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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

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

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/
http://icjr.net
http://jisrf.org
http://reconstructivereview.org
https://doaj.org/toc/2331-2270
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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
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
Lewis Samuels, MD
Jasmeet Saren, MD
Suresh Siva, MD, FRCS
Evert Smith, Bsc, MBBCh, FRCS
Rami M Sorial, MD
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

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
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/
https://www.docdoc.com/doctors/dr-mr-jasmeet-singh-saren
http://www.fatimah.com.my/HospitalFatimah/orthopaedics_traumatology.html
http://evertsmith.com/about/
http://www.drramisorial.com.au/
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
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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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PRODUCT NO’S:

3001 [Unger Wide Hohmann–Single Prong]
 Blade Width: 43.6mm 
 Blade Depth: 5" 
 Overall Length: 13.5"
3008 [Unger Wide Hohmann–Double Prong]
 Blade Width: 33.6mm 
 Blade Depth: 5" 
 Overall Length: 13.5"
3002 [Unger Narrow Hohmann]
 Blade Width: 24.5mm 
 Blade Depth: 4" 
 Overall Length: 13"
3003 [Unger Blunt Narrow Cobra]
 Blade Width: 22.5mm 
 Blade Width at Tip: 12mm 
 Blade Depth: 5.25" 
 Overall Length: 14.5"
3004 [Unger Canal Finder Rasp–Straight] 
 Overall Length: 11"
 Handle Length: 5"
3004-01 [Unger Canal Finder Rasp–Curved] 
 Overall Length: 11"
 Handle Length: 5"

1

2

3

4

5

6

3005-R [Unger Box Osteotome–Right] 
 Overall Length: 12"
3005-L [Unger Box Osteotome–Left] 
 Overall Length: 12"
3006  [Unger Femoral Neck Elevator] 
 Blade Width at Widest: 25mm
 Overall Length: 13" 
 Handle Length: 9"
3007  [Unger Soft Tissue Protector]
 Blade Width: 50.5mm 
 Blade Depth: 1.75"
 Overall Length: 10.125"
3009-R [Unger Offset Narrow Hohmann–Right]
 Blade Width: 24.5mm 
 Blade Depth: 4"
 Overall Length: 13"
3009-L [Unger Offset Narrow Hohmann–Left]
 Blade Width: 24.5mm 
 Blade Depth: 4"
 Overall Length: 13"

7

8

9

10

11

12

Unger Anterior Total Hip Instruments Designed by Anthony Unger, MD

Universal instrument system specifically designed for Direct Anterior approach THR

Wide Hohmann—Single Prong1 Wide Hohmann—Double Prong2 Narrow Hohmann3 Narrow Cobra4

Box Osteotome7 8

Femoral Neck Elevator9

Soft Tissue Protector10

Offset Narrow Hohmann—Right & Left11 12

Canal Finder Rasp—Straight & Curved5 6

2

11

12
1

3

4

2

3 6

9 10

Wixson Anterior 
Suspension Hook System
Designed by Richard L. Wixson, MD

PRODUCT NO:

6245-00 [Complete Unit]

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

FOR DIRECT 
ANTERIOR APPROACH 
TOTAL HIP REPLACEMENT

Set-up and use guide available

FREE TRIAL ON MOST INSTRUMENTS

1.800.548.2362103 Estus Drive, Savannah, GA 31404
www.innomed.net info@innomed.net

912.236.0000 Phone 
912.236.7766 Fax

Innomed-Europe Tel. +41 41 740 67 74
 Fax +41 41 740 67 71© 2016 Innomed, Inc.

Scan to 
Launch Our

WebsiteISO 9001:2008 • ISO 13485:2003

http://www.reconstructivereview.org
http://jisrf.org
mailto:info%40innomed.net?subject=
http://www.innomed.net
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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
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Abstract

We describe nine patients who had total hip arthroplasty failure [titanium alloy monolithic stem, co-
balt-chromium head (32 mm or 36 mm), highly cross-linked polyethylene liner, metal socket] related to 
metal wear debris generated at the trunnion. Symptoms included pain with onset 2.9 years after THA.  
Preoperative serum cobalt metal ion levels were elevated [mean 8.8 ng/ml (normal < 0.9 ng/ml)] and 
were higher than chromium levels [mean 1.2 ng/ml (normal < 0.3 ng/ml)]. All patients had debridement 
of the periarticular soft tissues, stem retention, revision to ceramic head and new liner; two patients had 
acetabular revision.  At early follow-up, 7 of 8 available patients did well, with improved cobalt (0.6 ng/
ml) and little change in chromium levels. We recommend heightened awareness regarding this mode of 
failure.
Keywords: hip arthroplasty, corrosion, revision procedures
level of evidence: AAOS Therapeutic Level IV

© 2016 Manthe, Blasser, Beauchamp, O’Connor. All rights reserved.
Authors retain copyright and grant the journal right of first publication with the work. 
Reconstructive Review follows the Creative Commons Attribution-NonCommercial 
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 
senior author, Reconstructive Review, and the Joint Implant Surgery & Research 
Foundation (JISRF). An example credit would be: “Courtesy of (senior author’s name), 
Reconstructive Review, JISRF, Chagrin Falls, Ohio”.

Introduction

Corrosion at the head-neck taper may be emerging 
as an unusual and early mode of failure in conventional 
metal-on-polyethylene total hip arthroplasty (MoP THA; 
monolithic uncemented titanium alloy femoral compo-
nent with narrower trunnion, modular cobalt alloy head, 
highly cross-linked polyethylene liner and uncemented ac-
etabular component). The common use of different met-
als for the modular femoral head (cobalt-chromium alloy) 
and monolithic femoral stem (titanium alloy) in modern 
hip arthroplasty creates the potential for galvanic corro-
sion. Fretting and micromotion at the head neck junction 
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Table 1: Patient Demographics
Pre-operative Serum  Levels

Patient Age 
(yrs)

Comorbidities Date of 
Primary 

THA

Sex Femoral 
Component

Acetabular 
Size (mm)

Stem 
Size

Head 
Size/Neck 

Length 
(mm)

Taper Liner Time to pain 
(After index 

op)(yr)

Cr (ng/
ml) (nml 

< 0.3)

Co (ng/
ml) (nml 

< 0.9)

ESR        
(nml<22mm/

hr)

CRP               
(nml < 
8mg/L)

Advanced 
Imaging (CT/

MRI)

Aspiration Time to 
Revision 

(after 
index 
THA) 
(yr)

Time to 
Revision 

(after 
symptoms) 

(yr)

1 72 OSA, DMII 
(metformin), 

OA, Depression, 
Nodular thyroid 

disease

11/3/2008 F Stryker 
Accolade

50 3 32, -4 V40 10° elevated 2 0.5 15 * * Abnormal 
enhancement 
soft tissues, 

Psoas 
impingement

Negative Cx, turbid; 
unable to perform 

cell count (too 
viscous)

3.7 1.7

2 63 CAD, 
HLD, HTN, 
Hypothyroid, 

Tinnitus

10/27/2009 M Stryker 
Accolade

54 3 36, -5 V40 10° elevated 2 0.2 2.1 8 * Abnormal 
enhancement 
soft tissues

Negative Cx, turbid; 
cell count 2,512

2.1 0.1

3 63 HTN, HLD, 
OSA,

11/20/2006 M Zimmer M/L 
taper

56 11 32, -3.5 12/14 20° elevated 3.4 1.3 9 40 76.3 Abnormal 
enhancement 
soft tissues

Negative Cx, turbid; 
cell count 7,000

5.4 2

4 68 HTN, HLD, OA 6/12/2007 F Stryker 
Accolade

50 2 32, +0 V40 10° elevated 4.5 0.7 4.6 30 9.4 Lytic focus at 
acetabulum

Negative Cx, turbid; 
cell count 1

4.7 0.2

5 53 Metastatic 
seminoma, 

CAD, Peripheral 
neuropathy

10/27/2007 M Stryker 
Accolade

52 3.5 32, +0 V40 10° elevated No Pain 0.2 11 33 7.1 Abnormal 
enhancement 
soft tissues

Negative Cx; unable 
to perform cell count 

(limited fluid)

5.3 No Pain

6 74 Hx Breast 
Ca, HLD, 

Hypothyroid, 
Osteopenia

5/30/2006 F Stryker 
Accolade

54 4 36, +0 V40 Neutral 2 2 8.9 11 2.5 Abnormal 
enhancement 
soft tissues; 

Pelvic 
pseudotumor

Negative Cx, brown; 
cell count 20,966

6.3 4.3

7 67 OA, PAC 4/2/2007 F Stryker 
Accolade

52 3 32, -4 V40 10° elevated 3.8 0.3 11 40 16.4 Abnormal 
enhancement 
soft tissues

Negative Cx, cloudy; 
cell count 1,001

5.7 1.9

*** “ “ 11/8/2010 F Stryker 
Accolade

54 4 36, -4 V40 10° elevated 0 0.3 11 40 16.4 Abnormal 
enhancement 
soft tissues

Negative Cx, cloudy; 
cell count 1,001

2.5 2.5

8 59 DMII 
(Metformin), 
HTN, GERD, 

Hypothyroidism, 
Atrial 

arrhythmia

3/3/2006 F Zimmer M/L 
taper

52 12 32, +0 12/14 * 0.1 3.1 1.2 17 9.6 Abnormal fluid 
collection

Negative Cx; cell 
count 50

6.5 6.4

9 78 HTN, Glaucoma 5/12/2008 M Zimmer M/L 
taper

56 12.5 36, +3.5 12/14 Neutral 4.5 2.2 16 * * Abnormal fluid 
collection with 

metal debris 
present

Negative Cx; 
opaque; unable to 
perform cell count

4.9 0.4

can also result in the release 
of metal ions. Adaptation 
of narrower neck tapers to 
lower the risk of impinge-
ment may increase such mi-
cromotion. While failure of 
metal-on-metal THA due to 
metal wear debris has been 
well documented [1-3] and 
corrosion at the head-neck 
junction is known to con-
tribute to the adverse local 
tissue reaction in these pa-
tients [4], failure of con-
ventional MoP THA due to 
trunnion corrosion is now 
being reported [5]. The pur-
pose of our study was to re-
port our experience with 
early failure of convention-
al MoP THA related to cor-
rosion at the modular head-
neck junction.

Materials and 
Methods

This is a retrospective 
case series of patients treat-
ed at two tertiary care, ac-
ademic medical centers. 
Inclusion criteria were ar-
bitrarily set to include pa-
tients who had undergone 
conventional primary total 
hip arthroplasty between 
January 2006 and Decem-
ber 2010. There were 2,703 
primary arthroplasties per-
formed at our two centers 
during this time frame. Re-
vision procedures on these 
patients were performed 
between December 8, 2011 
and May 13, 2013. Data 
was collected from review of the electronic medical record 
and radiographic images. Approval was obtained from the 
local Institutional Review Board.

Patients who presented with either clinical symptoms 
or radiographic abnormalities (or both) were identified for 

this study. The demographics of the study population are 
detailed in Table 1. Of the nine patients that comprised the 
cohort group, six had their primary arthroplasty at our in-
stitution. Eight of the nine patients presented for evalua-
tion of pain (Figures 1 and 2). The final patient was asymp-
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Table 1: Patient Demographics
Pre-operative Serum  Levels

Patient Age 
(yrs)

Comorbidities Date of 
Primary 

THA

Sex Femoral 
Component

Acetabular 
Size (mm)

Stem 
Size

Head 
Size/Neck 

Length 
(mm)

Taper Liner Time to pain 
(After index 

op)(yr)

Cr (ng/
ml) (nml 

< 0.3)

Co (ng/
ml) (nml 

< 0.9)

ESR        
(nml<22mm/

hr)

CRP               
(nml < 
8mg/L)

Advanced 
Imaging (CT/

MRI)

Aspiration Time to 
Revision 

(after 
index 
THA) 
(yr)

Time to 
Revision 

(after 
symptoms) 

(yr)

1 72 OSA, DMII 
(metformin), 

OA, Depression, 
Nodular thyroid 

disease

11/3/2008 F Stryker 
Accolade

50 3 32, -4 V40 10° elevated 2 0.5 15 * * Abnormal 
enhancement 
soft tissues, 

Psoas 
impingement

Negative Cx, turbid; 
unable to perform 

cell count (too 
viscous)

3.7 1.7

2 63 CAD, 
HLD, HTN, 
Hypothyroid, 

Tinnitus

10/27/2009 M Stryker 
Accolade

54 3 36, -5 V40 10° elevated 2 0.2 2.1 8 * Abnormal 
enhancement 
soft tissues

Negative Cx, turbid; 
cell count 2,512

2.1 0.1

3 63 HTN, HLD, 
OSA,

11/20/2006 M Zimmer M/L 
taper

56 11 32, -3.5 12/14 20° elevated 3.4 1.3 9 40 76.3 Abnormal 
enhancement 
soft tissues

Negative Cx, turbid; 
cell count 7,000

5.4 2

4 68 HTN, HLD, OA 6/12/2007 F Stryker 
Accolade

50 2 32, +0 V40 10° elevated 4.5 0.7 4.6 30 9.4 Lytic focus at 
acetabulum

Negative Cx, turbid; 
cell count 1

4.7 0.2

5 53 Metastatic 
seminoma, 

CAD, Peripheral 
neuropathy

10/27/2007 M Stryker 
Accolade

52 3.5 32, +0 V40 10° elevated No Pain 0.2 11 33 7.1 Abnormal 
enhancement 
soft tissues

Negative Cx; unable 
to perform cell count 

(limited fluid)

5.3 No Pain

6 74 Hx Breast 
Ca, HLD, 

Hypothyroid, 
Osteopenia

5/30/2006 F Stryker 
Accolade

54 4 36, +0 V40 Neutral 2 2 8.9 11 2.5 Abnormal 
enhancement 
soft tissues; 

Pelvic 
pseudotumor

Negative Cx, brown; 
cell count 20,966

6.3 4.3

7 67 OA, PAC 4/2/2007 F Stryker 
Accolade

52 3 32, -4 V40 10° elevated 3.8 0.3 11 40 16.4 Abnormal 
enhancement 
soft tissues

Negative Cx, cloudy; 
cell count 1,001

5.7 1.9

*** “ “ 11/8/2010 F Stryker 
Accolade

54 4 36, -4 V40 10° elevated 0 0.3 11 40 16.4 Abnormal 
enhancement 
soft tissues

Negative Cx, cloudy; 
cell count 1,001

2.5 2.5

8 59 DMII 
(Metformin), 
HTN, GERD, 

Hypothyroidism, 
Atrial 

arrhythmia

3/3/2006 F Zimmer M/L 
taper

52 12 32, +0 12/14 * 0.1 3.1 1.2 17 9.6 Abnormal fluid 
collection

Negative Cx; cell 
count 50

6.5 6.4

9 78 HTN, Glaucoma 5/12/2008 M Zimmer M/L 
taper

56 12.5 36, +3.5 12/14 Neutral 4.5 2.2 16 * * Abnormal fluid 
collection with 

metal debris 
present

Negative Cx; 
opaque; unable to 
perform cell count

4.9 0.4

* Stryker components (Mahwah, New Jersey) consist of Trident hemispherical acetabular component with X3 polyethylene liner, Accolade 
TMZF stem manufactured from beta titanium alloy (TMZF) and cobalt-chromium alloy femoral head.
# Zimmer components (Warsaw, Indiana) consist of Trilogy acetabular component with Longevity polyethylene liner, M/L taper femoral stem 
manufactured from titanium alloy (Ti-6Al-4V) and cobalt-chromium alloy femoral head.
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Figure 1: Patient #7 was a 67-year-old female who had revision surgery 5.7 years following the index procedure.

Figure 1a. Pre-revision 
Anteroposterior 
radiograph of the left hip 
showing mild osteolysis 
at the periphery of the 
acetabular component 
(zone 1) and a mild 
resorption of the medial 
femoral calcar (zone 7). 

Figure 1b. Intraoperative photo showing 
necrotic debris and fibrosis within the 
hip joint. Notice that there is no visible 
abnormality at the junction of head and 
stem.

Figure 1c. With removal of head, 
extensive corrosive debris can be seen at 
trunnion/neck region.

Figure 1d. Corrosive debris at base of 
trunnion; trunnion damage visible.

Figure 1e. Corrosion and debris within 
femoral head.

Figure 1f. 
Anteroposterior view of 
the left hip two months 
following revision 
polyethylene liner and 
conversion of the cobalt-
chromium to a ceramic 
femoral head.

Figure 2: Patient #4 was a 68-year-old woman.

Figure 2a. Anteroposterior radiograph of the 
right THA three years following the index 
procedure. The patient is asymptomatic. 

Figure 2b.  Anteroposterior radiograph of 
the right THA 4.5 years following the index 
procedure showing interval development of 
acetabular bone loss in zone 1. Patient then 
developed hip pain. 

Figure 2c. Computed tomography 
scan of the right hip showing a fairly 
localized area of bone destruction with 
some surrounding sclerosis. Neoplasm 
(particularly metastatic disease) was 
included in the differential diagnosis. 
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Figure 3: Patient #5 was a 53-year-old male who underwent revision surgery 5.3 years after the index procedure. 

Figure 3a. 
Anteroposterior 
radiograph of the left 
hip three months after 
primary THA. Note the 
presence of the medial 
femoral calcar bone.

Figure 3b. 
Anteroposterior 
radiograph of the left hip 
prior to revision showing 
mild osteolysis at the 
periphery of acetabular 
component (zone 1) and 
a marked resorption of 
the medial femoral calcar 
(zone 7).

Figure 3c. Intraoperative aspiration of 
left hip joint showing grayish tinted white 
fluid.

Figrue 3d. Intraoperative photograph of 
the femoral head being removed showing 
underlying debris due to trunnion 
corrosion. 

Figure 3e. Trunnion with debris and 
corrosion 

Figure 3f. Corrosion and debris within 
femoral head

tomatic patient and had presented for routine follow-up and 
had an abnormality identified on radiographs (Figure 3). 
The variables studied included preoperative serum chro-
mium and cobalt levels, preoperative hip-joint fluid analy-
sis, and advanced imaging of the hip joint with computed 
tomography or magnetic resonance imaging with metal ar-
tifact reduction sequencing. As available, postoperative se-
rum metal ion levels were documented as well as clinical 
status at most recent follow-up.

Ten revision procedures were performed in 9 patients; 
one patient underwent bilateral revisions (Table 2). In one 
patient, the preoperative diagnosis was psoas impinge-
ment, and serum metal ion levels were drawn immediate-
ly following revision after noting intraoperative findings 
consistent with metal debris generated at the trunnion.  In 
the remaining patients, failure related to trunnion corro-
sion was suspected prior to revision. The average time 
between conventional THA and revision surgery was 4.7 
years (range 2.1-6.5 years). 

The surgical hip approach during revision surgery was 
dictated by surgeon preference and included 8 posterior 
approaches and 2 anterior approaches. All femoral stems 
were determined to be well-fixed and retained. Black flaky 
material at the head-neck junction was identified in all pa-
tients and was easily removed with either a damp lap pad, 
fresh blade, or bovie scratch pad. A titanium-alloy adapter 

sleeve was used in seven of ten constructs prior to ceram-
ic head impaction on the taper. In the three cases where an 
adapter sleeve was not used, we employed an off label ap-
plication based on the decision of the treating surgeon that 
the integrity of the trunnion was satisfactory. One well-
fixed acetabular shell was revised in the patient who had 
the preoperative diagnosis of psoas impingement, and an-
other acetabular shell was revised due to lack of ingrowth. 
All acetabular liners were revised with highly cross-linked 
polyethylene liners. All cobalt-chrome femoral heads were 
revised to ceramic heads. 

Results

Clinical Presentation: In our small cohort, eight pa-
tients presented with or reported symptoms of groin, but-
tock, or thigh pain at an average of 2.9 years after initial 
THA (range 0.1-4.5 years). One asymptomatic patient re-
turned for routine surveillance 1.9 years following his in-
dex procedure and radiographs revealed abnormal bone re-
sorption (Patient 5). The average time between symptom 
presentation and revision surgery was 2.4 years (range 0.2-
6.4 years), and the time between index arthroplasty and re-
vision surgery was 4.7 years (range 2.1-6.5 years). Of the 
index arthroplasties, 7 were composed of Stryker compo-
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Table 2: Revision Procedures and Findings
Post-Operative Serum Metal Ion Levels

Patient Revision Procedure Head 
size

Head 
Type

Liner Shell Stem Titanium 
adapter sleeve

Intraop histology description Cr (ng/ml)  (nml 
< 0.3)

Co  (ng/ml) 
(nml < 0.9)

Time  of blood draw 
(post- revision) (mos)

Complications NOTES Time to Latest 
Clinical 

Follow-up 
after Revision 

(mos)

Patient comments at 
clinic follow-up

1 Shell, liner, head 
exchange

36, +5 Ceramic Neutral Stryker 
Trident 

Hemispherical

Retained No NA 0.6 2.1 3.7 none Revised shell due to 
intraop appearance of 

retroversion

5.7 “Doing better”; “Hip 
feels less prominent”

2 Liner + head 
exchange

36, +0 Ceramic Elevated rim Retained Retained Yes “Fibrosis with focal 
perivascular lymphocytic 

inflammation; compatible with 
ALVAL”

* 0.2 8.9 none * 8.9 “Hip definitely better”

3 Liner + head 
exchange

32, +0 Ceramic Elevated rim Retained Retained Yes “Degenerative synovial tissue; 
bone with extensive necrosis’

2.1 1.3 3.8 Died from 
unrelated MI 5 

mos after revision 

* 3.8 “Recovery better after 
this than prior surgeries” 
(prior to unrelated MI)

4 Shell, liner, head 
exchange

36, +0 Ceramic Elevated rim Zimmer 
Continuum 
Trabecular 

metal

Retained Yes “Necrotic debris with fibrous 
soft tissue”

0.7 0.9 3.4 none Revised shell because 
acetabular component 

found to not be ingrown

7.7 “No problems while 
walking”

5 Liner + head 
exchange

36, +0 Ceramic Elevated rim Retained Retained Yes “Necrotic tissue & patchy 
chronic inflammation”

0.2 1.8 3.2 none * 3.2 “Not much pain, patient 
already returned to gym”

6 Liner + head 
exchange

36, +0 Ceramic Elevated rim Retained Retained No “Infarcted tissue & 
hyalinization”

1.1 2.7 1 Infection, failed 
Prostalac, now 

with girdlestone

* 6.6 “Minimal discomfort, 
less swelling; awaiting 
ESR/CRP to normalize 
prior to reimplantation”

7 Liner + head 
exchange

36, +0 Ceramic Elevated rim Retained Retained Yes “Patchy chronic inflammation 
& lymphoid aggregates”

0.4 7.6 1.8 none Patient had bilateral 
primary THA with 

corrosion. Both  hips 
were revised as 

described, with 5.1mos 
between revisions. 

0.7 “Able to ambulate 
independently”

Liner + head 
exchange

36, 
-2.5

Ceramic Elevated rim Retained Retained Yes “Fibrinous degeneration” 0.3 1 4.7 none “ “ 4.7 “Walking 2 miles a day 
now, prior to revisions 

couldn’t walk 2 blocks”
8 Liner + head 

exchange
36, 

+3.5
Ceramic Neutral Retained Retained Yes NA * * * none * 1.9 “Really well with respect 

to hip”
9 Liner + head 

exchange
32, -3 Ceramic Neutral, 

Constrained
Retained Retained No “Fibrinous degeneration 

present”
* * * none Large pseudotumor *** ***

nents: Accolade TMZF stem with a V40 taper, a cobalt-
chromium alloy femoral head, and a Trident hemispheri-
cal acetabular component with an X3 polyethelene liner 
(Mahwah, New Jersey); 3 index arthroplasties were com-
posed of Zimmer components: M/L taper femoral stem 
(Ti-6Al-4V) with a 12/14 taper, a cobalt-chromium alloy 
femoral head, and a Trilogy acetabular component with a 
Longevity polyethylene liner (Warsaw, Indiana).

Radiographic Findings: All patients had pre-revision 
radiographs. Two patients had bone resorption at the me-
dial calcar, and one had an area of well-defined acetabular 
osteolysis. All patients had radiographs interpreted as hav-

ing well fixed components. Seven of nine patients had met-
al artifact reduction sequencing magnetic resonance imag-
ing (MARS MRI), which showed abnormal enhancement 
around the hip capsule and/or iliacus muscle; two patients 
also had large pseudotumors. The remaining two patients 
had computed tomography (CT) imaging of the hip, one 
detailing the osteolytic acetabular lesion and the other sug-
gesting debris (Table 1).

 Laboratory testing: Laboratory test results are detailed 
in Table 1. In all patients, the cultures from fluid aspirated 
from the hip joint were negative. Serum metal ion levels 
were evaluated on all patients and demonstrated elevated 
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cobalt levels, with a mean of 8.8 ng/ml (range 1.2-16 ng/
ml; normal  <0.9 ng/ml) and elevated chromium level of a 
mean of 1.2 ng/ml (range 0.2-3.1 ng/ml; normal < 0.3 ng/
ml).

Intraoperative Findings: At the time of revision, each 
modular head appeared fully engaged on the taper, based 
on intraoperative manual testing. Black debris at the head-
neck junction was identified in all patients. Our retrospec-
tive review of the operative reports did not detail if vis-
ible damage to acetabular liner was observed. Material 
analysis of the removed components was not performed. 
The structural integrity of each trunnion was inspected and 

found to be maintained. Synovial tissue hypertrophy and 
necrotic periarticular debris were seen in all patients, and a 
pseudotumor was identified in two patients. These abnor-
mal tissues were debrided, as possible.  Operative histol-
ogy in seven cases showed fibrinous degeneration, chronic 
inflammation, and necrotic tissue, but no acute inflamma-
tion. Descriptions of intraoperative histology as dictated 
by pathology are shown in Table 2. A variable degree of 
abductor muscle necrosis was also seen. We could not cor-
relate the severity of tissue damage and preoperative metal 
ion level or time delay to revision procedure in this small 
series. Intraoperative cultures were negative in all patients. 

Table 2: Revision Procedures and Findings
Post-Operative Serum Metal Ion Levels

Patient Revision Procedure Head 
size

Head 
Type

Liner Shell Stem Titanium 
adapter sleeve

Intraop histology description Cr (ng/ml)  (nml 
< 0.3)

Co  (ng/ml) 
(nml < 0.9)

Time  of blood draw 
(post- revision) (mos)

Complications NOTES Time to Latest 
Clinical 

Follow-up 
after Revision 

(mos)

Patient comments at 
clinic follow-up

1 Shell, liner, head 
exchange

36, +5 Ceramic Neutral Stryker 
Trident 

Hemispherical

Retained No NA 0.6 2.1 3.7 none Revised shell due to 
intraop appearance of 

retroversion

5.7 “Doing better”; “Hip 
feels less prominent”

2 Liner + head 
exchange

36, +0 Ceramic Elevated rim Retained Retained Yes “Fibrosis with focal 
perivascular lymphocytic 

inflammation; compatible with 
ALVAL”

* 0.2 8.9 none * 8.9 “Hip definitely better”

3 Liner + head 
exchange

32, +0 Ceramic Elevated rim Retained Retained Yes “Degenerative synovial tissue; 
bone with extensive necrosis’

2.1 1.3 3.8 Died from 
unrelated MI 5 

mos after revision 

* 3.8 “Recovery better after 
this than prior surgeries” 
(prior to unrelated MI)

4 Shell, liner, head 
exchange

36, +0 Ceramic Elevated rim Zimmer 
Continuum 
Trabecular 

metal

Retained Yes “Necrotic debris with fibrous 
soft tissue”

0.7 0.9 3.4 none Revised shell because 
acetabular component 

found to not be ingrown

7.7 “No problems while 
walking”

5 Liner + head 
exchange

36, +0 Ceramic Elevated rim Retained Retained Yes “Necrotic tissue & patchy 
chronic inflammation”

0.2 1.8 3.2 none * 3.2 “Not much pain, patient 
already returned to gym”

6 Liner + head 
exchange

36, +0 Ceramic Elevated rim Retained Retained No “Infarcted tissue & 
hyalinization”

1.1 2.7 1 Infection, failed 
Prostalac, now 

with girdlestone

* 6.6 “Minimal discomfort, 
less swelling; awaiting 
ESR/CRP to normalize 
prior to reimplantation”

7 Liner + head 
exchange

36, +0 Ceramic Elevated rim Retained Retained Yes “Patchy chronic inflammation 
& lymphoid aggregates”

0.4 7.6 1.8 none Patient had bilateral 
primary THA with 

corrosion. Both  hips 
were revised as 

described, with 5.1mos 
between revisions. 

0.7 “Able to ambulate 
independently”

Liner + head 
exchange

36, 
-2.5

Ceramic Elevated rim Retained Retained Yes “Fibrinous degeneration” 0.3 1 4.7 none “ “ 4.7 “Walking 2 miles a day 
now, prior to revisions 

couldn’t walk 2 blocks”
8 Liner + head 

exchange
36, 

+3.5
Ceramic Neutral Retained Retained Yes NA * * * none * 1.9 “Really well with respect 

to hip”
9 Liner + head 

exchange
32, -3 Ceramic Neutral, 

Constrained
Retained Retained No “Fibrinous degeneration 

present”
* * * none Large pseudotumor *** ***
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Table 3: Trunnion Corrosion with Monolithic Femoral Components with Metal Femoral Head and Polyethylene Acetabular LinerDescriptions of intraoperative histology as dictated by pa-
thology are shown in Table 2. 

Early clinical follow-up: Early results following revi-
sion surgery have been favorable in seven of eight patients 
with clinical follow-up. One patient has been lost to fol-
low-up. These seven patients report significant improve-
ment in hip pain and function (Table 2). In seven patients 
with postoperative metal ion levels, serum cobalt ion lev-
els decreased from a preoperative mean of 8.8 ng/ml to 0.6 
ng/ml (range 0.2-1.3) at a mean time of 11 months after re-
vision. There was little change in chromium levels from a 
preoperative mean of 1.2 ng/ml to a postoperative mean of 
0.6 ng/ml (range 0.1-2.1 ng/ml). 

Complications: One patient died months following re-
vision surgery from an unassociated myocardial infarc-
tion. He reported clear improvement in hip pain at 4 month 
follow-up (Patient 3). Another patient with a large pseu-
dotumor developed an acute postoperative infection and 
currently has a girdlestone (Patient 6). No postoperative 
dislocations have been reported. 

Discussion

Corrosion at the tapered head-neck junction of a mono-
lithic titanium alloy femoral component and modular co-
balt-chromium femoral head can result in elevated serum 
metal ion levels and adverse local tissue reaction, leading 
to failure of the MoP THA (Table 3). Although an uncom-
mon finding, trunnion corrosion can result in significant 
pain and debilitation for patients. Most recently, Cooper 
et al. reported on a cohort of 10 patients with failed MoP 
THA due to trunnion corrosion [5]. Although case reports 
have documented MoP trunnion corrosion and pseudotu-
mor development throughout recent years [14,21-22,25-
27], our report of nine patients is the second series, to our 
knowledge, of early failure in MoP THA due to corrosion 
at the head-neck junction. 

In our series, nearly all patients had pain that prompted 
advanced imaging and subsequent metal ion level testing. 
All patients had abnormal MRI or CT findings and elevat-
ed metal ion levels. In eight of nine patients, serum cobalt 
levels were dramatically elevated compared to serum chro-
mium levels; a finding that was also reported by Cooper et 
al [5]. While Cooper et al. [5] did not report changes on 
radiographs of bone resorption, we identified osteolytic le-
sions in two of our patients. While we cannot conclude that 
there is a consistent clinical presentation for patients with 
failure of MoP THA due to trunnion corrosion, our expe-
rience suggests that metallosis due to trunnion corrosion 
should be considered in patients with pain within the first 

few years after MoP THA.
Revision of patients in our se-

ries to a ceramic-on-polyethylene 
bearing THA resulted in clinical 
improvement in all patients ex-
cept one who developed a post-
operative infection. Postoperative 
cobalt metal ion levels returned 
to normal levels at an average of 
11 months from revision. Coo-
per et al. also reported reduction 
in postoperative serum metal co-
balt levels in 6 of their patients in 
whom testing was performed [5]. 
While patients will require longer 
follow-up to assure clinical suc-
cess, our early experience sug-
gests that revision to a ceramic-
on-polyethylene bearing surface 
will effectively treat the metallo-
sis associated with trunnion cor-
rosion in these patients.

The etiology of trunnion cor-
rosion at the head-neck junction 
in the patients in our series re-
mains unclear. Implant design 
features, size selection of the 
femoral head component, surgi-
cal technique, and even patient 
factors may play a role in the de-
velopment of trunnion corrosion. 
Reports from the field of implant 
dentistry have shown that titani-
um implant failure via corrosion 
is more likely to occur under con-
ditions of increased serum glu-
cose as well as increased acidity, 
as seen in conditions of inflam-
mation and infection [6-8]. While 
our cohort had two patients with 
diabetes mellitus, our numbers 
are too small to comment on the 
role of elevated blood glucose 
and inflammatory conditions on 
the development of trunnion cor-
rosion. Future research reviewing 
a larger cohort of patients could 
potentially identify patient co-
morbidities, which may increase 
the risk of subsequent trunnion 
corrosion in THA. 

Previous Study Patient 
demographics 

Time to pain after 
index op (yr)

Presenting 
symptoms 

Laboratory workup Pre-revision 
imaging 

Revision procedure Notes 

Walsh et.al. [21] 
2011

79-year-old 
male 

1.8 Enlarging mass 
over gluteus 
maximus

ESR: elevated CRP: elevated; 
Metal ions: not drawn; 
Aspiration: negative culture

MRI: well defined 
soft tissue mass near 
greater trochanter

Head: ceramic 
Acetabular shell: retained 
Liner: ceramic
Femoral stem: retained

Excessive fibrotic 
soft tissue at time of 
revision

Lindgren et. al.  
[22] 2011

70-year-old 
male 

1 Buttock and groin 
pain 

ESR: normal CRP: elevated; 
Cobalt: 0.5bbp (nml<0.007); 
Chromium: 0.09ppb 
(nml<0.006); Aspiration: 
negative culture 

X-ray: unremarkable 
CT: increased 
volume of iliopsoas 
MRA: cystic lesion 
anteromedially in  
iliopsoas 

Head: stainless steel 
Acetabular shell: retained 
Liner: polyethylene 
Femoral stem: Stainless 
steel 

Surface corrosion at 
head-neck; disrupted 
abductor insertion; 
necrotic appearance of 
tissue 

Bonnaig et. 
al. [23] 2011 
(Titanium 
morse taper 
with Ceramic-
Ceramic 
articulation) 

46-year-old 
male 

2 Groin swelling;  
painless medial 
thigh  mass 

Blood work: not described; 
Metal ions: not described; 
Aspiration: negative  cultures 

CT: subcutaneous 
fluid collection 
extending from 
iliopsoas to hip 
joint; MRA: 
communication 
between hip joint and 
medial thigh sinus

Head: cobalt-chrome 
alloy 
Acetabular shell: revised, 
not 
specified 
Liner: polyethylene 
Femoral stem: revised, 
not specified 

Foreign body 
granuloma thigh mass; 
black debris on morse 
taper neck; metallic 
fragments embedded in 
ceramic 

Cooper et al. [5] 
2012 

10pts (8 female, 
2 male) 

0.7-8.7 7-Pain (groin, 
thigh,  buttock, 
trochanteric);  1- 
weakness; 1- fluid 
collection; 1- 
swelling 

ESR: mean 47.3 (range 4-108) 
CRP: mean 2.6 (range 0.5-5.7) 
Cobalt: mean 9.55 (range 1.6-
42.45) Chromium: mean 1.39 
(range 0.18-3.28) Aspiration: 
negative cultures 

Radiographs (10): all 
interpreted as normal 
MRI (3): large 
fluid collection CT 
(2): abnormal fluid 
collection 

Ceramic head + liner 
exchange (8);  Ceramic 
head, liner exchange, 
acetabular revision (2) 

All patients with black 
corrosion at trunnion; 
abductor muscle 
necrosis (2) 

Khair et al. [24] 
2013 

Unknown 
age, male, 
modular fixed-
head unipolar 
hemiarthroplasty 

2 Groin pain ESR: not reported CRP: not 
reported; Cobalt: 1.8ppb (nml 
<1ppb); Chromium: 2.4ppb 
(nml < 1.4ppb); Aspiration: not 
reported 

X-ray: osteolysis 
surrounding 
acetabulum 

Head: cobalt-chrome 
alloy 
Acetabular shell: cage 
reconstruction 
Liner: polyethylene 
Femoral stem: 
retained 

Surface corrosion at 
trunnion; necrotic 
appearance of tissue 

Mao et. al. [25] 
2012 

64-year-old 
female 

4 Greater 
trochanteric  pain 

ESR: normal CRP: normal; 
Cobalt: 11.2ng/ml (nml < 0.9); 
Chromium: 13ng/ml (nml < 
0.3); Aspiration: negative culture 

X-ray: well-fixed 
components without 
signs of polyethylene 
wear 

Head: ceramic 
Acetabular shell: retained 
Liner: ceramic 
Femoral stem: retained 

Surface corrosion at 
trunnion; metal debris 
in tissue 

Clyburn [26] 
2013

52-year-old 
female

5 Buttock and groin 
pain; difficulty 
ambulating

ESR: elevated CRP elevated; 
Aspiration: purulent, negative 
culture

X-ray: stable 
implant with ischial 
osteolysis

First stage: Prostalac 
Second stage:
Head: ceramic 
Acetabular shell: revised, 
not specified
Liner: polyethylene
Femoral stem: revised, 
not specified

Pseudotumor lateral 
to greater trochanter; 
damage to abductor 
insertion; metallic 
staining of tissue; black 
debris at headneck 
interface

Scully et. al. 
[27] 2013

80-year-old 
male

5 Mass anterolateral 
to greater 
trochanter, pain,
difficulty 
ambulating

ESR: normal CRP: normal; 
WBC: normal

MRI: well defined 
cystic mass deep to 
IT band expanding 
out from hip joint

Head: ceramic Scully et. al. [17] 2013

Cook et. al. [13] 
2013

2pts
(69-year-old 
female, 79-year-
old male)

1-4 Groin and lateral 
thigh pain

ESR/CRP: not described; 
Cobalt: mean 6.6ng/ml (range 
6.3-6.9); Chromium: mean 
1.56ng/ml (range 0.47-2.65); 
Aspiration: negative culture

US: large fluid 
collection anterior to 
greater trochanter in 
continuity with hip 
joint

Finite material analysis 
performed, revision not 
specified

Deep pseudotumor (x2) 
adherent to capsule; 
3D metrology reveals 
mechanical damage at 
taper-trunnion overlap
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Table 3: Trunnion Corrosion with Monolithic Femoral Components with Metal Femoral Head and Polyethylene Acetabular Liner

Previous Study Patient 
demographics 

Time to pain after 
index op (yr)

Presenting 
symptoms 

Laboratory workup Pre-revision 
imaging 

Revision procedure Notes 

Walsh et.al. [21] 
2011

79-year-old 
male 

1.8 Enlarging mass 
over gluteus 
maximus

ESR: elevated CRP: elevated; 
Metal ions: not drawn; 
Aspiration: negative culture

MRI: well defined 
soft tissue mass near 
greater trochanter

Head: ceramic 
Acetabular shell: retained 
Liner: ceramic
Femoral stem: retained

Excessive fibrotic 
soft tissue at time of 
revision

Lindgren et. al.  
[22] 2011

70-year-old 
male 

1 Buttock and groin 
pain 

ESR: normal CRP: elevated; 
Cobalt: 0.5bbp (nml<0.007); 
Chromium: 0.09ppb 
(nml<0.006); Aspiration: 
negative culture 

X-ray: unremarkable 
CT: increased 
volume of iliopsoas 
MRA: cystic lesion 
anteromedially in  
iliopsoas 

Head: stainless steel 
Acetabular shell: retained 
Liner: polyethylene 
Femoral stem: Stainless 
steel 

Surface corrosion at 
head-neck; disrupted 
abductor insertion; 
necrotic appearance of 
tissue 

Bonnaig et. 
al. [23] 2011 
(Titanium 
morse taper 
with Ceramic-
Ceramic 
articulation) 

46-year-old 
male 

2 Groin swelling;  
painless medial 
thigh  mass 

Blood work: not described; 
Metal ions: not described; 
Aspiration: negative  cultures 

CT: subcutaneous 
fluid collection 
extending from 
iliopsoas to hip 
joint; MRA: 
communication 
between hip joint and 
medial thigh sinus

Head: cobalt-chrome 
alloy 
Acetabular shell: revised, 
not 
specified 
Liner: polyethylene 
Femoral stem: revised, 
not specified 

Foreign body 
granuloma thigh mass; 
black debris on morse 
taper neck; metallic 
fragments embedded in 
ceramic 

Cooper et al. [5] 
2012 

10pts (8 female, 
2 male) 

0.7-8.7 7-Pain (groin, 
thigh,  buttock, 
trochanteric);  1- 
weakness; 1- fluid 
collection; 1- 
swelling 

ESR: mean 47.3 (range 4-108) 
CRP: mean 2.6 (range 0.5-5.7) 
Cobalt: mean 9.55 (range 1.6-
42.45) Chromium: mean 1.39 
(range 0.18-3.28) Aspiration: 
negative cultures 

Radiographs (10): all 
interpreted as normal 
MRI (3): large 
fluid collection CT 
(2): abnormal fluid 
collection 

Ceramic head + liner 
exchange (8);  Ceramic 
head, liner exchange, 
acetabular revision (2) 

All patients with black 
corrosion at trunnion; 
abductor muscle 
necrosis (2) 

Khair et al. [24] 
2013 

Unknown 
age, male, 
modular fixed-
head unipolar 
hemiarthroplasty 

2 Groin pain ESR: not reported CRP: not 
reported; Cobalt: 1.8ppb (nml 
<1ppb); Chromium: 2.4ppb 
(nml < 1.4ppb); Aspiration: not 
reported 

X-ray: osteolysis 
surrounding 
acetabulum 

Head: cobalt-chrome 
alloy 
Acetabular shell: cage 
reconstruction 
Liner: polyethylene 
Femoral stem: 
retained 

Surface corrosion at 
trunnion; necrotic 
appearance of tissue 

Mao et. al. [25] 
2012 

64-year-old 
female 

4 Greater 
trochanteric  pain 

ESR: normal CRP: normal; 
Cobalt: 11.2ng/ml (nml < 0.9); 
Chromium: 13ng/ml (nml < 
0.3); Aspiration: negative culture 

X-ray: well-fixed 
components without 
signs of polyethylene 
wear 

Head: ceramic 
Acetabular shell: retained 
Liner: ceramic 
Femoral stem: retained 

Surface corrosion at 
trunnion; metal debris 
in tissue 

Clyburn [26] 
2013

52-year-old 
female

5 Buttock and groin 
pain; difficulty 
ambulating

ESR: elevated CRP elevated; 
Aspiration: purulent, negative 
culture

X-ray: stable 
implant with ischial 
osteolysis

First stage: Prostalac 
Second stage:
Head: ceramic 
Acetabular shell: revised, 
not specified
Liner: polyethylene
Femoral stem: revised, 
not specified

Pseudotumor lateral 
to greater trochanter; 
damage to abductor 
insertion; metallic 
staining of tissue; black 
debris at headneck 
interface

Scully et. al. 
[27] 2013

80-year-old 
male

5 Mass anterolateral 
to greater 
trochanter, pain,
difficulty 
ambulating

ESR: normal CRP: normal; 
WBC: normal

MRI: well defined 
cystic mass deep to 
IT band expanding 
out from hip joint

Head: ceramic Scully et. al. [17] 2013

Cook et. al. [13] 
2013

2pts
(69-year-old 
female, 79-year-
old male)

1-4 Groin and lateral 
thigh pain

ESR/CRP: not described; 
Cobalt: mean 6.6ng/ml (range 
6.3-6.9); Chromium: mean 
1.56ng/ml (range 0.47-2.65); 
Aspiration: negative culture

US: large fluid 
collection anterior to 
greater trochanter in 
continuity with hip 
joint

Finite material analysis 
performed, revision not 
specified

Deep pseudotumor (x2) 
adherent to capsule; 
3D metrology reveals 
mechanical damage at 
taper-trunnion overlap
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While we nor Cooper et al. [5] could correlate femo-
ral head diameter with trunnion corrosion in our small se-
ries, femoral head size and trunnion design features may 
be factors influencing the risk of corrosion [9-12]. Failure 
due to trunnion corrosion in MoP THA has been reported 
in two patients with large femoral heads (40 mm and 44 
mm diameter) [13]. A significant elevation in serum cobalt 
levels in MoP THA has been reported when comparing a 
36 mm femoral head to a 28 mm femoral head [14].  The 
Australian Registry 2011 annual report demonstrated in-
creased revision rates at 10 years when head size in metal-
on-metal THAs was greater than 32 mm compared to those 
constructs in which the head size was equal to 32 mm or 
less [15]. This increase in failure was believed to be relat-
ed to the larger head diameter increasing the load, torque, 
and micromotion at the trunnion interface. Trunnion de-
sign may be a factor as Jani et al. reported the lowest metal 
ion release, with a 12/14 trunnion taper with a proximal ta-
per locking location as compared to a 10/12 taper with ei-
ther distal or proximal locking location[16]. Furthermore, 
the amount of debris generated at the trunnion interface 
may be underappreciated; recent data shows that in metal-
on-metal THA, approximately one-third of the total volu-
metric wear is generated at the tapered head-stem junction, 
and it is unknown if such debris may be more biologically 
active than debris generated at the femoral head-acetabu-
lar liner interface [17]. With our small numbers we cannot 
comment on the length of the neck extension as a factor 
in failure in these patients. Based on correspondence with 
implant manufacturers, we did not identify any change in 
trunnion design or metal composition of the implants in the 
last decade. 

Limitations of this study include a small cohort of pa-
tients, short duration of follow-up and lack of titanium 
metal ion levels in these patients. We do not know if the 
damage present on the trunnions of the retained femoral 
components will be problematic with longer follow-up. 
Titanium metal ion levels were not measured in our pa-
tients and could be factor in failure and a source of de-
bris particularly as a recent ten-year study showed tita-
nium levels peaked at 36 months in patients with similar 
constructs [20]. Furthermore we do not have a sense of 
the prevalence of corrosion causing failure in MoP THA 
in monolithic femoral components. A search of the FDA 
MAUDE database showed 18 reports of Accolade MoP 
THA stem failures and 15 M/L taper MoP THA stem fail-
ures due to metallosis, corrosion, pseudotumor, metallic 
debris, or elevated serum metal ion levels resulting in pain 
and/or loosening [18]. Interestingly, the Australian Regis-
try 2012 annual report stated that metal sensitivity as a rea-
son for revision increased from 1.2% to 5.9% over the past 

year, although the exact source of metal sensitivity was not 
specified [19]. 

Early failure in conventional MoP THA can occur due 
to corrosion at the head-neck interface. As radiographs and 
physical examination findings may be unremarkable, the 
diagnosis may be elusive early in the clinical course. In pa-
tients with unexplained pain after conventional THA, we 
will now frequently proceed with advance imaging and se-
rum metal ion level testing. We recommend a heightened 
awareness of this mode of failure. 
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Bone Preservation in a Novel Patient 
Specific Total Knee Replacement

Kurtz W 1, Slamin J 2, Doody S 2

Abstract

background: The volume of total knee arthroplasty procedures is growing rapidly and, corresponding-
ly, it is expected that the volume of revision procedures will grow rapidly as well.  Revision surgery is most 
successful when adequate bone remains on both the tibia and femur to allow for the least invasive revision.  

We hypothesized that total knee arthroplasty with a patient-specific implant would result in significant 
bone preservation as compared to standard total knee arthroplasty with “off-the-shelf” implants. 

methods: We evaluated 100 total knee arthroplasties which utilized patient-specific implants, versus 37 
standard posterior stabilized and 32 standard posterior cruciate retaining total knee arthroplasties.  Bone re-
section was quantified utilizing intra-operative measurements of actual resected bone. Additionally we per-
formed a virtual, CAD-based analysis of resections via CT imaging on 15 knees.  

findings: We found that patients had significantly less bone resected in all zones measured, on both the 
femur and tibia, when patient-specific implants with patient-specific jigs were used.  When assessed volu-
metrically with CAD imaging, standard implants resected 12-49% more bone than did patient-specific im-
plants, depending on the size of the implant utilized. 

interpretations: Utilizing patient-specific implants in total knee arthroplasty results in significant bone 
sparing as compared to standard total knee arthroplasty. This has the potential for less invasive revision sur-
gery in the future, possibly obviating the need for dedicated revision implants or augments and other bone 
substituting devices.
Keywords: total knee arthroplasty, bone resection, bone preservation, patient-specific implant 
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Introduction

In 2013 approximately 800,000 knee replacement sur-
geries were conducted, including partial knee, primary to-
tal knee, and revision knee surgeries.  Kurtz et al. have 
predicted that revision knee surgeries will grow to over 
250,000 procedures by 2030 [1]. 

Because of the anticipated increase in revision surger-
ies in the future, it is important to be mindful of the poten-
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tial for a revision during the performance of the primary 
surgery.  Maximizing bone preservation during a prima-
ry knee replacement is especially important as substantial 
bone loss during a subsequent revision surgery can com-
plicate surgical techniques and compromise outcomes of 
the revision.

A typical primary total knee femoral component has 
distal condylar thicknesses that range between 8.5mm and 
10mm.  Posterior condylar thicknesses can range from 
8mm to 11 mm in standard flexion implant systems.  The 
‘high flexion’ femoral components can have posterior con-
dyles that are as thick as 13mm.  The thickness of the im-
plant correlates directly to the amount of bone resection 
that is required to implant the prosthesis, as most implant 
systems attempt to restore the amount of bone that is re-
moved as closely as possible. 

It remains unknown if, as is seen with hip resurfacing, 
bone preservation leads to improved proprioception [2].  It 
is clear that improved bone preservation means less chance 
for dramatically altering the articular surface geometry.

In this study, we hypothesized that a total knee replace-
ment (TKR) system with a patient-specific design would 
result in substantial preservation of bone compared to a 
standard off the shelf implant system.  This in turn would 
preserve more native bone in the event of a revision.

 
Patient-Specific Total Knee Replacement Design 
concept

Designing a TKR that will fit the patient’s geome-
try requires detailed information on the patient’s bone 
that can only be provided by computed tomography (CT) 
scanning or other 3D imaging scans.  Utilizing propri-
etary software, the CT data, required to manufacture an 
iTotal®(ConforMIS, Bedford, MA) patient-specific im-
plant, is post processed and converted into a computer as-
sisted design(CAD) solid model.  A secondary proprietary 
software system is then used to analyze the bone geome-
try and design the femoral component.  Predefined design 
rules that are embedded into the software are applied in 
the design process.  The predefined design rules include 
the coronal radii for the trochlear groove and condyles, 
which are designed with low polyethylene wear in mind, 
employing radii that have been shown to produce low con-
tact stress [3].  The embedded design rules include recre-
ation of the patient’s natural sagittal ‘J’ curves for the me-
dial condyle, the trochlear groove, and the lateral condyle.

This patient-specific implant design requires thinner 
cross sections of the component, which should require less 
bone removal in the implantation procedure.  Tradition-
al TKR femoral components employ a multifaceted bone 
side geometry.  Typical thicknesses for these components 

can be 9mm for the distal condyles and 8mm for the poste-
rior condyles.  Contemporary femoral components have 5 
facets: the anterior flange, the anterior chamfer, the distal 
surface, the posterior chamfer, and the posterior condyle 
surface.  All of these surfaces are coplanar between the me-
dial and lateral condyles on the traditional TKR.  

In the iTotal, each facet is placed where maximum bone 
preservation can be achieved while still maintaining ad-
equate fatigue strength.   Furthermore, the iTotal employs 
six facets rather than the traditional 5 faceted cuts.   The 
rationale for choosing six bone cuts, and their thickness, 
was determined based on the results of finite element mod-
eling and subsequent fatigue testing. There are also em-
bedded design rules within the proprietary software that 
control the thickness of the femoral component. This 6-cut 
design concept has been shown to provide adequate fa-
tigue strength and, for the same component thickness, to 
be stronger than a 5-cut design [4].

Frequently, a patient’s femur, when viewed in the coro-
nal plane, displays an asymmetry between the lateral and 
medial condyles.  This natural condylar offset is defined as 
the coronal offset.  The iTotal femoral component respects 
these patient specific differences and is designed with the 
patient’s exact coronal offset.  The coronal offset is de-
fined as the height difference between the medial and lat-
eral femoral condyles as viewed in the coronal extension 
plane.   This typically creates an asymmetry of the exten-
sion gap that must be accounted for at the tibial articular 
surface, much in the same manner that the natural human 
knee does.  The same is true for the posterior condyles of 
the femur.  Typically, the lateral posterior condyle is short-
er than the medial condyle creating a unique asymmetry in 
the flexion space as well.  These are the patient-specific de-
sign elements along with the patient’s unique ‘J’ curvatures 
that are incorporated into the femoral component of the 
iTotal Cruciate Retaining Knee System.  Figure 1 shows 
a typical post processed bone model in CAD with the pre-

Figure 1. Showing in process stage of patient-specific ‘J’ curves on a 
CAD model of the distal femur.
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liminary patient specific ‘J’ curves in the early stages of de-
sign within the proprietary implant software program.  Fig-
ure 2 shows a typical iTotal complete implant system.  The 
patient-specific condylar widths and asymmetry, the troch-
lear shape, coronal center to center, and the distal offset are 
clearly evident in this image.  

The tibial plateau system is also patient-specific, though 
there is less opportunity to preserve bone stock on the tibial 
plateau side.  This is primarily due to the strength require-
ments for the metal base plate and a minimum polyethyl-
ene thickness requirement of 6mm.   The shape of the tibi-
al base plate is derived from the patient’s natural geometry 
at the level of the planned tibial resection. The tray profile 
is 1.5mm smaller than the planned tibial cut to allow for 
minor rotational adjustments of the implant at the time of 
surgery.  Separate medial and lateral inserts are provided, 
creating the opportunity to balance each compartment in-
dividually and correct any potential coronal leg malalign-
ment.  The articular geometry is derived from the femoral 
component.  The medial insert geometry is slightly more 
conforming than the lateral insert.  The coronal geometry 
utilizes a broad radius on both condyles, thus employing 
the round on round principle that has been shown to re-
duce contact stress.  The coronal conformity is extremely 
high, yet yields a relatively low constraint design, bridging 
the best of both worlds.  The coronal center to center of the 
condyles is individualized based on the patient’s natural 
dimension.  This individualization of the condyle center 
to center allows the contact geometry to be optimized for 

each patient and thus not suffer from compromises that ‘off 
the shelf’ implant have.   

 
Methods

In order to determine the amount of bone preservation 
the iTotal femoral component can yield when compared to 
conventional TKR, two different approaches were taken, 
ultimately producing a similar result. The first approach 
used real world data to conduct a comparative analysis of 
actual bone cuts made during implantation of both iTotal 
and competitive systems. The second approach used CAD 
software to prepare the patient for implantation and the 
prescribed resections were recorded.

 
intraoperative bone resection method

Between June of 2011 to January of 2013, the thickness 
of bone removed from the distal medial femoral condyle, 
distal lateral femoral condyle, posterior medial femoral 
condyle, posterior lateral femoral condyle, the medial tib-
ial plateau, and the lateral tibial plateau were recorded for 
every knee replacement performed by one surgeon.  The 
combined thickness of the medial extension gaps was re-
corded by placing the distal medial femoral condyle on top 
of the medial tibial plateau and measuring the combined 
thickness of the two pieces of bone together as described 
by Hodge [5].  The thickness of the lateral extension gap, 
and the medial and lateral flexion gap were recorded in the 
same fashion.  This data collection was part of an IRB ap-
proved study looking at bone resection and range of mo-
tion.  The implant selection included 37 Zimmer posterior 
stabilized NexGen high flex TKRs, 32 Zimmer cruciate re-
taining NexGen high flex TKAs, and 100 ConforMIS cru-
ciate retaining ITotal TKAs.  The saw blade thickness was 
included in the reported bone measurements.

 
Virtual bone resection method

The second approach involved a virtual CAD simula-
tion comparing standard off the shelf knee designs to a pa-
tient-specific implant system of a similar size.  15 CT scans 
were utilized from the ConforMIS database that had un-
dergone the design process for the iTotal cruciate retaining 
knee system.  The CT scan contains detailed data for the 
femoral head, 60mm of the knee joint, and the center of the 
ankle.  The CT scans are converted to a point cloud for the 
hip, knee, and ankle and then converted into a CAD mod-
els.  The CAD models were divided into three size groups.  
A knee with a femoral A-P length between 53 & 56mm 
was considered a small size, a knee with a femoral A-P 
length between 61 & 63mm was a medium size, and a knee 

Figure 2. The patient-specific iTotal implant.
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with a femoral A-P length between 74 & 76mm was con-
sidered a large size. The CT scans were selected so that 
there were 5 knees falling into each size group.

Radiographic sizing templates were obtained for 5 con-
temporary total knee systems that are in widespread use to-
day.  The radiographic templates include the Zimmer Nex-
Gen, the J&J DePuy Sigma, the Smith & Nephew Legion, 
the Smith & Nephew Journey, and the Stryker Triathlon 
implants.  

The sagittal view of the radiographic template was 
traced using CAD software and the image was then scaled 
down to represent a 100% sized profile based on the scale 
factor provided on the radiographic template. The process 
was repeated on each size radiographic template. Verifica-
tion that the scaling was accurate was determined by com-
paring the advertised anterior to posterior dimension of the 
particular implant to the generated image. All dimensions 
were confirmed to within 0.1mm.

The 15 CAD knee models were then processed through 
the proprietary design software that generates a patient-
specific total knee femoral component, which has all of the 
bone cuts placed for optimal bone preservation; thus, ev-
ery femoral component is different.  A component of the 
design process includes resection of the bone model where 
the implant will be placed. 

Once the patient-matched implant was designed, the im-
plant and bone model were converted back into a CAD pro-
gram to conduct the volumetric analysis.  The bone resec-
tion for each patient-matched implant was then measured 
utilizing the volume function within the CAD program.  
The volume for 
each knee model 
was then record-
ed for the patient-
specific implant. 
Figure 3 shows a 
typical CAD im-
age of the bone 
resection re-
moved from the 
bone model.  The 
volume analy-
sis CAD tool was 
used to determine 
the volume of bone removed.

We then used a copy of the same CAD bone model that 
was used to produce the patient-specific knee component 
to conduct an analysis of the off-the-shelf knee compo-
nents.  Since the radiographic templates are 2-dimensional 
images, this analysis was conducted in the sagittal plane.  
Using the established size ranges and standard orthopedic 

guidelines, the competitive implants were best fit to the 
bone model.  When choosing the correct location and size 
for competitive implants, the following rules were estab-
lished for repeatability and to ensure simulation of proper 
placement was consistently established:

1. The posterior condylar surface of the competitive 
template aligns to the posterior surface of the bone.

2. No anterior notching of the femoral cortex occurs.
3. The anterior to posterior dimension of the radio-

graphic image should be within 2mm of the bone 
model in the sagittal view.

4. The distal medial condylar surface of the competi-
tive template image aligns to the distal surface of the 
bone.

When the best size and placement of the competitive 
implant was determined, the surfaces of the 2-dimension-
al implant overlay were used to remove the bone virtually 
from the bone model.  This was repeated for each competi-
tive implant using the volume tool to record the required 
resection value for each virtual surgery. 

 
Results

results of intraoperative resection Analysis
The results for the intraoperative bone resection method 

are tabulated in Tables 1, 2 and 3 below.  Table 1 provides 
the results for the calculated average bone resections for 
all cases in the intraoperative bone resection method. P-
values were determined using a two tailed student t-test. In 
all cases, the ConforMIS iTotal showed statistically signif-
icant less bone resection compared to both Zimmer Nex-
Gen products.  

Table 2 provides the implant thicknesses for all of the 
implants used in the intraoperative bone resection method.  
The thickness for the Zimmer implants was obtained from 
technical literature provided by the manufacturer.  The 
ConforMIS iTotal thickness was obtained from a pre-sur-
gical planning guide provided by the manufacturer.  With 
the exception of the lateral tibial thickness for the Confor-
MIS iTotal, all other implant thickness was greater for the 
Zimmer NeGen implants.

The amount of bone resected from the posterior medi-
al femoral condyle more closely matched the amount of 
bone resected from lateral femoral condyles with the iTo-
tal, as shown in Table 3.  The lower values in the ConforM-
IS knees indicate that the femoral components in the iTotal 
knees more closely matched the femoral curvature, which 
is possible with the iTotal due to the differing heights of the 
medial and lateral polyethylene, along with the inbuilt dis-
tal and posterior femoral off-sets. 

 

Figure 3. Showing the bone resection 
removed during the CAD bone removal 
process.
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results of Virtual Analysis
The tabulated results are reported in mm3.  The size re-

ported is the size of the competitive implant as defined by 
each manufacturer.  The iTotal size is described by the se-
rial number since each implant is unique and patient-spe-
cific.  The data is tabulated and referenced by a serial num-
ber, which is a unique identifier for each original CT scan.  
Each serial number scan has bone resection data for the 
iTotal femoral component as well as the resection data for 
each of the competitive off-the-shelf femoral components 
from Zimmer, Smith & Nephew, DePuy, and Stryker.

• Results for all measurements are tabulated in Table 4.  
 The average bone resection increase for all tested 

competitive implants compared to the iTotal, regard-
less of size, is 28%.

• For the small sized implant group, the sampled iTo-
tal implants required less bone resection volumetri-
cally compared to the 5 implant systems tested.  The 

average bone resection increase for the competitive 
implants was 49%.  The increase in bone resection 
ranged from 30% to 77%.

• For the medium sized implant group, the sampled 
iTotal implants required less bone resection volumet-
rically compared to the 5 implant systems tested.  The 
average bone resection increase for the competitive 
implants was 25%.  The increase in bone resection 
ranged from 11% to 46%.

• For the large sized implant group, the sampled iTo-
tal implants required less bone resection volumetri-
cally compared to the 5 implant systems tested.  The 
average bone resection increase for the competitive 
implants was 12%.  The increase in bone resection 
ranged from 7% to 18%.

 

Table 1: Average Thickness of Bone Resection in mm
Implant # OF 

CASES
DISTAL 
MEDIAL 

FEMORAL 
RESECTION

DISTAL 
LATERAL 

FEMUR 
RESECTION

POSTERIOR 
MEDIAL 

FEMORAL 
RESECTION

POSTERIOR 
LATERAL 
FEMORAL 

RESECTION

MEDIAL 
TIBIAL 

RESECTION

LATERAL 
TIBIAL 

RESECTION

Medial 
Extension 

Gap 
Resection

Lateral 
Extension 

Gap 
Resection

Medial 
Flexion 

Gap 
Resection

Lateral 
Flexion 

Gap 
Resection

Zimmer PS 37 7.76 7.37 10.58 8.24 6.13 9.47 14.53 17.08 17.03 17.89
Zimmer CR 32 7.79 7.88 11.36 9.36 6.64 8.64 14.82 16.30 17.73 17.70

Conformis CR 100 6.43 6.40 6.99 5.87 3.03 7.41 9.78 13.29 10.17 12.66
Difference between Zimmer and Conformis

Zimmer – Conformis in mm  1.35 1.21 3.95 2.89 3.33 1.68 4.88 3.43 7.18 5.14
Zimmer – Conformis in % 17.4% 15.9% 36.1% 33.0% 52.4% 18.5% 33.3% 20.5% 41.4% 28.9%

Zimmer – Conformis p value P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001

Table 2: Average Implant thickness in mm
Implant DISTAL MEDIAL 

FEMORAL 
THICKNESS

DISTAL 
LATERAL 

FEMUR 
THICKNESS

POSTERIOR 
MEDIAL 

FEMORAL 
THICKNESS

POSTERIOR 
LATERAL 
FEMORAL 

THICKNESS

MEDIAL TIBIAL 
THICKNESS

LATERAL 
TIBIAL 

THICKNESS

Zimmer PS 10 10 12 12 10.44 10.44
Zimmer CR 9 9 11 11 10.21 10.21

Conformis CR 7.93 7.78 6.39 6.27 8.4 10.68
Difference between Zimmer and Conformis

Zimmer – Conformis in mm 1.60 1.76 5.14 5.27 1.91 -0.37
Zimmer – Conformis in % 16.8% 18.4% 44.6% 45.7% 18.5% -3.6%

Zimmer – Conformis p value P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P=0.227

Table 3: Difference in Posterior Femoral Resection in mm
Posterior Medial femur – Posterior Lateral femur Resection P value compared to Conformis

Zimmer PS 2.34    (p = 0.006)
Zimmer CR 2.00    (p = 0.044)

Conformis CR 1.13
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Table 4: Comparison of resected bone thicknesses obtained during CAD analysis. (mm) 
Small Size

Size A-P Length Distal Medial 
Thickness

Distal Lateral 
Thickness

Posterior 
Medial 

Thickness

Posterior 
Lateral 

Thickness
Zimmer NexGen C 54 9 9 9 9
Johnson & Johnson PFC Sigma 1.5 53 9 9 8 8
Smith & Nephew Legion 3 54.5 9.4 9.4 9.3 9.3
Stryker Triathlon PS 1 53 8.5 8.5 8.2 8.2
Smith & Nephew Journey 2 53 7.5 5.3 7.5 5.6
Average for Standard Sample - 53.5 8.7 8.2 8.4 8.0
ConforMIS: Serial #10768 - 55 6.0 6.0 6.3 6.6
ConforMIS: Serial #3017 - 55 6.6 6.6 5.0 5.2
ConforMIS: Serial #12601 - 56 7.0 7.0 6.5 5.6
Average for ConforMIS Sample - 55.3 6.5 6.5 5.9 5.8
Delta (Standard vs. ConforMIS) -2.2 -1.7 -2.5 -2.2

Medium Size
Size A-P Length Distal Medial 

Thickness
Distal Lateral 

Thickness
Posterior 
Medial 

Thickness

Posterior 
Lateral 

Thickness
Zimmer NexGen E 62 9 9 9.3 9.3
Johnson & Johnson PFC Sigma 3 61 9 9 8 8
Smith & Nephew Legion 5 62 9.5 9.5 9.3 9.3
Stryker Triathlon PS 4 62 8.5 8.5 8.5 8.5
Smith & Nephew Journey 5 62 9.5 7.0 9.5 7.4
Average for Standard Sample - 61.8 9.1 8.6 8.9 8.5
ConforMIS: Serial #10535 - 62 6.3 6.9 5.9 5.7
ConforMIS: Serial #11399 - 62 6.9 7.7 5.9 5.6
ConforMIS: Serial #11675 - 62 7.5 5.9 5.5 6.1
Average for ConforMIS Sample - 62 6.9 6.8 5.8 5.8
Delta (Standard vs. ConforMIS) -2.2 -1.8 -3.1 -2.7

Large Size
Size A-P Length Distal Medial 

Thickness
Distal Lateral 

Thickness
Posterior 
Medial 

Thickness

Posterior 
Lateral 

Thickness
Zimmer NexGen H 76 9 9 9 9
Johnson & Johnson PFC Sigma 6 74 10 10 9 9
Smith & Nephew Legion 8 75 9.5 9.5 11.3 11.3
Stryker Triathlon PS 8 75 8.5 8.5 8.6 8.6
Smith & Nephew Journey 9 75 11.5 9.0 11.5 9.4
Average for Standard Sample - 75 9.7 9.2 9.9 9.5
ConforMIS - Serial #7837 - 75 7.9 7.6 7.0 6.9
ConforMIS: Serial #11863 - 75 6.7 8.9 7.6 6.3
ConforMIS: Serial #12108 - 74 8.1 8.0 7.2 6.6
Average for ConforMIS Sample - 74.7 7.6 8.2 7.3 6.6
Delta (Standard vs ConforMIS) -2.1 -1.0 -2.6 -2.9
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Discussion

We hypothesized that a patient-specific implant would 
preserve more bone as compared to a standard off-the-
shelf design, which we tested in actual practice through a 
measured resection technique.  We then further tested this 
hypothesis volumetrically with a virtual application utiliz-
ing CAD imaging.  Both methods of testing bone resec-
tion yielded similar results demonstrating that the patient-
specific design preserved a significantly greater amount of 
bone during implantation.

There are limitations to this study.  In the actual resec-
tion group, measurements include remaining cartilage, 
which is variable in each patient dependent on disease sta-
tus.  Given that these are all patients with significant dis-
ease requiring TKA and that the measurement methodol-
ogy was consistent, the effect across groups is believed to 
be minimal.  In the virtual resection group, access to ac-
tual CAD models of the standard implants would be the 
most precise method to measure volumetric bone resec-
tion.  However, obtaining CAD models of these implants is 
not possible as all of the manufacturers consider this infor-
mation proprietary.  Utilizing the radiographic templates 
provided the most accurate secondary method.  

The bone preserving aspect of the ConforMIS iTotal 
can be explained by four unique design features:

1. Each bone cut is individualized for each patient, 
meaning every single femoral cut is moved to the 
most peripheral location possible for a patient’s 
unique geometry.

2. The 6th facet of the femoral component affords more 
peripheral resection and a stronger implant design, 
which in turn enables a thinner femoral component.

3. A stepped distal femoral cut preserves bone on the 
medial femoral condyle.  

4. The restoration of the patient’s own ‘J’ curve seems 
to allow the surgeon to resect less bone and still bal-
ance the knee joint accordingly.  

Comparing the implant thickness of the ConforMIS 
iTotal to the high flex Zimmer Nexgen, the Zimmer im-
plant demonstrates a substantially thicker posterior femo-
ral implant in the high flex implant and, subsequently, a 
thicker posterior femoral bone resection. 

The iTotal preserves more of the medial tibial plateau 
bone based on a tibial resection that is 2mm below the me-
dial subcondural surface.    The intraoperative bone resec-
tion method data shows that the ConforMIS iTotal has a 
slightly thicker lateral tibial implant thickness compared to 
the Zimmer NexGen.  This is caused by the anatomically 
thicker lateral insert of the iTotal system that is dictated by 
preservation of the patient’s natural ‘J’ curves and natural 

offset between the medial and the lateral femoral condyle 
of the patient.  The iTotal femoral component relies on the 
elevated lateral polyethylene to tighten up the lateral flex-
ion gap instead of externally rotating the femoral compo-
nent as is often required in standard implants.  This allows 
the femoral component to be better situated along the epi-
condylar axis.

 

Conclusions

The ConforMIS iTotal patient-specific implants pre-
serve significantly more bone than standard total knee re-
placements due to both the thickness of the required bone 
resections as well as the implant thickness being tailored to 
each patient’s individual knee.  This will translate to hav-
ing more native bone available in the event that a patient 
requires a revision. The hope is that this patient-specific 
approach may enable revision to a standard primary total 
knee in the future rather than a revision implant.  Alter-
nately, in the event extensive osteolysis has developed, a 
patient-specific primary implantation may at least obviate 
the need for spacer and augments when the time comes for 
revision surgery.

The amount of bone resected from the posterior medi-
al femoral condyle more closely matched the amount of 
bone resected from lateral femoral condyles with the iTotal 
as shown in Table 3.  The lower values in the ConforMIS 
knees indicate that the femoral components in the iTotal 
knees more closely matched the femoral curvature, which 
is possible with the iTotal due to the differing heights of the 
medial and lateral polyethylene. 
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Abstract

This is a retrospective review of the senior surgeons series ( Model I and II) of using the same-ce-
mented stem and modular neck design (R-120™) with the exception that the second series had an im-
proved modular neck construct. Model I, 145 stems implanted between 2002 and 2005. Taper neck 
problems consisted of two neck trunnion fractures at the neck-stem junction and one modular neck dis-
association at the modular junction. The stem was voluntary withdrawn from the market and redesigned 
to a more robust structure.

Model II, 188 cemented-stems were implanted between 2007 and 2011 by the senior author utilizing 
the same surgical technique. There have been no modular neck taper problems in this series. This paper 
will demonstrate that once a modular junction problem has been identified corrective action can be taken 
to resolve the problem. We believe that there is a benefit to a modular neck-stem junction cemented stem 
design, and that all modular junctions are not equal in design or function.
Keywords: cemented stem, modular neck, trunnion, taper junction 
level of evidence: AAOS Therapeutic Level III

© 2016 Cameron, McTighe. All rights reserved.
Authors retain copyright and grant the journal right of first publication with the work. 
Reconstructive Review follows the Creative Commons Attribution-NonCommercial 
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 
senior author, Reconstructive Review, and the Joint Implant Surgery & Research 
Foundation (JISRF). An example credit would be: “Courtesy of (senior author’s name), 
Reconstructive Review, JISRF, Chagrin Falls, Ohio”.

Introduction

Cemented stems are still widely used in total hip ar-
throplasty (THA) especially in Europe, [1,2] however 
there are still concerns with adverse effects of bone cement 
in that biomaterial properties of the cement contribute to 
the pathologic state that separates this disease from other 
modes of mechanical loosening. This leads inevitably to 
the conclusion that Cement Disease does exist [3]. The se-
nior author still uses cement in 15 to 20 percent of cases in 
Dorr type C bone.

Dislocations continue to be a significant problem in 
THA regardless of stem fixation method (cement or ce-
mentless) and in theory modular necks provide features 
to adjust both femoral offset and version orientation. The 
causes of dislocations, can be multi-factorial, and include: 
soft tissue laxity, malpositioned components resulting in 
mechanical impingement of component on component or 
component on fixed obstructions such as osteophytes. En-
countering these factors, stability is often achieved at the 
expense of limb lengthening. [2,4,5]

Leg-length discrepancy after THA can present consid-
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erable difficulty for the patient, such as nerve palsy, low 
back pain, abnormal gait and dislocation with leg shorten-
ing. Patient dissatisfaction with leg-length discrepancy af-
ter THA is the most common reason for litigation against 
orthopaedic surgeons. [6]

Reconstruction of the joint mechanics (combined an-
teversion) to prevent impingement of the stem on the cup 
and avoidance of bone-on-bone requires correct restora-
tion of hip neck length and femoral offset regardless of 
cement or cementless fixation [7,11]. The senior author’s 
cement technique uses a broad stem design with a smaller 
cement mantel as compared to other European style stems 
(Execter) so intraoperative version adjustment is limited.

Traditional cemented and cementless stems since the 
1980s have had one common denominator that being a 
modular head neck taper junction. The success of a self-
locking taper is influenced by the design of the taper, par-
ticularly the taper angle, the roughness, and the mating 
materials between the “male” and “female” components. 
The major advantage of modularity at this junction was to 
provide some level of adjustment of leg length or vertical 
height to reduce leg length discrepancy. Version and femo-
ral offset were still difficult to adjust or fine-tune and as a 
result of growing acceptance of modularity the neck-stem 
junction seemed to be the next logical area of product de-
velopment. [8].

Individual modular design parameters can offer signif-
icant advantages for both fit and fill of implant to bony 
structures while providing more options for intraoperative 
customization of joint mechanics and provide significant 
economic value in reducing levels of finished goods in-
ventory. Now, amid reports of clinical incidents in which 
metal modular junctions have demonstrated fretting, cor-
rosion, and pseudotumors, there is renewed interest as to 
what causes these junctions to fail. The recent fall in the 
use of modularity can be contributed primarily to concerns 
with inflammatory reactions to metal debris. Can failures 
be predicted or avoided? When a failure does occur what 
can be done about it? [9]

This paper will highlight one spe-
cific modular neck-stem junction that 
encountered mechanical failure with a 
first generation product. With observa-
tion and analysis of these failures, the 
manufacturer identified the problem 
and reintroduced an improved second-
generation design. Since this second-
generation prosthesis was introduced, 
there have been no failures in our co-
hort of patients since 2007. A 9-year 
follow up. (Figure 1) 

Material and Methods

model i
Original cemented stem R-120™ by Osteoimplant 

Technology Inc. (OTI) Hunt Valley, Maryland, USA. Stem 
and modular necks are manufactured from CoCr alloy. The 
shape of the stem is trapezoidal with a large collar that pro-
vides for impaction and compression of the cement. The 
stem collar is made with a cavity where a self-locking ta-
per and a positive indexing mechanism provide 12 differ-
ent positions to ensure proper restoration of joint mechan-
ics  (Figure 2). 

145 stems were implanted between 2002 and 2005 in 50 
males and 95 females. Mean age 72 with 2 patients under 
the age of 60. CoCr heads 28 or 32 mm were used and all 
cups were cemented polyethylene sockets. Surgical inci-
sion for both cohort of patients (Model I & Model II) was a 
Modified Anterolateral Watson-Jones Approach.

neck positions: (figure 3, tables 1, 2, 3)
Table 1.
Positions Varus/Valgus Number of Cases Percentage of Cases

8º 82 56%
12º 63 44%

Table 2.
Neck Length in mm Number of Patients

32 74
35 68
38 3

Table 3.
Positions Number of 

Cases
Percentage 

of Cases
Anteverted 2 2%
Neutral 57 39%
Retroverted 86 59%

Figure 2. Patented 12 
indexable modular neck-
stem junction allows 
for fine-tuning joint 
mechanics.

Figure 3. Modular 
Neck (CoCr), 
available in both 8º 
& 12º versions, 3 
neck lengths 32mm, 
35mm, & 38mm

Figure 1. 
R-120™ 
Cemented 
Stem with 
modular head, 
and modular 
indexable 
neck. (OTI, 
Encore, DJO 
Orthopaedics) 
(Courtesy JISRF 
archives)

• If the neck was not modular 61% would not have been in the 
optimal position resulting in increased risk for mechanical 
impingement as determined by intraoperative trial range of motion.
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model ii
Maintained the same stem shape and dimensions with 

the exception of the modular neck stem junction. The fail-
ure mode of the model I design was basic fatigue failure 
caused by an under-designed modular junction.

188 stems implanted between 2007 and 2011 in 79 
males and 109 females. Mean age 75 with 14 being young-
er than 65 years of age. All stem were cemented and all 
cups were non-cemented with porous press fit hemispheri-
cal components.

neck positions:
Table 2.
Neck Length in mm Number of Patients

32 104
35 37
38 2

Table 3.
Positions Number of Cases Percentage of 

Cases
Anteverted 3 2%
Neutral 48 26%
Retroverted 137 73%

• All femoral heads for both series were 28 mm or 32 mm diameter. 
32 mm diameter is preferred head size with improved highly cross-
linked polyethylene.

fatigue failure
Repeated cycling of the load causes metal fatigue. It is 

a progressive localized damage due to fluctuating stress-
es and strains on the material. Metal fatigue cracks initi-
ate and propagate in regions where the strain is most se-
vere. The process of fatigue failure consists of three stages 
[9,10]:

• Initial crack initiation 
• Progressive crack growth across the part
• Final sudden fracture of the remaining cross section 

of the material

All devices are subject to fatigue failure especially with 
the increased patient activity we are seeing today. There 
are reports of device failure regardless of material, and re-
gardless of design style (monoblock, modular) (Figures 4,  
5) [10]. 

Design Improvements
Improvements made to this novel neck design, which 

increased surface contact by 40%, included specific size 
increases of the taper trunnion that improved mechanical 
strength from 520-700 lbs. to greater than 1,200 lbs. [9,10] 
(Figure 6)

Results

model i
In our cohort of 145 patients with Model I of the R-120 

modular neck cemented stem all femoral components, 
modular head, modular neck and stem were Co-Cr mate-
rial. Five patients presented with sudden symptoms of gen-
eralized hip, groin and buttock pain and inability to am-
bulate. Evaluation demonstrated 3 patients with modular 
neck stem junction failures. 2 modular neck fatigue frac-
tures as depicted in figure 5 and figure 7. One fractured 
neck was revised to a long cementless S-Rom® stem (Fig-
ures 7a, 7b). Figure 4. Fractured Monoblock Femoral Neck in a Cemented 

Execter Stem. (Source Unknown)

Figure 6. Illustration showing modular taper improvements from the 
original OTI™ design to the Encore improvement design. (Courtesy 
JISRF Archives)

Figure 5. Pictures showing a fatigue failure of Model I in explanted 
OTI Co-Cr modular neck and close up of broken neck within the stem
cone body. Stem, neck and head are Co-Cr. (Courtesy JISRF
archives)
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Second fractured neck was revised with tap-out, tap-in 
technique as the Model II stem was identical in size and 
shape but had the improved modular neck-stem junction 
(Figures 8a, 8b). 

• Both modular neck fatigue failures had 35mm neck 
lengths with a long modular Co-Cr femoral head.

Figure 7a. Fatigue failure of Model I 
R-120 modular neck cemented stem. 
(Courtesy Cameron)

Figure 7b. Revised Model 
I R-120 modular neck 
cemented stem with a long 
cementless S-Rom® stem. 
(Courtesy Cameron)

Figure 8A & B. Fatigue failure on Model I R-120 modular neck 
revised to a improved Model II R-120 modular neck. Implanted with 
tap out tap in technique. (Courtesy Cameron)

• 1 modular neck disassociation was revised to a ce-
mentless S-Rom stem.

• 1 stem removed during cup revision (stem was well 
fixed however senior author wanted more intraop-
erative options so stem was replaced with a S-Rom 
stem.)

• 1 late sepsis
• 2 bisphosphonate fractures (both were revised to a S-

Rom stem)
Three modular neck-stem failures resulting in explan-

tation represents a 2% revision rate. A total of 7 revisions 
out of our cohort of 145 represents an overall revision rate 
of 4%.

model ii
In our cohort of 188 implanted stems with the Model II 

R-120 modular neck cemented stem there were no issues 
with the modular junction.

• Intraoperative complications, 6 calcar fractures all 
cerclaged

• 1 case of late infection (7 years)
• 1 dislocation at two years (closed reduction)
• 0 modular neck problems

Discussion

The initial series of Model I had a modular neck compli-
cation in three cases out of 145 implanted stems, for a 2% 
complication rate of the modular neck-stem junction. The 
manufacture  (OTI / Encore) based on additional reports 
voluntarily withdrew Model I from the market (2006). Af-
ter additional testing and development an improved mod-
ular junction (Model II) was reintroduced (2007) with the 
same overall design features of the original R-120 cement-
ed stem.

In our Model II series there has been no complications 
with the modular neck-stem junction out of 188 stems im-
planted.

Combined results on 333 stems implanted for modular 
neck-stem junction problems were three or a 1 % compli-
cation rate. Further in this combined series of using this 
novel modular junction design fabricated with the same 
material as the stem (CoCr) there have been no cases of 
delayed hypersensitivity and no cases of pseudo tumors.

The novel finding of indexing the neck orientation into 
a position of retroversion was 223 stems out of a combined 
total of 333 or 66.9%. This figure is similar to results of 
the usage of angled modular necks used with the ARC™ 
cementless neck-sparing stem in a review series of 1,790 
stems implanted with 64%  being positioned other than 

8A 8B
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Figure 9. Stem cemented in place without neck showing access to 
socket. (Courtesy Cameron)

neutral. [12]
Combined anteversion (CA) is the sum of cup antever-

sion and stem antetorsion (AT) that provides a parameter to 
asses the overall cup and stem alignment. However, there 
are a variety of studies published that recommend different 
implant orientation positions. [13] Lewinnek recommends 
40º ± 10º of inclination and 15º ± 10º of Anteversion (AV). 
Biederman reported that AV of 15º and inclinations of 45º 
were associated with the lowest risk for dislocation. Wix-
son proposed cup positioning with inclination of 40-45º 
and AV of 17-23º with the posterior approach. [13]

So is there a definitive set of numbers for CV to re-
duce mechanical impingement and dislocation? Obtaining 
optimal implant positioning is critical for  reducing these 
complications. Our experience with modular necks dem-
onstrate that the best mechanism available is trial range 
of motion with trial implants. Modularity at the neck-stem 
junction provides for fine-tuning implant orientation prior 
to final implantation of definitive components. Often the 
final orientation of the femoral neck as determined by tri-
al range of motion indicates a head-neck position of retro-
version.

Modular neck design aids in fine-tuning joint mechan-
ics after stem insertion, and allows for ease and access in 
case of revisions (Figure 9). [14] 

In our combined series of 333 stems implanted we had 
one postoperative dislocation for a dislocation rate of 0.3%. 
Two fatigue failures and one modular junction disassocia-
tion in Model I cohort of 145 stems implanted represent a 
failure rate of the modular junction of 2%. Combined se-
ries total of 333 stems implanted had a 0.9% complication 
rate of the modular neck-stem junction.

Manufacturers have all but discontinued modular neck-
stem designs because of first generation failures. This, in 
our opinion, is a mistake. Fatigue failures of this first gen-
eration design have been identified and the redesigned 
modular junction (Model II) with 188 stems implanted be-
tween 2007 and 2011 have not demonstrated any modular 
junction complications. To give up on design concepts that 
have viable contributions to improve clinical outcomes is 

a failure in itself.
Our early pioneer surgeons (Sir John Charnley, Maurice 

Muller, Charles O. Bechtol, Charles Townley and others) 
did not surrender to early failures. They reviewed, learned 
and improved clinical surgical results for Total Hip Arthro-
plasty.

Product and surgical techniques need to be tightly con-
trolled during the early stage of development and fully 
evaluated before general market release.

This improved model II R-120 cemented modular neck-
stem junction has proven to be safe and efficient in our se-
ries and we encourage the manufacture not to give up on 
it (Figure 10).

Conclusion

Modular neck-stem junctions have been under criticism 
as a result of fatigue failure and trunnion corrosion. Our 
experience with this novel modular junction has the ben-
efit of being fabricated using the same material (Co-Cr) for 
the stem, neck and femoral head. Failures in the first gen-
eration demonstrated that the modular junction was under 
designed with regard to overall fatigue strength. This has 
been correct by increasing male taper diameter by 13.5%, 
taper length increase by 14% resulting in a 40.7% increase 
in surface area.

Further in this combined series of using this novel mod-

Figure 10. Post-op of R-120 A/P X-rays cemented in place, neck in 
position one slightly retroverted. (Courtesy Cameron)
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ular junction design fabricated with the same material as 
the stem (Co Cr) there have been no cases of delayed hy-
persensitivity and no cases of pseudo tumors.

The senior surgeon still uses this modular neck-stem ce-
mented stem and will continue to follow these cases.

Disclosure Statement
The authors declare that there is no conflict of interest 

regarding the publication of this paper. For full disclosures 
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Abstract

Burch-Schneider cages are often used for the treatment of acetabular bone defects. In several clini-
cal studies these cages have shown good mid- to long-term results. However, a higher failure rate has 
been reported in large Paprosky IIIB defects compared with smaller Paprosky II-IIIA defects. This study 
aims to investigate the effect of cage support on cage failure by means of finite element analysis. The 
Von Mises stresses in both the implant and the bone are analyzed for a Burch-Schneider cage used in 
the following scenarios: (1) a large acetabular bone defect, (2) a small acetabular bone defect and (3) a 
large acetabular bone defect in combination with a reinforcement plate. The results show that implant 
and bone stresses are higher in the large defect (99th percentile of 146.6 and 73.5 MPa respectively) than 
in the small defect (99th percentile of 43.9 and 47.9 MPa respectively). Adding a reinforcement plate to 
posteriorly support the cage decreases the stresses but not fully compensates for the missing bone sup-
port (99th percentile of 93.1 and 55.3 MPa respectively). Since high stresses cause an increased risk for 
fatigue failure and implant loosening, sufficient implant support is required to reduce the risk of cage 
failure.
Keywords: Burch-Schneider cage, finite element analysis, Von Mises stresses, acetabular defect, bone support
level of evidence: AAOS Therapeutic Level IV
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Introduction

Implant fracture and aseptic loosening are common 
failure modes in hip arthroplasty. They can be caused by 
screw breakage, bone resorption, fractures and infections 
[1,2]. Besides pain, implant failure often leads to an en-
largement of the bone defect. To restore the function of the 
hip, a complex revision surgery is required. Removing the 
old components and reconstructing the enlarged bone de-
fect may involve a high complication risk for the patient 
and a high financial cost for the medical institution. There-
fore, a durable surgical treatment should be selected for 
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each patient from the beginning.
In the last 30 years, the Burch-Schneider cage has been 

widely used to reconstruct acetabular bone defects [2]. This 
type of anti-protrusio cage is often used to bridge bone de-
fects with a perforation of the medial wall. The Burch-
Schneider cage is made of pure titanium (Protasul Ti) [1] 
and consists of a hemispherical shell with an inferior and a 
superior flange. The inferior flange is impacted into a pre-
pared slot in the ischial bone while the superior flange is 
fixed with screws to the iliac bone. The impaction into the 
ischium assures a rotationally stable implant. For a better 
bone contact of the implant, the flanges of the cage can be 
preoperatively bent according to the anatomical shape of 
the bone. After insertion, a cup insert is cemented into the 
hemispherical shell of the cage [1,2].

The Burch-Schneider cage has shown good results at 
mid- and long-term in the treatment of acetabular bone 
defects. Regis et al. [3] reported a survival rate of 80% 
(52/65) for an average of 14.9 years follow-up. Sembra-
no et al. [4] demonstrated a 5-year loosening-free survival 
rate of 80.7% for 72 cage reconstructions. Lamo-Espinosa 
et al. [5] showed a 79% survival rate at 10 years after im-
plantation in 16 hips. The study of Hsu et al. [6] indicated 
a 5-year survival rate of 76% in 31 cage reconstructions. 
However, these studies do not separately report results for 
defects of different Paprosky classification [7]. Other clin-
ical studies on the contrary show a higher failure rate in 
bone defects of class Paprosky IIIB compared to smaller 
bone defects: Perka et al. [8] found a direct correlation be-
tween Burch-Schneider cage migration and posterior col-
umn defects in increasing Paprosky stages. Udomkiat et al. 
[9] determined that Burch-Schneider cage migration also 
correlated with the amount of superior support from the il-
ium. Paprosky et al. [10] reported a failure of 7/11 (63.6 %) 
ilioischial acetabular systems in type IIIB defects, because 
insufficient host bone was available to support a cage.

To improve cage stability in large and uncontained bone 
defects, surgeons may use a defect-filling structure that 
provides additional support to a Burch-Schneider cage. 
Structural allografts are commonly used in defects with 
severely degraded acetabular bone stock [6,11,12,13]. A 
disadvantage of allografts is the complex surgical proce-
dure they require to shape and fit the allograft to the bone 
defect. Moreover, without sufficient host bone, allografts 
may degrade or collapse due to a change in mechanical 
stimuli [3,9,10,13]. Another commonly used defect-filling 
structure is trabecular metal [13,14]. Trabecular metal aug-
ments are made of porous tantalum and are available in dif-
ferent shapes. However, additional reaming of the bone de-
fect may be required to achieve a good fit of the augment. 
As an alternative to the Burch-Schneider cage and the re-

quired support structures, patient-specific implants are in-
creasingly used for the treatment of large acetabular bone 
defects. Patient-specific implants have already proven their 
added-value in short-term patient outcome [15]. These im-
plants can be designed as a cup with two or three flanges 
and a porous defect-filling scaffold. The personalized fit 
between the scaffold and the bone provides a large con-
tact area for enhanced support and stability of the implant 
[16]. However, patient-specific implants are more expen-
sive than standard available implants and are therefore lim-
ited to patients with few other options.

In general, implant stresses are known to have an im-
pact on the implant’s fatigue lifetime [17]. If the Von Mis-
es stresses in an implant exceed the fatigue limit, the im-
plant has an increased risk for breakage or fatigue failure 
after consecutive loading and unloading. Bone stresses on 
the other hand play a role in the bone remodeling process 
which subsequently may induce implant loosening [18,19]. 
If the stress distribution in the bone deviates from the nat-
ural and healthy mechanical conditions, the bone has an 
increased risk for bone degradation [20,21]. To evaluate 
implant designs and analyze implant performance under 
different loading conditions, finite element (FE) methods 
have been widely used [22,23,24].

The goal of this study is to analyze if the effect of Burch-
Schneider cage support on the implant and bone stresses 
can be demonstrated by means of finite element analysis 
(FEA). Therefore, four scenarios are evaluated: first of all, 
the cage behavior is analyzed in a clinical case of a pa-
tient having a large acetabular bone defect of type Papros-
ky IIIB. Secondly, the Burch-Schneider cage is evaluated 
in a smaller acetabular bone defect which provides more 
bone support to the cage. Thirdly, a scenario is analyzed 
in which the large acetabular bone defect is treated with a 
cage in combination with a reinforcement plate. Surgeons 
may add such a reinforcement plate to provide some addi-
tional support to the cage. Reinforcement plates are mainly 
used in large uncontained bone defects or dissociations in 
order to avoid cage instability [11,12,25]. Finally, a healthy 
pelvis is evaluated as a reference model.

Materials and methods

The following finite element models were created in 
Abaqus (Simulia, 3DS, Paris, France):

1. Large defect model: a Burch-Schneider cage used in 
a large acetabular bone defect. The large bone defect 
only provides support to the flange regions of the 
cage and to a small part of the cup.

2. Small defect model: a Burch-Schneider cage used 
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in a small acetabular bone defect. Additional bone 
behind the cup enlarges the contact region between 
cage and bone.

3. Plate model: a Burch-Schneider cage used in a large 
bone defect, but in combination with a reinforce-
ment plate. Except for the plate, this model is ex-
actly the same as the large defect model. The added 
reinforcement plate provides support to the posterior 
rim of the cage.

4. Healthy model: a model of a healthy hemi-pelvis 
that acts as a reference model.

1. Geometry models
The bone geometry of a 60-year old female patient (70 

kg) was used in the finite element models. The left hemi-
pelvis of the patient was dissociated and the acetabulum 
was completely degraded [26]. The defect was classified 
as Paprosky IIIB by the patient’s surgeon. The 3D geom-
etry of the bone (Figure 1a) was segmented from the CT 
scan by the image processing software Mimics (Materi-
alise N.V., Leuven, Belgium) [27]. In addition to the se-
verely defected hemipelvis, a bone model with a small de-
fect was artificially created. The artificial bone model was 
generated by manually decreasing the bone defect of the 
patient (Figure 1b) in the 3d modeling software 3-matic 
(Materialise N.V., Leuven, Belgium). The acetabular cup 
was partially reconstructed by focusing on the geometry of 
a healthy pelvis. Furthermore, a healthy bone model was 
generated by reconstructing the severe bone defect of the 
patient with a statistical shape model (Figure 1c). Thus, 
three different bone models were developed, including a 
hemi pelvis with a large defect, a hemi-pelvis with a small 
defect and a hemi-pelvis with no defect.

In order to model the implant geometry, a Burch-Schnei-

der cage of size 62mm (Zimmer Biomet, Warsaw, Indiana) 
and a 3.5mm dynamic compression plate (DePuy Synthes, 

Warsaw, Indiana) were optically scanned and processed by 
the software program 3-matic (Materialise N.V., Leuven, 
Belgium). The position of the Burch-Schneider cage on the 
bone was indicated by an experienced surgeon and was the 
same in the three mod-
els. The reinforcement 
plate was only present 
in the plate model. The 
surgeon positioned the 
plate on the posterior 
bone so that it provid-
ed support to the pos-
terior rim of the cage 
(Figure 2).

2. FE model
The finite element modeling approach was based on 

studies in literature [28,29,30,31]. As in these studies, a 
linear and static approach was applied. The bone geome-
tries were meshed with linear tetrahedral elements of 2mm 
average edge length [28]. Each bone was modeled as a tra-
becular inner region (volume elements) with an E-modulus 
of 300MPa and a 1mm cortical outer shell (shell elements) 
with an E-modulus of 17GPa [28]. The Burch-Schneider 
cage and the reinforcement plate were both modeled with 
linear tetrahedral elements of 1 mm average edge length 
and an E-modulus of 110GPa (titanium). The contacts be-
tween plate and bone, and cage and bone were modeled 
as bonding contacts. In bonded contacts, no displacements 
are allowed in axial and tangential directions. This way of 
modeling the implant-bone interface is a simplification of 
the actual screw connection between bone and both im-
plants. The screws on the cage and the plate only partial-
ly inhibit the tangential motions, mostly in the regions of 
the screws. However, since a compressive force is acting 
on the cage, the tangential motions will be limited and the 
connection can be approx-
imated by a bonding con-
tact.

All models were rig-
idly fixed at the pubic 
symphysis and the sacro-
iliac joint of the hemi-pel-
vis, indicated in Figure 3 
[28,32,33]. According to 
Bergmann et al. [34], an 
average hip joint experi-
ences a peak load of 238% 
of body weight during nor-
mal walking. Therefore in 
all models a static load of 

Figure 3. Illustration of the fixed 
boundary regions

(a) (b) (c)

Figure 1. (a) Hemi-pelvis of a patient with a Paprosky IIIB defect, (b) 
hemi-pelvis with an artificial defect derived from (a), and (c) healthy 
hemi-pelvis which is the reconstruction of (a).

Figure 2. 
Position of 
the Burch-
Schneider 
cage and the 
reinforcement 
plate in the 
large defect 
model
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1800N (≈ 2.5 times body weight) was applied in the cup of 
the Burch-Schneider cage or in the acetabulum. The force 
was applied along the vector (0.13, -0.12, 0.98) in the pel-
vic coordinate system, which is in accordance with Berg-
mann et al. [34]

3. fe stress analysis
To evaluate the failure risk of the Burch-Schneider 

cage, the Von Mises stresses in the cage and in the cor-
tex were calculated. The fatigue strength of pure titanium 
for 10^7 cycles is 350-450MPa [35,36,37,38], depending 
on the precise material characteristics and the production 
process of the implant. If the maximum Von Mises stress 
in the cage approximates this fatigue stress, the cage has a 
higher risk for fatigue failure. The risk for bone degrada-
tion on the other hand increases when the stress distribu-
tion in the cortex deviates from the natural and healthy me-
chanical conditions [20,21]. The Von Mises stresses in the 
healthy model were analyzed as a reference value.

 

Results

Figures 4 and 5 show the stress distributions by color 
plots and cumulative graphs for the four models. The Von 
Mises stresses are highest in the large defect model and 
lowest in the small defect model. To exclude high peak 
stresses caused by modeling errors, the 99th percentile val-
ue is reported for each model instead of the maximum val-
ue (Table 1). The large defect model results in a 99th per-
centile value of 146.6 MPa in the cage and 73.5 MPa in 
the cortex. The small defect model shows a 99th percentile 
value of 43.9 MPa and 47.9 MPa in the cage and the cor-
tex respectively. Adding a reinforcement plate to the large 
acetabular bone defect in the plate model gives a 99th per-
centile value of 93.1 MPa in the cage and 55.3 MPa in the 
cortex. In the healthy model, only the cortex stresses are 
assessed leading to a 99th percentile value of 37.6 MPa. 
The latter is used as a reference value for the stress distri-
bution in a healthy pelvis.

The stresses in the cage are highest in the rim and the 
Table 1: 99th percentile values of the Von Mises stress in the cage 
and the cortex

Model Cage stresses 
[MPa]

Cortex stresses 
[MPa]

Large defect 146.6 73.5
Small defect 43.9 47.9

Plate 93.1 55.3
Healthy - 37.6

Figure 4: Stress distribution plots of (a) a Burch-Schneider cage 
in a large acetabular bone defect, (b) a Burch-Schneider cage in a 
small acetabular bone defect, (c) a Burch-Schneider cage in a large 
acetabular bone defect in combination with a reinforcement plate and 
(d) a healthy pelvis

Figure 5: Cumulative stress distribution plots in (a) the cage and (b) 
the cortex.

(a)

(b)
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iliac flange (indicated on Figure 4a). However, for all mod-
els the 99th percentile stresses in the cage are still within 
the fatigue limit of pure titanium. The large defect model 
shows the highest stress values. The 99th percentile cage 
stress in the large defect model is respectively 234% higher 
than the small defect model, and 58% higher than the plate 
model. Adding a reinforcement plate in the large bone de-
fect reduces the 99th percentile stress in the cage by 37%. 
Furthermore, the cortex stresses in the large defect model, 
the small defect model and the plate model show a devia-
tion of respectively 95%, 27% and 47% with respect to the 
healthy scenario. The small defect model thus most closely 
approaches the healthy pelvis.

   

Discussion

Selecting a suitable treatment option for each patient 
is essential in order to avoid implant failure in hip arthro-
plasty. Clinical studies have reported that support beneath 
a Burch-Schneider cage has a large effect on the implant 
survival rate [6,8,9,10]. This study investigated if the ef-
fect of Burch-Schneider cage support on the implant and 
bone stresses can be demonstrated by means of finite ele-
ment analysis.

The FEA results indicated that support beneath the cage 
has a large effect on the stresses in the implant and the bone. 
A large support area beneath the cage limited the presence 
of peak stresses and resulted in a more equal stress distri-
bution. The large bone defect in this study only provided 
support to the flange regions of the cage and to a small part 
of the cup. This limited support resulted in high stresses in 
both the implant and the bone. In the small defect model, 
the additional bone behind the cup enlarged the support 
region and so improved the force distribution. As a con-
sequence, stress concentrations and peak stresses were re-
duced. In the plate model, little host bone was available to 
support the cage, but an extra reinforcement plate provided 
support to the posterior rim of the cage. This extra support 
protected the cage from excessive bending moment and re-
duced the high stress concentrations that were present in 
the large defect model. However, the additional support of 
the reinforcement plate did not fully compensate for the 
missing bone support.

Although the Von Mises stresses in the cage were below 
the fatigue limit for all models, some additional aspects 
should be considered. First of all, the current FE analy-
ses only calculated the peak stresses during normal walk-
ing with a patient weight of 70kg. For heavier patients and 
more demanding activities, like running or stumbling, the 

loads on the pelvis can be 3-6 times as high [34]. Since this 
is a linear analysis, the stresses in the implant and the bone 
would increase in proportion with the applied force. Sec-
ondly, the fatigue performance of the cage also worsens 
when the surgeon preoperatively bends the flanges of the 
cage to fit the shape of the patient’s bone. Plastic deforma-
tion in the flanges decreases the fatigue strength and there-
fore additionally reduces the fatigue lifetime of the cage. 
So despite the acceptable Von Mises stresses, the simplic-
ity of the current FE models makes it difficult to make con-
clusions about the actual fatigue lifetime. However, the 
FE analysis does indicate that the large defect model has a 
higher risk for fatigue failure than the other two models. A 
cage should thus be sufficiently supported in order to avoid 
fatigue failure.

Besides implant stresses, cage failure was investigated 
by evaluating bone stresses. A change in mechanical load-
ing of the bone with respect to the healthy situation affects 
the bone remodeling process [20,21]. The bone surround-
ing the implant may degrade which subsequently leads to 
implant loosening. The deviation from the healthy scenario 
was largest for the large defect model. This indicates that 
the large defect model has the highest risk for bone degra-
dation and implant loosening.

The outcome of this study corresponds with the find-
ings in literature: sufficient support should be available for 
long-term stability of a Burch-Schneider cage [6,8,9,10]. 
These findings were based on the relatively high failure 
rates of cages in Paprosky IIIB defects compared to small-
er defects. Therefore, in large and uncontained bone de-
fects defect-filling structures such as bone allografts and 
trabecular metal can be used to improve the cage support. 
Besides, patient-specific implants have already shown suc-
cessful results in the treatment of large and challenging 
bone defects and should be considered as a potential alter-
native to the Burch-Schneider cage.

The main limitation of the current study is that it only 
involves a numerical analysis. Although some assump-
tions have been made regarding material properties, load-
ing conditions and boundary conditions, the finite element 
results are in good agreement with other FEA results in 
literature. Philips et al. [30] describes an FE model of a 
healthy pelvis with loading and boundary conditions sim-
ilar to the ones used in our models. The authors observe 
high stress concentrations at the superior rim of the ace-
tabulum and towards the sacro-iliac joint with a maximum 
around 70MPa. Anderson et al. [28] reported a subject-spe-
cific finite element analysis of a healthy pelvis resulting in 
Von Mises stresses in the range of 0-44MPa for the cor-
tex. The Von Mises stress distribution in our healthy mod-
el agrees with the results described in these previous stud-
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ies. Future finite element studies are required to investigate 
the effect of patient-specific modeling parameters and to 
improve the current modeling approach, specifically the 
boundary conditions, loading scenario and material prop-
erties. Moreover, experimental tests should be performed 
as a validation of the final simulation results.

Conclusion

The FEA results showed that support beneath the 
Burch-Schneider cage has a large effect on the stresses in 
both the implant and the bone. A large support area beneath 
the cage limits the presence of peak stresses and results in 
a more equal stress distribution. Specifically, in a large Pa-
prosky IIIB acetabular bone defect the stresses in implant 
and bone were higher than in a small bone defect. Add-
ing a reinforcement plate to posteriorly support the cage 
in the large bone defect decreased the stresses but did not 
fully compensate for the missing bone support. The high 
implant and bone stresses that occurred due to limited sup-
port regions caused an increased risk for fatigue failure and 
implant loosening. Hence to reduce the risk of implant fail-
ure, the surgeon should strive for optimal support.
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Abstract

Total knee arthroplasty is used as the treatment plan for patients with end-stage osteoarthrosis associ-
ated with severely affected function. Although TKA has been used for many years, some patients have 
reported overall dissatisfaction regarding the outcome. This may be due to the complexity of the joint 
design. In recent years, the concept of single-radius knee prosthetics is gaining more popularity as many 
studies have discussed biomechanical and clinical benefits of such design compared to traditionally used 
multi-radius implants. In this study, we report the outcome of 78 patients who were treated by TKA uti-
lizing a relatively new single-radius implant, Unity. Results showed that all subjects reported good out-
comes as expressed by significant improvement in their Knee Injury and Osteoarthritis Outcome Scores 
at 1-year post-operative. The symptom, pain, and ADL subscores demonstrated significant improvement 
in patients with scores twice the pre-operative value, while the average improvement in sport and qual-
ity of life subscores showed even greater improvement with scores three times the pre-operative value. 
Keywords: total knee arthroplasty, Unity implant, single radius
level of evidence: AAOS Therapeutic Level III

Introduction

Total Knee arthroplasty (TKA) is the ultimate treatment 
to alleviate the symptoms of the knee osteoarthritis (OA) 
after alternative treatments are exhausted. TKA is used to 
relieve the pain and to restore normal function of the knee. 
However, different implants and surgical approaches have 
shown inconsistent results with achieving normal func-
tion of the knee. The limitations in performing normal ac-
tivities such as limited range of motion, less stability of 
the knee compared to normal knee, and the loss of pro-
prioception may be factors affecting the outcome of the 
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surgery. Therefore, design of knee implants has been the 
center of attention for TKA. While most common knee de-
signs on the market are based on multiple centers of ro-
tation, a new concept was proposed in 1993 based on a 
single-radius design to achieve more natural knee kinemat-
ics [1]. Since then, many studies have demonstrated that 
during a flexion-extension activity, knee rotation follows a 
single radius curvature path over the femoral condyles by 
rotating around a fixed transepicondylar axis [2-6].  A sin-
gle-radius design concept provides a longer extensor mo-
ment arm and retains the movement isometry throughout 
the full range of motion [7,8]. Therefore, single radius de-
sign knees are expected to retain more natural kinematics 
of movement during daily activities [9-11].  Previous stud-
ies have reported superior functional outcomes in patients 
who received single-radius knee implants. These outcomes 
include a better rehabilitation process, faster recovery and 
return- to-work-time, and significant reduction in knee 
pain. In theory, the aforementioned benefits would result 
in superior patient satisfaction level [9-11]. The Unity To-
tal Knee System, like other single radius knee designs, has 
been designed to reduce the muscular activities of the knee 
extensors and to provide better ligament stability, which 
may ultimately result in reduced and more normal patel-
lar load [12,13].  This implant maintains the medial joint 
axis throughout full range of motion. This design concept 
helps with isometry of MCL loading and movement after 
TKA [14]. 

In a very recent study by Paszicsnyek,  clinical out-
comes of 89 patients treated by TKA using Unity knee 
implants with a posterior stabilizing approach (PS) were 
evaluated [14]. The authors indicated positive survivor-
ship, clinical and performance improvements, and no ra-
diographic failure. The Posterior cruciate ligament (PCL) 
is known to stabilize the knee during flexion, particularly 
by constraining the femoral and tibia relative translation, 
and in high flexion by constraining the mediolateral trans-
lation of tibia. Therefore, it has been suggested that PCL 
preservation might retain the natural knee movement after 
TKA [15].  In this study we aimed to add more clinical data 
to the body of the literature and to analyze the functional 
improvements in patients with Unity Knee TKA by using 
a cruciate retaining (CR) method. We hypothesized that 
the functional outcomes measured by the Knee Injury and 
Osteoarthritis Outcome Score (KOOS) evaluation would 
demonstrate significant improvement in patients during the 
postoperative period. In addition, we aimed to report revi-
sion and negative cases and to discuss the potential effects 
of patients’ demographics on the outcome of TKA using 
the Unity TKA system. 

Materials and Methods

A retrospective review of preoperative and postopera-
tive data of 80 individuals (34 males/46 females) who re-
ceived total knee arthroplasty treatment was conducted. 
All patients received the Unity single radius Total Knee 
System (Corin Ltd., Cirencester, UK). The demographics 
of patients are shown in Table 1. However, as the majority 
of the patients (total 78) were treated by using a cruciate 
retaining method (32 males/46 females) the demograph-
ics of the patients used in the study is reported in Table 2. 
The data were collected from January 2013 to May 2015 
at a single institution from cases performed by one of the 
authors. The data were collected by using an online web-
based data-entry software from an IRB-approved joint reg-
istry. Informed consent was obtained from all participants 
in the study prior to data collection.

A standard medial parapatellar approach was performed 
and all patients received a cemented single-radius cruci-
ate-retaining Unity™ Total Knee System (Corin Ltd., Ci-
rencester, UK). The sequence of surgical steps included a 
distal cut using an intramedullary reference guide followed 
by the proximal tibial cut. The slope and the varus/valgus 
angle was adjusted to the natural tibial plateaus of the pa-
tient avoid to exceed the accepted range of +/- 3 degrees. 
The extension gap was then balanced by soft tissue release. 
Femoral rotation was adjusted using 
the EquiBalanceTM in 90 de-
grees of flexion 
as shown in 
Figure 1.

Table 1- Demographics of CR patients in the study. 
N Minimum Maximum Mean Std. Deviation

Height 
(cm)

78 149.86 193.04 170.72 9.40

Weight 
(kg)

78 52 147.70 87.01 19.68

BMI 78 21 45.50 29.69 5.53
Age 
(years)

78 53 85 68.47 7.23

Figure 1.  Adjustment 
of femoral rotation by 
using EquiBalanceTM. 
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The knee cap was measured pre-cut and was resurfaced 
to reestablish pre-operative thickness. Once adequate he-
mostasis was obtained, the joint was copiously irrigated 
followed by cementing of the tibia, patella and femoral 
component. All excess cement was removed and followed 
by irrigation and closure in layers. The design of this total 
knee system utilizes a single radius implant geometry with 
an instrument platform which aims to maintain the medial 
joint-line throughout range of motion in order to optimize 
MCL isometry post TKA. In addition, the patellofemoral 
track in this design has a lower profile and an early lat-
eralized anatomic patellar track compared with tradition-
al knee systems, which reduces constraint on the patello-
femoral mechanism and therefore minimizes anterior knee 
pain [16].  The goal of this TKR system is to maintain bal-
ance throughout the range of motion, resulting in improved 
patient outcomes.

The underlying causes for a primary total knee arthro-
plasty were end-stage osteoarthritis (n=76; 97.43%), post-
traumatic arthritis (n=1; 1.23%) or a failed implant (n=1; 
1.13%). Each patient completed at least one postoperative 
questionnaire to calculate the clinical outcomes represent-
ed by KOOS. The KOOS represents five subscores which 
were compared for each group. These postoperative data 
were collected either during the follow-up clinic visits or 
by using an online questionnaire. 

Patients in this study received an implant by Corin 
(Unity Knee, Corin, UK). The five subscores were Symp-
tom, Pain, ADL, Sport, and Quality of Life (QOL). A post-
operative radiograph was used in each case to check for 
fixation, component failure or malalignment, and progres-
sive radiolucency around the implant.

Statistical Model

A Multivariate mixed model was utilized to compare 
the postoperative outcome of each implant.  A significance 
level of .05 was assumed in this study. Body Mass Index 
(BMI) and age (as covariates) and gender (as between 
group factor) were utilized in the model to evaluate poten-
tial changes in functional outcome in response to changes 
in these factors. All statistical analyses were conducted us-
ing SPSS 23.0.0 (SPSS Inc., Chicago, Illinois, USA).

Results 

All patients in the study completed at least one postop-
erative questionnaire to allow the calculation of KOOS for 
functional outcome measurement. The results of the overall 

multivariate mixed model indicated that the overall func-
tional outcomes significantly improved between the pre-
operative and post-operative survey with (F(5,73)=77.34, 
p<0.001)).  This improvement in functional outcome was 
significant for all subscores, as summarized in Table 2. The 
post-surgery subscores were significantly higher in all pa-
tients demonstrating excellent clinical performance im-
provement.  
Table 2 – Comparison of pre and postoperative 

KOOS Mean Square F (1,78) Significance
Pre 
vs. 

Post

Symptom 47251.44 201.77 <.001
Pain 75372.06 375.36 <.001
ADL 61960.78 315.40 <.001
Sport 79470.78 230.49 <.001
QOL 81743.85 230.40 <.001

Table 3 – KOOS subscores assessed during preoperative and 
postoperative surveys. 

PreOp
KOOS Minimum Maximum Mean Std. Deviation
Symptom 0 97 47.78 20.91
Pain 0 84 42.26 16.75
ADL 5 95 46.31 17.56
Sport 0 95 19.67 18.02
QOL 0 57 22.19 15.51

PostOp
KOOS Minimum Maximum Mean Std. Deviation
Symptom 43 100 82.59 13.96
Pain 45 100 86.22 13.94
ADL 33 100 86.17 14.85
Sport 0 100 64.81 24.22
QOL 0 100 67.97 23.48

Figure 2- The KOOS scores comparison between Preoperative and 
Postoperative period. 
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In addition, the results of the mixed model that was con-
ducted to evaluate the differences between demographics 
data indicated that patients’ demographics were not sig-
nificant predictors of the functional outcome. For BMI 
(F(5,70) = 1.06, p =0.39) and the KOOS subscores are 
summarized in Table 4, for age F(5,70)= 0.565, p=0.658 
and for gender effects F(5,70) = 2.124 p=0.073. 

Discussion

Although TKA has been utilized as the ultimate treat-
ment method for end-stage osteoarthritis and despite high 
survivorship of this procedure, for many patients it has not 
always resulted in satisfactory functional outcomes. Many 
studies indicated dissatisfaction of up to 20% of patients 
from the surgery [17-20] attributed mainly to the signif-
icant changes in knee kinematics that may result in ab-
normal gait and balance experience [21]. It has been pro-
posed that prosthesis design is the primary factor altering 
the function of the knee following TKA [7,18,22-25].  As 
a result, implant manufacturers have focused on develop-
ing prosthetic knee devices that simulate the natural knee 
kinematics. 

Traditionally, knee prosthetics with multi-radius de-
sign over the femoral component have been used; how-
ever, recent development of single-radius knee implants 
have shown improvements in both mechanical and clini-
cal functions of the knee after TKA [8,13,14,18,26-30]. In 
these implants, the biomechanical functions are improved 
by lengthening the extensor moment arm, providing lon-
ger distal and posterior axis, and by maintaining the isom-
etry of the rotation and force distribution throughout the 
range of motion resulting in less patellar load [7,8, 31,32]. 
The mechanical improvements of the prosthetic knee af-
ter TKA therefore may contribute to better functional out-
comes, decreased knee pain, a shorter rehabilitation peri-
od, faster recovery and reduction in the time to return to 
work [18,29,30,33]. 

We report on the short term clinical outcome of a newly 
designed and recently released to the market single-radi-
us implant, Unity Total Knee System. Our results indicat-

ed significant improvements in all clinical outcomes of the 
first 78 CR patients in a single surgeon series. Our results 
are similar to those recently reported by Paszicsnyek indi-
cating good survivorship and positive clinical outcome of 
this implant [14]. In that study, the author investigated the 
functional outcome of the TKA by using Unity and indi-
cated significant improvement in the outcomes measured 
by American Knee Society Score, Oxford Knee score and 
radiographic measurements.  However, the authors had not 
reported KOOS subscores in that study.

Molt et. al have reported the clinical outcomes mea-
sured by KOOS in patients who received a traditional sin-
gle radius implant, Triathlon TKA (Stryker, Mahwah, New 
Jersey, USA). In our study the average follow-up range 
was 361±228 days. Therefore, we descriptively compared 
our results with those 1-year results reported by Molt et. 
al., as summarized and reproduced in Table 4 and depicted 
in Figure 3. The scores in the current study are compara-
tively higher than those of patients who were treated by 
Triathlon CR in the earlier study [34]. Further research in-
cluding a randomized controlled study is needed to com-
pare the clinical outcomes of these single-radius implants.

Table 4- KOOS subscores for categorized based on gender.
KOOS Gender Average Standard Error

Symptom Pain ADL Sport QOL Symptom Pain ADL Sport QOL
PreOp F 43.39 37.43 40.84 15.23 19.34 3.16 2.41 2.28 2.47 2.33

M 54.09 49.18 54.15 26.03 26.28 3.30 2.64 3.11 3.19 2.54
PostOp F 80.06 84.28 85.58 62.04 66.52 2.15 2.16 2.27 4.55 3.39

M 86.21 89.00 87.00 68.78 70.06 2.18 2.21 2.52 3.39 4.30

Table 5 – KOOS subscores reported by Molt et. al versus those reported 
in the current study.

PreOp 1 year PostOp
KOOS Mean Std. Deviation Mean Std. Deviation
Pain Unity 42.26 16.75 86.22 13.94

Triathlon CR 43 19 80 19

Symptom Unity 47.78 20.91 82.59 13.96
Triathlon CR 52 20 76 15

ADL Unity 46.31 17.56 86.17 14.85
Triathlon CR 45 15 79 20

Sport Unity 19.67 18.02 64.81 24.22
Triathlon CR 12 13 38 24

QOL Unity 22.19 15.51 67.97 23.48
Triathlon CR 25 15 68 25
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There are several limitations to the current study. First, 
the study was conducted retrospectively on single design 
implants. The aim of the study was to evaluate the im-
provement in patients’ functional scores; however, future 
studies may be needed to further evaluate the outcome of 
the Unity implant compared to other traditionally avail-
able single-radius prosthetics prospectively. The surger-
ies were conducted by one surgeon; thus, this might limit 
the scope and generalizability of the outcome. Future stud-
ies may be designed to use multiple investigational cen-
ters. In addition, we did not analyze the range of motion 
or conduct other biomechanical assessments of the per-
formance, which should be considered for future studies; 
however, clinical assessments based upon patient- reported 
outcomes, as assessed by the application of KOOS, can be 
a reliable indicator of post-operative improvement and po-
tentially overall patient satisfaction. 

Conclusion

In this study we reported the short term clinical out-
come of a new single-radius knee prosthetic design. Pa-
tients in the study demonstrated excellent improvement 
in functional outcome indicating the short term success of 
this implant design. Future studies and longer-term data 
collection is needed to further generalize the outcome of 
this study. 
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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 
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