
59) pre-operatively to 95.3 (range: 85 – 100) at 2 years. 
Molt and Toksvig-Larsen [23] also reported significant im-
provements in Knee injury and Osteoarthritis Outcomes 
Score (KOOS) and AKSS scores from pre-operative to 2 
years post-operative. Similarly, Cook et al. [15] reported a 
mean pre-operative AKSS score of 57.5 ± 14.9 and a mean 
post-operative AKSS score of 90.1 ± 18.0 at a minimum 
of 2 years follow-up. Dixon et al. [14] reported significant 
improvements in WOMAC pain scores (mean score: 75; 
SD = 17.5), WOMAC function scores (mean score: 71; SD 
= 17.1) and Knee Related Quality of Life (KRQoL) (mean: 
57; SD = 20.8) at one year. Martin et al. [29] reported a 
mean OKS and WOMAC score at final follow-up of 30.64 
(range 12-48 and 74 (range 18.9-100) respectively for a co-
hort of 456 consecutive patients who underwent a primary 
Scorpio TKR. 

Molt and Toksvig-Larsen [23] reported no significant 
difference in AKSS or AKSS range of motion between 
Triathlon CR and PS implants at 2 years post-operative. 
Sur et al. [24] reported no significant difference in ROM 
between Triathlon CR and PS implants at final follow-up 
(mean 5.2 years; range 5.0 - 5.5 years) with mean ROMs 
of 135.8˚ ± 9.0˚ (range: 120˚ – 145˚) and 133.6˚ ± 12.2˚ 
(range: 100˚ – 145˚), respectively. However, they did find a 
significant difference between CR and PS for AKSS scores 
(p = 0.017) due to a significant difference in anteroposte-
rior stability scores with the CR implants having a mean 
score of 4.1 ± 3.3 (0 – 10) and PS having a mean score of 
9.2 ± 1.7 (0 – 10) (p = 0.000).  There was no significant dif-
ference in mean AKSS pain, mediolateral stability, flexion 
contracture, extension lag, alignment, or functional scoring 
at final follow-up. 

The literature reports discussion on the clinical bene-
fit of resurfacing the patella. Baker et al. [25] looked at 
Patient Reported Outcome Measures (PROMS) data for 
23,393 patients to compare results for patellar resurfac-
ing versus non-resurfacing and found no significant dif-
ference in post-operative Oxford Knee Scores (OKS) (p 
= 0.96). Chen et al [26] found that the rate of re-operation 
was lower in total knee replacements with resurfacing, but 
resurfacing did not have any effect on anterior knee pain. 
They did find that the patellar resurfacing group had bet-
ter AKSS scores in studies with 5 years or more of follow-
up. Certain traditional knee implants have been designed 
with a constrained patellar articulation and tend to function 
best when the patella is resurfaced.  Snir et al. [27] report-
ed a significantly higher (p  < 0.001)  incidence of patellar 
clunk syndrome in patients that received a mobile-bearing, 
high-flex, PFC Sigma implant (DePuy) as compared with 
a fixed-bearing, single-radius, Scorpio implant (Stryker) 

with 22 knees (11.7%) and 4 knees (1.8%) reporting patel-
lar clunk, respectively. 

While this is a single surgeon series, comparison to the 
most recent Registry data for the total knee system used 
in this study has also demonstrated excellent survivor-
ship.  The Implant Summary report produced for the man-
ufacturer by the National Joint Registry England, Wales 
and Northern Ireland (NJR) [28] comprising primary to-
tal knees implanted up to 4 June 2015 showed 1 revision 
in 165 implantations (158 patients) since the first recorded 
usage of this knee in the NJR  (maximum implant time 3.1 
years; mean: 0.9 years). This is a revision rate of 0.61%. 
Cumulative revision rate KM 1.3% (range: 0.2% - 4.35%) 
in comparison to the combined revision rates for all other 
TKAs listed on the NJR were 0.4% (range: 0.4% - 0.4%) 
at 1 year, 1.0% (range: 1.0% - 1.0%) at 2 years and 1.5% 
(range: 1.5% - 1.5%) at 3 years. The implant cohort in the 
NJR had a mean age of 73.8 years; a median BMI of 29 
(90.9% of BMIs available); 46.1% male and 53.9% fe-
male; and primary diagnoses of osteoarthritis (98.18%), 
rheumatoid arthritis (0.61%), other inflammatory arthrop-
athy (1.21%), previous trauma (1.21%) and Other (0.615) 
(NOTE: More than one indication can be listed per case).  
The NJR cohort is similar to the cohort in this study with 
the exception of patient sex which was more skewed to-
wards females in the study cohort (65.17% female).  

This cohort follow-up study utilized a surgical proce-
dure to facilitate restoration of native knee kinematics. 
All patients were implanted with a PS implant, the sys-
tem was designed to restore femoral rollback, maintain the 
joint line, and cam post engagement at 50-55 degrees of 
flexion with the expectation that anterior knee pain will be 
minimized and knee kinematics facilitated throughout the 
range of movement [30].  The patella was resurfaced in 
all subjects.  Long leg radiographs to assess the degree of 
deformity were used pre-operatively as part of the exten-
sive pre-surgical planning and, unique to this system, the 
intra-operative procedure combined both measured resec-
tion and ligament balancing to preserve the postero-medial 
joint line and balancing of the MCL. Post-operative patient 
management included intensive physiotherapy, CPM and 
pain management. 

Survivorship and patient outcomes were excellent in 
these short term results. Age was significantly correlat-
ed with AKSS pain scores such that older patients in this 
group had less pain than younger patients. It is interesting 
to note that the mean age at time of surgery was 68 years 
which is younger than those reported in the NJR data. 
Mean BMI in this single surgeon series was comparable to 
the NJR data. There were no significant differences on pa-
tient outcomes between males and females.  
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Conclusion

This paper reports on the early clinical and radiologi-
cal outcomes using a modern generation total knee sys-
tem. All clinical and radiological 2 year post-operative re-
sults were excellent, including the patient reported Oxford 
Knee Score.  Patients reported an Oxford score of 46 out 
of a possible 48 which is the very best possible outcome.  
Anteroposterior and mediolateral stability and flexion also 
demonstrated good results which may suggest optimized 
quad function and posterior condylar offset and balance.   

Further research is needed to evaluate these clinical and 
radiological outcomes including a randomized controlled 
study comparing the results of this total knee system and 
its unique instrumentation and surgical philosophy to other 
total knee systems in orthopaedic use.  Multi-center studies 
with larger patient cohorts and longer-term follow up are 
needed.  Specific functional assessments such as knee sta-
bility across a range of activities would provide data more 
sensitive to variations across knee systems.  A comparison 
of the PS to CR variants in this system, patella resurfacing 
vs non- resurfacing, and a comparison of post-operative 
treatment programs are also areas for further investigation.   

Whilst this study is short-term and patients in this cohort 
were younger than reported in the NJR and more skewed 
towards females, the results published in this cohort high-
light that this modern knee design performs equally well 
when compared to the literature on other traditional knee 
implants available today.
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Abstract

Modular femoral heads have been used successfully since the mid-1980s in total hip arthroplasty. The 
use of metallic modular junctions presents a unique set of advantages and problems for use in total hip ar-
throplasty (THA). The separation of the head from the stem by a Morse taper has provided many benefits 
on the precision and balancing the reconstructed joint. Historically few complications have been reported 
for the modular Morse taper connection between the femoral head and trunnion of the stem in metal-on-
polyethylene bearings. However, the risks or concerns are a little harder to identify and deal with. Certainly 
corrosion, and fatigue failure are the two most prevalent concerns but now the specifics of fretting wear and 
corrosive wear increasing particulate debris and the potential biological response is having an impact on the 
design and potential longevity of the reconstructed hip. This paper is dealing with a simpler consequence of 
head/stem modularity. Modular head mismatch to the socket bearing articulation.

Two patients by two different surgeons at two different hospitals underwent cementless THA. Both pa-
tients were female and both presented with degenerative changes to the hip articulation. Both patients un-
derwent hip replacement via a direct anterior approach using a standard hemispherical porous coated shell. 
One patient had a ceramic on ceramic bearing and the other had a ceramic head on a polyethylene liner. One 
patient had a 32 mm inside diameter liner and a 36 mm ceramic femoral head implanted. The other patient 
had a 36 mm inside diameter liner and a 40 mm ceramic femoral head implanted. The ceramic on ceramic 
mismatch was not recognized until the second office visit at eight weeks. The ceramic poly mismatch was 
not recognized until first office visit at six weeks. Both underwent correction surgery.

These two cases demonstrate human mistakes can be made and steps need to be established to prevent 
future mistakes of this nature.
Keywords: modular head, mismatch, total hip arthroplasty 
level of evidence: AAOS Therapeutic Level IV
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Introduction

In dealing with the complex problems of THA the use 
of metallic and ceramic modular heads has proven to be 
a significant benefit. [1,2] To-date, all current cement-
less stem designs have one feature in common – a modu-
lar head. However not all modular taper junctions are de-
signed equally.

The success of a self-locking taper is influenced by the 
design of the taper, particularly the taper angle, the rough-
ness, and the mating materials between the “male” and 
“female” components. This results in co-integration (lock-
ing), with material transfer across the zone of contact (cold 
welds). Figure 1.

In the last two decades, manufactures have been al-
tering femoral stem trunnions from various tapers such 
as 14/16 to 12/14 to 11/13. Figure 2. A range of different 
Morse taper angles, component tolerances and sizes, and 
surface finishes exist within commercially available hip 
systems. While manufacturers do not recommend mixing 
and matching of component brands, a number of surgeons 
have been mixing and matching without complications, 
provided the products used have the same manufacturing 
tolerances.

It is important to remember that early introduction of 
stem modularity did present problems, including disas-

sociation of modular heads, incorrect head diameters im-
planted, and trunnion fatigue fractures. Figure 3.

This paper will review two separate case reports of mis-
match articulation bearing diameters, one ceramic on ce-
ramic and one ceramic on polyethylene.

Case Reports

cAse 1
The patient presented for initial evaluation in her sixth 

decade with a recent history of progressive right hip pain, 
stiffness and difficulty with daily activities unresponsive to 
non-operative measures. On exam she had hip irritability 
with attempted range of motion and walked with a moder-
ate limp. She had moderate hip stiffness. She had gener-
alized ligamentous laxity. Radiographs showed advanced 
degenerative changes of the right hip with underlying right 
hip acetabular dysplasia. Figure 4.

She underwent right hip replacement via a direct ante-
rior approach using a standard porous coated 52 mm shell 
with an alumina ceramic liner of 32 mm inside diameter 
(S&N FS05 shell and liner, S&N ceramic alumina head). 
Augmentation of the acetabulum was not required, nor was 
additional screw fixation. On the femoral side a titanium 
neck-sparing, proximally porous coated small curved stem 
(ARC® by OmniLife) was implanted securely. This stem 
allowed modular options for hip reconstruction. A short, 
8° varus cobalt chrome modular neck component was se-
lected and impacted in place. The alumina ceramic femo-
ral head component was impacted securely in place. The 
hip demonstrated good stability and limb length. She had 
an uneventful postoperative course with rapid mobilization 
and return of function. 

Figure 1. Schematic 
of head/neck taper

Figure 3. Detachment 
of modular head 
can damage stem 
trunnion.  (Curtsey 
JISRF Archives)

Figure 2. Illustration Showing Different Taper Designs by 
Manufacturers. (Courtesy Chris Burgess, Signature Orthopaedics Ltd.)
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She presented to the office for follow-up at three weeks 
with no difficulties. At eight weeks she reported a new grat-
ing sensation in the right hip without trauma. She had no 
significant pain and no complaints of a neurovascular na-
ture. Radiograph revealed no evidence of ceramic fracture 
but a diameter mismatch of the femoral head and acetabu-
lar liner components. Review of the implant log revealed 
implantation of a 36 mm outside diameter had component 
with a 32 mm inside diameter acetabular liner. Figure 5.

She returned to the operating room for revision surgery 
which included acetabular liner exchange and exchange of 
the modular neck and femoral head component. The neck 
was replaced with identically sized implant. The femoral 
head component was changed to a 32 mm outside diameter 
medium length alumina ceramic head. This combination 

maintained leg length and provided good stability. Again, 
she had an uneventful postoperative course. Acetabular 
shell and femoral stem components were noted to be well 
fixed and well positioned.

cAse 2
The patient presented for initial evaluation at the be-

ginning of her 6th decade with a several year history of 
progressive right hip pain, stiffness. She had failed con-
servative measures including injections, oral anti-inflam-
matories, and activity modifications. On exam she had hip 
pain with attempted range of motion, a 10 degree hip flex-
ion contracture and walked with a moderate antalgic gait. 
Radiographs showed advanced degenerative changes of 
the right hip with cystic degeneration on both sides of the 
joint. 

She underwent right hip replacement via a direct ante-
rior approach using a standard porous coated plasma spray 
52 mm shell (Biomet RingLoc+) with a neutral offset high-
ly cross-linked vitamin E polyethylene liner of 36 mm in-
side diameter. Augmentation of the acetabulum was not re-
quired, nor was additional screw fixation. On the femoral 
side titanium neck sparing, proximally porous coated small 
curved stem (#2 Omni-ARC), was implanted securely. 
This stem allowed modular options for hip reconstruction. 
A short, 12° varus cobalt chrome modular neck component 
was selected and impacted in place. An alumina ceram-
ic femoral head component was impacted in place.  The 
hip demonstrated excellent stability with excellent resto-
ration of limb length and offset as assessed both clinically 
and with intraoperative fluoroscopy (fluoroscopy used at 
trial component stage only). She had a normal postopera-
tive course. 

She presented to the office at 2 weeks having transi-
tioned to a cane at one week. She presented at 6 weeks 
complaining of mild persistent pain. Radiograph revealed 
no evidence of ceramic fracture. Component position was 
felt to be excellent but a diameter mismatch of the femo-
ral head and acetabular liner was suspected due to subtle 
asymmetry of the head and acetabula shell. Review of the 
implant log revealed implantation of a 40 mm outside di-
ameter head component with a 36 mm inside diameter ac-
etabula liner. Figure 6.

She returned to the operating room for revision. Ace-
tabular shell and femoral stem components were noted to 
be well fixed and well positioned. The femoral head com-
ponent was changed to a 36-+4-alumina ceramic. The 
modular neck and polyethylene liner were retained. This 
combination maintained good leg length and provided 
good stability. Again, she had an uneventful postoperative 
course. 

Figure 5. Mismatch head bearing diameter (36 mm ceramic head & 
32 mm ceramic bearing liner)

Figure 4. Radiographs showed advanced degenerative changes of the 
right hip with underlying right hip acetabular dysplasia.
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Conclusion

These two separate case reports dealing with the same 
intraoperative errors clearly demonstrated that the best 
high technology devices are only as good as the surgical 
technique and surgical skills of the operating surgeon at the 
time of implantation. “Technique, Technique, Technique is 
more important than design or material” an old quote by 
David Hungerford, MD.

We have seen time out established prior to surgical in-
cision to reduce errors and the surgeons along with their 
institutions recommend a formal implant time out at each 
stage of the procedure.

Both surgeons should be commended for as soon as 
they recognized the error they informed their patients and 
re-operated to correct the problem while it was still a mi-
nor situation.
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Third-body Wear Damage Produced in CoCr 
Surfaces by Hydroxyapatite and Alumina 

Ceramic Debris: A 10-cycle Metal-on-Metal 
Simulator Study

Halim T 1, Burgett-Moreno M 1, Donaldson T 1, Clarke IC 1,2

Abstract

Ceramic particles are believed to be particularly abrasive due to their extreme hardness. Ceramic de-
bris has been reported in retrieved total hip arthroplasty (THA) due to chipping and fracture of alumina 
components or by flaking of hydroxyapatite from implant coatings. However there appears to be no abra-
sion ranking of such particle behavior. The hypotheses in this study were, i) alumina particles would cre-
ate large scratches in CoCr surfaces and ii) hydroxyapatite would produce very mild scratching compa-
rable to bone-cement particles. Hydroxyapatite beads came in two types of commercial powders while 
the flakes were scraped from retrieved femoral stems. Alumina beads came in two commercial powders 
and flakes were retrieved from a fractured ceramic head. Particle morphologies were determined by SEM 
and CoCr surface damage by interferometry and SEM. Six 38-mm MOM were mounted inverted in a hip 
simulator and run with ceramic particles inserted for a 10-second test. Surface-roughness ranking after 
10-second abrasion test revealed that bone cement and hydroxyapatite produced least damage to CoCr 
surfaces while alumina produced the most. Alumina increased surface roughness 19-fold greater than ei-
ther hydroxyapatite or bone-cement particles. The alumina debris produced numerous scratches typically 
20-80 µm wide with some up to 140µm wide. Surprisingly the alumina beads and flakes were pulverized 
within the 10-second test interval and remained adherent to the CoCr surfaces. Additionally, the hydroxy-
apatite although also a ceramic had no more effect on CoCr than the bone-cement debris. Use of well-
characterized and commercially available alumina and hydroxyapatite powders appeared advantageous 
for abrasion tests. These new data indicated that such ceramic powders have merit.
Keywords: ceramic hydroxyapatite alumina debris CoCr, 3rd-body abrasive wear, MOM hip arthroplasty, simulator
level of evidence: AAOS Therapeutic Level III
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Introduction

There are many risks in total hip arthroplasty (THA) 
that may trigger adverse wear, including; impingement, 
[1,2] subluxation, [3,4] dislocation, [5,6] “edge wear”, [7-
9] and micro-separation. [10-12] Unfortunately there is lit-
tle understanding with regard to which patients may be at 
risk [5,6,13-21] and uncertainty as to which events may 
trigger a major particle release. [22,23] Acetabular cups 
combined with metal and ceramic liners may incur addi-
tional risks due to, (a) the cup rim plastically deforming 
the femoral head, [24] (b) 3rd-body abrasion created by 
liberated metal particles, [25,26] and (c) smearing of metal 
alloy contaminants onto CoCr bearings. [6,27] There are 
also varying opinions on how hard a particle has to be to 
damage metallic bearings (Fig.1 ). These data are impor-
tant for understanding material interactions between hard 
particles, [28,29] designing laboratory wear studies, [30-
34] and understanding the implications of 3rd-body wear 
in vivo. [3,12,25,26,35] 

Abrasion models have included a) particles inserted be-
tween bearing surfaces, [29,30] b) particles added to lu-
bricants to produce abrasive slurries, [31,32,34,36-38] and 
c) mathematical modeling of debris interactions. [28,29] 
A MOM simulator study introduced titanium (Ti) particu-
lates [30] that dramatically increased wear rates. Another 
study used a high concentration of hydroxyapatite powder 
(HA) in the test lubricant but this had no measurable effect 
on MOM wear. [31] Our prior simulator study contrasted 
abrasion potential of large particles of CoCr and Ti6Al4V 
versus bone-cement flakes (PMMA) in a 10-second sim-
ulator test. [39] The large PMMA particles had no visi-
ble effect on CoCr surfaces whereas the metal debris in-
creased surface roughness by approximately 20-fold. The 
resulting scratch profiles ranging 20-108 µm wide and 0.5-
2.8 µm deep. The scratch aspect ratio (Fig. 2) averaged 
0.3, indicating that the large metal particles had plastical-
ly deformed to create wide but shallow scratches in CoCr 
surfaces. Such abrasion tracks appeared identical to those 
reported on retrieved MOM bearings. [25] Ti6Al4V par-
ticles produced abrasion tracks similar to CoCr particles 
but also clearly demonstrated an ability to fragment and 
adhere to CoCr surfaces. [39] Such varied debris interac-
tions in MOM bearings illustrated that we have little un-
derstanding of the life history of debris that circulates in 
the human hip joint.

The aim of this study was to characterize 3rd-body 
abrasion effects of ceramic particulates in MOM bear-
ings. Ceramic debris has been reported in retrieved THA, 
either from implant coatings such as hydroxyapatite [40-
46] or following chipping or fracture of alumina compo-

nents. [47-50] However there appears to be no ranking of 
ceramic particles in hip simulator models. Our two hypoth-
eses in this study were that i) alumina particles would plow 
into CoCr surfaces creating scratches > 40µm wide, com-
parable to damage created by large CoCr particles [39], 
and ii) hydroxyapatite particles would produce very mild 
scratching on CoCr surfaces, comparable to the results 
with PMMA particles. [39,51]

Methods

Hydroxyapatite particles for our study were provided 
in powder form by two orthopedic vendors (Table 1). The 
flakes were scraped from retrieved Ti6Al4V femoral stems 
archived in the DARF Center. A ceramic vendor provided 
two alumina powders and we retrieved alumina flakes from 
a THA case that featured a fractured ceramic head. Size 
and shape distributions were determined by scanning elec-
tron microscopy (SEM: EVO MA15; Zeiss, Thornwood, 
NY). Energy dispersive x-ray imaging was used to charac-
terize material types and to detect contaminants (EDS: X-
flash detector 4010, Bruker AXS, Madison, WI). Particle 
numbers per 5mg allotments were determined mathemati-
cally using volume approximations and material densities 
(Table 1). Control data (PMMA and CoCr particles) were 
taken from a prior simulator study run under identical con-
ditions.

The six 38-mm MOM bearings were wrought high-
carbon, CoCr alloy, identical to those used in the prior 
study (DJO Global Company, Austin, TX). [39] Cups were 
mounted inverted in an orbital hip simulator (Shore West-
ern Manufacturing, Monrovia, CA). [39,52] The simulator 

Figure 1. Ranking of material hardness for bone cement, metal alloys 
and ceramics.
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test mode used dynamic loading of 0.3–3 kN for 10 simula-
tor cycles (10-second test). Cleaning protocols were same 
as previous study. Only the femoral heads were character-
ized for roughness using white-light interferometry (WLI; 
NewView 600; Zygo, Middlefield, CT). Head roughness 
was compared using standard indices (Ra, PV) with 12 
fields measured at each site. SEM and EDS imaging were 
used to study surface topography and detect contaminat-
ing elements. Surface scratches were characterized by their 
cross-sectional profiles (N=12 per site), noting widths and 
overall depth (Fig. 2: W, Z). Data analysis was performed 
by statistical review using one-way ANOVA and Dunn’s 
multiple comparisons. 

Results

Size range of the ceramic particles averaged smaller 
than either PMMA or CoCr controls (Fig. 3). Both types 
of HA powders presented spherical beads of size range 
5-65µm (Figs. 4a, b). The beaded morphology of alumina 
powder-1 (Fig. 5a: 5-80µm) appeared quite similar to the 

HA powders whereas alumina powder-2 contained more 
irregular globular shapes with double the size range (Fig. 
5b). The particles collected from a retrieved ceramic case 
ranged still greater in size with some irregular fragments 

Table 1. Ceramic particles ranked in order of size and compared to 
PMMA and CoCr controls

Particle type Range 
(dia)

Average 
(dia)

Ratio Particle 
model (#)

HA powder-2 5-55 21 0.17 370,000
HA flakes 10-65 23 0.19 NA
HA powder-1 5-60 26 0.21 189,700
Al2O3 powder-1 5-80 33 0.27 65,600
Al2O3 powder-2 5-170 48 0.39 22,300
Al2O3  flakes 5-330 87 0.71 3,600
CoCr control 45-180 103 0.84 900
PMMA control 30-250 122 1.00 6,800

Figure 2. Profile showing scratch width (W) and depth. For field 
data on scratch depths, roughness assessment used the peak-to-
valley parameter (PV) while profiles of individual scratches provided 
measurement-Z. The aspect-ratio comparisons used PV/W and Z/W.

Figure 3. Ranking of particle sizes by equivalent circle diameter (ECD).

Figure 4. SEM imaging of 
hydroxyapatite beads in (A) 
powder-1 and (B) powder-2.

Figure 5. SEM imaging of alumina particles, (A) alumina powder-1, 
(B) alumina powder-2, (C) low magnification of alumina fragments, 
and (B) alumina fragments of size 500-900µm.
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(Figs. 5c) having with well-defined edges (Fig. 5d).
Surface-roughness ranking after the 10-second abrasion 

test revealed that bone cement and hydroxyapatite ceram-
ics produced least damage on CoCr surfaces while the alu-

mina ceramics produced most (Table 2: Ra). Hydroxyapa-
tite and bone-cement particles provided minimal damage 
to CoCr surfaces, average (Ra) indices being typically less 
than 0.01µm (Fig. 6). The hydroxyapatite flakes created 

5-fold greater roughness than PMMA particles. Although 
suspected, particle imaging by SEM and EDS did not iden-
tify any metal contaminants (Ti, Al, V). Alumina and CoCr 
particles raised surface roughness to greater than 0.2µm on 
average (Ra), 19-fold greater than produced by bone-ce-
ment particles. Maximum peak-to-valley roughness indi-
ces (PV) provided similar damage ranking but with higher 
magnitudes (Fig. 7).

SEM imaging after 10-seconds of abrasive wear with 
hydroxyapatite particles revealed CoCr surfaces that were 
typically featureless (background scratches ± 0.1 µm) with 
an occasional scratch 0.25 µm deep in some fields of view 
(Fig. 8). In contrast alumina beads produced numerous 
scratches typically 20-80 µm wide (Figs. 9a, b) with oc-
casional scratches up to 140µm wide by 3µm deep (Figs. 
9c, d). These scratches averaged aspect ratios of 0.03. Thus 
a 50µm wide scratch would typically have 1.5µm depth 
in the CoCr surface (Table 3). Equally conspicuous were 
100-500µm size areas of surface contamination. These as 
verified by EDS were layers of pulverized alumina parti-
cles, ranging 1.2-1.9µm thick on CoCr surfaces. Alumina 
flakes produced the greatest surface damage, with numer-
ous large scratches 80 – 100µm wide surrounded by nu-
merous pits (Fig. 10).  There was also abundant evidence 
of pulverized alumina layers, typically adjacent to the larg-
er scratches (Fig. 10b).

Sampling of individual scratches to characterize width 

Debris Ra (nm) Ra 
ratio

PV (nm) PV 
ratio

PMMA 
control

11 (7-19) 1.0 340 (131-725) 1.0

HA 
powder-1

14 (10-20) 1.3 362 (256-453) 1.1

HA 
powder-2

17 (9-30) 1.5 551 (244-994) 1.6

HA flakes 54 (34-89) 4.9 1287 (613-1805) 3.8
CoCr 
control

203 (38-628) 19 2003 (823-3721) 5.9

Al2O3 
powder-1

365 (143-630) 33 2720 (1378-4278) 8

Al2O3 
powder-2

475 (236-870) 43 3291 (1971-4635) 10

Al2O3 
flakes

532 (127-1234) 48 5897 (3199-8034) 17

Table 2: Roughness indices measured on CoCr surfaces

Figure 8. SEM and Zygo imaging of CoCr surface scratched during 
hydroxyapatite test, (A) surface scratch, (B) oblique image of 
scratched surface, and (C) profile of surface scratches.

Figure 6. Ranking of CoCr surface damage (Ra: average roughness 
parameter) produced by particle types.

Figure 7. Ranking of CoCr surface damage (PV: peak-to-valley 
parameter) produced by particle types.
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Measure-
ments

Debris Lip width 
(W µm)

Scratch depth 
(PV µm)

Aspect ratio 
(PV/W)

N=24 PMMA 
control

8 
(3-23)

0.12 
(0.04-0.32)

0.02

N=12 HA 
powder-1

3 
(2-5)

0.16 
(0.13-0.20)

0.05

N=12 HA 
powder-2

4 
(2-6)

0.18 
(0.06-0.28)

0.04

N=12 HA flakes 12 
(5-28)

0.73 
(0.14-1.37)

0.06

N=24 CoCr 
control

54 
(26-108)

1.44 
(0.48-2.62)

0.03

N=12 Al2O3 
powder-1

59 
(16-92)

1.59 
(0.67-2.17)

0.03

N=12 Al2O3 
powder-2

75 
(39-134)

1.99 
(0.64-3.6)

0.03

N=18 Al2O3 
flakes

54 
(13-98)

4.97 
(1.58-11.21)

0.09

Figure 9 SEM and Zygo imaging of CoCr surface scratched during 
alumina bead test, (A) SEM image of 20-200µm size plaques of 
alumina contamination, (B) 80um wide scratch with 20-200µm 
size plaques of alumina contamination, (C) oblique Zygo image of 
scratched CoCr surface, and (D) large scratch profile.

Figure 10. SEM imaging of CoCr surface scratched during alumina 
flake test, (A) 100µm wide scratch in pitted surface and (B) 30µm 
and 80µm wide scratches surrounded by plaques of alumina 
contamination (numbered 1-8).

Figure 11. Ranking of scratch widths (W) profiled individually at 
selected damage sites.

Figure 12. Ranking of scratch depths (Z) profiled individually at 
selected damage sites.Table 3: Profile measurements of scratches in surfaces of CoCr heads. 

and depth (Fig. 2. W, Z) revealed virtually the same rank-
ing as the roughness indices provided by the interferome-
try assessment (Ra, PV). Scratch widths produced by bone 
cement and hydroxyapatite particles were the smallest and 
those produced by CoCr and alumina particles were the 
largest (Fig. 11). Similarly with scratch depths, bone ce-
ment and hydroxyapatite particles produced the shallowest 
scratches while CoCr and alumina particles produced the 
deepest damage (Fig. 12). Aspect ratio of profiled scratch-
es (Fig. 2: ratio Z/W) produced by alumina and CoCr beads 
averaged 0.03. The alumina flakes were noticeably differ-
ent from the rest of the particles, producing a higher aspect 
ratio averaging 0.09 (Table 3).
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Discussion

The risk of alumina particles scratching CoCr surfaces 
was clearly an anticipatable result.  The new evidence was 
that such scratches typically had an aspect ratio averaging 
0.03, duplicating that created by metal particles. [39]. This 
conformity in surface damage supported our first hypoth-
esis. The SEM data indicated that alumina beads typically 
30-50μm in size were flattened massively within a 10-sec-
ond test to produce 1-2μm thick ceramic layers on CoCr 
femoral heads. The larger alumina flakes reacted similarly, 
but with scratches having a somewhat higher aspect ratio 
(0.09). SEM imaging of these wide but shallow scratches  
indicated they were made by compressed plaques of alu-
mina plowing across CoCr surfaces (Fig. 9). These data 
further illustrated the complexity of abrasion studies. The 
interaction of hip joint motion and applied contact stresses 
is a dynamic process that induces unpredictable fragmen-
tation and wear mechanisms to circulating particles, even 
in alumina as the hardest biomaterial (Fig. 1). Thus the in-
teraction of bearing type and debris compressive-strength 
adds additional complexity.

The hydroxyapatite beads did not damage CoCr surfac-
es due to a combination of low compressive-strength and 
hardness. This was not due to particle size or shape be-
cause a similar beaded morphology in alumina powder-1 
produced dramatic CoCr scratches. This surprising result 
for hydroxyapatite particle revealed that this ceramic had 
no more effect than the large plastic particles that com-
prise bone cement. This result was in accordance with 
MOM simulator wear data. Liao et al (2010) ran a 5-mil-
lion cycle study using a high concentration of hydroxyapa-
tite particles and found no adverse effects. [31] Similarly 
it has been suggested that some commercial bone cements 
may be abrasive because they contain barium sulphate 
(BaSO4) or zirconia ceramic (ZrO2), such micron-size ad-
ditives having three times the hardness of CoCr (Fig.1). 
[55,56] Nevertheless several MPE simulator studies dem-
onstrated that bone cement does not damage CoCr surfac-
es. [34,36,37,57] We used a bone-cement slurry as the lu-
bricant in a MOM simulator study and similarly found no 
adverse effect. [52] Therefore, these ceramic supported our 
second hypothesis, that hydroxyapatite debris would be no 
more damaging to CoCr surfaces than bone cement.

Prior abrasion models have primarily used metal-on-
polyethylene (MPE) bearings. [13,36] Clinical studies in-
dicated that, following revision of a fractured bearing, re-
tained alumina debris could produce adverse wear of MPE. 
[54] Retrieval studies also indicated hydroxyapatite debris 
liberated from implant surfaces may accelerate polyethyl-
ene wear. [43,44] However, use of MPE bearings in this 

3rd-body wear study would have added additional com-
plexity, the soft polyethylene surface allowing the particles 
to imbed in an unpredictable manner. Thus, use of MOM 
hip joints simplified the task of ranking ceramic damage 
to CoCr surfaces. Such laboratory models are further chal-
lenging due to uncertainties regarding choice of particulate 
morphology, dosage, and test methods. The major limita-
tion in this study was that use of commercial ceramic pow-
ders lacked clinical relevance. It may be argued that the 
hydroxyapatite beads in powders-1 and 2 differed in chem-
ical and physical composition from hydroxyapatite parti-
cles released from implanted prostheses. It was also pos-
sible that the hydroxyapatite flakes scraped from the two 
retrieved femoral stems were contaminated by metal parti-
cles. This was not detected in samples scrutinized by SEM/
EDS but could not be ruled out for debris allotments used 
in the simulator studies. A further limitation in this study 
was that the fields of study could not be precisely dupli-
cated between microscopic mapping with SEM and by in-
terferometry. Thus quantitative results were presented only 
by the latter method.

Use of well-characterized and commercially available 
alumina and hydroxyapatite powders would appear ad-
vantageous in development of standardized abrasion tests. 
This 10-second simulator test established that alumina 
powders and fracture flakes damaged CoCr surfaces equal-
ly, indicating that such ceramic powders represent a valid 
test model. This may also be true for hydroxyapatite pow-
ders and flakes. However the evidence in this study was 
not considered conclusive.  
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Abstract

A simple definition of Peer Review: A process by which a scholarly work (such as a paper or a research 
proposal) is checked by a group of experts in the same field to make sure it meets the necessary standards 
before it is published or accepted. [1] There has been considerable debate over the years as to the value of 
publications. This commentary is going to highlight my experience with publications and how the power of 
one scientific report of two cases has significantly impacted my life and the life of my family. 

My career of forty-five years in the orthopaedic field with over one hundred and eight publications, 69 
citations, sixteen medical device patents, membership in nine professional medical societies prepared me 
for one significant effort in my personal life “the discipline and experience” to spend nearly two years re-
searching a treatment modality for lymphocytic hypophysitis.

Conclusion: This experience demonstrates how the power of one specific paper can influence and play 
a positive effective role in the direction, treatment and outcome in a rare and uncommon medical condition.
Keywords: peer review, publication, research, lymphocytic hypophysitis 

Introduction

Publications have a variety of value from setting you 
apart from hundreds, perhaps thousands of individuals in 
any given field, taking your curriculum vitae to a higher 
level and adding credibility to your career. Certainly pub-
lishing has enhanced my professional career in orthopae-
dics, in addition to the pleasure of collaborating with some 
of the worlds most acclaimed orthopaedic surgeons and 
scientist in the past forty-five years. All this has contrib-
uted to one of the most significant actions in my life, the 
ability and discipline to search for a reasonable treatment 
for my wife’s health care condition “lymphocytic hypoph-
ysitis”. This is a follow up to a commentary published last 
March “Commentary on Grateful For Medical Advance-
ments”. [2]

Background

My wife Catherine has been a significant part of my 
professional life and has many great friends worldwide as 
a result of our opportunity to travel and socialize brought 
about by the many activities generated by orthopaedics. 
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Those close to Catherine (a retired nurse) know that she 
has had a significant struggle over the past two years with a 
rare cranial suprasellar lesion “lymphocytic hypophysitis”. 
This was first reported in 1962, and the condition is rare, 
accounting for 0.38% to 1.1% of sellar lesions excised dur-
ing transsphenoidal surgery.  

In February 2014 she underwent emergency endoscopic 
endonasal cranial surgery as a result of compression of her 
optic apparatus. She presented on MRI as a pituitary ad-
enoma, which on final pathology came back as a lympho-
cytic infiltration without any neoplastic cells, suggestive of 
lymphocytic hypophysitis. Her neurosurgical team in Mi-
ami was Mohamed Samy A. Elhammady, MD, guided by 
Professor Roberto Heros, MD. 

Surgery was very successful, Cathy’s postoperative 
scan showed excellent decompression of her optic ap-
paratus and decompression of her cyst. Her visual fields 
completely recovered and we thought she was on her way 
to full recovery. However within three months the clini-
cal symptoms of blurred vision, and disabling headaches 
had returned. New MRI demonstrated regrowth of the cyst 
(sellar and suprasellar mass). Her Miami medical team re-
viewed all pathology and reconfirmed diagnosis of lym-
phocytic hypophysitis. This is an unusual inflammatory 
disorder of the pituitary gland [4] with standard therapy 
being high-dose steroid medication. Steroid therapy has 
been effective in some patients however recurrent disease 
and morbid states have been reported. So now the medical 
condition was changing from a neurosurgical condition to 
an endocrinology situation. 

Her Miami team started her on high does prednisone 
(40 mg per day) and recommended she see additional en-
docrinology consult upon returning to Cleveland.

So appointments were made at Case Western Universi-
ty Hospital in Cleveland, Ohio and both the head of Neu-
rosurgical Oncology and Bahauddin Arafah, MD saw her:

• Division Chief, Clinical and Molecular Endocrinol-
ogy, UH Case Medical Center

• Program Director, Endocrinology, UH Case Medical 
Center

• Professor, Medicine, CWRU School of Medicine
I mention the name of her consult with the Division 

Chief of Endocrinology because his behavior and attitude 
stand out way beyond the experience Cathy and I have en-
countered over her treatment period or for that matter over 
both of our careers in medicine.

Dr. Arafah disagreed with the diagnosis from Miami of 
lymphocytic hypophysitis and believes she has a Rathke’s 
cleft cyst and prednisone treatment will not be effective. 
He was very insistent that only additional surgery, remov-
ing all traces of the cyst would effectively cure this prob-

lem. His only review of her medical condition was review 
of her MRI scans.  We asked him to talk to her Miami team 
since they felt it was not a Rathke’s cleft cyst. He said he 
did not need to since he could tell by her MRI scan and he 
was the expert in this area.

His attitude in refusing to talk to the medical team that 
operated and performed the pathology on Cathy was in our 
opinion less than professional and was arrogant beyond an 
acceptable standard.

A Rathke’s cleft cyst is a benign pituitary cyst, which 
typically occurs in the area of the pituitary gland. It is 
thought to be remnants of an embryologic structure called 
Rathke’s pouch, hence the name. If left over after devel-
opment, the cyst can slowly expand and eventually cause 
symptoms. Rathke’s cyst also does not respond to corti-
sone treatment.

Cathy decided to stay with the more conservative treat-
ment proposed by her Miami team. Since she has begun 
the steroid treatment her clinical symptoms have improved 
and the latest MRI has demonstrated a decrease in size of 
the mass and resolution of the effect the mass has had on 
her optic chiasm (sight restored).

The high does prednisone (40mg) was doing the job of 
decompression however we were very concerned with the 
mid to long-term effect of such high dose treatment. This 
also confirmed the diagnosis of lymphocytic hypophysitis 
versus that of Rathke’s cleft cyst. The Miami endocrinol-
ogist also suggested that Cathy see a rheumatologist and 
possibly receive additional chemical treatment with one of 
the new autoimmune drugs.

So this started out as a neurosurgical problem, then it 
became an endocrinology problem, and now a rheumatol-
ogy problem. So she was put on to Cellcept in addition to 
the prednisone. Cellcept (mycophenolate mofetil) is used 
to prevent rejection of a kidney, liver, or heart transplant. 

After almost ten months of treatment Cathy’s overall 
health and medical condition were getting worse. As she 
would reduce the dose of prednisone her clinical symp-
toms would resume and there appeared to be no benefit of 
the Cellcept medication so that was discontinued. During 
all this time I was reaching out to all my medical contacts 
on a global basis seeking any suggestions for treatment. In 
addition I was searching all index databases looking for 
any published literature on the treatment of lymphocytic 
hypophysitis.

I eventually found one paper on ResearchGate “Stereo-
tactic Radiotherapy for the Treatment of Lymphocytic Hy-
pophysitis” published in 2003 in Journal of Neurosurgery 
senior author by Michael T. Selch, MD. [3] The article was 
a report on two cases, one a 58-year-old man, the other a 
75-year-old man.
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The role of surgery is to decompress and for tissue di-
agnosis. It is typically treated medically with steroids. Re-
section is often incomplete due to suprasellar extension 
or firm adherence to adjacent Dura matter. Recurrence 
has been reported and validated by Cathy’s recent events. 
Surgery may result in diabetes insipidus or worsening of 
the anterior pituitary function. Cathy experienced both of 
these conditions. 

High-dose steroid therapy has been advocated in an ef-
fort to avoid invasive procedures. The clinical response to 
corticosteroid medications, however, may be poor or tran-
sient and symptoms frequently return after cessation of 
therapy. Steroid therapy treatment after many months can 
result in serious side effects such as Cushing syndrome, 
avascular necrosis, and diabetes mellitus.

Until this paper there had been no reports of radio-
therapy for lymphocytic hypophysitis, although its use 
has proven to be successful for histopathologically simi-
lar condition elsewhere in the body. The results of this re-
port of two cases were that stereotactic radiotherapy rep-
resents a minimally invasive treatment option for patients 
with lymphocytic hypophysitis.

Needless to say, this was the first research that demon-
strated a potential for not just treating my wife’s condi-
tion but a realistic outlook on curing her disease. Now I 
was faced with the prospect of finding a new experimen-
tal treatment and presenting this option to my wife without 
over stating, or raising expectations beyond a reasonable 
level. This, after all, was just a case result of two patients.

So I reached out to contact Michael Selch from UCLA 
only to find that he had retired and his contact informa-
tion was not readily available. After about three months I 
was successful and Michael gave me a call. We discussed 
Cathy’s case and Michael did feel that Cathy could possi-
bly benefit from radiation therapy.

Since this was a new treatment modality and Michael 
was retired Michael suggested that we contact Dr. John 
Breneman, MD from Cincinnati Ohio. Michael was kind 
enough to reach out on our behalf and contact John.

Dr. John Breneman is a Radiation Oncologist in West 
Chester, Ohio and is affiliated with multiple hospitals in 
the area, including Christ Hospital and Cincinnati Chil-
dren’s Hospital Medical Center. He received his medical 
degree from University of Iowa Carver College of Medi-
cine and has been in practice for 34 years.

After being contacted by Michael, John called me and 
we discussed Cathy’s case. John requested that I send her 
medical files so he could review them and present them 
to his department at the University of Cincinnati. In the 
meantime we kept Cathy’s neurosurgeon, Samy (Mo-
hamed Samy A. Elhammady, MD), abreast of our discus-

sions. Samy has been our key contact since the surgery 
discussing every step of treatment along this challenging 
path. Both Cathy and I cannot express the immense respect 
that we have for this young gifted surgeon. He has grown 
into a friend making himself available day or night to help 
us with decisions that are very scary and experimental in 
nature. He has made himself available to all of Cathy’s 
medical team even to the point of allowing us to give out 
his personal mobile telephone number. He made sure all of 
Cathy’s medical files including the pathology slides were 
sent to John for his team to review.

John, the tumor board and the pathology department 
at the University of Cincinnati agreed and confirmed Mi-
ami’s diagnosis of lymphocytic hypophysitis. After con-
firmation of the diagnosis upon meeting with John he was 
upfront with the fact that he and his department had no ex-
perience with treating this disease. After consultation with 
Michael Selch, John felt he and his team could develop a 
radiation therapy protocol that would benefit Cathy’s con-
dition. We were very impressed with John’s open honest 
approach and had the confidence that we found the right 
man to help us at this junction.

Treatment and Results

Radiation therapy: Definitive
Image Guidance: Daily
RT Dose per Fraction (GY): 2 Gy
RT Total Fraction Count: 15
RT Total Dose (Gy): 30 Gy
Elapsed Days: 20

A sixty-eight-year-old Caucasian woman completed 
definitive radiotherapy as instructed without unintended 
treatment breaks. She tolerated radiotherapy well with ex-
pected acute treatment related toxicity including fatigue. 
Her HA’s were moderately improved during radiation.

rtog Acute radiation morbidity scoring criteria
General: grade 1 fatigue

conclusion of mri: 
MARKED IMPROVEMENT IN THE MASS IN THE 

PITUITARY WHEN COMPARED TO THE PREVIOUS 
EXAMINATION OF 5/13/2015. THE CAVERNOUS SI-
NUSES ARE NORMAL WITH NO MASS EFFECT ON 
THE PITUITARY STALK (Figure 1).
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Summary

Although this is a summary of a case report on an initial 
neuro-surgical problem the medical situation transformed 
itself to a multifocal problem involving four defined medi-
cal subspecialties:

1. Neuro-surgical
2. Endocrinology
3. Rheumatology
4. Radiation Oncology
The purpose of this paper is to highlight how one pub-

lication of a case report can lead to ongoing treatment and 
research that has effectively improved the quality and life 
expectancy of one patient. In addition to the benefit of this 
one individual patient the improvement in the quality of 
life that this one patient touches: husband, children, grand-
children, friends and the real possibility of this treatment 
benefiting additional patients and all the people that pa-
tients touch.

I want to encourage all medical professionals to pub-
lish. Publish the good and the bad, your work is a benefit 
and I want to thank all, that take the time to publish their 
work.

In addition this experience has demonstrated that al-
most all the health care team Cathy and I encountered 
were highly professional and extremely kind. It makes you 
proud to be part of this profession.

our team that deserves high praise :
Roberto Heros, MD, Professor & Co-Chairman of Neu-
rological Surgery, University of Miami Health System.

Mohamed Samy A. Elhammady, MD, Neurosurgeon, 
University of Miami and St. Joseph Hospital, Tampa, 
Florida
Michael T. Selch, MD, Radiation Oncologist, UCLA, 
Los Angles, CA
John Breneman, MD, Radiation Oncologist, University 
of Cincinnati, OH
Mark D. Jacobson, MD, Interventional Radiologist, 
Lady Lake, FL

special note of interest:
On a personal note of interest shared by both Catherine 

and myself: two of Cathy’s medical team are foreign born 
surgeons - Roberto Heros from Cuba and Mohamed Samy 
A. Elhammady from Egypt.

We are very grateful that these two professionals have 
chosen to settle in the United States and practice here. We 
consider them both to be friends and highly recommend 
them in their professions. People need to be judge based on 
their merit, nothing more, nothing less.

Cathy and I hope this radiation therapy protocol will 
benefit the increasing number of individuals that are in-
flicted with this disease. 
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Figure 1. The new scan on the right shows a much smaller, residual area of contrast uptake in the area of the pituitary, which could represent 
resolving hypophysitis versus effects of radiation treatment. 
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Since 1948, the Greenbrier Clinic has been 
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 
million, employ more than 500 
people and include 3 buildings.

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-

For more information, please contact:

Mark E. Krohn, Chief Operating Officer
Greenbrier Medical Institute, 330-697-6581

mekrohn@bmdllc.com

Future Site Selected For This 
Cutting-Edge Medical Initiative

The Greenbrier Medical Institute
World Class Healthcare, Orthopaedics “Sports Medicine,” Rehabilitation, Plastic Surgery, Research & Education

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 façade, 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.

White Sulphur Springs, West Virginia
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Compete unit includes:
Tightening rod, horizontal attachment, 
vertical bar, T-handle bolt, offset femoral 
hook, and rotating table clamp

rotating 
clamp

vertical 
bar

horizontal 
attachment

offset 
femoral 
hook

tightening 
rod

Designed for use with a 
standard operating room table

Helps to facilitate elevation 
of the proximal femur during 
direct anterior approach 
THR, after the acetabular 
component has been implanted

Unique rotating table clamp allows 
the system to be positioned vertically 
as the leg is angled lower

PRODUCT NO:

6245-00

FOR DIRECT 
ANTERIOR APPROACH 
TOTAL HIP REPLACEMENT

Set-up and use guide available

FREE TRIAL ON MOST INSTRUMENTS
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Designed by Alfred Durham, MD

Durham Offset Zelpi Retractor
Staggered depth retractor designed
for exposure during total hip
and total shoulder surgery

 In hip surgery, with the handle towards 
the surgeon, the longer leg is on the inside.

 In shoulder surgery, with the handle downward, 
the longer leg is on the outside.

 The longer leg extends 1.1" (2,8 cm) deeper.

PRODUCT NO’S:

1573-L  [Left]
 Overall Length: 8.5"
 Leg Depths: 3.1" & 4.2"
1573-R  [Right]
 Overall Length: 8.5"
 Leg Depths: 3.1" & 4.2" MADE

IN THE USA
PROUDLY
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