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An Announcement From:

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

Editor-in-Chief, Pacific Rim, Reconstructive Review

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

& Editor-in-Chief, Reconstructive Review

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

publications and encourage its Members to

Reconstructive
REVIEW

submit manuscripts for publication in one of

four quarterly issues.

We also welcome interested Members to

become reviewers for the Reconstructive )
Review. A

Joint Implant Surgery and Research Foundation

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

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

Dr. Rami Sorial. Pacific Rim

Please visit our websites for more information:

www.jisrf.org ® www.reconstructivereview.org

www jistf.org ® Joint Implant Surgery & Research Foundation
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i Seased to GJO/ZZZ/ZM&CLJMQ@&O Allrance with the

DARF

DONALDSON ARTHRITIS
RESEARCH FOUNDATION

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

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

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

Together both groups will provide unprecedented
analysis of your Retrievals.

www.jisrf.org o www.darfcenter.org

Metal on metal retrieval
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Do You

W' hthe start of 2015 comes our fourth full
lt year of publishing the Reconstructive
Review. In that time of establishing our niche in the
online orthopaedic journal market I have discovered
what I think is a very useful website for colaborating
with fellow researchers around the world called Re-
searchGate (http://www.researchgate.net).

According to Wikopedia “ResearchGate is a social
networking site for scientists and researchers to share
papers, ask and answer questions, and find collabora-
tors.” Current estimates puts the total number of users
at over 6 million. While this is hardly the numbers of
users that sites it has been compared to such as Twit-
ter, LinkedIn, or Facebook (288M, 300M, and 1.23B
respectively) I believe ResearchGate has great poten-
tial to continue to grow as significantly as it has over
the past seven years.

ResearchGate is free to join and offers the follow-
ing benefits to researchers:

* Sharing publications

e Connecting with colleagues

* Seeking new collaborations

* Obtaining statistics and metrics on use of upload-

ed publications

* Asking questions of researchers around the world

that have the same set of interests

* Job seeking or recruitment

ResearchGate incorporates many elements of fa-
miliar social media sites including:

* Creating profiles

* Liking and following researchers and their publi-

cations

* Endorsing the skills of others

* Ability to bookmark favorites

* Ability to comment or send feedback

* Ability to share news items and updates easily

and quickly

ResearchGate links researchers around selected
topics and specialisations — these can be chosen or ed-
ited at any time by members. Members can track and
follow the research publications of others in their field.

Research(ate

Members can upload copies of papers (either pre-
or post-review) and the associated raw data. All will
be searchable. Non-peer-reviewed material can be
added only through manual file upload.

Researchers are encouraged not only to upload suc-
cessful results but also those results from failed proj-
ects or experiments — the latter are stored in a separate
but searchable area.

ResearchGate finds publications for members from
a number of major databases, for example, PubMed,
arXiv, IEEE, RePEC and CiteSeer enabling automatic
creation of a publications list. Lists can also be creat-
ed or added to manually or importing from a reference
management database such as EndNote. It also ap-
pears to trawl University web sites and repositories so
that if you have papers in the Exeter repository, ORE,
it is very easy to create profiles and publication lists.
Members will be asked to accept or decline publica-
tions (as is the case with Symplectic, for example).

Members are automatically subscribed to a co-au-
thor’s feed, so that they can see work from and connect
with their co-authors’ co-authors.

ResearchGate offers the ability to search and filter
on a variety of topics: author, institution, journal, pub-
lication, and so on.

Members can request a copy of a paper from the au-
thor if it is not freely available.

Full text publications uploaded to ResearchGate are
indexed by Google.

ResearchGate contains useful information about
journals, such as impact factors, metrics and some de-
tails of open access policy — in this respect it is useful
for bringing information together into one place.

Timothy McTighe, Dr. HS (hc)
Executive Director, JISRF

& Editor-in-Chief

Reconstructive Review
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Reconstructive Review — Available on Three Websites

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

* ICJR.net
* JISRF.org
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posted on www jisrf.org.
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1993 Irwin S. Leinbach, MD
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1995 James E. Bateman, MD
1996 Roderick H. Turner, MD
1997 William R. Murray, MD
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2007 Ian Clarke, PhD

2010 Kristaps J. Keggie, MD
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Thomas Tkach, MD
Allan Turnbull, MD
Bradley K. Vaughn, MD

Y
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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

Founderv
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.
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Reconstructive
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Joint Implant Surgery and Research Foundation

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 vis-
it http://www jistf.org/reconstructive-review-submit.html.

Submit Articles to the Reconstructive Review

Please visit ReconstructiveReview.org to submit an
article for review and publicaiton in the Reconstructive
Reivew. 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)

* Historical Reviews

* Letters to the Editor

* Surveys

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

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

INSTRUCTIONS FOR SUBMITTING ARTICLES

Please read the following information carefully to en-

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

File Formats

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

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

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.

Joint Implant Surgery & Research Foundation ® www jistf.org
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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

- Introduction

- Materials and Methods

- Results

- Discussion

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

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

Once you have prepared your manuscript according
to the information provided above, 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 jistf.
org, and printed in limited quantities.

* Trim Size: 8.5 x 117

* Live Area: 7.25” x 9.25”

* No Bleeds

Ad Specification

* Full color or black and white - available sizes:

e Full Page, 7.25” x 9.25”

* Half Page Horizontal, 7.25” x 4.25”

* Half Page Vertical, 3.25” x 9.25”

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

General Statement

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

Subgroup Analysis of Topical Tranexamic
Acid in Primary Total Hip Arthroplasty

Walter A. Anazonwu, BS*; John R. Tuttle, MD*; Lee E. Rubin, MD*

Introduction

Intraarticular or “topical” tranexamic acid (TXA) has
increasingly received attention for reducing blood loss fol-
lowing total joint arthroplasty [1,3,6,8,14]. While our insti-
tution has seen transfusion rates drop from 17.5% to 5.5%
after administration of topical TXA in total joint replace-
ment, it s still not known which patients will benefit most
from TXA administration [14]. Patients undergoing total
hip arthroplasty (THA) at our institution continue to have
a higher allogeneic transfusion rate compared to total knee
arthroplasty (TKA). While THA patients respond to topi-
cal TXA, the question remains as to which specific subset
of THA patients might benefit most from administration
of topical TXA. To answer this question we performed a
retrospective cohort study that involved 123 THA patients
who received topical TXA, and compared them to 111 con-
trols who did not receive TXA treatment. These patients
were subdivided into groups based on gender, age, BMI,
preoperative hemoglobin, and surgical approach.

Our goal in this investigation is to identify characteris-
tics that will more accurately justify the use of topical TXA
in THA; the ultimate goal is for a surgeon to correctly iden-
tify patients preoperatively (prospectively) who will most
consistently benefit from topical TXA administration. Pre-
operative identification of patients who would most likely
benefit from topical TXA administration would allow for
more targeted use of the drug, ideally reducing cost and
unnecessary exposure.

Methods

Following IRB approval, we retrospectively reviewed
234 primary hip arthroplasties performed by 5 orthope-

dic surgeons at a single institution between March 2012
and March 2013. Treatment with topical TXA in all prima-
ry hip patients was initiated intraoperatively starting Sep-
tember 1st, 2012. The months of August and September of
2012 were excluded from the study in order to prevent any
overlap of the experimental and control group. Bilateral
and revision hips were excluded from this study.

All patients received spinal or general anesthesia
as well as local anesthesia; 10cc of 0.5% Marcaine with-
out epinephrine was used at the operative site after wound
closure. Patients received preoperative antibiotics with-
in 1 hour of surgical incision. Antibiotics used included:
cefazolin, vancomycin (if MRSA history was present),
or Clindamycin (if significant cephalosporin allergy was
observed). Standard postoperative DVT prophylaxis was
used by all of the surgeons that participated in the study
(e.g. TEDS, SCDs, and chemical prophylaxis). One sur-
geon used postoperative aspirin for chemical DVT prophy-
laxis, while the other four used Coumadin. No intraopera-
tive drains were placed. One gram of TXA was injected in
the pericapsular and deep tissue spaces, or intra-articular-
ly following iliotibial band closure, depending on the sur-
geon’s preference. Otherwise, no changes were made to
each surgeon’s individual surgical and postoperative pro-
tocols between the control and experimental groups. No
primary, unilateral total joint patients were excluded from
TXA use.

Transfusion was triggered by hemoglobin of less than 8
g/dL or symptomatic anemia for all patients in both control
and experimental groups. Each chart was reviewed via the
electronic medical record and the following variables were
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Table 4. Primary outcomes within subgroups

recorded for analysis: age, gender, BMI, transfusions, pre-

operative hemoglobin, postoperative hemoglobin, days in Before TXA After TXA P-value
hospital, disposition, 30 day readmission, and complica- Age <50
tions (including UTI, MI, DVT, stroke, and death). No rou- Transfusion 2 (133%) 0 (0.0%) 0.13101
tine screening for DVT/PE was performed. Symptomatic Delta Hgb 47+-08 46+-09 0.7018
DVT was confirmed by ultrasound. Postoperative Hgb 94+-12 99+- 17 03348
Statistical analysis was used to confirm the significance Age50t0 65
of the results. The chi square test was used for discrete Transfusion 10 (20.0%) 3 (6.5%) 00538
variables (e.g. transfusion rate and hospital disposition). Delta Heb 484/-13 424/-10 00192
Independent t-tests were used for continuous variables Postoperative Hgb 93 4/- 14 101 +/- 14 00105
(e.g. drop in Hgb, BMI, and age). Statistical significance Age> 65
was defined as P < 0.05 (Table 2). Transfusion 12 (26.1%) 6 (9.8%) 0.0261
Delta Hgb 48+/-09 374/-09 <0.0001
Table 1. Primary outcome Postoperative Hgb 89+4/-13 96+/-13 0.0025
Before TXA After TXA P-value BMI <30
Readmission 5 6 0.8928 Transfusion 11 (22.4%) 5(8.3%) 0.0383
Complications 0 1 0.3411 Delta Hgb 46+/-1.1 394/-10 0.0051
Delta Hgb 48+4/-1.1 40+/-10 <0.0001 Postoperative Hgb 92+/-14 98+/-14 0.023
Postoperative Hgb 91+/-13 98 +-14 0.0001 BMI > 30
Patients Transfused 24 9 0.0016 Transfusion 12 (24.0%) 4 (6.3%) 0.0075
Units Transfused 39 13 0.0003 Delta Hgb 48+/-1.1 40+/-1.0 0.0004
Length of Stay 32+4/-10 3.1+/-10 0.4362 Postoperative Hgb 9.1+4/-13 99+4/-14 0.0042
Data reported as mean +/- SD or total sum. P values calculated using either indepen- Female
dent T-test or chi square test. Transfusion 22 (38.6%) 8 (11.3%) 0.0003
Delta Hgb 48+/-12 4.14/-10 0.0005
Table 2. Demographic Postoperative Hgb 844/-1.1 93+/-1.1 0.0001
Before TXA(N | After TXA (N P-value Male
=111) =123) Transfusion 2 (3.7%) 1(1.9%) 0.5805
Age 633 +/-135 649 +/-12.1 0.3349 Delta Hgb 47+/-1.1 394/-10 0.0002
Male 54 52 0.3282 Postoperative Hgb 99+/-1.1 106 +/-14 0.0034
Female 57 71 0.3282 Hgb <12
BMI 303 +-52 30.7 +- 6.4 0.6766 Transfusion 6 (100%) 3 (30%) 0.0063
Preoperative Hgb 139+/-14 139+/-15 0.8502 Delta Hgb 344/-12 30+4/-0.7 0.4451
Data reported as mean +/- SD or total sum. P values calculated using either indepen- Postoperative Hgb 76+/-03 78 +-0.5 0.3126
dent T-test or chi square test. Hgb > 12
Transfusion 16 (17.4%) 4 (4.3%) 0.0038
Table 3. Subgroup Population Delta Hgb 49 +/-1.1 414/-10 0.0001
Before TXA After TXA Postoperative Hgb 92+4/-13 10.1+/-13 0.0001
Age <50 15 16 Anterior-Lateral
Age 50 to 65 50 46 Transfusion 19 (21.1%) 5(6.0%) 0.00413
Age > 65 46 61 Delta Hgb 44+/-19 39+-10 0.0442
BMI< 30 49 60 Postoperative Hgb 924/ 14 99+/-15 0.0015
BMI > 30 50 63 Anterior
Female 57 71 Transfusion 5(25.0%) 2(5.7%) 0.039
Male 54 52 Delta Hgb 55+/-1.1 41+/-10 0.0001
Hgb< 12 6 10 Postoperative Hgb 8.7+ 1.1 9.7+/-12 0.0098
Hgb> 12 92 94 Data reported as mean +/- SD or total sum. P values calculated using either indepen-
Anterior-lateral 90 83 dent T-test or chi square test.
Anterior 20 35

Joint Implant Surgery & Research Foundation  www jisrf.org



http://www.jisrf.org

Subgroup Analysis of Topical Tranexamic Acid in Primary Total Hip Arthroplasty 15

Results

All 234 THA were analyzed based on gender, age, BMI,
preoperative hemoglobin, and surgical approach. Age was
divided into: younger than 50 years, between 50 and 65
years, and older than 65 years, BMI was divided by obesity
(defined as > 30 by the World Health Organization). Pre-
operative hemoglobin (Hgb) status was delineated by 12 g/
dL, and surgical approach was divided into direct anterior
and anterolateral approach. There was no statistically sig-
nificant difference in demographics between the pre and
post TXA groups (Table 3). The total number of cases for
each group is located in Table 1.

Topical TXA consistently reduced transfusion rate, in-
creased postoperative Hgb, and decreased the change in
Hgb (Table 2). However, further analysis of the subgroups
revealed that these effects were not evenly distributed (Ta-
ble 4).

GENDER

Both males and females had a significant difference in
their postoperative Hgb and delta Hgb. However, after ad-
ministration of TXA, only females experienced a signifi-
cant reduction in transfusion rate. The transfusion rate in
females went from 38.6% to 11.3% after administration
of TXA, p =0.0003. Males experienced a transfusion rate
reduction from 3.7% to 1.9% after TXA administration,
which was not significant (p = 0.5805). One possible ex-
planation for the difference in transfusion rates between
men and women could be the increased risk for transfusion
normally seen in women who undergo THA [2]. As seen
in the control group of this study, women generally have a
lower average Hgb than men (13.2 g/dL compared to 14.6
g/dL), which results in women having lower postoperative
Hgb (8.4 g/dL compared to 9.9 g/dL). The female control
group had 2 readmissions and no complications, while the
TXA group had 3 readmissions and one UTI complication.
The male control group had 3 readmissions and no compli-
cations, while the TXA group also had 3 readmissions and
no complications.

BODY MASS INDEX

All patients, regardless of their BMI, experienced sig-
nificant differences in their delta Hgb, post-operative Hgb,
and transfusion rate. In patients with a BMI of > 30, the
control group had 3 readmissions and no complications,
while the TXA group had 1 readmission and no compli-
cations. In patients with a BMI < 30, the control group
showed 1 readmission and no complications, while the
TXA group had 5 readmissions and 1 UTI complication.

AGE CATEGORY

Patients younger than 50 years experienced no signifi-
cant changes in delta Hgb, postoperative Hgb, and transfu-
sion. In patients over 65 years and patients between 50 and
65 years, both groups had a significant difference in delta
Hgb and postoperative Hgb. Patients over 65 years expe-
rienced a significant reduction in transfusion rate (26.1%
to 9.8% after administration of TXA, p=0.0261). Patients
between 50 and 65 years experienced a transfusion reduc-
tion rate from 20% to 6.5% after administration of TXA, p
=0.0538. In patients over 65 years, the control group had 2
readmissions and no complications, while the TXA group
had 3 readmissions and 1 UTI complication. The control
group of patients between 50 and 65 years contained 1 re-
admission and no complications, while the TXA group had
3 readmissions and no complications. The control group
of patients less than 50 years contained no readmissions
or complications, and the TXA group also had no readmis-
sions or complications.

PREOPERATIVE HEMOGLOBIN

After TXA administration, patients with preoperative
Hgb < 12 g/dL saw significant reductions in the rate of
transfusion (100% to 30%, p = 0.0063). Also, after TXA
administration, patients with a preoperative Hgb of > 12 g/
dL experienced both a significant reduction in the rate of
transfusion (17.4% to 4.3%, p =0.0038), and a significant
change in delta Hgb (4.9 +/- 1.1to 4.1 +/- 1.0,p =0.0001).
The control group in patients with a preoperative Hgb of <
12 g/dL had 1 readmission and no complications, and the
TXA group also had 1 readmission and no complications.
Additionally, in patients with a preoperative Hgb > 12 g/
dL, the control group had 4 readmissions and no compli-
cations, while the TXA group had 3 readmissions and no
complications.

Surgical Approach to the Hip

After administration with TXA, patients who underwent
either the direct anterior approach (DAA) or anterior-later-
al approach (AL) both experienced significant differenc-
es in their postoperative Hgb, delta Hgb, and transfusion
rates. The control group in patients who underwent DAA
had 3 readmissions and no complications, while the TXA
group had 2 readmissions and no complications. Further-
more, in patients who underwent AL, the control group
had 3 readmissions and no complications, while the TXA
group had 2 readmissions and no complications.
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Discussion

While the perioperative administration of TXA is being
used more widely in total joint replacement surgery, both
the method / route of TXA application and the exact pa-
tient population who stands to benefit the most from TXA
utilization in THA have yet to be established in the litera-
ture. The goal of this study was to retrospectively deter-
mine which patients undergoing THA had a significant re-
sponse to topical TXA.

The greatest weakness of this study was its retrospec-
tive design. Patients were followed for 30 days postopera-
tively in the electronic database, and therefore long-term
complications or complications managed at a different
healthcare facility were not recorded in this study. Some
subgroups may be under powered to determine a signifi-
cant difference in our outcome variables. For example, no
significant differences were found in the <50 age group;
this may be a false negative, or younger patients may truly
not benefit from topical TXA in THA.

This study is consistent with the current literature by
revealing significant differences in transfusion rate reduc-
tion, delta Hgb, and postoperative Hgb with topical TXA
[7,12,13,15].

In concordance with Judge et al.’s paper, our study con-
cludes that BMI has no bearing in primary hip replace-
ment surgery despite TXA treatment [5]. The two BMI
subgroups in our study showed no significant change in
complication rates, and both subgroups experienced signif-
icant differences in their delta Hgb, postoperative Hgb, and
transfusion rate after administration with TXA.

Surgical approach had no effect on the outcomes in
THA despite TXA use. In both the direct anterior ap-
proach group and anterolateral approach group there was
no significant change in complication rates. Also, both sub-
groups experienced significant differences in their delta
Hgb, postoperative Hgb, and transfusion rate after admin-
istration with TXA.

Patients who are normally at risk for transfusions
in THA appear to benefit the most with TXA treatment:
women experienced a significant reduction in transfusion
rate after TXA treatment. One explanation could be the in-
creased risk for transfusion normally seen in women who
undergo THA. According to Morrison et al.’s findings, the
clinical significance of TXA is strongest in patients who
have the highest anticipated blood loss [10]. Danninger
et al. and Saleh et al. concluded that women are at an in-
creased risk for transfusion in THA, our data is consis-
tent with these findings showing a higher transfusion rate
in women (38.6% compared to 3.7%) [2,11]. Also, wom-
en had a relatively greater clinical response to TXA (with

transfusion rate reduction from 38.6% to 11.3% in women
compared to transfusion rate reduction from 3.7% to 1.9%
in men).

According to Saleh et al., a risk factor for transfusion
after THA is increased age [11].Our study has shown that
the rate of transfusion was highest in patients over 65 years
old (26% compared to 20% in patients between 50 and 65
years old, and 13.3% in patients less than 50 years old).
While the subgroup may be underpowered, patients less
than 50 years of age do not appear to benefit from TXA
use. This may be due to their ability to compensate for rel-
ative anemia compared to the older cohorts. Patients over
the age of 65 consistently benefit from TXA use (Table 4).

Our study is consistent with the conclusion that low pre-
operative Hgb is associated with an increased risk of trans-
fusion during admission for THA [4, 11]. 100% of patients
with Hgb < 12.0 g/dL received transfusion prior to TXA
administration, while 17.4% of patients with Hgb >12.0 g/
dL received transfusion prior to TXA administration. Only
patients with Hgb > 12.0 g/dL experienced a significant
change in delta and postoperative Hgb after TXA admin-
istration. There are two likely possibilities for this differ-
ence. The first is that patients with a low preoperative Hgb
are more likely to receive an intraoperative transfusion
which would alter both delta Hgb and postoperative Hgb.
Second, the number of patients in the < 12 Hgb group may
be too low to detect these differences. TXA appears to be
effective despite preoperative Hgb status.

According to Mayr et al., when compared to the tradi-
tional AL approach, patients who undergo DAA experience
a faster return to normal function [9]. Our results do not in-
dicate a significant difference between the two approaches
for THA regarding short term outcomes, and demonstrated
similar blood product utilization in both groups. Patients
undergoing either approach stand to benefit from TXA ad-
ministration (Table 4).

Conclusion

According to this study, there are no restrictions on
the use of topical TXA in THA, however not all patients
should be expected to benefit equally. A preoperative Hgb
>12 is protective against perioperative transfusions espe-
cially in combination with TXA, however TXA signifi-
cantly reduces transfusion rates regardless of preoperative
Hgb status. Female patients and those over 65 years of age
appear to have the most reliable and consistent response to
topical TXA use in THA.
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Mobile Versus Fixed Bearing Medial
Unicompartmental Knee Arthroplasty: A
Series of 375 Patients

Robert F. Murphy, MD*; Tyler W. Fraser, BS*; William M. Mihalko, MD, PhD*

Abstract

Introduction: We sought to compare outcomes, complications and survival between mobile and fixed
bearing medial unicompartmental knee arthroplasty (UKA) in a large multi-surgeon group.

Methods: Medical records of patients who underwent a medial UKA were queried between March
2003 and August 2012. Variables investigated included final range of motion (ROM), type of complica-
tion, and overall survivorship.

Results: 375 medial UKAs were analyzed (308 mobile bearing and 67 fixed bearing). Average time to
follow-up was 47 months. Final ROM was comparable (mobile: 1-122°, fixed: 1-120°, p = 0.34). Com-
plications occurred in 20/308 (6.6%) mobile bearing UKA and 5/67 (7.5%) fixed bearing UKA (p =0.77).
The most common complications in mobile bearing implants were progression of lateral compartment
disease and component loosening. The complications in fixed bearing implants were arthrofibrosis and
tibial plateau fracture. Overall survivorship differed, but not significantly (mobile: 94.8%, fixed: 96.9%,
p=044).

Discussion: In this largest reported cohort series comparing mobile versus fixed bearing UKA, we
found no significant difference in final clinical knee range of motion, rates of complications, and survi-
vorship between the two bearing types.

Level of Evidence: Level 1V, Type of Evidence: Therapeutic

Key Words: Unicompartmental knee arthroplasty, mobile bearing, fixed bearing, survivorship

Introduction

The unicompartmental knee arthroplasty (UKA) is a re-
liable surgical option for patients suffering from unicom-
partmental arthritis of the knee. As implant design and sur-
gical technique have improved, so have survivorship and
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outcomes. [1,2] Although lateral compartment [3,4] and
patellofemoral compartment [5] arthroplasties have been
investigated, the most common unicompartmental arthro-
plasty is medial.

In medial UKA designs, the bearing surfaces are either
mobile or fixed. Proponents of mobile bearings argue that
these devices provide superior conformity and improved
tibiofemoral biomechanics, thus leading to natural joint
motion and low wear rates. [6] Advocates of fixed bearing
implants argue for technical ease in implantation, especial-
ly in regards to ligamentous balancing. [7,8]
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Several retrospective and prospective studies have been
performed comparing mobile versus fixed bearing com-
ponents in medial unicompartmental knee arthroplasty.
[7.9,10,11] However, each component group was limited
to approximately 20-50 participants. One meta-analysis
has compared both designs, with pooled data from each
bearing type, with no significant difference found in clini-
cal outcome or complication rate between mobile and fixed
bearing designs. [12]

The purpose of this study was to investigate the survi-
vorship and complications between mobile and fixed bear-
ing medial unicompartmental knee arthroplasties in a large
multi-surgeon orthopaedic surgery group. Our hypothesis
was that no significant differences would exist between
the two component designs, in that both types of bearings
would have similar survivorship and rates of complica-
tions.

Methods

Following institutional board review approval, medi-
cal records of all patients who underwent unicompartmen-
tal knee arthroplasty (UKA) at our institution using CPT
code 27446 from March of 2003 to August 2012 were que-
ried. Inclusion criteria included adult patients who under-
went either fixed or mobile bearing UKA for isolated me-
dial compartment arthritis with complete medical records.
Lateral and patellofemoral UKA were excluded.

Clinical variables abstracted from charts included sex,
age at time of index surgery, and type of component im-
planted (mobile versus fixed bearing). Postoperative pa-
rameters queried included length of follow up and final
knee range of motion at the most recent follow up visit.
Complications were defined as return trip to the operative
room for any reason. Complications were investigated for
type of complication, management of complication, neces-
sity of component revision, and time to any component re-
vision from index operation.

Statistical analysis was performed with respect to both
groups. Two-tailed Students’ t-test and chi-square anal-
ysis was used to compare parametric data of patient de-
mographics, knee range of motion, complications, and
survivorship. A Kaplan-Meier curve was constructed to
compare survivorship using SPSS version 20 (Armonk,
NY). A p value of <0.05 was considered to be statistically
significant.

Results

From March 2003 to August 2012, 407 unicompart-
mental knee arthroplasties were performed at our institu-
tion by 12 surgeons. Of these, 4 were lateral compartment
UKA, three were a patellofemoral UKA, and 25 had in-
complete medical records. These patients were excluded
from analysis. This left 375 medial UKAs with complete
medical records who underwent full analysis.

Of the 375 medial UKAs that were performed, 308
were mobile bearing and 67 were fixed bearing. All mobile
bearing components were Biomet Oxford (Biomet, War-
saw, IN), performed by 10 surgeons. The 67 fixed bear-
ing designs were 37 Genesis (Smith and Nephew, Mem-
phis, TN) performed by 2 surgeons, 22 Journey (Smith and
Nephew, Memphis, TN) performed by 2 surgeons, 7 Stryk-
er (Mahwah, NJ) performed by 2 surgeons, and 1 Aesculap
(Center Valley, PA) performed by 1 surgeon. All surgeons
exclusively utilized mobile or fixed bearing implants ex-
cept for three. These three performed all mobile bearing
except 1 fixed bearing implant case each.

Average age at implantation was similar between both
groups (mobile: 62 years, fixed: 59 years, p = 0.12). Sex of
patients between groups differed, as 58% of mobile bear-
ing UKA patients were female, compared to 70% female
fixed bearing patients (p = 0.06). Average time to follow
up was 46.75 months (45.4 mobile [range 1-68],48.1 fixed
[range 1-75], p = 0.15). At final follow up, overall average
knee range of motion was 1-122° (1-122° mobile, 1-120°
fixed, p=0.34) (Table 1).

Table 1. Patient demographics, clinical outcomes, complications and survivorship be-
tween mobile and fixed bearing unicompartmental knee arthroplasty

Mobile Fixed p-value
Age at implantation (years) 62 59 0.12
Female patients (%) 58 70 0.06
Time to follow-up (months) 454 48.1 0.15
Average knee range of motion (degrees) 1-122 1-120 0.34
Complications (%) 6.5 7.6 0.77
Overall survivorship (%) 94.8 96.9 0.44

Complications occurred in 20/307 mobile bearing UKA
(6.5%) and 5/66 (7.6%) fixed bearing UKA (p = 0.77).
Complications in mobile bearing UKA included progres-
sion of lateral compartment disease (7), component loosen-
ing (4), bearing dislocation (3), tibial plateau fracture (2),
infection (1), arthrofibrosis (1), implant subsidence with-
out fracture (1), and inflammatory synovial disease pro-
gression (lipoma arborescens, 1). Complications in fixed
bearing UKA included arthrofibrosis (3) and tibial plateau
fracture (2).

Overall implant survivorship differed between the two
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implants, but not statistically (mobile bear-
ing 94.8% vs fixed bearing 96.9%, p = 0.44).
Component revision occurred in 16 mobile
bearing implants. Bearing dislocation re-
sulted in simple polyethylene exchange in 0.8
2 cases. The other 14 UKAs required con-
version to total knee arthroplasty for the fol-
lowing reasons: progression of lateral com-
partment disease (4), component loosening
(4), tibial plateau fracture (2), infection (1),
repeat bearing dislocation (1), component
subsidence (1), and inflammatory synovial
disease progression (lipoma arborescens, 1).
The other four complications underwent re-
turn trips to the operating room for manipu- 007
lation under anesthesia (1) and arthroscop- 0
ic debridement of lateral meniscal tear and

loose body removal (3). In the fixed bearing

UKA, 2 cases returned to the operating room for conver-
sion to total knee arthroplasty for tibial plateau fracture,
and 3 underwent manipulation under anesthesia for arthro-
fibrosis. A Kaplan-Meier curve was constructed to portray
survivorship (Figure 1).

Survival
=
@

o
4

0.2

Discussion

With advances in implant design and surgical tech-
nique, unicompartmental knee arthroplasty has evolved as
a safe and reliable intervention for patients suffering from
unicompartmental knee arthritis. [1,2] Several previous se-
ries have examined outcomes and complications associat-
ed with these implants, but their cohort numbers have been
relatively low in relation to other arthroplasty literature.
[7,9,10,11]

Proponents of mobile bearing designs argue for a more
normal restoration of knee kinematics, which may theoret-
ically translate to better long term knee range of motion. Li
et al found this to be false, as both mobile and fixed bearing
patients undergoing kinematic anaylsis had similar ranges
of motion. [11] In both of our groups as well, patients re-
gained excellent range of motion, with no statistical signif-
icance between the two (1-122° mobile, 1-120° fixed, p=
0.34). This also confirms other reports that found no differ-
ence in clinical outcomes, [10] but we did not gather any
validated functional scores.

Component loosening has been proposed to be one of
the leading causes of conversion to TKA [13]. In mobile
bearing implants, the motion and shear force transmission
from the mobile bearing interface should theoretically lead
to low rates of component loosening. In one of the larg-

Kaplan-Meier Survival Curve

Fixed Bearing
Mobile Bearing

Figure 1. Kaplan-Mei-
er survivorship curve
comparing mobile and
fixed bearing unicom-
partmental knee ar-
throplasty

: . , : 1
20 40 60 80 100
Time (months)

est comparative series, Emerson found a higher rate (16%)
of loosening from tibial components in fixed bearing than
in those with mobile implants (2%). [9] In our series, the
rate of loosening of mobile components was similar (4/307
= 1.3%), however, none of our fixed bearing implants
showed evidence of loosening at 4 year follow-up.

Some authors have argued that the mobile bearing im-
plants may lead to earlier lateral compartment disease pro-
gression, [9] and we have found this to be the case in our
series. Four patients with mobile bearing devices required
conversion to total knee arthroplasty, while none in the
fixed bearing group were revised for progression of lateral
compartment disease.

Tibial plateau fracture is also another known complica-
tion of UKA, and can occur intraoperatively, or is detected
in the postoperative period. [1] We detected four tibial pla-
teau fractures, with 2 in each group, and all were discov-
ered in the postoperative period.

Several studies have reported survivorship rates of both
mobile and fixed bearing implants. In fixed bearing im-
plants, survivorship at 10-13 year has consistently been
reported as 91-96%. [1,13,14,15] Overall survivorship in
mobile bearing implants has been reported at 85-98% at 10
year follow up. [9,16] Our survival rates of mobile bearing
94.8% and fixed bearing 96.9% are consistent with these
literature reports.

Several limitations exist in this study. First, the retro-
spective design leads the study to incomplete data and in-
herent biases. Second, we did not collect any validated
functional outcome measures on these patients, which may
have helped to better differentiate patient satisfaction and
clinical outcomes. Third, a large proportion of our data is
from mobile bearing implants, which was due to surgeon
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preference and outside the control of this retrospective re-
view. A prospective matched data set may have more pre-
cisely defined differences between the two implant de-
signs. Additionally, the groups are not matched in that a
higher percentage of fixed bearing patients were female.
Finally, the number of different surgeons and surgeon ex-
perience may play a confounding role in the heterogeneity
of the data; however, this is representative of a multi-sur-
geon group and reflects modern practice.

In conclusion, we present the largest single series ex-
amining complications and survivorship between mobile
and fixed bearing medial unicompartmental arthroplasties.
No significant differences were found to exist between
these two implants. Further studies which are prospective
in nature and incorporate validated functional scores may
be used corroborate these findings.
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The Impact of use of Double Set-up on
Infection Rates in Revision Total Knee
Replacement and Limb Salvage Procedures

Jennifer A. Waterman, DO*; Jon E. Minter, DO**; Paul J. Ghattas, DO*; Brandon M. Green, DO*

Abstract

A retrospective analysis was performed to determine the impact of utilizing a double set-up procedure
on reducing infection rates revision total knee and limb salvage procedures in patients with known joint
infection. Eighteen cases fit selection criteria. The recurrence rate of infection was 5.5% which is less
than reported recent literature review. This suggests the use of a double set-up in combination with other
infection reducing protocols may help further reduce recurrent infection.

Keywords: double set-up, infection, revision total knee arthroplasty, limb-salvage

Introduction

Infection of an existing total knee arthroplasty (TKA)
continues to be one of the most devastating complications
associated with these procedures. Infection is costly [1]
and has significant associated co-morbidities. Bannister et
al estimated “that an infected hip replacement in modern
practice cost the equivalent of five primary procedures [2].
Primary TKA infection rates are reported in recent litera-
ture ranging from 0.3%-3% cases [3]. A historic incidence
of TKA infection is as high as 23% [4]. Unfortunately,
deep infection rates increase in those undergoing revision
surgeries to address previous infected TKA [1], and failure
due to infection has been reported as high as 46% in some
studies [5]. Infection is the most common cause of the re-
vision implant failure [6]. There has been a focus on meth-
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ods to reduce infection rates to include: mitigation of risk
factors, use of operating room laminar flow, surgical team
space suits, pre-operative workup prior to revision, staged
procedures, use of antibiotic spacers and cement, antibi-
otic regimens, sonication [7], intra-operatives culture pro-
tocols among many other methods. As Cierny and Mad-
er defined a staging system of the host based on medical
conditions, systemic and local, that also impacts outcomes
of surgical intervention to eradicate infection. In this stag-
ing system A-hosts are healthy, B-hosts are compromised
by one or more local or systemic parameters, and C-hosts
are not considered aggressive surgical candidates. In 2002
Cierny and DiPasquale also described the use of double set
up for a total of 43 patients treated for total joint prosthetic
infections with survival rate of 100% in type A hosts, 86%
in B-hosts, and 0% of type C-hosts [8.9,10]. The use of a
double set-up procedure in addition to existing accepted
operative procedures and its impact on reducing revision
infection reoccurrence has not been widely been investi-
gated in the literature.

This series describes a novel technique that may be
helpful in recalcitrant infection. The double set-up proce-
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dure was utilized for patients presenting for initial treat-
ment and subsequent reimplantation. The Cierny system
was utilized to label hosts to provide treatment specific to
their disease process. This paper also provides details on
the sequence of surgical steps required to successfully per-
form this technique.

The purpose of this study is to describe a novel tech-
nique that may help decrease recurrent infection in pre-
viously infected revision joint surgery and determine the
impact of utilizing a double set-up procedure on reducing
infection rate in revision total knee and limb salvage pro-
cedures performed for existing infected joints. I hypothe-
size that double set-up in combination with already accept-
ed protocols to include preoperative infection screening
(erythrocyte sedimentation rate, c-reactive protein, com-
plete blood count, and joint aspiration) and intraoperative
cultures (frozen section, aerobic, anaerobic, fungal, and
acid fast bacilli cultures) will reduce incidence of infec-
tions in the revision setting. It is our hypothesis that the
double set-up with aggressive surgical debridement an im-
portant factor in reduction of recurrent infection. In this
case series, we show that the double set-up reduces infec-
tions rates in patients undergoing revision surgery for in-
fection.

Methods

A retrospective analysis of medical records was per-
formed. Inclusion criteria was any revision total knee ar-
throplasty or limb salvage procedures performed at our
facility utilizing the double set-up procedure between the
dates of July 1, 2008 through May 1, 2012. Pre-operative
diagnoses of all 18 patients included infected total joint
prosthesis. Cases using double set-up in joints other than
the knee were excluded from the retrospective analysis.

A double set-up procedure involves the use of two sep-
arate sterile instrument sets, the first used for the initial
debridement and resection and the second used for re-im-
plantation or second portion of the procedure if re-implan-
tation is not performed. This technique is utilized to ad-
dress revision of previously infected joints. At no time are
instruments from the initial debridement used in the second
portion of the procedure. The procedure begins with exten-
sive and thorough debridement; the incision is first carried
down through the subcutaneous tissue to the level of the ar-
ticular/capsular level. Devitalized and fibrous hypertrophic
tissue is entirely debrided. The debridement is continued
deeper and includes the previous antibiotic spacer (if pres-
ent), cement or hardware remaining. Suspicious bone and
surrounding tissues and bone canals are debrided. Bone

saucerization and resection are also performed based on
findings. Tissue specimens are collected and sent to pathol-
ogy for evaluation for signs of acute inflammation (ie. Fro-
zen section) Della Valle et al in their retrospective review
of 64 two-stage arthroplasties reported that intraoperative
analysis of frozen sections at time of reimplantation had
sensitivity of 25%, a specificity of 98%, a negative predic-
tive values of 95%, and accuracy rate of 94. % They used
a mean of >10 polymorphonuclear leukocytes (PMN) per
high-power field in the five most cellular sites examined as
a positive test for acute inflammation [11]. Bori et al uti-
lized the Feldman Criterion (more than five PMN per high-
power field in the five most cellular fields and the presence
of at least one PMN per high-power field identified in 10
cellular fields) and found that frozen sections have a sensi-
tivity of 28.5%, specificity 100%, positive predictive value
100%, and negative predictive value of 73.6% [12]. The
high specificity and positive predictive value of this makes
this criterion a strong predictor the presence of persistent
infection. Periprosthetic tissue specimen of the soft tissue,
bone-cement interface or the pseudocapsule, were consid-
ered positive for active infection if there were more than
five polymorphonuclear leukocytes per high-power field.
The wound is then copiously irrigated with pulsatile la-
vage using a Clorpactin trademark by Unite-Guardian Inc
Hauppauge solution. Following the entire sequence of de-
bridement and irrigation the wound is then packed with
Clorpactin soaked sponges prior to wound capsule and
skin closure. If no signs of acute inflammation are detected
reimplantation can be performed. All members of the oper-
ative team perform complete change of gloves, gowns and
sterile preparation. The patient is draped again in the stan-
dard sterile fashion and all new sterile instrumentation is
used for the second portion of the case. Approximate turn-
around time was 17 minutes between cases.

Statistical analysis was performed and 95% confidence
intervals were calculated using the Clopper-Pearson in-
tervals formula assuming binomial distribution. CP-con-
fidences intervals were calculated for other studies that
reported on 2-stage revision techniques aimed to prevent
infection. (See Table 1)

Results

The patients were first identified by reviewing records
and pulling charts on all patients with current procedural
terminology (CPT) code 27599 which is associated with
double set-up procedure in time period of October 2008
through April 2012. A total of 79 patients were identi-
fied and then this was narrowed to include on those pro-
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Table 1. Patient Data

Patient | Ageat Sex Host Classification Number of Revision Final Surgery Time from final surgery as 7/1/13
last Sx Surgeries

1 55 F B systemic 2 Hinged total knee Depuy limb salvage system 27months 2weeks
2 80 F B systemic 2 Depuy TC3 27months 1week
3 62 F A 2 Limb salvage system 15months 1week
4 64 M B 2 Depuy TC3 14months 2weeks
5 67 M A 2 Depuy TC3 42months 2weeks
6 78 F C 4 Above knee amputation 13months 1week
7 73 M B systemic 1 Arthrodesis 30months 2weeks
8 72 F B systemic 3 Hinged total knee Depuy limb salvage system 15months 1week
9 59 F A 2 Depuy TC3 40months 2weeks
10 67 F A 3 Depuy Limb salvage system 23months

11 63 F B systemic 1 Polyethylene exchange 20months 2 weeks
12 54 F B systemic 2 Depuy TC3 49months 3weeks
13 63 M B systemic 3 Depuy limb salvage system 31months 2weeks
14 66 F B systemic 2 Depuy TC3 15months

15 78 M B systemic 2 Depuy TC3 S1months 2weeks
16 66 F A 2 Depuy TC3 25months 3weeks
17 54 M B systemic 1 Polyethylene exchange 49months 3weeks
18 41 M B systemic 1 Polyethylene exchange 33months 3weeks

Table 2. Antibiotic Regimen

PT | Antibiotic treatment prior | Peri-op antibiotic Infectious Disease
to final surgery final surgery Consult
1 doxycycline/trimethoprim- cefazolin/cefipime Yes
sulfamethoxazole
2 ceftriaxone/flagyl vancomycin Yes
3 daptomycin vancomycin Yes
4 none cefazolin No
5 minocycline vancomycin Yes
6 vancomycin vancomycin Yes
7 vancomycin daptomycin Yes
8 daptomycin vancomycin Yes
9 piperacillin/tazobactam cefazolin Yes
10 daptomycin vancomycin Yes
11 vancomycin cefepime Yes
12 vancomycin vancomycin Yes
13 None cefazolin No
14 rifampin vancomycin Yes
15 None cefazolin No
16 vancomycin piperacillin/ vancomycin Yes
tazobactam
17 vancomycin/rifampin/ piperacillin/ Yes
piperacillin/tazobactam tazobactam
18 piperacillin/tazobactam piperacillin/ Yes
vancomycin tazobactam /
vancomycin

cedures involving the knee and excluding hip procedures.
The charts of the remaining knee patients then were care-
fully reviewed to confirm a double set-up procedure was
performed to address infection. In this retrospective analy-
sis a total of 18 cases were identified that fit selection crite-
ria. All patients belonged to a single fellowship trained to-
tal joint surgeon. The breakdown of women to men was 11
to 7 respectively. Ages at final surgery ranged from 41 to
80 years with a mean of 61 years. Using the Cierny/Mad-
er host classification five were A-hosts, 12 patients were
B-host, one patient was a C-host. Perioperative antibiotics
were utilized in every case (Table 2). Fifteen patients com-
pleted an antibiotic course prior to their definitive surgical
intervention as prescribed by infectious disease specialist.
Four cases were single revision procedures using a double
set-up. Ten patients underwent two-stage revisions utiliz-
ing the double set-up. Three patients had a total of three
revision surgeries to address their initial infection prior to
definitive reimplantation or final surgery. One patient re-
quired a total of four surgeries, the third surgery a result
of failed hardware in arthrodesis and the most recent sur-
gery was an amputation with recurrent infection. The pa-
tient who required amputation was the only C-host in our
study. This is consistent with Cierny’s work in which no
C-host’s had successful resolution of infection in C-host
patients. At the time of this publication only one patient
of 18 (5.5%) had developed recurrent infection and no pa-
tients had expired. Eight patients had revision components
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using the Depuy TC3, Table3.

three patients under- No Infection  Total
went polyethylene swap ff:::?” - -
only, one patient kept ' 12 14
an arthrodesis as final "7 L2 o
Macneras 31
treatment, and five had  ;0per0n = =
Depuy limb salvage sys- ~Mortazavi 68 9l
. 1 d T Mortazawvi (B 89 %
tems implanted. Time o, i &
out from final surgery 4 11
Suarez
ranged from 13 months 2y = -
to 51 months 2 weeks
Theoretical 94 100

with mean time out 28
months and a median
27 months. In the cases of two stage treatment time range
from initial temporary arthrodesis to reimplantation was a
mean of six months.

Discussion

The recurrence rate of infection in this study was 5.5%
which is less than that expected in the management of the
infected TKA, and as discussed previously recurrence rate
after revision has been quoted much higher than this. There-
fore, patients in our case series have lower infection rates
than those quoted in recent publications. Within our litera-
ture review our case series most closely mirrors Cierny’s
studies. The Cierny study used a double set up procedure
but had higher infection rates than found in our retrospec-
tive following revision surgery. In Cierny’s work infection
reoccurrence occurred in all C patients and in some B pa-
tients [8]. Our results showed no infection reoccurrence in
B patients and our only failure was in our single C-host.
This would suggest that the double set-up procedure with
aggressive surgical debridement used in combination with
other infection reducing protocols such as intraoperative
cultures and postoperative antibiotic regimens may help
further reduce recurrent infection in recalcitrant infectious
revision cases. Sorili’s work showed that explanted anti-
bacterial spacers were colonized at the second stage, which
implies the sterile field is no longer sterile after removal;
this provides further evidence and motivation to utilize a
double set-up. [13]. Table 3 demonstrates confidence in-
tervals between our study and multiple studies examining
reinfection rates in revision surgery. In Mortazavi’s work
infection in revision surgery was tenfold higher than in pri-
mary TKA, after retrospective review of 499 TKA revi-
sions 102 (18%) required re-revision with infection being
the most common cause (445). [14] Further comparing
our study to Sorli and Mortazavi with Fisher’s exact test
we can show a Fisher’s exact test of 0.020 which is statisti-

% No Infection | Low 95% C High 95% CI
B% 94.4% TLTH 99.9%
95% 87.8% 80 4% 93.2% AntibioticImplant
5% B5.7% 57.2% 98.2% Triple Revision
5% B34.2% 80, 1% 87.8% Simple two-stage revision
5% 91.2% 76, 3% 98.1% Two-stage revision
9% B4.3% T3.6% 91.9% Staging System/Two-stage revision
95% T4.7% B4 5% 83.3% Two-stage revision
5% 726% B 5% Bl3%
5% 67.3% 53.3% 79.3% Overall Failure
B% 36.4% 10.9% 69.2% Failure in subclinical infections
%% 69.8% 53 %% B2.8% Double Change
5% 94.0% B7.4% 97.8%

Table 4.
cally significant and 0.0676

respectively which is near-
ly statistically significant
(Table 4) this also supports
that the use of a double set
up may significantly impact

Double Change vs. No Double Change
Infection No Infection
17

37

Waterman 1
Sorli 18

Fisher's Exact Test: 0.0290

Infection No Infection
infection in revision TKA  Waterman 1 17
Mortazavi 23 68
surgery.
Limitations of this study Fisher's Exact Test: 0.12
are related to being a retro-
spective analysis which by Infection o Infection
default can cause data bias. ~ "etem™ma" ! 2
.. . Mortazavi B 26 9
This is a small case series,
with only 18 cases. An in- Fishars Bact Test: 00676
creased power 100 patients
with a 4% infection rate Infection o Infection
ld . d t 1 . H Waterman 1 17
would indicate clinically . = = =

significant improvement in
infection rates. There are
confounding variables as the patients in the series under-
went different surgeries; polyexchange, Depuy TC3, limb
salvage, arthrodesis, and amputation. Another limitation
is not having a control group without a double-set up for
comparison. A potential weakness is that our study did not
include total hip arthroplasty, however, limiting this study
to total knees did allow us control variables between these
types of surgeries.

A future direction would be to consider a prospective
review of infection rate/recurrence in revision TKA per-
formed using a double set up procedure and compare that
to our present results to determine significance and further
plausibility of this technique which the senior author has
utilized for years.

Fisher's Exact Test: 0.0469

Author’s Note:
This paper is dedicated to the memory and legacy of
George Cierny, M.D.
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Incision Length in Small Incision Total
Knee Arthroplasty: How Long of an Incision
Is Needed?

Edward J. McPherson MD, FACS *; Brian Czarkowski, MS*; Matthew V. Dipane, BA*; Sherif M. Sherif, MD*

Abstract

This prospective review studied incision length with a small incision TKA technique and compared
measured incision lengths to various anatomic and clinical parameters. We prospectively reviewed 357
cases of primary total knee arthroplasty using a small paramedial incision and utilizing small incision in-
strumentation. By using linear regression analysis, we found that incision length was generally related to
the width of the distal cut femur and the width of the proximal cut tibia. Incision length was not related to
height, weight, BMI, or femoral implant width. Clinically based upon our data, a reasonable starting in-
cision for small incision TKA (as measured in knee extension) is a length that is 1.6 times the measured
width of the distal femur. The surgeon should always extend the incision if he/she encounters difficulty

in exposure and/or placement of instrumentation.

Keywords: Incision Length, Small Incision, Less Invasive, Total Knee Arthroplasty, Primary TKA, Surgical Technique

Level of Evidence: AAOS Therapeutic Study Level 111

Introduction

Total knee arthroplasty (TKA) is a well accepted treat-
ment for symptomatic end stage gonarthrosis. [12,19,30]
Third generation designs have provided good functional
results in the intermediate term. [32] Furthermore, poly-
ethylene bearing technology continues to improve allow-
ing longer term survival of implants before bearing chang-
es are required. [13]

In the new millennium, the TKA procedure itself has
been adapted to accommodate the shifting parameters in
healthcare. Economic pressures on the healthcare system
have prompted surgeons to seek methods to reduce hospi-
tal length of stay and lower the amount of post-operative
visits for rehabilitation. [21] Along with better periopera-
tive pain management techniques and coordinated “total

joint care,” surgeons have evolved the procedure utilizing
“less invasive” surgical techniques. [6,7,8] The less inva-
sive TKA procedure utilizes a smaller skin incision with a
smaller arthrotomy. Additionally, instrumentation has been
adapted to accommodate the smaller incision technique.
[35,37]

Several variants of the small incision TKA technique
have been described. [3,10] Interestingly, the starting inci-
sion length employed with the small incision technique has
not been precisely described. Some surgeons report start-
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ing at an absolute length of 9-10cm and extending the in-
cision as needed. Others report using landmarks starting
adjacent to the tibial tubercle and extending just above the
patella. There are no clear common guidelines dictating the
starting length and the final working length needed for pri-
mary TKA.

This study was undertaken to examine our small inci-
sion primary total knee TKA technique. We believe that
incision length at the knee is dictated by anatomic dimen-
sions of the distal femur. Our focus of this study is to deter-
mine whether clinical landmarks can be utilized to provide
a clinical guideline as to the proper starting incision length
when utilizing a small incision technique for TKA.

Materials and Methods

Between November 2007 and December 2013, 415 pri-
mary TKA procedures were performed at a single institu-
tion by the senior author (ejm). Patients who were exclud-
ed from the study group include the following:

1) Patients who had a prior medial or lateral incision
that was used and modified for surgical approach
(n=9)

2) Patients with post-traumatic arthritis who had re-
tained hardware requiring an extended exposure for
removal (n=7)

3) Patients with severe deformity requiring use of a
revision constrained TKA or a salvage hinge TKA
(n=42)

This left 357 TKA procedures for study review. The sur-
gical technique remained consistent throughout the study
period (see Surgical Technique). A small incision surgical
technique was utilized for all procedures.

A small incision with a small paramedial arthrotomy
(ak.a., less invasive technique) was utilized for all pro-
cedures. Anthropometric parameters were measured and
recorded for each case. This included height and weight.
The width of the distal femur was measured after the distal
femoral cut was made (Figure 1). The sizes of the femoral
component and tibial component were recorded. Finally,
after the closure the knee incision was measured with the
knee in full extension with a flexible ruler (Figure 2) and
the length was recorded.

Incision length data was compiled and compared to an-
thropometric data using Microsoft Excel® spreadsheets
(Microsoft Corporation, Redmond, WA). Statistical mea-
surements were also calculated using Excel. We utilized
linear regression analysis to determine the relationships
between incision length and various measured parameters
including height, weight, body mass index, femoral width,

Figure 1. Measurement of distal femur width. Photograph showing the end of the distal
femur which has been cut at 5 degrees of valgus. The width is measured with a metallic
caliper. For consistency, we measured the distal femur at the freshly cut edges, rather
than the epicondyles.

Figure 2. Measurement of knee incision at closure. Photograph demonstrating the
measurement of incision length which was measured at the completion of the TKA
procedure using a flexible ruler. We used a flexible ruler as our incisions were curved
around the patella. We measured skin incisions in full extension with the wound com-
pletely closed. Prior to starting our study, we determined that measurement of skin in-
cision in extension with a completely closed wound reduced measurement variability
compared to measurements in the flexed position and with the wound partially closed.

tibial implant size, and femoral implant size. The R-value
coefficients were reviewed for significance. [34]

All patients in this study were followed for a minimum
of one year. Functional performance was graded using the
Knee Society Score (KSS). [15,26] All charts were re-
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viewed for complications and implant failures. Complica-
tions were defined as requiring re-operation for any rea-
son. Failures were defined as requiring implant removal
for any reason.

Surgical Technique

All TKA’s were preformed with a small skin incision
and small arthrotomy employing a paramedial incision
with a medial parapatellar arthrotomy. [8,22] The inci-
sion was made long enough to allow for comfortable ac-
cess and exposure to the knee. The Vanguard Total Knee
System™ (Biomet, Inc., Warsaw, IN) was used in all cases
(Figures 3a & 3b). A cruciate retaining femur was inserted
in all cases. Three polyethylene tibial bearing designs were
used: a flat design, a dished posterior design, or an anterior
stabilized (also known as “ultracongruent”) bearing. [27]
The anterior stabilized bearing had an extended anterior
lip which was of a similar height to the Vanguard posterior
stabilized post. Additionally, the posterior lip was extend-
ed 50% more than the dished tibial insert. The selection of
each bearing design depended upon the flexion stability of
the knee. An anterior stabilized bearing was used whenev-
er the PCL was deficient or released significantly.

An intramedullary guide was used to cut the distal fe-
mur at a 5° valgus cut angle. Rotation of the femur was
based upon the Anterior-Posterior axis as described by
Whiteside. [9,38,39] Sizing of the femur was measured
using a posterior reference technique. The proximal tibial
bone cut was made using an extramedullary guide system.
A bone block around the PCL was not used. A posterior
slope was cut in all cases parallel to the medial compart-
ment slope. [1,2,4,5,14,17,20] Coronal and sagittal plane
balancing was performed utilizing a modified spacer block
technique. Specifically, a trial femur was inserted along
with a tibial trial sans a keel. Rotation of the tibia was set
to provide congruent femoral-tibial mating in deep flex-
ion. All patellae were resurfaced with a 3 peg polyethyl-
ene reduced thickness implant (Biomet, Inc., Warsaw, IN),
a subset of implants that are 15% thinner than the standard
patellar implant. All implants were cemented using Cobalt
cement (Biomet, Inc., Warsaw, IN) without antibiotics. All
surgeries were performed with body exhaust suits (Stryker
Corporation, Kalamazoo, MI) in non-laminar flow rooms.
Anesthesia consisted of a general anesthetic combined
with spinal anesthesia with low-dose intrathecal preserva-
tive free morphine sulfate (0.1 mg).

Figures 3a & 3b. Intraoperative photographs of small incision TKA procedure using
the Vanguard Knee System.

Figure 3a. Demonstrates exposure of right knee using small incision technique. The ar-
throtomy was extended proximally just enough to allow the patella to fall into the later-
al gutter without force. Retractors protect medial and lateral ligamentous structures.

Figure 3b. Taken after placement of TKA implants. In this case, a Vitamin E infused
anterior stabilized polyethylene bearing was used. The femoral width of this patient
measured 75mm. His incision length was 12cm. In this case, the incision length was
1.6x the femoral width.
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Results

Between November 2007 and December 2013, we re-
viewed 415 consecutive primary TKA procedures. 58 were
excluded from the study based on study criteria. 9 knees
had prior medial or lateral incisions, 7 knees were exclud-
ed because a prior standard length arthrotomy was used to
remove retained metallic hardware, and 42 knees required
a revision or salvage hinge TKA implant system based on
prior trauma and/or severe deformity.

The number of knees measured in this study was 357,
consisting of 291 patients. There were 214 female cases
and 143 male cases. The average age of the study group
was 65.5 years (33-91). In the female group the average
age was 65.8 years (33-91) and in the male group the av-
erage age was 65.2 years (33-85). The average body mass
index for the study group was 31.9 (18-57). In females, the
average BMI measured 32.3 (18-57). In males, the average
BMI measured 31.4 (23-56).

The results of our study are summarized in Tables 1 and
2. In the study group, average incision length measured

Table 1 — Summary of Anthropometric Data

Incision | Incision Age Age BMI BMI
Length Length | Average | Range | Average | Range
Average Range
Study 11.1em 7-19 65.5 33-91 319 18- 57
Females 10.5cm 7-19 65.8 33-91 323 18-57
Males 11.8cm 85-18 65.1 33-85 314 23-56

Table 2 — Summary of Intra-Operative Knee Measurements

Femoral | Femoral | Femoral | Femoral | Tibial Tibial
Bone Bone Implant | Implant | Implant | Implant
Width Width Size Size Size Size
Average | Range Median Range Median Range
Study 71.Ilmm | 57-88 | 62.5mm | 55-75 71mm 59-83
Females | 67.lmm | 57-87 60mm | 55-725 | 67mm 59-83
Males 768mm | 58-88 | 67.5mm | 57.5-75 | 75mm 63-83

Table 3 — Linear Regression Analysis of Incision Length versus Measured Parmaters

Factor Correlation | P-value 2-Tailed Probability (<.05 is
(0-1) considered statistically significant)
Tibial Implant 0.23023 0.00001 p< .05
Size
Femoral Bone 0.16937 0.00065 p< .05
Width
Femoral 0.12754 0.015933 p< 05
Implant Size
BMI 0.03484 0.255856 p> 05

Note: The R-value is a measure of how closely the data fit onto the regression line. It is
a percentage of all response variable variation that is explained by the linear model.
Having a low R-value that is statistically significant is still important as one can use
this information to draw conclusions about how the fluctuations in the values of these
variables are associated with changes in the outcome variable. Statistically significant
predictors, regardless of the value of R, still reflect the mean change in the outcome
variable for one unit of change in the predictor variable, while holding other variables
constant that are in the model.

11.Icm (7-19). In females, the average incision length
measured 10.5cm (7-19). In males, the average incision
length measured 11.8cm (8.5-18). The femoral width mea-
sured varied considerably. The average width for the study
group was 71.1mm (57-88). In females, the average width
measured 67.1mm (57-87). In males, the average width
measured 76.8mm (58-88).

Femoral implant size in the Vanguard Knee System
was labeled based upon the width of the femoral compo-
nent. The size options for the femoral implant ranged from
55mm to 80mm, increasing in 2.5mm increments. The me-
dian femoral implant size for the study group was 62.5mm
(55-75). In females, the median femoral implant measured
60mm (55-72.5). In males, the median femoral implant
measured 67.5mm (57.5-75). Tibial implant size in the
Vanguard Knee System was labeled based upon the width
of the tibia. The size options for the tibial implant ranged
from 59mm to 91mm, increasing in 4mm increments. The
median tibial implant size for the whole group was 71mm
(59-83). In females, the median tibial implant measured
67mm (59-83). In males, the median tibial implant mea-
sured 75mm (63-83).

We compared incision length to several measured pa-
rameters. These parameters were analyzed using linear
regression analysis and are summarized in Table 3. The
scatter plot graphs are shown in Figures 4a — 4d. Linear
regression analysis showed a correlating trend of incision
length and femoral width (R2=0.17, p=0.00065) as well as
tibial implant size (R2=0.23, p=0.00001). There was a less-
er correlation with femoral implant size, but the p-value
was still significant (R2=0.12, p=0.015933). There was no
correlation with body mass index (R2=0.03, p=0.255856).

Using the regression equation for the parameter femo-
ral width, we calculated a ratio of incision length to femo-
ral width in order to determine a typical starting incision
length. Beginning with the smallest femoral width mea-
surement (55mm), we calculated the predicted incision
length for each Smm increment (55, 60...) up to 90mm.
For each predicted incision length, we then calculated the
ratio of predicted incision length to femoral width and then
averaged the produced ratios to find one ratio for the study
group. The calculated ratio for the entire study group was
1.55 times the width of the distal femur. By Smm incre-
ments, the ratios ranged from 1.65 for the narrowest femo-
ral width to 1.5 for the widest femoral width. From a prac-
tical standpoint, we determined that the starting incision
length should be 1.6 times the width of the distal femur,
measured just above the joint line. From a clinical stand-
point, the best way to measure this value is to place the
knee at 90° of flexion, palpate the distal end of the femur,
and measure this width with a ruler.
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Pre-operatively, the average KSS score for the study
group was 32.5 (0-80). Average flexion measured 114°
(70-140). At a minimum of one-year follow-up (range 1-7
years), the average KSS score was 93.7 (55-100). Aver-
age flexion measured 128° (95-145). There were 17 cas-
es which required manipulation (4.8%). All manipulations
were performed between 5 to 7 weeks. There were 7 com-
plications as a result of mild hyperextension that required
a modular bearing exchange in all instances. We attribute
the hyperextension deformity to cutting too much posteri-
or slope which allowed these knees to develop hyperexten-
sion over a period of 1 to 3 years. We have since reduced
the extent of our posterior slope cut. There were 6 cases of
infection (1.7%) in this series. All infected patients were
treated successfully with a 2-stage revision protocol uti-
lizing an interim articulating PROSTALAC arthroplasty
(prosthesis with antibiotic-loaded cement).

Discussion

Society in general, including the United States, does
place some value on the physical appearance of a surgi-
cal incision. Psychologically, a person who has a small in-
cision perceives oneself as less “defective” or “broken.”
Actually, a small incision has more importance psycholog-
ically than many physicians believe. It is the arrogant sur-
geon who believes that a large incision does not affect the
patient. In our personal reflections of patients who have
undergone TKA, we not infrequently encounter patients
comparing knee incisions and lamenting that they could
also have a smaller incision. In regards to primary TKA,
if the surgeon can perform the procedure in a technically
proficient fashion and obtain similar clinical results to a
larger, more extensive exposure, then it is fair to discuss
the application of a small incision approach. We therefore
believe there is inherent value in researching small inci-
sion technique.

In essence, this study demonstrates that incision length
is most directly related to the bone width of the knee. With
a wider knee, a longer incision is required to pull the soft
tissues medially and laterally to expose the distal femur
and proximal tibia. There was considerable variability in
the scatter plot of incision lengths for a fixed femoral bone
width. In fact the R-values for femoral bone width and tib-
ial width (i.e., tibial implant size) were not strong. How-
ever, we feel that there is a correlation with the width of
the knee and incision length. The R-values for femoral
width and tibial implant size are 0.17 and 0.23, respective-
ly. Although the R-values obtained were low (=0.7 would
be preferred), the p-values were highly significant and the

www jistf.org ® Joint Implant Surgery & Research Foundation


http://www.jisrf.org

32 JISRF Reconstructive Review ¢ Vol. 5, No. 1, March 2015

study group as a whole was large. This means that the R-
value calculations are still useful, but there is going to be
significant variability for each point value measured. This
is obvious upon viewing the scatter plot data. To us, this
makes sense clinically. Whenever we could not retract the
arthrotomy to see the entire width of the distal femur, the
incision and arthrotomy were extended to provide effective
exposure of the knee.

There are several factors we observed that contributed
to the wide variability seen in the incision length measure-
ments. One main subjective factor is pliability of the soft
tissue envelope. Some patients have remarkably “stretch-
able” soft tissues compared to others. In those cases with
pliable soft tissues, the soft tissue envelope could accom-
modate additional retraction without risking tearing of ad-
jacent tissues. In contrast, patients with thin, attenuated
skin (for example, patients with advanced age, prednisone
use, or smoking habituation) were easy to tear. Thus skin
incisions were increased in such cases. Another impor-
tant factor was soft tissue thickness over the patella. Some
obese patients with a gynecoid body habitus carry their ad-
ipose tissue in their extremities. [11,16,40] A patient who
has 5-6cm of adipose tissue overlying the patella certain-
ly requires a longer incision compared to a patient who
has 0.5cm of subcutaneous fat above his/her patella. This
was definitely a drawback to this study. In retrospect, we
should have measured the distance of skin to patella as one
of our measured parameters. Even with this deficiency, we
still found a generally linear correlation with boney knee
width and incision length.

In this study we chose to measure incision length in ex-
tension rather than flexion. In a prior study we discovered
that at 90° of flexion, incision length increases by approxi-
mately 22%, but there was significant variability for mul-
tiple factors including soft tissue pliability and subcutane-
ous thickness. [29] We felt that incision measurements in
extension were reasonably consistent and permitted a more
accurate comparison to measured anthropometric data.

We also found that there was a correlation with tibial
implant width and skin incision. For purposes of this study
we chose to not measure the width of the cut tibia. Instead,
we recorded tibial implant size out of convenience. In the
Vanguard Knee System, the size of the tibial implant is
measured in millimeters at its maximal width. Since our
surgical technique was employed to maximize coronal rim
coverage, we felt that the recorded tibial implant size was
a close approximation of tibial width. This is not the case
with the width of the femur. The Vanguard femur is con-
sidered a universal femur, by which we mean that the im-
plant accommodates both narrow and wide distal femurs.
In wide femurs, the implant will have residual underhang.

Therefore, for this study, the width of the distal femur is
the more accurate parameter predicting the ultimate inci-
sion length. Since tibial implant size increased in 4mm in-
crements, there is probably less accuracy in predicting in-
cision length with this parameter.

There are several potential advantages of utilizing small
incision technique for primary TKA. The first is a reduced
exposure risk for bacterial inoculation as a small incision
reduces the exposed soft tissue area. It is well known that
bacteria are present in the air in an operating room. With
vortex air currents, these bacteria can land into the wound
and potentially cause infection. [24] In this series, our in-
fection rate was 1.7%. We did not use antibiotic-loaded
cement. We utilized IV antibiotics pre-operatively for 24
hours adhering to SCIP guidelines. [33] We attribute our
reasonably low infection rate to careful technique, but we
also feel that a less invasive incision was a helpful factor
in keeping the infection rate low. The only way to prove
a smaller incision as a factor in reducing infection rates
would be to perform a randomized study comparing long
and small incision techniques. This, however, would re-
quire a large number of patients and would be an arduous
study to conduct.

A second advantage of utilizing a less invasive incision
is that the arthrotomy length into the suprapatellar pouch
is shorter. A limited disruption of the quadriceps mecha-
nism translates to a potentially improved rehabilitation ex-
perience. [23,25,28] With the initiation of the Affordable
Care Act (ACA), all surgeons have witnessed a significant
reduction in the approved number of out-patient visits al-
lowed by Medicare for physiotherapy sessions. [21,31]
Those patients who cannot participate in an “accelerated
rehabilitation program” will have difficulty obtaining good
ultimate knee function. [18,36] In our series, our manipula-
tion rate was reasonable, despite patients having very lim-
ited post-operative physiotherapy. Our manipulation rate
was 4.8%. Furthermore, 95% of our patients went directly
home. We attribute our successful functional outcomes in
part to a good perioperative pain management protocol and
a small incision technique. Our KSS scores and range of
motion after follow-up support this claim. Our KSS scores
averaged 93.7 across the study group with a minimum of
one-year follow-up.

In summary, when performing a primary TKA, the sur-
geon should always utilize an incision length that provides
him/her comfort and allows him/herself to execute the pro-
cedure correctly and efficiently. In our study, the lower
limits of incision length were tested. We found that an inci-
sion length (measured in extension) that is approximately
1.6 times the width of the distal femur is a reasonable mea-
surement to use for a small incision TKA technique. This
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rule would provide a uniform starting point for the surgeon
and create consistency in surgical technique. If the surgeon
encounters difficulty with exposure (especially with a stiff
knee with a thick subcutaneous layer) the incision should
always be extended to address the exposure needs of the
procedure.
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In Vitro Characterization of Lavage Splash
and Effectiveness of Lavage Shield
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Abstract

BACKGROUND: Utilization of fluid to remove debris from surgical wounds has been a standard
of medical care for centuries. Electrically powered pulse lavage systems are now regularly used to flush
wounds in the operating room. This study aims to characterize splash patterns and contamination gener-
ated by different irrigation techniques commonly used in the treatment of surgical wounds.

METHODS: 4 different irrigation scenarios: gravity flow (GF), asepto bulb syringe (ABS), high pres-
sure pulsatile lavage without splash shield (HPPL), and high pressure pulsatile lavage with splash shield-
ing (HPPL-S) were conducted on a Sawbone® knee model anchored to a standard operating table in a
fully operational operating room of a community hospital. Normal saline supplemented with Fluorescein
dye was utilized as the fluid. The OR was divided into 4 quadrants and surveyed with a UV light source
to characterize the presence of fluorescent fluid/droplets and radius of droplet displacement.

RESULTS: The HPPL trials contaminated the entire room with droplets that were too numerous to
count. The HPPL-S trials reduced the number of droplets in quadrants outside of the “head right” quad-
rants, to a range of 0-12 droplets. In addition, the HPPL-S trial reduced the droplet distance to levels com-
parable to or below the GF and ABS droplet distance.

DISCUSSION: This is the first study to characterize splash patterns seen with different irrigation sys-
tems. The addition of an inexpensive splashguard during high-pressure irrigation drastically reduced
splash displacement. Decreased splash displacement theoretically reduces OR contamination and the re-
sultant risk of nosocomial contamination.

Introduction

The use of fluid to remove debris from surgical and/or
traumatic wounds has been the standard of care for cen-
turies. Historically, gravity-based fluid delivery systems
were utilized to pour fluid from a holding vessel into an
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open wound to flush contamination from the operative
field. Bulb syringes, pressurized by the surgeon’s hand
squeeze force have also been used for this purpose. More
recently the use of small electrically powered mechanical
pumps have become a common place method of deliver-
ing pressurized intermittent flow of liquid in order to wash
contamination and debris from wounds, so called “pulse
lavage” systems.

In the 1960’s, the United States Department of De-
fense medical staff recognized wound contamination as a
major cause of delayed healing in casualties injured dur-
ing the Vietnam conflict [20]. The clinical application of
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pulse lavage systems in the treatment of contaminated
battle wounds was the subject of several published stud-
ies [9,11,21]. Numerous studies have since reported on the
application of pulse lavage systems in the civilian wound
management setting. Both positive and negative reports on
the merits of the civilian application of mechanical pulse
lavage fluid for wound washing can be found in the medi-
cal literature since that time [5,7,10,16,18,19,24,27,30,31,
33]. These electric powered pumps have now been collec-
tively referred to as High-Pressure Pulse Lavage (HPPL)
systems. Many manufactures currently market HPPL de-
vices [1-4].

Several reports have demonstrated the risk of nosoco-
mial infection due to residual contamination on surfaces
in hospitals [12,14,28,29]. Known high-risk nosocomial
infection pathogens including methicillin resistant Staph-
ylococcus aurous (MRSA), vancomycin resistant Entero-
coccus species (VRE), Clostridium difficile spores, Pseu-
domonas species, Actinobacter species and Norovirus have
been shown to survive on dry surfaces for up to 5 months
[26,34]. Guidelines have been published on the proper
cleaning of hospitals and their contents [32]. In spite of
these measures, nosocomial infections continue to have a
major impact on morbidity, mortality and increased medi-
cal related costs [23].

To date no study has evaluated the contamination
caused to the surrounding physical space, equipment/fur-
niture and surfaces of the operating room through the use
of any irrigation system. Our goal is to compare the spread
of fluid from the surgical field into the surrounding room
when various irrigation systems are employed. Addition-
ally, we will demonstrate a simple method to reduce splash
back and subsequent contamination through the use of an
inexpensive disposable physical splash barrier.

Materials and Methods

To characterize splash patterns of various irrigation
methods we measured splash distance, volume of irriga-
tion fluid “lost” during the procedure, and the patterns of
contamination. To do so, we have chosen four common
methods of intraoperative irrigation systems including:
gravity flow (GF), asepto bulb syringe (ABS), high-pres-
sure pulsatile lavage (HPPV), and high-pressure pulsatile
lavage with splash shielding (HPPV-S). Six experimental
iterations were preformed.

Trial #1: Gravity Flow (GF): Simulation of gravity-
based irrigation for wound cleansing. A 1L stainless steel
pitcher was used to pour irrigation fluid over the knee
model from a distance of 15cm. Force of the irrigation was

gravity based. The simulation surgeon was instructed to ir-
rigate the knee model through a gentle wrist turning ma-
neuver with the pitcher positioned directly above the mod-
el.

Trial #2: Asepto Bulb Syringe (ABS): A bulb syringe
irrigation simulation was evaluated. The bulb syringe is
generally considered a low-pressure method of cleansing
a wound. This experiment used a 50ml Davol® plastic and
rubber surgical bulb syringe. The simulation surgeon was
instructed to irrigate the knee model with the bulb syringe
from a distance of 15cm directly over the knee model.

Trial #3 and Trial #4: High-pressure pulse lavage with-
out splash shield (HPPL): To investigate the splash gen-
erated by high-pressure irrigation systems, two different
commercial systems were utilized, the Stryker® InterPulse
(Stryker) and the Davol® Simpulse SOLO High Flow Tip
(Davol). Irrigation of the knee model with each respec-
tive HPPL system was conducted from a distance of 15cm
above the knee model.

Trial #5 and Trial #6: High-pressure pulse lavage with
splash shield (HPPL-S): A simple splash shield device was
utilized with both of the HPPL systems in separate tri-
als. A radiographic plastic cassette cover 60cm by 120cm
was fashioned into a splash barrier by cutting away one of
the sealed corners, creating an opening through which the
HPPL system could then be inserted. The shield was tent-
ed about the knee model and the HPPL systems were again
used to simulate irrigation 15cm above the knee model.

A Sawbone® right knee model with elastic cording as
the knee joint served as the experimental model in an op-
erational operating room (OR) of a community hospital
actively engaged surgical management of patients in all
surgical subspecialties. The contents of the OR were re-
moved with the exception of the anesthesia equipment, the
surgical table and the fixed overhead lighting system. The
OR had been terminally cleaned per standard protocol and
had been out of service for 18 hours prior to this experi-
ment. The walls were then covered with Husky® 2 mm
clear plastic sheeting from ceiling to ground, using adhe-
sive tape at the ceiling to hold the sheeting up. The an-
esthesia equipment, at the head of the surgical table was
draped in a similar fashion. The surgical table padding was
removed and the table was then covered with Husky® 2
mm plastic sheeting that reached the floor. The OR floor
was covered with standard white fabric sheeting, obtained
from the facility central supply. After initial OR prepara-
tion and between each trial iteration, the area was surveyed
with the UV light source and confirmed that no visible con-
tamination was present. The floor sheeting was changed
following each trial in order to ensure the area was free
of residual fluorescent splatter contamination. The plastic
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wall coverings were wiped clean under UV inspection
to ensure the walls were also free of residual fluores-
cent splatter contamination between each trial.

The dimensions of the room were measured as noted
in Figure 1. Each experimental trial was performed in
the same operating room. The surgical table used was
an Amsco® 3085 SP with a length of 200cm and width

sitioned on to mimic the left knee of a supine
patient. The two over-head surgical lights with a
diameter of 58.4 cm were positioned directly over
the head of the bed and at the foot of the bed, angled

45 degrees directed towards the knee model. Each light
/| - was positioned 90 cm above the table at its lowest point.
¥ Study participants consisted of a simulation surgeon
and an observation team of 6 persons. The simulation sur-
geon wore a standard surgical hood, Stryker® T5 “Person-

[l = Gravity flow
[l = Bulb syringe

Circles represent droplets.

or pooling.

. =Davol with splash shield

[ = Davol without splash shield

Circles represent
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Figure 2. Animation characterizing droplet pattern and maximum drop-
let displacement in four experimental quadrants for Gravity flow trial and
Asepto Bulb Syringe trial.

of 50cm and set at a height of 81cm which was con-
stant throughout all trial iterations. The experimen-
tal quadrants of the room divided into patient’s head
left (HL), patient’s head right (HR), patient’s Foot
Right (FR), and patient’s Foot Left (FL) (Figure 1).
The surgeon was positioned on the table’s right side

Figure 3. Animation characterizing droplet pattern and maximum droplet
displacement in four experimental quadrants for Davol® Simpulse SOLO
High Flow Tip high-pressure pulse lavage with and without splash shield.

al Protection System” and a Kimberly Clark Stan-
dard surgical gown, latex surgical gloves and fluid
impervious protective boots. Clean disposable surgi-
cal shoe covers were worn and changed by observa-
tion team upon entering/exiting OR.

Il - Stryker with splash chield

[B = Stryker without splash shield

at mid table during all trials. The knee model was at-
tached to the surgical table with the use of a clamp

Figure 4. Animation characterizing droplet pattern and maximum droplet displacement
in four experimental quadrants for Stryker® InterPulse high-pressure pulse lavage

and flexed to 100 degrees. The knee model was po- with and without splash shield.
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To trace the irrigation fluid during all experimental
models, a fluorescent chemical marker (uranine dye, yel-
low 73, CAS No 518-47-8, Trace-A-Leak®) was added to
the irrigation and used during all iterations. 2.5 tablets of
florescent dye were dissolved in 10 liters of tap water at
25C. An ultraviolet (UV) light source (a hand held lamp
with 13 watt compact florescent light black light) was uti-
lized to effectively illuminate this fluorescent liquid. A
“splatter droplet” was defined as fluorescent liquid outside
of the collection vessel and visible to all observers under
the UV light source. The splattered liquid droplets were
evaluated for number per quadrant and maximum distance
from the center of the knee model.

A plastic 6-liter basin was positioned beneath the flexed
knee model as a collection vessel, to gather the fluid after
the irrigation simulation had washed over the knee model.
The amount of fluid experimentally irrigated during each
cycle was measured by mass and converted to milliliters
(mL) using the density of water (1g/ml). Each trial consist-
ed of 3Kg of the fluorescent dye-containing fluid. An elec-
tronic scale, manufacturer OXO®, was used for mass mea-
surement. The mass of fluid was measured prior to each
irrigation trial and adjusted to exactly 3Kg. The mass of
collected fluid was then measured after each trial. The net
difference between pre and post trial mass was assumed to
be fluid lost. Fluid not gathered in the collection vessel but
pooled on the table was not measured directly. Fluid splat-
tered into the OR was evaluated by the quadrant method
previously described.

Results

The data collected from each trial is supplied in Table 1.
The data collected includes: initial weight of irrigation in
mL, recovered weight of irrigation in mL, fluid lost in mL
(difference from initial and recovered irrigation), surgeon
splash pattern, number of droplets in quadrant (HR, HL,
RF, LF), and furthest droplet in quadrant distance (HR,
HL,RL, LF).

FLUID LOST

The gravity flow had the least amount of fluid lost at
47 mL whereas the Stryker® InterPulse without splash
shield had the most fluid lost at 869 mL. In comparing the
Styker without splash shield to the Davol without splash
shield, an additional 366 mL of irrigation was lost (869
mL vs. 503 mL), an amount that cannot be accounted for
by a change in methods and likely due to differences in
engineering specifications of the HPPL. The addition of
the splash shield drastically reduced fluid lost in both the

Stryker with splash shield and the Davol, comparable to
the ABS trial (222 ml vs. 209 ml vs. 248 ml, respectively).

QUADRANT DROPLET NUMBERS

The number of droplets in the quadrants varied with
each trial (Table 1). With exception of the gravity flow tri-
al, most trials had frank pooling in the HR quadrant at the
feet where the surgeon stood. Frank pooling was also noted
at the RF quadrant during the asepto bulb syringe trial. The
HPPL without splash shield contaminated the entire room
with droplets that were too numerous to count. The HPPL-
S trials reduced the number of droplets in quadrants, out-
side of the HR quadrants, to a range of 0 to 12 droplets.

DROPLET DISTANCE TRAVELLED

The furthest distance droplets travelled in the quad-
rant was more predictable. The gravity flow trial furthest
droplet distance ranged from 138 cm in the HR quadrant
to 201 cm in the LF quadrant. The asepto bulb syringe trial
droplet distance ranged from 170 cm in the HR quadrant
to 213 cm in both the HL and RF quadrants. The HPPL tri-
als droplet distance ranged from 272 cm (HL) to 412 cm
(RF). Droplets were recorded on the overhead light posi-
tioned above the patient’s head (Stryker: 2 droplets, Davol:
20 droplets). 15 droplets were recorded on the elbow of
the overhead light fixture (Stryker). On the plastic sheeting
covering the anesthesia equipment, there were 5 droplets
recorded at a maximum height of 179 cm during the Stryk-
er trial and too numerous to count during the Davol trial
at a maximum height of 122 cm. The HPPL-S reduced the
droplet distance to levels comparable to or below the grav-
ity flow and asepto bulb syringe droplet distance with no
contamination of anesthesia equipment or overhead lights.
The Stryker with splash shield droplet distance ranged
from 0 cm (HL and LF) to 183 cm (RF). The Davol with
splash shield droplet distance ranged from 0 cm (HR and
LF) to 150 cm (RF).

Discussion

Operative site lavage is an effective, regularly used in-
traoperative procedure with wide surgical application. Ad-
vancement in technology of lavage systems has produced
more effective means of wound debridement and decon-
tamination. It has become common practice for orthopedic
surgeons to utilize these technologies in many procedures
such as septic joints, abscesses, and osteomyelitis in ad-
dition to aseptic procedures such as total joint arthroplas-
ty and open reduction internal fixation. Although the posi-
tive and deleterious effects of operative site lavage have
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Table 1. Raw data depicting droplet counts and distance during gravity flow, asepto
bulb syringe, high-pressure pulsatile lavage (Stryker pulse lavage and Davol Sim-
pulse), and high-pressure pulsatile lavage with splash shielding (Stryker pulse lavage
and Davol Simpulse).* During trial, the sound of splashing against the plastic sheet-
ing could be heard in hall. 2 droplets were recorded on the backside of the overhead
light positioned above the patient’s head. 15 droplets were recorded on the elbow of the
overhead light fixture. I droplet was recorded on the video recorder’s device. On the

plastic sheeting at the head of the surgical table, covering the anesthesia equipment,
there were droplets that were too numerous to count with the highest droplet recorded
at 179 em ** During trial, 5 droplets were recorded on the plastic sheeting covering
the anesthesia equipment with the highest particle at 122 cm. 3 droplets were recorded
on the face of the overhead light above the patient’s feet. 20 droplets were recorded on
the face of the overhead light above the patient’s head.

Initial Recovered | Fluid lost | Surgeon splash | Head Head Head left | Head left | Footright | Footright | Footleft | Foot left
weightof | weightof | (milliliters) | pattern right right droplet droplet droplet droplet droplet droplet
irrigation | irrigation droplet droplet number distance number distance number distance
(milliliters) | (milliliters) number distance (cm) (cm) (cm)
(cm)
Gravity 3000 2953 47 25 dropletson | 4 138 Too 145 4 151 10 201
flow from anterior right numerous
15cm to count
Asepto 3000 2778 222 10 droplets Frank 170 10 213 Frank 213 5 203
bulb bilateral feet, 3 | pooling pooling
syringe droplets chest,
from 15 cm 10 droplets
bilateral
gloves
Stryker 3000 2131 869 Too numerous | Too 287 Too 272 (On Too 338 Too 282
pulse droplets numerous numerous | wall) numerous numerous
lavage throughout to count, to count to count to count
interpulse gown, exhaust | frank
without hood and face | pooling
splash shield, gloves,
shield * pooling at
bilateral feet
Stryker 3000 2791 209 Too numerous | Frank 137 0 0 12 183 0 0
pulse droplets on pooling
lavage right arm, right
interpulse axilla, and
with splash frank pooling
shield on right foot
Davol the | 3000 2497 503 Too numerous | Too 343 Too 272 (On Too 412 Too 290 (On
Simpulse droplets numerous numerous | wall) numerous numerous | wall)
solo throughout to count, to count to count to count
system gown, exhaust | frank
without hood and face | pooling
splash shield, gloves,
shield ** pooling at
bilateral feet
Davol the | 3000 2752 248 5 droplets Frank 0 1 48 10 150 0 0
Simpulse onright arm, | pooling
solo frank pooling
system at right foot
with splash
shield

been well characterized in the literature, there is a pau-
city of data investigating contamination of the intraopera-
tive surrounding environment due to lavage back splash.
Several reports have demonstrated the risk of nosocomi-
al infection due to residual contamination on surfaces in
hospitals [12,14,28,29]. With risk of splash back from la-
vage and subsequent surrounding surface contamination,
investigation of OR contamination with different lavage
systems is warranted. The current investigation character-
izes the splash pattern and resultant OR contamination of
GF, ABS, HPPL, and HPPL-S lavage techniques. The re-

sultant data effectively demonstrates that among all trials,
HPPL trials demonstrated the highest contamination and
fluid loss, whereas the addition of a splash shield to the
HPPL exhibited the least amount of surrounding contami-
nation and a drastically reduced fluid loss.

Historically, low-pressure devices including gravi-
ty based fluid delivery systems and hand pressured bulb
syringes have been used to flush contamination from the
operative field. More recently, utilization of small elec-
trically powered mechanical pumps (HPPL) has become
a commonplace method of delivering pressurized inter-
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mittent flow of fluid in order to wash contamination and
debris from wounds. HPPL systems have been shown to
have positive long-term effects on bacterial reduction and
wound infection [10,22]. HPPL is a more effective meth-
od of irrigation to overcome bacterial soft tissue adherence
than low-pressure systems such as gravity flow and bulb
syringe methods [8,30]. Although many beneficial effects
of HPPL systems have been documented, there have been
studies that have documented deleterious effects of these
systems including significant delays of early bone heal-
ing in comparison to conventional syringe [15]. In addi-
tion, Bhandari et al showed that HPPL resulted in bacterial
propagation inside the intramedullary canal of a fractured
tibia up to 4 cm from the fracture site [6]. The purpose of
this study was not to characterize effectiveness of wound
decontamination with each lavage technique; but rather, to
illustrate dramatically different splash patterns of lavage
techniques. With the continued use and development of
HPPL systems, it is important to recognize that among all
techniques tested, HPPL systems resulted in the greatest
amount of OR environment contamination and fluid lost.
With the use of a simple splash shield, we were able to
drastically reduce splash amount, splash distance, and flu-
id lost. Although the effectiveness of a splash shield on in
vivo intraoperative splash reduction has not been studied,
we speculate that this could result in a significant reduction
in OR environmental contamination and subsequent noso-
comial infection.

It has been widely accepted that environmental con-
tamination plays an important role in the transmission of
pathogens such as Methicillin-Resistant Staphylococcus
Aureus (MRSA), vancomycin-resistant Enterococcus spe-
cies (VRE) species, Clostridium difficile spores, Pseudo-
monas species, Actinobacter species and Norovirus in the
hospital setting. These known high-risk nosocomial infec-
tion pathogens have been shown to survive on dry surfaces
for as long as 5 months [26,34]. With many infected op-
erative cases per week, one can see how this may easily
add up to a highly contaminated surgical suite if not ap-
propriately addressed. Improved surface decontamination
has been shown to decrease environmental contamination
of MRSA and VRE [17] and decrease the likelihood of pa-
tients acquiring VRE [25] and developing MRSA infec-
tions [13]. There continues to be a much-needed empha-
sis placed on primary preventative measures of infection
such as hand washing, proper sterile technique, and specif-
ic airflow patterns in operating rooms. However, the cur-
rent data clearly demonstrates the significance of OR con-
tamination, particularly with use of HPPL, and therefore
the inferred increased risk of contamination to health care
workers and patients that are in cases “to follow”. The data

presented here clearly demonstrates a need for greater em-
phasis on preventing OR contamination via surgical site
splash back with methods such as the lavage shield. Fur-
ther in vivo investigations are warranted to elucidate the
potential beneficial effect on reducing pathogen dissemi-
nation with the use of these techniques.

We recognize there are weaknesses of this study. We
used an artificial model, the Sawbone® knee, without nor-
mal tissue wound complexities and angled surfaces. The
typical soft tissue envelope acts somewhat as a barrier in
itself. The amount of fluid lost was very likely more ex-
tensive than one would have seen with an actual wound.
We chose the Sawbone® model to act as an approximation
and to avoid contamination of an OR in-service during un-
scheduled time. Another weakness was the sampling size.
We completed each method only once and we recognize
greater precision of data and statistical power can be creat-
ed across multiple trials during each testing scenario. Nev-
ertheless, we feel the controlled environment and rigorous
execution of this study effectively demonstrates a charac-
terization of splash patterns. The results of repeated trials
under these testing circumstances are still yet to be seen.
Lastly, splash patterns of normal saline with fluorescence
serve as simulation for what occurs within actual surgery.
We recognize that blood and contaminated irrigation fluids
may not travel in the same manner due to different densi-
ties and droplet heterogeneities. Further in vivo investiga-
tions are needed to characterize these dynamic parameters.

This study illustrates splash patterns seen with both
high-pressure and low-pressure irrigation systems that are
utilized today. With the use of an inexpensive splash guard
during high-pressure irrigation, we were able to drastical-
ly reduce splash displacement with this trial. Decreased
splash displacement could theoretically reduce operating
room contamination and resultant nosocomial operative
site contamination and translate to lower infection rates,
shorter hospital stays, and ultimately to substantial finan-
cial savings. Currently, the impact of splash shield use dur-
ing operative site irrigation on infection rates is unclear.
However, we hypothesize that the benefits will substantial-
ly outweigh the cost.
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Custom-Fit
Patello-Femoral Replacement
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Follow-Up. ORS. Long Beach, USA.
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4. Sisto, Sarin (2007) Custom Patellofemoral Arthroplasty of the Knee: surgical technique.
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KineMatch Custom PFR

For additional information or to order
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3RD ANNUAL

FICJR SOUTH/RLO
COURSE

MAY 28-30, 2015 CHARLESTON, SC
AT THE BELMOND CHARLESTON PLACE

COURSE CO-CHAIRMEN: Walter B. Beaver Jr., MD, OrthoCarolina Hip & Knee Center, Charlotte, NC
H. Del Schutte Jr., MD, East Cooper Medical Center, Sullivan Island, SC

Please mark your calendar to join us for the 3rd Annuol IQJR REGISTRATION
South/RLO Course scheduled for May 28-30, 2015, in beautiful

i Early Bi
Charleston, South Carolina. arly Bird by

Providing practical advice you can use right away in your
practice is the hallmark of this meeting. The stellar faculty
we're recruiting will share their insights, fips, and fricks to help

you improve your patient outcomes.
After March 28, 2015

The meeting will feature a live surgery and an engaging mix
of didactic lectures, case-based learning, video vignettes,
and audience interaction — all focused around critical issues
in the management of primary and revision hip and knee
arthroplasty patients.

Plus, we'll go beyond the clinical aspects of fotal joint HSHIERIE R

arthroplasty with topics that affect your ability to practice
orthopaedics — such as healthcare economics, legal issues,
and practice efficiency.

We look forward to welcoming you to Charleston for this
exciting educational experience!

www.icjr.net/2015south
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Get ready: The ngmber of pohenfs ne.ed.mg a revision total hip or total knee David G. Lewallen, MD
arthroplasty is projected to increase significantly over the next decadel! Rochester, MN

Adolph V. Lombardi Jr.,
: : ) MD, FACS
To help you prepare, the International Congress for Joint Reconstruction New Albany, OH
invites you to join us for the 3rd Annual Revision Hip and Knee Course — £ MichecluEISEhal-MD
the most interactive, hands-on course devoted solely to updating your skills David G. Nazarian, MD

in revision procedures. Philadelohia, PA
Wayne G. Paprosky, MD
Winfield, IL

This course is intended for orthopaedic surgeons who have ample experience Michael D. Ries, MD

in primary arthroplasty and now want to become more proficient in revision izsr‘:ncg’ :Lsenberg .

procedures. Course chairman Charles L. Nelson, MD and his expert faculty Chicago, IL '

— surgeons from high-volume revision practices — have designed a program E#?jdzghﬁaélgr MD

that combines solid hands-on training via cadaver labs with interactive

presentations, case-based panel discussions, and live surgeries.
REGISTRATION

We hope to see you in Philadelphia for this unique educational experience! Early Bird by March 1, 2015
PHYSICIAN

ALLIED HEALTH
(Nurse, NP, PA, PT, PharmD)

FELLOWS & RESIDENTS
Must be ICJR Member

www.icjr.net/2015revision INDUSTRY
After March 1, 2015
PHYSICIAN

ALLIED HEALTH
(Nurse, NP, PA, PT, PharmD)

FELLOWS & RESIDENTS
Must be ICJR Member

INDUSTRY

Starting May 1, 2015
PHYSICIAN

ALLIED HEALTH

(Nurse, NP, PA, PT, PharmD)

FELLOWS & RESIDENTS
Must be ICJR Member

INDUSTRY

Residents and Fellows attend FREE!
CME is not included in registration and
will be assessed a $50 processing fee if
- . - requested. Residents and Fellows must
[} ':'1,’| 1 g - L = a be ICJR members. Go to www.icjr.net to
e LR . learn more and register for membership.

!'-'un' Jl !l ! | i _ For registration, fravel and accreditation,
- - A info, visit: www.icjr.net/2015revison
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3RD ANNUAL

ICJR WEST
COURSE

JUNE 4-6, 2015 NAPA, CA

Please mark your calendar to join us for the 3rd Annual ICJR West, June 4-6,
2015, in Napa, California.

With our stellar faculty of leading orthopaedic experts, we are preparing
another dynamic program focused on the latest advances and trends in hip
and knee replacement. You can expect a highly interactive agenda featuring
such topics as:

Techniques and tools for improving surgical accuracy in joint replacement

Update on the workup and treatment for painful metal-on-metal bearings

Expert approaches for managing infection, instability, implant loosening,
and periprosthetic fractures

The always-popular Journal Club sessions highlighting important articles in
hip and knee arthroplasty from the major orthopaedic journals

With a combination of surgical video vignettes, didactic and case-based
presentations, interactive panel discussions, and debates, ICJR West will be a
learning experience you won't want to miss!

We look forward to welcoming you fto the beautiful Napa Valley for this exciting
educational event.

For registration/info visit www.icjr.net/2015west
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(Nurse, NP, PA, PT, PharmD)

FELLOWS & RESIDENTS
INDUSTRY

Starting June 4, 2015

PHYSICIAN
ALLIED HEALTH

(Nurse, NP, PA, PT, Pharmb)
FELLOWS & RESIDENTS
INDUSTRY

Residents and Fellows attend FREE!
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COMBINED

ORTHOLIVE/MTJR

SEPTEMBER 17-19, 2015 NEWPORT BEACH, CA

www.icjr.net/2015mtjr

If you're looking for aninteractive educational experience, with an accessible
faculty sitting with you and engaging in meaningful discussions on relevant REGISTRATION
orthopaedic topics, then the combined OrthoLIVE/MTJR course is for you! Early Bird by July 17, 2015

We've done away with the podium, blurring the lines between faculty and
participants fo encourage dialogue — an innovative concept exemplifying
the next generation of orthopaedic education.

Highlights of the 2015 course willinclude case-based, small-group, roundtable
discussions covering the following topics:
Affer July 17, 2015

UKA
¢ Mobile vs. fixed bearing outcomes
¢ Robotic vs. standard instruments

TKA
¢ Navigation vs. standard instruments vs. patient-specific guides
¢ Cementless vs. cemented
¢ Gap balancing vs. measured resection
* New technologies like custom implants, robotics, and bi-cruciate Starting September 17, 2015

retaining implants

THA
¢ Approaches and how to choose
* Stem choice and anatomical considerations

Other interesting topics including
¢ Pain management
¢ Blood conservation
e Prevention, diagnosis, and treatment of Infection .

Residents and Fellows attend FREE! CME is not

* Oufpatient total joint arthroplasty included in registration and will be assessed a $50
processing fee if requested. Residents and Fellows
must be ICJR members. Go to www.icjr.net to

We can't wait for you to join us in Newport Beach for OrthoLIVE/MTJR! learn more and register for membership.

For registration, fravel and accreditation, info,
visit: www.icir.net/2015mtjr

g . -
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Henry D. Clarke, MD Raj K. Sinha, MD, PhD Bryan D. Springer, MD

COURSE CO-CHAIRMEN
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COURSE CHAIRMEN
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World Class Healthcare, Orthopaedics “Sports Medicine,” Rehabilitation, Plastic Surgery, Research & Education

White Sulphur Springs,

V/irginia

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

S ince 1948, the Greenbrier Clinic has been

qr \-".\_ b §
c:-‘?fn 1y i

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

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

Future Site Selected For This
Cutting-Edge Medical Initiative

o, e

A\

AMERICA’S RESORT

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

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

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

For more information, please contact:

Mark E. Krohn, Chief Operating Officer
Greenbrier Medical Institute, 330-697-6581
mekrohn@bmdllc.com
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For hip surgery with large patients and when extra large instruments are desired for more depth and leverage

Designed by Wayne Goldstein, MD PROUDLY

Large ~ Infero-posterior
Cobra - Acetabular Capsule
Retractors Retractors

7630-01 [Standard]
Overall Length: 17.5"
Handle Length: 14"

7630-02 [Wide]
Overall Length: 17.5"
Handle Length: 14"

7620-01 [Right]
Overall Length: 12"
Handle-to-Bend Length: 6"

7620-02 [Left]
Overall Length: 12"
Handle-to-Bend Length: 6"

. Extra Leverage

' - Femoral Neck
Extra Leverage Elevators
Proximal Femoral Elevator

PRODUCT NO:

7650-02 [Short Handle]
Overall Length: 15.25"
Handle Length: 6.25"
Blade Width: 38mm

7650 [Standard]
Overall Length: 18.25"
Handle Length: 9.25"
Blade Width: 38mm

7640
Overall Length: 17.5"
Handle Length: 13"
Blade Width at Widest: 63mm

Large Soft Tissue
Retractors

PRODUCT NO’S:

7670-01
Blade Depth: 3"
Blade Width: 50mm
Handle-to-Bend Length: 10.5"

7670-02
Blade Depth: 3.5"
Blade Width: 50mm
Handle-to-Bend Length: 10.5"

7670-03 k.
Blade Depth: 4"
Blade Width: 50mm
Handle-to-Bend Length: 10.5"

Deep Cobra Retractors

6135 [Standard]

Overall Length: 14.5"

Blade Width at Widest: 33mm
6135-L [Lighted]

Overall Length: 14.5”

Blade Width at Widest: 33mm

EHH]

Extra Large
Hibbs Retractor

PRODUCT NO’S:

6230 [Extra Large]
Overall Length: 14.25"
Handle Length: 13"
Blade Depth: 6.5"
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