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

& Editor-in-Chief
Reconstructive Review

This makes our third edition for 2013 and lays the
foundation for 2014. I am pleased to announce that
we intend to step up to publishing quarterly issues
(March, June, September & December). We are
also in the process of placing our manuscript services
(Editorial Manager) into place by the end of the first
quarter of 2014. This will make it easier for manu-
script submissions along with providing our review-
ers up-to-date tools for the review process.

I am very pleased to announce
JISRF’s support to Operation Walk. X
Operation Walk USA is an inde-
pendent medical humanitarian or- OPERATION
ganization that provides free hipor WALRUSR

knee replacement surgeries to patients in the United
States. Operation Walk USA benefits US citizens and
permanent residents who do not qualify for govern-
ment assistance programs and cannot afford surgery
on their own. Operation Walk USA is committed to
helping those in need by restoring their mobility, self-
dignity and productivity, thus helping them return to
work and their social activities. Currently, Operation
Walk USA takes place once a year, in December.

JISRF was pleased to make a $10,000.00 donation
in 2013 to help support this endeavor. We would like
to encourage all within the Orthopaedic Community
to get involved with this activity.

EXECUTIVE COMMITTEE for Operation
Walk: Adolph V. Lombardi, Jr., MD, FACS; Doug-
las A. Dennis, MD; Lawrence D. Dorr, MD; Carlos
J. Lavernia, MD; Chitranjan S. Ranawat, MD; and
Giles R. Scuderi, MD (www.opwalkusa.com)

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

hopeless...

HELP. SUPPORT. VOLUNTEER.

Imagine life with constant pain and no relief in sight. Imagine losing your job,
your social circle, your independence. Imagine feeling isolated, forgotten, and

Operation Walk USA is the only national medical volunteer organization that
offers pro bono hip and knee replacement surgeries to underserved patients
suffering from debilitating arthritic conditions here in the United States.

We restore mobility and give hope to hundreds of deserving individuals annually

www.opwalkusa.org | 847.698.1840 | opwalkusa@aaos.org
Find us on Facebook , follow us on Twitter #restoringmobility

Contact us to find out how you can
help, support and volunteer in

Operation Walk USA—2014.
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ts Seased to- Annowunce a JZ/W& Allrance with the

DARF

DONALDSON ARTHRITIS
RESEARCH FOUNDATION

DAREF, founded in 2005 by Dr. Thomas K. Don- [+
aldson, has a focus on outcome studies and basic sci- {
ence with major emphasis on implant retrievals. His L
ongoing collaboration with Ian Clarke, PhD provides !
a synergy between the laboratory and clinical surgical
science. Both men are Board Members of JISRF and )
have a significant working relationship with its Execu- K ]
tive Director TlmOthy MCTlghe Dr. HS (hC) Ian Clarke, PhD & Thomas K. Domllldson, MD

JISRF, founded in 1971, has had significant experience with continuing
medical education, product development, 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 e« www.darfcenter.org

Metal on metal retrieval

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

OFFCTAL MOURMAL OF THE

Jint lmplant Surgery and Rosearch Foundation

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

Editorial Correspondence

Please direct any requests for inclusion, editori-
al comments or questions to Timothy McTighe, Dr.
HS (hc), Executive Director, JISRF, 46 Chagrin Pla-
za #117, Chagrin Falls, Ohio 44023, tmct@jisrf.org.

Correspondence

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

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

For information on how to submit articles to the
Reconstructive Review please review the following
or visit http://www jisrf.org/reconstructive-review-
submit.html.

Submit Articles

Instructions to Authors

To submit an article to Reconstructive Review
please review the instructions below. Once the arti-
cle is ready for submission please send it to submi-
tarticle@jisrf.org.

Please use the following criteria:

1. Title page: List the title and the names of the
authors in order you want them to appearance.
Provide complete contact information including
both regular mail and email addresses.

2. Informed consent: Any manuscript dealing with
human subjects must include a statement that
proper disclosure was given and patient consent
was received.

3. Copyright agreement: All articles published are
the property of the Reconstructive Review. How-
ever, the journal gives blanket permission to copy
as long as proper notification and recognition are
provided to JISRF.

4. Disclosure statement: Disclosure by all authors
as to any commercial interest must be submitted
and signed by the corresponding author. It is the
responsibility of the corresponding author to en-
sure compliance and full disclosure of all co-au-
thors. The disclosure is simple: I have a financial
interest in the following commercial companies:
Financial interest being define as: royalties, con-
sulting fees, stock or stock options and any direct
or indirect instructional support. We do not need
to know any detailed information other than you
have a financial interest. If you are reluctant to
disclose then you probably should not being do-
ing what you are doing.

Copyright 2014, JISRF. All rights reserved.
In line with our mission JISRF gives permission for reproduction of articles as long as notification and recognition is provided to JISRF.
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5. Suggested structure of articles:
e Structured abstract Note: do not include ab-
stract with case reports
* Introduction
* Materials and Methods
* Results
* Discussion
6. Structure of endnotes (please refer to the website
http://medlib.bu.edu/facts/faq2.cfm/content/cita-
tionsama.cfm)

Types of Articles Accepted
* Basic Science
» Case Reports
* C(linical/Surgical
e Commentary
* Controversial Issues (i.e. modularity, tapers,
MoM, etc.

* Historical Reviews

* Letters to the Editor
(We welcome letters to the editor and accep-
tance is at the sole discretion of the Editor.)

* Original Articles

* Surveys

The emphasis for these subjects are to address real
life orthopaedics in a timely fashion and to encour-
age the participation from a broad range of profes-
sionals in the orthopaedic health care field.

We will strive to be responsible and reactive to
the needs expressed to our editors and all members
of JISRF. We anticipate our format will evolve as we
move forward and gain more experience with this
activity. Your opinion is a critical step to our moti-
vation and overall success. Please don’t hesitate to
communicate with us.

Format

We can accept Word documents (.doc), text files
(.txt), or PDF documents (.pdf) as e-mail attach-
ments. Alternatively you may paste the whole text of
the media release directly into your e-mail.

Acceptable Image Files

BMP, EPS, JPG, TIFF, PDF, (most anything)

All photographs and continuous tones should be
at least 300 dpi (dots per inch), illustrations and line
art should be at least 1200 dpi.

Reconstructive Review Specifications

The Reconstructive Review is currently construct-
ed using Adobe® InDesign®, Photoshop®, and other
products running on a Mac. The document is pub-
lished on the web, available for download as a PDF
at jisrf.org, and printed in limited quantities.

e 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. Mission
Statement

The specific and primary purposes are to oper-
ate for scientific purposes by conducting medical
research of improvements in medical and surgical
methods and materials for preserving and restoring
the functions of the human body joints and associ-
ated structures which are threatened or impaired by
defects, lesions or diseases.

General Statement

The ideas, opinions and statements expressed in
the Reconstructive Review do not necessarily re-
flect those of the publisher and or editor of this pub-
lication. Publication of advertisement does not in-
dicate an endorsement of product or service by the
publisher or editor of JISRF. The publisher and edi-
tor assume no responsibility for any injury or dam-
age resulting out of any publication of material with-
in 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 contraindications. It is the respon-
sibility of the professional treating medical physician
to review any and all information before undertaking
any change of treatment for their patients.

www jistf.org ® Joint Implant Surgery & Research Foundation


http://www.jisrf.org
http://medlib.bu.edu/facts/faq2.cfm/content/citationsama.cfm
http://medlib.bu.edu/facts/faq2.cfm/content/citationsama.cfm

10 JISRF Reconstructive Review ¢ Vol. 3, No. 4, December 2013

World Class Healthcare, Orthopaedics “Sports Medicine,” Rehabilitation, Plastic Surgery, Research & Education

White Sulphur Springs, ii V/irginia -

s

recognized as an industry leader in executive

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

S ince 1948, the Greenbrier Clinic has been

oy
% '
T

This phase will include an By
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

SRR BT A ST A T

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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Chagrin Falls, Ohio, USA

The Fate of the PCL in Cruciate Retaining TKA
A Critical Review of Surgical Technique

Sherif M. Sherif, M.D.f, Matthew V. Dipane, B.A.f, Edward J. McPherson, M.D., FACST

Abstract

This study prospectively reviews 368 consecutive primary TKA’s, documenting the status
of the PCL during 3 stages of the TKA procedure: 1) at initial arthrotomy, 2) after all bone cuts
were made, and 3) after final balancing with all components in place. We found at initial pre-
sentation that 94% of PCL’s were intact. After the bone cuts were made only 51% of PCL’s re-
mained intact. Finally, after knee balancing and all implants were in place, only 33% of PCL’s
remained intact. Furthermore, 43% of PCL’s were attenuated at the final evaluation stage and
were at risk for late PCL stretch-out. In this series, patients with a deficient or attenuated PCL
were treated with an anterior stabilized bearing that could be utilized with a cruciate retain-
ing femoral component. We advocate that a cruciate substituting bearing be routinely available

when undertaking a cruciate retaining TKA.

Key words: TKA, CR TKA, PCL, ACL, Anterior Stabilized, Primary

Level of Evidence: AAOS Therapeutic Study Level 111

Introduction

Primary total knee arthroplasty (TKA) is a suc-
cessful procedure for patients suffering from ad-
vanced gonarthrosis of the knee [1,11,3147]. As
technology has evolved, several different TKA de-
signs have been utilized. These include the PCL re-
taining TKA (CR TKA), the posterior stabilized
TKA (PS TKA), and the anterior stabilized TKA (AS
TKA). The AS TKA is also referred to as an ultra-
congruent TKA. Clinical success has been reported
with all three knee designs [29,32,33,42,44].

There is still vigorous debate among surgeons on
which knee design should be used routinely for pri-
mary TKA. Each knee design has distinct merits and
drawbacks. Surgeon preference in design selection is

most often based upon his/her prior surgical training
and personal experience. A common focus of debate
centers on the integrity of the PCL during and after
TKA [39,40,41,43,56,57].

Many surgeons feel that the PCL cannot be pre-
served in a consistent fashion. A number of reasons
exist for this line of thinking including knee defor-
mity requiring PCL release, PCL contracture due
to the arthritic process requiring release, and PCL
damage during surgical technique. These issues
cause some surgeons to favor the removal of the
PCL with routine conversion to an AS or PS TKA
[5,13,14,15,52,54,57]. The literature documents the
effects of late knee instability in CR TKA which is

f LA Orthopedic Institute, Los Angeles, CA

www jistf.org ® Joint Implant Surgery & Research Foundation
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thought to be a result of late PCL laxity creating a
flexion instability pattern [13]. Flexion instability
clinically presents with recurrent knee effusion, ac-
tivity related pain, the inability to reciprocate stairs,
and difficulty arising from a low chair [18,19,23].

The literature provides scant information regard-
ing what happens to the PCL during primary CR
TKA. This study was conducted to prospectively ex-
amine that fate of the PCL during three stages of the
CR TKA procedure. We believe that the PCL is more
frequently damaged than what is reported in existing
literature.

Materials and Methods

Between October 2007 and October 2012, 368
primary TKA’s were performed at a single institution
by the senior author (EJM). The surgical technique
remained consistent throughout the study period (see
Surgical Technique). The assessment of the PCL was
performed with the knee at 90° of flexion. The lig-
ament was visually inspected and subjectively pal-
pated. The PCL was assessed during three stages of
the TKA procedure. The first evaluation was upon
inspection of the knee after initial arthrotomy. Dur-
ing the first evaluation we also assessed the ACL be-
fore its removal. The ACL was inspected and rated
as being intact, attenuated, or completely deficient.
We defined a ligament (ACL or PCL) as “attenuat-
ed” when more than 50% of the fibers were deficient
or the ligament was felt to be lax by direct palpation.
The initial evaluation of the PCL was made after re-
moval of the ACL and all intercondylar osteophytes.
The second evaluation was made after completing all
femoral and tibial bone cuts, but before knee liga-
ment balancing. The PCL was assessed during this
stage with laminar spreaders placed between the fe-
mur and tibia at 90° of flexion. The laminar spreaders
were opened until complete flexion gap distraction
was obtained. The PCL was assessed again as being
intact, attenuated, or completely deficient. The third
evaluation stage was conducted after knee ligament
balancing with components cemented and the final
modular tibial bearing placed. At final assessment,
the PCL was documented as retained intact, retained
attenuated, partially released, or removed. We define
the PCL as partially released when more than 50% of
the fibers are released from the femoral attachment.

All patients were followed for a minimum of six
months. Functional performance was graded us-

ing the Knee Society Score [26]. All charts were re-
viewed for complications and implant failures. Fail-
ure was defined as implant removal or recommended
implant removal. A knee complication was defined
as any reoperation on the knee where the TKA im-
plants were retained (this includes cases of modu-
lar tibial bearing exchange). Medical complications
were recorded, but we do not report on these events
so as to focus on the results of the surgical technique.

Surgical Technique

All TKA’s were preformed using a less inva-
sive paramedical incision with a medial parapatel-
lar arthrotomy [10,30]. The incision was made long
enough to allow for comfortable access and expo-
sure to the knee. The Vanguard Total Knee System™
(Biomet, Warsaw, IN) was used in all cases. A cruci-
ate retaining femur was inserted in all cases. Three
polyethylene tibial bearing designs were used: a flat
design, a dished posterior design, or an anterior sta-
bilized (also known as “ultracongruent”) bearing
[46]. The anterior stabilized bearing had an extend-
ed anterior lip which was of the same height of the
Vanguard posterior stabilized post. Additionally, the
posterior lip was extended 50% more than the dished
tibial insert. The selection of each bearing design de-
pended upon the flexion stability of the knee. An an-
terior stabilized bearing was used whenever the PCL
was deficient or removed.

An intramedullary guide was used to cut the dis-
tal femur at a 5° valgus cut angle. Rotation of the
femur was based upon the Anterior-Posterior axis
as described by Whiteside [58]. Sizing of the fe-
mur was measured using a posterior reference tech-
nique. The proximal tibial bone cut was made us-
ing 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 compartment
slope [6,7,8,9,24,27,28]. Coronal and sagittal plane
balancing was performed utilizing a modified spacer
block technique. Specifically, a trial femur was in-
serted along with a tibial trial sans a keel. Rotation of
the tibia was set to provide congruent femoral-tibial
mating in deep flexion. All patellae were resurfaced
with a 3 peg polyethylene reduced thickness im-
plant (Biomet, Warsaw, IN), a subset of implants that
are 15% thinner than the standard patellar implant.
All implants were cemented using Cobalt cement
(Biomet, Warsaw, IN) without antibiotics. All surger-
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ies were performed with body exhaust suits (Stryk-
er, Kalamazoo, MI) in non-laminar flow rooms. An-
esthesia consisted of a general anesthetic combined
with spinal anesthesia with low-dose intrathecal pre-
servative free morphine sulfate (0.1 mg).

Results

The results of the initial ligament assessment are
presented in Tables 1 & 4. For the anterior cruci-
ate ligament [2], 15% were judged to be attenuated
while 18% were deemed deficient. For the posterior
cruciate ligament, 5% were judged to be attenuated
and 1% of the ligaments were assessed deficient.

The second assessment stage of the PCL was made
after initial bone cuts. These results are listed in Ta-
ble 2. At this stage, 30% of the PCL’s were judged to
be attenuated. In most instances, this occurred due to
the saw blade cutting the anterolateral bundle of the
PCL. After making all bone cuts, 19% of the PCL’s
had been removed. These ligaments were either com-

pletely cut by the saw blade or removed with the re-
sected proximal tibia.

Tables 2a & 2b are subsets derived from Table 2.
Specifically, Table 2a details the fate of the 188 PCL’s
assessed as intact after the bone cuts were made. In
this group 26% were partially released and 9% were
removed in order to balance the knee. Table 2b de-
tails the fate of the 112 PCL’s assessed as attenuated
after the bone cuts were made. In this group 5% were
partially released and 4% were removed in order to
balance the knee.

The results of the final PCL assessment stage are
presented in Table 3. Of the 368 TKA cases present-
ed in this study, only 33% maintained completely in-
tact PCL’s. A further 28% of PCL’s were retained but
assessed as attenuated (injured during technique).
Lastly, 15% of the PCL’s in this series were partial-
ly released (for knee balancing) and 24% were re-
moved.

We experienced 29 complications (8%) which are
listed in Table 5. The most common complication we
encountered was arthrofibrosis requiring manipula-
tion (4%). There were 21 failures (6%) in this se-

ries at a maximum follow-

Table 1 Table 4
Stage I: PCL Inspection at Arthrotomy ACL Inspection at Arthrotomy up of 72 months (range 6-72
PCL Initial N = 368/ ACL N = 368 months). Failures are listed
Intact N=348[94% [intact N = 245 67% in Table 6. The most com
Attenuated N=17 | 5% |Attenuated N =55 |15% ¢ 0. the most co
Deficient N=3 | 1% |Deficient N=68 |18% mon reasons for failure were
chronic periprosthetic infec-
Table 2 Lo 1 -
Stage I1: PCL Inspection at Bone Cuts Talﬁj C_O”E’l’ c_a_tto_r_zs_ NP e tion (1 4%) and supracondy
PCL after Bone Cuts N = 368 Manspuliisn fof ArthroRbrosis 1% lar ferpur fracture (1.4%). In-
Intact N = 188| 51% Superficial Wound Spiit . terestingly, we encountered 3
Attenuated/Damaged N = 112 30% Traumatic Arthrotomy (Fall) 4 cases (0.8%) of metal hyper-
Removed N=00 | 19% Bearing Change for Hyperextension Laxty 2 sensitivity to Nickel. This was
Table 2a Lateral Release for Patellar Subluxation 2 based upon .the Lymphocyte
Fate of 188 Intact Ligaments at Bone Cuts Flesion Laxity after Fal (Bearing Change) 1 Transformation Test (LTT)
188 Intact after Bone Cuts N = 188 |Hematoma Evacuation 1 described by Hallab [21,22].
E*T;"“‘I"“-“R paced := 133 ;-‘jzn These implants were revised
artially Releas = ] i . .
o b e i A Lo to Nickel-free implants.
- PCL Initial N = 368
Table 2b :,:am y :j = ?:8 9;2"
| ; enuate = o . .
Fate of 112 Attenuated Ligaments at Bone Cuts = : DlSCUSSIOn
112 Attenuated after Bone Cuts N = 112 Deficient N=3 1%
Retainad N=102|91% i . i
Parlially Released N=6 | 5% The posterior cruciate lig-
Removed N=4 | 4% ament is the strongest ligament in the knee joint
Table 3 [3.4,55]. The biomechanical importance of the PCL
avole . . . g o .
Stage 111: PCL Inspection at Closure is dlptated by its anatomy. The .t1b1al a.ttachr‘nent is
PCL Final Assessment N =368 relatively compact and extra-articular, inserting ap-
Retained Intact N = 123]33% proximately 1cm below the joint line on the posteri-
Retained Atlenualed N = 102] 28% or tibial surface. The PCL is the primary restraint to
Pertaly Reloated N=95 115% tibial terior drawer at all angles of knee flexion
Reanovad N=88 | 24% posterio e gles of knee flexion.
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The posterolateral and posteromedial structures of
the knee are responsible for posterior knee stability
as the knee nears extension. This explains why iso-
lated rupture of the posterior cruciate ligament does
not lead to knee instability with walking [20,53]. Ad-
ditionally, the PCL has a proprioceptive function.
Studies using immunohistochemical stains specific
for neural tissue demonstrate the presence of mecha-
noreceptors in the PCL [2,38].

Osteoarthritis of the knee causes disabling pain
and affects all knee structures [2]. Contracture and
fibrosis of the PCL is part of the arthritic process and
may compromise the function of the PCL [59]. For
this reason, when performing TKA, surgeons are di-
vided into two main camps when choosing a specific
TKA implant system: those who prefer the removal
of the PCL and those who favor its preservation. Sur-
geons who prefer to remove the PCL substitute the
ligament with one of two designs. The first option is
the posterior stabilized knee. This design has a cen-
tral tibial polyethylene post which articulates with a
femoral cam preventing the femur from dislocating
anteriorly in flexion [52,56]. The second option is the
anterior stabilized knee. In this design, instead of a
central polyethylene post, there is a raised anterior
lip of similar height as a posterior stabilized post that
resists anterior femoral translation similar to the PS
TKA design [45].

Surgeons that eschew cruciate sacrificing designs
cite several subjective reasons. First, compared to
the PS TKA design, the CR TKA is generally felt
to be “less noisy.” There tends to be fewer flexion
clicks and rattles which can sometimes concern pa-
tients. Furthermore, some surgeons are concerned by
the amount of bone removed from the intercondylar
notch in some PS TKA designs which can be signifi-
cant. This is especially relevant in small sized femurs
(Figure 1) [34]. Additionally, reports suggest an in-
crease in retrocondylar bone density loss in PS TKA
systems. The central metallic box bears load central-
ly which reduces mechanical loads in the femoral
condyles [50]. Flexion laxity with complete removal
of the PCL is also a concern to surgeons. If the flex-
ion gap is loose, the risk for mid-flexion instability
and femoral cam jump is increased [16,17,37].

Retaining the PCL is not as simple as it sounds.
First, modern prosthetic designs that focus on high
flexion advocate recreating the native posterior
slope. This is problematic with Asian-Pacific patients
where native slope is reported as high as 10-13° [12].
Cutting the tibial bone at this slope may remove the
entire PCL attachment on the tibia. Secondly, less
invasive techniques make it difficult to preserve a
bone island around the PCL attachment on the tibia.
A bone island, while protective of the PCL, limits the
amount the tibial component can be rotated. Thus,

Figure 1

Intra-operative photograph during primary right PS TKA. This photo empha-
sizes the significant amount of bone that is removed in the middle of the femur
to accommodate the femoral box. A wide box cut in a small femur leaves little
condylar bone and may cause fracture. Note the area of lateral femoral condyle
(A) where fracture may occur.

Figure 2

Intra-operative photograph during primary right CR TKA. This photo shows
the two distinct bundles of the PCL: the posteromedial (PM) bundle (A) and
the anterolateral (AL) bundle (B). Note that the AL bundle is anterior and is the
most susceptible to saw cut damage.
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many surgeons avoid preserving a bone island to al-
low for rotation of the tibial component for optimal
mating with the femur. Furthermore, the anterolater-
al bundle of the PCL inserts on the tibia anterior to
the posteromedial bundle (Figure 2). This bundle is
important in maintaining midflexion stability [4,55].

Knees with significant deformity require more
extensive releases, including the PCL. “Balancing”
the PCL in flexion with releases either off the femur
or tibia can significantly compromise the integrity
of the ligament [48,51]. For all of these reasons, a
weakened PCL is of concern. A CR TKA with a sig-
nificantly weakened PCL is at risk for late flexion
instability as the damaged ligament can stretch out
over time.

This study provides a humbling review of the sta-
tus of the PCL when using a CR TKA design. First
we describe that 6% of PCL’s are either attenuated
or deficient at initial presentation. This incidence of
attenuated PCL’s is in accordance with the literature
[2,5,46]. This is an important observation consider-
ing that many surgeons exclusively use CR TKA de-
signs. Surgeons should be ready to substitute for the
attenuated/deficient PCL when using a CR TKA sys-
tem.

We also documented that 33% of ACL’s are ei-
ther attenuated or deficient at initial presentation.
This observation is not novel, but the data reinforces
the concept that many knees which become arthritic
may be caused by traumatic ligament injuries. This
has significant bearing to knee arthroplasty. First, a
mobile bearing unicompartment knee arthroplasty
is absolutely contraindicated when the ACL is defi-
cient. Furthermore, there are currently two TKA de-
signs soon to be introduced that preserve both the
PCL and ACL (Biomet, Warsaw, IN & Wright, Ar-
lington, TN). Based on this data, an ACL/PCL pre-
serving TKA design could not be used routinely in
clinical practice.

In the second evaluation stage, after all bone cuts
were made, only 51% of the PCL’s remained intact.
There are two main reasons to explain our high rate
of PCL damage. First, our surgical technique focused
on a high flexion protocol. This was dictated by our
city’s cultural diversity (Los Angeles, CA) and our
relative proximity to the Pacific Rim countries where
knee flexion is highly valued. Our standard TKA pro-
tocol included cutting the tibia with a native posteri-
or slope [36,60]. With the removal of posterior tibial
bone, a significant amount of the PCL inserted into
the proximal tibia was removed, weakening the PCL

or removing it altogether. Furthermore, we did not
use a preserving bone block around the tibial PCL
insertion. Our priority was to optimize tibial com-
ponent rotation with congruent implant mating into
deep flexion. Prior to this study, we observed that
preserving a bone island around the PCL impeded
optimal tibial component mating with the femur. The
PCL’s damaged or removed in this phase of the TKA
procedure were based solely on mechanical bone
cuts. Altering surgical technique in this phase may
mitigate the incidence of PCL damage, but the sur-
geon must be willing to accept the trade off. In our
opinion, decreasing posterior slope and limiting tib-
ial component rotation with a protective PCL bone
block may limit flexion range and may cause kine-
matic dysfunction with sub-optimal femoral-tibial
mating [4049].

In the third evaluation stage, after knee balancing
was complete and all implants were in place, only
33% of PCL’s remained intact. In 43% of our TKA’s
the PCL was judged to be attenuated either by me-
chanical damage or surgeon release for knee balanc-
ing. This latter group, in our opinion, is at risk for late
flexion and/or midflexion instability. As time pro-
gresses, the attenuated PCL can be further damaged
by several mechanisms. These include manipulation
for arthrofibrosis, osteolysis, trauma (i.e., falls), and
PCL stretch out with arduous functional activities.
We feel strongly that this group should be treated
with a cruciate substituting design. In this study, our
solution was to insert an anterior stabilized bearing.
For us, this was a simple intra-operative conversion
as the AS bearing mates with the CR femur. The an-
terior stabilized bearing obviates the need to change
to a posterior stabilized knee system in the middle of
the TKA procedure, saving valuable OR time [45].

Lastly, in our final evaluation, 24% of PCL’s were
completely lost either by mechanical damage or sur-
geon release for balancing. This group was treated
with a cruciate substituting design which again uti-
lized an anterior stabilized bearing. We observed in
this study that the anterior stabilized bearing provid-
ed acceptable function and stability across a wide va-
riety of clinical deformities. Thus, we do not feel the
need to convert to a posterior stabilized design.

Complete preservation of the PCL during primary
TKA is difficult. Only one third of the PCL’s in this
series remained completely intact. We advocate that
a cruciate substituting bearing be routinely available
when using a CR TKA. Furthermore, 40% of our
PCL’s were attenuated for this group. We encourage
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the use of a PCL substituting bearing as this group is
potentially at risk for late term flexion and/or mid-
flexion instability.

References

1.

10.

11.

12.

13.

14.

15.

17.

18.

Abdel MP, Morrey ME, Jensen MR. Increased long-term survival of pos-
terior cruciate-retaining versus posterior cruciate-stabilizing total knee re-
placement. J Bone Joint Surg (Am).2011; 93(22): 2072-8.

Albert A, Feoli F. Are lesions of the posterior cruciate ligament predict-
able before knee arthroplasty? A histological study of 434 ligaments in os-
teoarthritic knees. Acta Orthop Belg.2008; 74: 652-8.

Amis AA, Bull AM, Gupte CM. Biomechanics of the PCL and related
structures: posterolateral, posteromedial and meniscofemoral ligaments.
Knee Surg Sports Traumatol Arthrosc.2003; 11(5): 271-81.

Amis AA, Gupte CM, Bull AM. Anatomy of the posterior cruciate liga-
ment and the meniscofemoral ligaments. Knee Surg Sports Traumatol Ar-
throsc. 2006; 14(3): 257-63.

Arbuthnot JE, Wainwright O, McNicholas MJ. Dysfunction of the posteri-
or cruciate ligament in the total knee arthroplasty. Knee Surg Sports Trau-
matol Arthrosc.2001; 19: 893-8.

Argenson JN, Komistek RD, Mahfouz M, et al. A high flexion total knee
arthroplasty design replicates healthy knee motion. Clin Orthop. 2004;
428:174-9.

Argenson JN, Scuderi GR, Komistek RD, et al. In vivo kinematic evalua-
tion and design considerations related to high flexion in total knee arthro-
plasty. J Biomechanics. 2005; 38: 277-84.

Bellemans J, Banks S, Victor J, et al. A fluoroscopic analysis of the ki-
nematics of deep flexion in total knee arthroplasty. Influence of posterior
condylar offset. J Bone Joint Surg. 2002; 84B: 50-3.

Bellemans J, Robijns F, Duerinckx J. The influence of tibial slope on max-
imal flexion after total knee arthroplasty. Knee Surgery Sposts Traumatol
Arthrosc. 2005; 13(3): 193-6.

Bonutti PM, Mont MA, Mcmahon M. Minimally Invasive Total Knee Ar-
throplasty. J Bone Joint Surg (Am). 2004; 86: 26-32.

Callaghan JJ, Beckert MW, Hennessy DW. Durability of a cruciate-re-
taining TKA with modular tibial trays at 20 years. Clin Orthop Relat Res.
2012;471: 109-17.

Chiu KY, Tang WM, Yau WP. Review article: Knee Flexion after Total
Knee Arthroplasty. Journal of Orthopaedic Surgery. 2002; 10(2): 194-
202.

Chouteau J, Lerat JL, Testa R. Sagittal laxity after posterior cruciate lig-
ament-retaining mobile-bearing total knee arthroplasty. J Arthroplasty.
2009; 24(5): 710-5.

Christen B, Heester beek PV, Wymenga A. Posterior Cruciate Ligament
Balancing in Total Knee Replacement, the quantitative relationship be-
tween tightness of the fexion gap and tibial translation. J Bone Joint Surg
(Br).2007; 89-B: 1046-50.

Conditt MA, Noble PC, Bertolusso R. The PCL significantly affects the
functional outcome of Total Knee Arthroplasty. J Arthroplasty. 2004; 19:
107-12.

Cormie MJ, Siston RA, Giori NJ. Posterior Cruciate Ligament Removal
Contributes to Abnormal Knee Motion During Posterior Stabilized To-
tal Knee Arthroplasty. Journal of Orthopaedic Research. 2008; 26(11):
1494-99.

Dennis DA, Komistek RD, Colwell CE Jr. In vivo anteroposterior femoral
translation of Total Knee arthroplasty: a multicenter analysis. Clin Orthop
Relat Res. 1998; 356: 47-57.

Ernodi GJ, Callaghan JJ. Posterior Cruciate Ligament function following
Total Knee Arthroplasty: the effect of joint line elevation. The lowa Or-
thopaedic Journal. 1999; 19: 82-92.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Fitz W, Minas T, Sodha S. Dose a modified gap-balancing technique result
in medial-pivot knee kinematics in cruciate-retaining Total Knee Arthro-
plasty? Pilot study. Clin Orthop Relat Res. 2012; 470: 91-8.

Grood ES, Stowers SF, Noyes FR. Limits of movement in the human
knee, effect of sectioning the Posterior Cruciate Ligament and posterolat-
eral structures. JBJS (Am). 1988; 70-A: 88-97.

Hallab NJ, Mikecz K, Jacobs JJ. A triple assay technique for the evalua-
tion of Metal-induced, delayed type hypersensitivity response in patients
with or receiving total joint arthroplasty. Journal of Biomedical Materials
Research. 2000; 53: 480-9.

Hallab NJ. Metal sensitivity in patients with orthopaedic implants. Jour-
nal of Clinical Rheumatology. 2001; 7: 215-8.

Heesterbeek P, Keijsers N, Wymenga A. Posterior Cruciate Ligament af-
fects antero-posterior translation during flexion gap distraction in Total
Knee Replacement. An intraoperative study involving 50 patients. Acta
Orthop.2010; 81(4): 471-77.

Huang HT, Su JY, Wang GJ, et al. The early results of high flexion total
knee arthroplasty. A minimum of 2 years follow-up. J Arthroplasty. 2005;
20(5): 674-9.

In'Y, Kim JM, Woo YK. Factors affecting flexion Gap tightness in cruci-
ate retaining total knee arthroplasty. J Arthroplasty. 2009; 24(2): 317-21.

Insall JN, Dorr LD, Scott WN. Rational of the Knee Society Clinical Rat-
ing System. Clin Orthop Relat Res. 1989; 248: 13-4.

Jojima H, Whiteside LA, Ogata K. Effect of tibial slope or posterior cru-
ciate ligament release on knee kinematics. Clin Orthop Relat Res. 2004;
426: 194-8.

Kim YH, Sohn KS, Kim JS. Range of motion of standard and high flex-
ion posterior stabilized total knee prostheses. J Bone Joint Surg. 2005;
87(7): 1470-5.

Kubiak P, Archibeck MJ, White RE Jr. Cruciate-Retaining total knee ar-
throplasty in patients with at least fifteen degrees of coronal plane defor-
mity. J Arthroplasty. 2008; 23(3): 366-70.

Laskin RS, Beksac B, Pittors K. Minimally Invasive Total Knee Replace-
ment through a mini-midvastus incision: An Outcome Study. Clin Orthop
Relat Res. 2004; 428: 74-81.

Laskin RS. The Insall Award. Total Knee Replacement with posterior cru-
ciate ligament retention in patients with a fixed varus deformity. Clin Or-
thop Relat Res. 1996; 331: 29-34.

Lattanzio PJ, Chess DG, MacDermid JC. Effect of posterior cruciate liga-
ment in knee arthroplasty. J Arthorplasty. 1998; 13(5): 580-5.

Lombardi AV Jr, Berend KR. Posterior Cruciate Ligament retaining, pos-
terior stabilized, and varus/valgus posterior stabilized constrained articu-
lations in total knee arthroplasty. Instr course lect. 2006; 55: 419-27.

Lombardi AV Jr, Mallory TH, Waterman RA, Eberle RW. Intercondylar
distal femoral fracture. An unreported complication of posterior-stabilized
total knee arthroplasty. J Arthroplasty. 1995; 10(5): 643-50.

Mahoney OM, Noble PC, Rhoads DD. Posterior Curciate Function fol-
lowing Total Knee Arthroplasty. A biomechanical study. J Arthroplasty.
1994; 9(6): 569-78.

Massin P, Gournay A. Optimization of the posterior condyler offset, tibi-
al slope, and condyler roll-back in total knee arthroplasty. J Arthroplasty.
2006; 21(6): 889-96.

McPherson EJ, Cuckler J, Lombardi AV. Midflexion Instability in Revi-
sion Total Knee Arthroplasty. Surg Technol Int. 2008; 17: 249-52.

Mihalko WM, Creek AT, Komatsu DE. Mechanoreceptors found in a pos-
terior cruciate ligament from a well functioning Total Knee Arthroplasty
retrieval. J Arthroplasty. 2011; 26(3): 504.9-504.¢12.

Misra AN, Hussain MR, Fiddian NJ. The role of the posterior cruciate lig-
ament in Total Knee Replacement. J Bone Joint Surg.2003; 85-B: 389-92.

Most E, Zayontz S, Rubash HE. Femoral roll back after cruciate retain-
ing and stabilizing total knee arthroplasty. Clin Orthop Relat Res. 2003;
410: 101-13.




The Fate of the PCL in Cruciate Retaining TKA — A Critical Review of Surgical Technique

17

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Nelissen RG, Hogendoorn PC. Retain or Sacrifice the posterior cruciate
ligament in total knee arthroplasty? A histological study of the cruciate
ligament in osteoarthritic and rheumatoid disease. J Clin Pathol. 2001;
54:381-4.

Nelson CL. Total Knee Arthroplasty with preservation of the posterior
cruciate ligament. The University of Pennsylvania Orthopaedic Journal.
1999; 12: 96-100.

Pagnano MW, Hanssen AD, Lewallen DG. Flexion instability after prima-
ry posterior cruciate retaining total knee arthroplasty. Clin Orthop Relat
Res. 1998; 356: 39-46.

Parsley BS, Conditt MA, Bertolusso R. Posterior Cruciate Ligament Sub-
stitution is not essential for excellent postoperative outcome in Toal Knee
Arthroplasty. J Arthroplasty. 2006; 21: 127-31.

Peters CL, Mulkey P, Erickson J. Comparison of Total Knee Arthroplasty
with Highly Congruent Anterior Stabilized Bearings versus a Cruciate-
retaining Design. Clin Ortho Relat Res.2013;1528-1132. Available from:
Springer-Verlag, New York, NY. Accessed July 15,2013.

Pinskerova V, Johal P, Williams A. Does the femur roll-back with flexion?
J Bone Joint Surg (Br). 2004; 86-B: 925-31.

Ritter AM, Berend ME, Faris PM. Long term follow-up of anatomic grad-
uated components posterior cruciate-retaining total knee replacement, 15
years 98% survival. Clin Orthop Relat Res.2001; 388: 51-7.

Ritter MA, Davis KE, Farris A. The role of the Posterior Cruciate Liga-
ment in total knee replacement. Bone and joint research. 2012; 1(4): 64-
70.

Ritter MA, Harty LD, Davis KE, et al. Predicting range of motion after to-
tal knee arthroplasty. JBJS (Am). 2003; 85-A(7): 1278-85.

Saari T, Uvehammer J, Carlsson LV. Posterior Stabilized Component in-
creased femoral bone loss after total knee replacement. 5 years follow up
of 47 knees using dual energy X-ray absorptiometry. Knee. 2006; 13(6):
435-9.

Scott RD, Chmell MJ. Balancing the Posterior Cruciate Ligament during
cruciate-retaining fixed and mobile bearing total knee arthroplasty: de-
scription of the pull-out lift-off and slide-back tests. J Arthroplasty. 2008;
23(4): 605-8.

Scuderi GR, Pagnano MW. Review article: The rationale for posterior cru-
ciate substituting total knee arthroplasty. Journal of Orthopaedic Surgery.
2001; 9(2): 81-8.

Stiehl JB, Komistek RD, Dennis DA. A novel approach to knee kinemat-
ics. Am J Orthop.2001; 30(4): 287-93.

Straw R, Kulkarni S, Attfield S. Posterior Cruciate Ligament at Total Knee
Replacement. J Bone Joint Surg (Br). 2003; 85-B: 671-4.

Tajima G, Ingham SIM, Nozaki M. Morphology of the tibial insertion of
the posterior cruciate ligament. J Bone Joint Surg (Am).2009; 91: 859-66.

Tanzer M, Smith K, Burnett S. Posterior-Sabilized versus Cruciate Retain-
ing Total Knee Arthroplasty. J Arthroplasty.2002; 17(7): 813-9.

Victor J, Banks S, Bellemans J. Kinematics of posterior cruciate ligament
retaining and substituting Total Knee Arthroplasty, a positive randomized
outcome study. J Bone Joint Surg (Br).2005; 87-B: 646-55.

Whiteside LA, Arima J. The Anteroposterior axis for femoral rotational
alignment in valgus total knee arthroplasty. Clin Orthop Relat Res. 1995;
321: 168-72.

Williams RJ 3rd, Westrich GH, Siegel J. Arthroscopic release of the pos-
terior cruciate ligament for stiff total knee arthroplasty. Clin Orthop Relat
Res. 1996; 331: 185-91.

Zelle J, Van der Zanden AC, De Waal Malefijt M. Biomechanical analysis
of posterior Cruciate ligament retaining high-fexion Total Knee Arthro-
plasty. Clin Biomech. 2009; 24(10): 842-9.

Edwar(_IIJ. McPherson, MD

r

My Practice

www.laoi.org

J ; o~

L.A, Orthopedic

™

My Research Facility

www.jisrf.org

.. .*

loint Implant Surgery
& Research Foundation

)

My Medical Center

www.stvincentmedicalcenter.com

NCENT SR
ALCEMTER

v

As an Orthopaedic surgeon in Los An-
geles, CA, I’'m grateful to practice medicine
in an area with exceptional healthcare. My
choice is to practice at St. Vincent Medical
Center. My research is in collaboration with
JISRF, Founded here in L.A. in 1971 by Prof.
Charles 0. Bechtol, MD.

Sy

www jistf.org ® Joint Implant Surgery & Research Foundation


http://www.jisrf.org
http://www.laoi.org/
http://www.jisrf.org
http://www.stvincentmedicalcenter.com

Joint Implant Surgery & Research Foundation

Chagrin Falls, Ohio, USA

Strategies to Decrease Blood Loss in Patients Who

Undergo Total Knee Replacement: A Prospective
Study of One Hundred and Fifty Cases

Nilen A. Shah, MBBS, D. Orth., MS Orth. (Bombay, India), MCh Orth. (Liverpool, U.K.)", Anand Gupta,
DNB Orth$, and Dipak V. Patel, MD (USA), MSc Orth. (London, U K.), MS Orth., D. Orth., FCPS Orth.
(Bombay, India)*

Abstract

We calculated the total blood loss in a non-randomized study of 150 total knee replacements
which were performed under regional anaesthesia by a mini-subvastus surgical approach with-
out the use of a tourniquet. In all knees, tranexamic acid was used perioperatively. The skin,
subcutaneous tissue and joint capsule were infiltrated with saline adrenaline prior to making
surgical incision. After cementing the prostheses, the surgical wound was packed alternately
with hydrogen peroxide and Feracrylum-soaked packs for 3 minutes. Tourniquet and postop-
erative drain were not used in any of the knees. In our series, the mean perioperative blood loss
was 433 mL (SD 74), the mean RBC volume loss was 234 mL (SD 40.4), and the mean reduc-
tion in hemoglobin level was 1.6 gm/dL. The mean preoperative hemoglobin was 12.01gm/dL
(SD 1.4) and the mean postoperative hemoglobin was 10.4 gm/dL (SD 1.4). The mean preop-
erative hematocrit was 37.04 (SD 2.8) and the mean postoperative hematocrit was 31.29 (SD
2.7). One of our patients developed cerebral thromboembolism three days after the surgery.
Postoperative hemoglobin of less then 8 g/dLL was considered an indication for blood transfu-
sion; however, none of our patients required blood transfusion in the present series.

Study Design: Therapeutic case series; Level of Evidence, IV.

Keywords: Tranexamic acid; Antifibrinolytic agent; Decreased blood loss; Total knee arthroplasty

Introduction sion of diseases), and furthermore has a high medi-

cal cost.

Total knee arthroplasty is associated with post-
operative blood loss necessitating allogeneic blood
transfusion in 10% to 38% of patients [1-4]. The re-
ported amounts of blood loss have ranged from 1,450
to 1,790 mL [5-9]. It is well known that allogeneic
blood transfusion carries the risk of immunological
and non-immunological adverse effects (such as a
higher rate of postoperative infections and transmis-

Several techniques are available to minimize

F Orthopaedic and Joint Replacement Consultant
Bombay Hospital and Medical Research Centre
Mabharashtra, India

§ Consultant Orthopaedic Surgeon
Bombay Hospital, Indore, India

¥ Clinical Professor of Orthopaedic Surgery
Seton Hall University, South Orange, NJ U.S.A.




Strategies to Decrease Blood Loss in Patients Who Undergo Total Knee Replacement 19

the blood loss and decrease the likelihood of allo-
geneic blood transfusion after a total knee replace-
ment. These techniques include pre-operative iron
and erythropoietin administration where indicated,
use of tranexamic acid perioperatively, infiltrating
saline adrenalin intra-operatively, not using post-op
drains or clamping the drain periodically, not using
the tourniquet, and use of fibrin spray or glue.

The objective of this study is to evaluate the com-
bined effectiveness of pharmacological and non-
pharmacological measures to control perioperative
blood loss. In the past, different studies have shown
a decrease in blood loss in total knee replacement ,
whilst employing some specific means e.g. periop-
erative use of tranexamic acid, [10-13] use of mini-
invasive surgical approach, [14-16] use of regional
anaesthesia, [ 17] use of saline-adrenaline infiltration,
[18] use of hydrogen peroxide, [19] and use of Fe-
racrylum-soaked packs [20,21]. However, we could
not identify a single study in which different mea-
sures were utilized simultaneously to study their
combined effect on blood loss. We wanted to eval-
uate if by combining the various known factors we
would be able to demonstrate a synergistic effect on
blood conservation.

Materials and Methods

Patients —A non-randomized study was carried
out on 150 total knee replacements for the treatment
of osteoarthritis of the knee joint at three institutes in
Bombay (now known as Mumbai), India from March
2007 to May 2008. The lead author (N.A.S.) of this
paper is in private practice and considers it unethi-
cal to have a control group as the current regime is
working so well. Our series is a cohort study. A retro-
spective analysis of prospectively collected data was
performed.

Our series included only those patients who un-
derwent unilateral total knee arthroplasty. Patients
with unicompartmental replacement or bilateral total
knee replacements were not included in this study.
All surgeries were performed by a single surgeon
(N.A.S.). Patients with a history of severe ischemic
heart disease, chronic renal failure, cirrhosis of liv-
er, and bleeding disorders, as well as those with past
history of thromboembolic episode were excluded
from this study. Thirty-seven patients in the present
series were on anti-platelet drugs like aspirin. If as-
pirin was being taken at a dose greater than 75 mg, it

was reduced to 75 mg but not stopped altogether. If
the dose of aspirin was 75 mg, it was continued. The
average age of the patients was 71.2 + 4.5 years at
the time of surgery. Table 1 shows the patient profile
including the mean weight and height, which were
75.56 £ 9.6 kg and 160 + 6.6 cm respectively.

Table 1. Patient profile and results.

1) Age in years 712+45
2) Weight in kg 75+9.6

3) Height in cm 160 +6.6
4) Male:Female 1.5:2

5) Preoperative haemoglobin (gm/dL) 1201 +£2.7
6) Postoperative haemoglobin (gm/dL) 104+28
8) Mean haemoglobin fall (gm/dL) 1.6+£0.6
9) Preoperative haematocrit (%) 37+5.6
10) | Postoperative haematocrit (%) 3154
11) | Mean total blood loss (mL) 433 + 148

The baseline hemoglobin level, haematocrit, and
coagulation profile with platelet counts were mea-
sured preoperatively. The hemoglobin and haemato-
crit values were checked again on fifth postoperative
day. The mean reduction in hemoglobin was calcu-
lated by subtracting the mean postoperative hemo-
globin level from the mean preoperative hemoglo-
bin level.

Use of Tranexamic Acid

At the time surgery, tranexamic acid was given in
the dose of 15 mg /kg intravenously 5 to 10 minutes
before making the skin incision. Second dose (10
mg/kg intravenously) was repeated 3 hours after the
first one, and the third and final dose (10 mg/kg intra-
venously) was given 3 hours after the second dose.

Surgical Procedure

All total knee replacements were performed by the
same surgeon (N.A.S.) through a minimally invasive
subvastus approach [16] under regional anaesthesia.
Tourniquet was not used in any of the patients. Spi-
nal anesthesia with Sensorcaine (0.5%) was used for
all patients. All patients had 30 to 50 mL of saline
with dilute adrenaline (1:300,000) infiltrated into
the skin, subcutaneous tissues, and joint capsule be-
fore taking surgical incision. All patients underwent
a mini-subvastus approach, and a L-shaped capsu-
lotomy incision was made. Standard surgical tech-
niques for intraoperative haemostasis were used. The
NexGen and LPS High-flex cemented total knee en-
doprosthesis (Zimmer, U.S.A.) system was used for
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all total knee replacements. After final implantation
and prior to wound closure, the wounds were alter-
nately packed with hydrogen peroxide and Feracry-
lum for three minutes. No surgical drains were used
in our series.

Prophylactic antibiotic therapy consisted of in-
travenous administration of 1.5 gm of cephalospo-
rin (cefuroxime) immediate preoperatively followed
by 750 mg every 8 hour for 2 days postoperative-
ly. None of the patients received any pharmacolog-
ic prophylaxis against venous thromboembolism but
TED stockings were utilized postoperatively for 6
weeks. While in the hospital, patients were examined
daily for any clinical symptoms of deep-vein throm-
bosis. All surgical and medical adverse events and
any thromboembolic events occurring (if any) dur-
ing the six weeks after surgery were recorded at the
time of the follow-up visit with the surgeon. Femoral
nerve catheter was inserted with the help of a nerve
stimulator for postoperative pain control.

Assessment of intraoperative and postoperative
blood loss

All patients had a complete blood count including
haematocrit (Hct) before operation and on the fifth
day after the procedure. By this time, the patients
were haemodynamically stable and thus fluid shifts
would have been largely completed. The height and
weight were recorded preoperatively and the body
mass index was calculated.

Calculation of Blood Loss

In our series, the patients’ blood volume (PBV)
was calculated using the formula of Nadler and col-
leagues [22].

PBV = k7 x height(m)® + k2 x weight(kg) + k3
where k7 = 0.3669, k2= 0.03219, k3 = 0.6041 for men
and k1= 0.3561, k2=0.03308, k3= 0.1833 for women

Multiplying the PBV by the haematocrit will give
the total red cell volume. Any change in red cell vol-
ume can therefore be calculated from the change in
haematocrit [7,23].

Total red blood cell (RBC) volume loss = PBV x
(Hctpreop - Hetpostop) [7,23].

Every 100 ml of concentrated blood from the
blood recovery system corresponded to 54 ml red
cells.

As blood loss is occurring, the patient’s circulating
volume will tend to fall. However, simultaneous shift
of fluid into the circulating compartment and fluid

administered perioperatively maintains the circulat-
ing volume, although with increasingly more diluted
blood (i.e. isovolaemic haemodilution), and the hae-
matocrit gradually falls [7]. Consideration was given
to the potential effect on calculation of this periop-
erative retention of fluid. Studies in cardiac surgery
have demonstrated retention of approximately 2 Li-
tres of fluid. Fluid retention in orthopaedic surgery
has not been accurately studied but could perhaps be
significant. Since only one-eighth of body water is in
the circulating compartment (which is, on average, 5
Litres), even 2 Litres of retained fluid would amount
to a maximum of 5% inaccuracy in our calculation
with probably no bearing on our conclusions [7].

It has been proven and generally believed that di-
rect blood loss estimation is not accurate and denotes
much lesser blood loss than what is estimated by in-
direct methods. We have not estimated direct blood
loss because we realized that when tourniquet is not
being used there is a lot of spillage around the drapes
and because a drain is not used in our series, there is
ecchymosis in and around the knee region suggestive
of blood loss occurring in the soft tissues later on.

Assessment of Deep-Vein Thrombosis

In our study, no routine postoperative duplex ul-
trasonography was undertaken for screening of post-
operative venous thromboses and therefore, we are
unable to comment on the true incidence of postoper-
ative venous thromboses. However, we recorded the
presence or absence of the Homans’ sign and swell-
ing of the legs for 6 weeks postoperatively. Homans’
sign is a sign of deep vein thrombosis (DVT). A posi-
tive sign is present when there is resistance (not pain)
in the calf or popliteal region with examiner’s abrupt
dorsiflexion of the patient’s foot at the ankle while
the knee is fully extended.

Results

In this non-randomized, study of 150 total knee
arthroplasty patients, the results show significantly
less blood loss with a mean perioperative blood loss
of 433 mL + 148 mL (SD 74). The distribution of pa-
tients in different range of blood loss is shown in Fig-
ure 1. The mean RBC volume loss was 234 mL (SD
40.4) and the mean reduction in hemoglobin level
was 1.6 gm/dL. The mean preoperative hemoglobin
was 12.01gm/dL (SD 1.4) and the mean postopera-
tive hemoglobin was 10.4 gm/dL (SD 1.4). The mean
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Figure 1. Distribution of total blood loss in mL. (X-axis) versus number of patients (Y-axis).

preoperative haematocrit was 37.04 (SD 2.8) and the
mean postoperative haematocrit was 31.29 (SD 2.7).
One of the patient in the present series developed ce-
rebral thromboembolism three days after the surgery.
Postoperative hemoglobin of less than 8 gm/dL was
considered as indication for blood transfusion; how-
ever none of our patients required blood transfusion
intraoperatively or postoperatively.

Apart from this study, the lead author (N.A.S.) has
now an extensive experience of approximately 2,800
total knee replacements that were performed using
the current regime, and only one patient out of 2,800
cases has required blood transfusion.

Table 2 shows the details of the results of our
study and its comparison with the results of other
similar studies.

Table 2. Comparison between results of the current study and the results
of other similar studies.

Parameters Yamasaki et | Camarasaet | Our study
al.» al.?

1. | Total blood loss (mL) | 1349 + 478 1099 + 535 | 433 + 148
2. | Hb (dift.) 1712 2510 1.6+0.6
3. | Het. (diff.) 5+35 68+3.0 6+54
4. | Preop Hb (gm/dL) 12.8 1.3 124+10 120127
5. | Postop Hb (gm/dL) 11.1 1.2 10 104+28
6. | Preop Het.(%) 38.6£3.6 362+27 37+£5.6
7. | Postop Hct.(%) 337+35 31+54

Discussion

Blood loss management is an important issue in
total knee replacement surgery. It should be made as
simple as possible and should rely on common sense
while also being cost-effective and having a low
risk of complications [24]. Historically, correction
of blood loss in surgical patients has been by trans-
fusion of allogeneic blood to maintain or to restore
the haematocrit and haemoglobin (Hb) level close to
normal. However, allogeneic blood transfusion can
lead to various adverse consequences such as trans-
mission of infectious diseases, immunological reac-
tion due to a mismatched transfusion, and increased
likelihood of postoperative infection. Other effects
of allogeneic blood transfusion such as multiple-or-
gan failure or mortality have been attributed to im-
munomodulation by pro-inflammatory mechanisms.
Allogeneic blood transfusion also adds to the cost of
an operation, all the more as it has been shown to be
associated with increased morbidity and prolonged
hospital stay [25].

Cell salvage is another blood-saving procedure
used for management of perioperative blood loss.
This includes re-infusion of blood drained within six
hours after operation using cell salvage. Blood shed
during operation may be altered by irrigation fluid,
air and cement and should therefore be washed be-
fore re-infusion to avoid coagulopathy [24]. Periop-
erative blood salvage has been shown to be benefi-
cial in cases of blood loss exceeding 1000 mL but is
not considered to be cost-effective in primary arthro-
plasty if other effective blood-saving measures have

www jistf.org ® Joint Implant Surgery & Research Foundation


http://www.jisrf.org

22 JISRF Reconstructive Review ¢ Vol. 3, No. 4, December 2013

already been taken. Its use is generally restricted to
specific indications in which the anticipated blood
loss is very high, such as revision total hip replace-
ment. Postoperative cell salvage is not always cost-
effective since the volume of blood recuperated is
unpredictable [24]. The reported mean volume of re-
infused blood has ranged between 360 mL and 880
mL [26]. It can be used in combination with other
blood-saving measures if the anticipated blood loss
is high, or in patients with a small blood volume and
a low preoperative Hb level. Intra- and postoperative
cell salvage are contraindicated in patients with in-
fection and malignancy [24].

Autologous blood transfusion (Predonated):

Pre-operative autologous blood predonation of-
fers a number of theoretical advantages. It has been
widely used in the recent past, but has now fallen
into relative disfavour for several reasons [24,27,28].
It cannot reasonably be considered in patients who
are anaemic, i.e. in 20% to 30% of patients who are
to undergo total hip or total knee replacement, [29]
or in those with an Hb level of >14.5 g/dL since they
will not require blood transfusion. It should there-
fore be targeted to men with an Hb level of 11.0 g/
dL to 14.0 g/dL and to women with a level of 13.0
g/dL to 14.0 g/dL whose anticipated perioperative
blood loss is close to 1000 mL. In older patients who
are not anaemic, the capacity of the erythropoietic
marrow to react to the stimulus of blood withdraw-
al may prove to be inadequate. Such patients may
come to operation with an Hb level lower than that
before pre-donation, and will need more transfusion
episodes (autologous or allogeneic) than they would
have otherwise needed [24]. For the same reason,
many patients simply cannot complete the pre-do-
nation program because they become increasingly
anaemic. We have not used predonation of autolo-
gous blood in our study because of the above limi-
tations.

Fibrin Sprays and Glue

The use of fibrin sprays and glue [30] can also
help in reducing blood loss but these were not uti-
lized in our study as they are costly.

Regional Anaesthesia

The type of anesthetic administered may play a
role in total blood loss. Controlled hypotensive spi-
nal or epidural anaesthesia [17,31] has been shown
to reduce blood loss compared with general anaes-

thesia. In the current study, all knees were operated
under regional anesthesia. However, specific mea-
sures to produce hypotension during surgery were
not employed in this study.

Minimally Invasive Subvastus Approach

In our series, all cases were performed by a min-
imally invasive subvastus surgical approach. This
approach has shown to be associated with less in-
traoperative blood loss in the literature. Boerger
and colleagues [15] reported a prospective, observ-
er-blinded study of 120 consecutive patients hav-
ing total knee arthroplasty. All patients were oper-
ated by one surgeon using either the mini-subvastus
approach without patellar eversion or the standard
parapatellar approach with patellar eversion. Patients
in the mini-subvastus group lost on average 100 mL
less blood and had better pain scores on day one [vi-
sual analogue scale (VAS): mean 2.4 versus 3.89].

Roysam and Oakley [14] conducted a prospec-
tive, randomized, and blinded trial with 89 consecu-
tive primary knee arthroplasties comparing standard
medial parapatellar arthrotomy with the subvastus
approach. All patients received the Insall-Burstein II
prosthesis inserted by a single surgeon using an iden-
tical operative technique with the only difference be-
ing the surgical approach. Assessment revealed less
blood loss (527 mL versus 748 mL, P <.001) in pa-
tients who have had a subvastus approach.

In our series, wound complications have not been
a major problem with the use of a mini-subvastus ap-
proach. We have radiographs of all 150 patients (and
radiographs of approximately 2,800 patients) oper-
ated by the current technique. There is no major con-
cern of prosthetic component malalignment.

Saline Adrenaline Infiltration

There are numerous studies on the use of saline-
adrenalin infiltration in plastic, gynaecology and
general surgery literature showing the reduction in
blood loss. Padala and colleagues [18] showed that
adrenalin and saline infiltration is safe and helps re-
duce intra-operative blood loss in total knee arthro-
plasty. In the present series, we infiltrated 1:300,000
saline-adrenalin in the skin, subcutaneous tissue and
the joint capsule for all cases.

Hydrogen Peroxide

Hydrogen peroxide [19] has been used for decades
as an effervescent haemostatic agent in arthroplasty
(especially during cemented total hip arthroplasty) to
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achieve a dry bony surface prior to cementing. We
have used the same principle in all knees to achieve
the soft tissue haemostasis. After final implantation
and prior to wound closure, the wounds were alter-
nately packed with hydrogen peroxide and Feracry-
lum for three minutes while waiting for the cement
to set.

Feracrylum

Feracrylum was used for all patients in our se-
ries to decrease blood loss. Feracrylum [20,21] has a
wide therapeutic application as a haemostatic agent
to decrease postoperative oozing. Feracrylum has
a unique property of reacting with proteins includ-
ing those present in blood to form an insoluble poly-
complex. This property is primarily responsible for
its pharmacotherapeutic utility. It reacts mainly with
albumin and converts soluble fibrinogen to insolu-
ble fibrin which then forms a coagulum. This arrests
bleeding and oozing from highly vascularized tissues.
The mean time for formation of this coagulum is 30
sec. Feracrylum is very effective especially against
bleeding from capillaries and venules. Because of its
novel mechanism of action i.e. not involving the co-
agulation pathway, it is useful in patients with coag-
ulation disturbances undergoing surgery. We accept
that although Feracrylum is commonly used in our
part of the world, there is not enough literature to
support its use.

Tranexamic Acid

Tranexamic acid (1, 4- amino- carboxylic acid) is
an antifibrinolytic agent which is seven to ten times
as potent as epsilon aminocaproic acid (EACA).
Tranexamic acid is a synthetic derivative of the
amino acid lysine that exerts its antifibrinolytic ef-
fect through the reversible blockade of lysine-bind-
ing sites on plasminogen molecules [32-34]. As
tranexamic acid enters the extravascular space and
accumulates in tissues for up to 17 hours, the basis
for its mechanism of action is thought to be inhibi-
tion of tissue fibrinolysis and consequent stabiliza-
tion of clots [35].

Tranexamic acid, a synthetic fibrinolytic inhibitor,
has been used for more than 20 years in various fields
such as dentistry, gynaecology, cardiac surgery, uro-
logical surgery, and liver transplantation. Multiple
studies have shown that tranexamic acid can reduce
blood loss and decrease the need for red blood cell
transfusions in patients undergoing primary total
knee arthroplasty [5,10,11,12,36-52].

Yamasaki and colleagues [53] demonstrated that
tranexamic acid reduced total blood loss primarily
by reducing the blood loss during the first two hours
after surgery. The fibrinolytic response after trau-
ma is biphasic with an increased activity during the
first few hours, followed by a shutdown that peaks
at about 24 hours. After knee arthroplasty, the early
post-traumatic fibrinolysis is further augmented by
that induced by the tourniquet [54]. Given that the
mean duration of effect of tranexamic acid is around
3 hours, a second dose was administered after this pe-
riod to prolong the effect over the first 6 hours, when
60% to 80% of the blood loss (including the hidden
loss) occurs. Hence, our current dosage seems to be
an adequate compromise between fibrinolytic inhibi-
tion and the risk of inducing an augmented fibrino-
lytic shutdown.

Our findings of reduced postoperative bleeding
are consistent and comparable with the findings of
previous meta-analyses of individual studies of in-
travenous tranexamic acid administration in patients
undergoing total knee arthroplasty, which demon-
strated a reduction of blood loss of about 400 mL per
case [47,55,56]. The reduction in blood loss in our
study is in accordance with other studies [5,12,57]
that have reported a 45-54% reduction Tanaka and
colleagues [38] have demonstrated a 40-58% de-
crease in blood loss when tranexamic acid was given
preoperatively and intraoperatively.

A theoretical concern associated with the use of
tranexamic acid is its potential for inducing throm-
boembolic events [38,55,58]. However, the use of
tranexamic acid does not seem to cause any higher in-
cidence of deep venous thrombosis [11,12,34,37,38].
Tanaka and colleagues [38] found there was no in-
crease in deep-vein thromboses or pulmonary embo-
li on the basis of radioisotope venography and lung
scanning in patients receiving intravenous tranexam-
ic acid. Orpen and colleagues [43] reported that no
deep-vein thromboses were detected with duplex ul-
trasound scanning. The reports by Alvarez and col-
leagues [45] and Kagoma and colleagues [47] sug-
gest tranexamic acid does not result in an increase
in thrombo-embolic events. Lozano and colleagues
[46] have also reported that the use of tranexamic
acid was not associated with an increase in thrombot-
ic complications either clinically or as documented
by contrast venography.

In our clinical study, one patient developed cere-
bral thromboembolism, who on retrospective evalu-
ation revealed a history of similar episode in the past
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from which he had recovered completely. Although
thromboembolism has been reported in other studies,
the authors of those studies were unable to determine
whether thromboembolism resulted from the admin-
istration of tranexamic acid or other variable associ-
ated with total hip or knee arthroplasty. The use of
tranexamic acid is contraindicated in patients with a
history of thromboembolic disease and renal failure
[5,11,34,37,58,59,60].

Use of Pneumatic Tourniquet

The use of pneumatic tourniquet does not reduce
the blood loss and it may even increase it [18,61,62].
A prolonged tourniquet time may induce a post-isch-
emic reperfusion injury resulting in reactive hyper-
aemia and edema [63]. It may also stimulate fibri-
nolysis and increase the hidden blood loss [63]. We
have not used tourniquet in any of our cases in the
present series.

Nonpharmacologic Prophylaxis

In our series, none of the patients received any
pharmacologic prophylaxis against venous throm-
boembolism but TED stockings were utilized post-
operatively for 6 weeks. We believe the addition of
pharmacologic prophylaxis would probably not af-
fect the overall results although this is a conjecture.
The lead author of this paper (N.A.S.) has used aspi-
rin extensively as a form of DVT prophylaxis in his
practice, although being aware that some surgeons
do not prefer the use of aspirin. Moreover, the au-
thors believe that since a tourniquet is not used dur-
ing the operative procedure, the rate of DVT is ex-
tremely low. The authors are currently undertaking a
detailed study looking specifically at DVT rates us-
ing the protocol described in this paper.

Avoidance of Surgical Wound Drainage

The avoidance of closed suction drainage reduces
the external blood loss, but not necessarily the hid-
den loss, which may be increased, particularly af-
ter total knee replacement [64]. However, the over-
all balance appears to be towards a reduction in total
blood loss [18,65].

Relationship Between Operating Time and
Intraoperative Blood Loss

There have been few reports that have described
the relationship between operative time and intra-
operative blood loss. Salido and colleagues [66]
showed a significant relationship between the opera-

tive time and the need for postoperative blood trans-
fusion. In the study by Ekbick and colleagues, [59]
the operative time was 120 minutes. In our series,
the average duration of surgery was around 90 to 100
minutes. None of the patients in our series required a
blood transfusion.

Limitations of Our Study

The present study has few limitations.

(1). Our study involved a consecutive series of
150 patients. This is a non-randomized study. There
is no control group.

(2). Our series is a cohort study. A retrospective
analysis of a prospectively collected data was per-
formed. Power calculation was not performed from
the outset to examine the assumption that tranexamic
acid can decrease the frequency of allogeneic blood
transfusion, although none of the patients in our se-
ries required a blood transfusion.

(3). We used the mean reduction in hemoglobin
as a surrogate marker for blood loss. We acknowl-
edge that other factors may have led to a reduction
in the mean hemoglobin, such as hemodilution from
perioperative fluid resuscitation and the type of an-
esthetic used.

(4). We did not perform routine screening for
deep-vein thromboses and pulmonary emboli; how-
ever, based on physical examination, no significant
thrombo-embolic complications were noted in our
series during the six-week follow-up period.

(5). This study has not addressed the subjective
knee function score and objective clinical examina-
tion findings of the patients after total knee arthro-
plasty. Our main purpose of this paper was to report
our operative technique strategies to minimize the
perioperative blood loss in patients who undergo to-
tal knee replacement.

One advantage of our study is that it compares
a prospective cohort of patients operated on by the
same surgeon who used the same operative approach
and surgical technique for all 150 cases in our series.
Moreover, the same postoperative rehabilitation pro-
tocol was used for all patients.

Our study is unique as we believe there is an addi-
tive effect of various blood conserving measures that
were used in our series. We believe a blood transfu-
sion can be avoided if blood loss is minimized using
our suggested blood conserving strategies. Our study
reports the least hemoglobin fall after a TKR in the
literature and allows us to do a TKR without the re-
quirement of any blood transfusion.
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Conclusions

Combined effectiveness of regional anaesthe-
sia,, mini-subvastus approach, use of saline- adrena-
line infiltration, hydrogen peroxide and Feracrylum-
soaked packs, perioperative use of tranexamic acid,
without using tourniquet and drains, reduces periop-
erative bleeding in patients undergoing total knee re-
placement, thereby reducing the blood transfusion
requirement in these patients to almost negligible
amount (as none of our patient required blood trans-
fusion in the current series). Moreover, the treatment
cost is low, and safety has proved to be high, there
being no increased risk of thromboembolic compli-
cations in properly selected patients.

Larger prospective, randomized clinical trials are
needed to further assess the safety and efficacy of our
promising strategy to reduce bleeding and the need
for allogeneic blood transfusion in patients undergo-
ing total knee arthroplasty.
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Abstract

Background: The number of revision total knee arthroplasty (TKA) procedures is project-
ed to rise dramatically over the next fifteen years. These procedures are technically more de-
manding than routine primary TKA. Modular component options can assist the surgeon in ad-
dressing complex reconstructions in TKA, providing customization to remedy bony deficits,
deformity, malalignment and instability. We review the early clinical results of a modular revi-
sion system that offers full interchangeability enhanced with a wide array of options for aug-
mentation, offset, and constraint as well as modular stems.

Materials and Methods: A query of our practice’s arthroplasty registry revealed a consec-
utive series of 100 patients (101 knees) who signed an IRB-approved general research consent
allowing retrospective review, and underwent total knee arthroplasty performed with the mod-
ular revision system between May 2011 and May 2012. Reconstruction constructs and com-
ponents, demographic variables, pre and post-operative clinical variables, failure modes, and
survivorship were analyzed.

Results: At an average follow-up of 1 year (range, 0.1 to 2.2 years) there has been one
aseptic failure for instability. One patient required incision and debridement of a non-healing
wound. Three patients, all status-post reimplantation, failed secondary to recurrent infection,
with one treated single-staged and the others undergoing another 2-staged exchange. Average
ROM improved from 96.4° preoperatively to 104.8° at most recent evaluation. Average Knee
Society clinical scores (0 to 100 possible) improved from 45.5 to 78.0, and function scores
(0 to 100 possible) improved from 41.3 to 48.3. There have been no patient deaths during the
follow-up period. Postoperative radiographs were available for review for 97 knees. Satisfac-
tory position, fixation and alignment were observed in 92 (95%). Heterotopic ossification was
observed at the lateral tibial aspect in 1 knee with CR lipped bearing. A stable radiolucency
was observed around the tibial component of one knee. Minor radiolucencies were observed in
femoral zones I and II and tibial zone 1 on lateral view of one knee, in tibial zones III and IV
on AP view in one knee, and in tibial zone IV on AP view in one knee.

Conclusion: The early results of this modular TKA revision system are promising for use
in complex TKA, with only one aseptic failure observed. There has been substantial improve-
ments in ROM and function in this cohort.
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Introduction

Total knee arthroplasty (TKA) is a common pro-
cedure with great clinical success and 95% survi-
vorship at 15 years as reported by multiple authors
[1,2]. Annual rates of primary TKA are increasing,
and projections for revision TKA are expected to
rise 601% by the year 2030 [3]. There are significant
technical challenges with revision TKA, including
bone loss, deformity, malalignment, and instability
coupled with a higher rate of both surgical and medi-
cal complications. The aim of this study was to in-
vestigate the early results of a fully interchangeable,
modular revision knee system with a wide array of
implant system options for sizing, stems, augmenta-
tion, offset, and constraint, designed to address the
technical demands of revision surgery.

Materials and Methods

A retrospective investigation of our practice’s ar-
throplasty database registry identified a consecutive
series of 100 patients (101 knees) between May 2011
and May 2012 who underwent revision TKA with a
modular revision knee system (Vanguard SSK 360,
Biomet, Inc., Warsaw, IN, USA). A signed institu-
tional review board (IRB) approved general research
consent allowing retrospective review was obtained
from all patients. The database was reviewed to an-
alyze component constructs and level of constraint,
demographic variables and preoperative and postop-
erative clinical assessment data including Knee So-
ciety scores, range of motion, limb alignment, indi-
cation for revision, and survivorship. Postoperative
radiographs were reviewed in 97 knees.

There were 41 men and 59 women. Age averaged
64.2 years (range, 33-90) and BMI averaged 34.7
kg.m2 (range, 20-67). Procedures were revision of
unicompartmental to total in 3 knees, revision in 69
(68%), and reimplantation after 2-stage treatment of
infection in 29 (29%). Non-infectious indications
for revision included aseptic loosening in 30 knees,
instability in 38 knees, arthrofibrosis in 10 knees,
periprosthetic fracture in 2, and malalignment in 2.

Two knees had no revision performed on the fem-
oral side while 3 were revised to a cruciate retaining
femoral component mated to the modular revision
tibial component. Seven knees had no revision of the
tibial component, while one was revised to a primary
fixed I-beam tibial component mated with the modu-

lar revision femoral. The tibial inserts utilized were
standard cruciate-retaining (CR) in one, CR-lipped
in one, ultracongruent anterior stabilized in 3, non-
constrained posterior-stabilized in 12 and varus-val-
gus constrained in 84 (84%). Offset adapters were
used with 42 femoral components and 28 tibial com-
ponents. Average femoral and tibial offset, when uti-
lized, was 4.8 and 4.7mm, respectively. A cruciate
wing was added to 19 tibial components. Femoral
and tibial stems were utilized in 96 and 91 Kknees,
respectively. Femoral stems were 97% splined and
with lengths of 40mm (n=6), 80mm (n=37), 120mm
(n=45), 160mm (n=6), and 200mm (n=2). Tibial
stems were 94% splined and with lengths of 40mm
(n=3), 80mm (n=32), 120mm (n=56), and 160mm
(n=3). Femoral augments were utilized in 52 cases
and porous metal femoral augments in an additional
9 cases. Tibial augments were used in 26 cases and
porous metal tibial augments in an additional 9 cas-
es.

Results

Clinical outcomes improved significantly after
the revision TKA compared with preoperative lev-
els (Figure 1). At an average follow-up of 1 year
(range, 0.1 to 2.2 years), range of motion improved
from 96 degrees preoperatively to 105 degrees post-
operatively. Knee Society clinical scores (range O to
100 possible) improved from 45.4 to 78.0, and func-
tion scores (0 to 100 possible) improved from 41.2
to 48.4.

One patient required incision and debridement of
a non-healing wound. Three patients, all status-post
reimplantation, failed secondary to recurrent infec-
tion, with one treated single-staged and the others
undergoing another 2-stage treatment. One patient
required polyethylene exchange for instability (poly-
ethylene thickness increased 4mm). There have been
no patient deaths during the follow-up period.

Postoperative radiographs were available for re-
view for 98 knees. Satisfactory position, fixation and
alignment was observed in 93 (95%). Heterotopic os-
sification was observed at the lateral tibial aspect in
1 knee with CR lipped bearing. A stable radiolucen-
cy was observed around the tibial component of one
knee. Minor radiolucencies were observed in femo-
ral zones I and II and tibial zone 1 on lateral view of
one knee, in tibial zones III and IV on AP view in one
knee, and in tibial zone IV on AP view in one knee.
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Figure 1. A 68-year-old female patient presented with moderate left knee pain and instability 10 years after undergoing primary total knee arthro-
plasty with a cemented, posterior-stabilized device. Preoperative anteroposterior (A) and lateral (B) radiographs demonstrate aseptic loosening and
tibiofemoral alignment of 8° varus. Anteroposterior (C) and lateral (D) radiographs at 2 years postoperative demonstrate well-fixed components in
satisfactory position and alignment. Patient has been treated with left cemented revision TKA using a 62.5mm component with 10mm posterior aug-
ment, 2.5mm offset adaptor and 16x80mm splined stem on the femoral side, and 67mm tray with 16x63/67mm constrained insert, 16x80 splined stem,
and small cruciate wing on the tibial side. The patellar component was not revised. Her Knee Society clinical score is 99 and function score is 50.

Discussion

The revision burden for TKA is increasing annu-
ally. Unfortunately, failure of revision TKA is not
uncommon with some authors reporting rates as high
as 63% within the first 5 years, predominately due to
infection, instability, loosening, and patellofemoral
problems [4]. These etiologies are also common in
late failures, although polyethylene wear and asep-
tic loosening of cemented components predomi-
nates [5]. Additional risk factors for failure include
younger age at the time of index arthroplasty, cor-
onal malalignment, elevated body mass index, and
lower socioeconomic and educational status [6]. De-
spite the various failure modes, the goal of revision
arthroplasty, similarly to primary TKA, is to reduce
pain and improve function. Revision TKA has been
shown to be successful in improving patient out-
comes in a cost-effective manner, however, in com-
parison to primary TKA, it is more expensive, has
a higher complication rate, and has lower quality of
life outcome scores [7-9].

Revision TKA is technically demanding and is po-
tentially complicated by multiple factors not present
during primary TKA including the need to remove
components, sepsis, scarring and arthrofibrosis, liga-
mentous insufficiency or compromise, bone defects,
metallic and polyethylene wear debris with variable

levels of osteolysis, and deformity. Modern revision
TKA systems offer a high degree of modularity, off-
set, metallic augmentation, stem lengths and fixation
methods, and degree of constraint (Table 1). The re-
vision knee system evaluated in this study addresses
these needs with a comprehensive interchangeabil-
ity between femoral and tibial sizes, 360 degrees of
femoral and tibial offset options to allow for com-
ponent position optimization for the best load trans-
fer, a high degree of varus/valgus constraint without
the use of a hinged prosthesis, and a simplified trial
first approach to revision to provide for a more effi-
cient surgery. The early results of this retrospective
database review are promising, with improvement in
pain and functional scores with only one failure for
aseptic means at early follow-up. Continued moni-
toring of this cohort is paramount to analyze mid-
term and long-term results.

Conclusion

The early results of this modular TKA revision
system are promising for use in complex TKA, with
only one aseptic failure observed. There has been
substantial improvements in ROM and function in
this cohort.
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Table 1. Results of Constrained Total Knee Arthroplasty

Study Number of Knees | Device Description Follow-up (years) | Survival
Donaldson III et al., CORR 1988 [10] 31 TC I 17 Primary, 14 Revision | 3.8 80.6%
Chotivichit et al., J Arth 1991 [11] 27 TC III 9 Primary, 18 Revision | 4.3 100%
Hohl et al., CORR 1991 [12] 61 TC IIL Complex Primary & 6.1 95.1%
Revision
Kavolus et al., J Arth 1991 [13] 16 TC III 5 Primary, 16 Revision | 4.5 100%
Rand, J Arth 1991 [14] 21 TC III Revision, severely 85.7%
damaged knees
Rosenberg et al., CORR 1991 [15] 36 TC I Revision 3.8 97.2%
Stern et al., CORR 1991 [16] 8 NA Primary, valgus = 10° 4.5 100%
Haas et al., JBJIS Am 1995 [17] 19 IB CCK Revision, uncemented 3.6 89%
stems
Vince & Long, CORR 1995 [18] 13 IB CCK Revision 6 75%
Lachiewicz & Falatyn, J Arth 1996 [19] 46 TC I & Constrained 25 Primary, 21 Revision | 46 95.7%
Condylar
Lombardi et al., Seminars in Arthroplasty 1996 [20] | 66 Maxim PSC Revision 2 92.4%
Font-Rodriguez et al., CORR 1997 [21] 64 Constrained Condylar Primary, cemented 7 98.1%
Peters et al., J Arth 1997 [22] 43 TC III, Constrained Revision, cemented 52 97.7%
Condylar, Maxim PSC
Hartford et al., J Arth 1998 [23] 33 TC III 17 Primary, 5 91%
16 Revision, 8
Reimplantation
Easley et al., CORR 2000 [24] 44 IB CCK Primary for valgus 7.8 100%
deformity
Nazarian et al., CORR 2002 [25] 207 1B CCK Revision, 55 no stems 4.7 92.8%
Sheng et al., JBJS Br 2005 [26] 16 TC III Revision, inflammatory | 6.2 81.3%
Anderson et al., CORR 2006 [27] 55 Optetrak CCK Primary without stems | 3.6 100%
for valgus deformity
Berend et al., CORR 2006 [28] 5 Maxim PSC Primary, flexion 3.1 100%
contracture >20°
Lachiewicz & Soileau, J Arth 2006 [29] 54 IB CCK & TC III Primary 10 96%
Lombardi & Berend, Orthopedics 2006 [30] 421 Maxim PSC 47 Primary, 284 5 88.6%
Revision, 90
Reimplantation
Sheng et al., Acta Orth 2006 [31] 71 TC I Revision 59 91.5%
Anderson et al., J Knee Surg 2007 [32] 248 Optetrak CCK Primary without stems | 3.9 97.5%
Lombardi et al., JBJS Am 2007 [33] 61 Maxim PSC Complex Primary 5.6 88.5%
Kim & Kim, JBJS 2009 [34] 114 LCCK Revision 72 96%
Peters et al., J Arth 2009 [35] 184 Maxim PSC & Revision, cemented 4.1 91.8%
Vanguard PSC with cementless stems
Hwang et al., COS 2010 [36] 25 LCCK Revision, cemented 25 100%
Lachiewicz & Soileau, J Arth 2011 [37] 27 LCCK Primary 54 96%
Lee et al., KSSTA 2013 [38] 79 LCCK Revision 53 89.9%
Lee et al., J Arth 2013 [39] 27 LCCK with PS insert Revision 70 100%
Pang et al., KSSTA 2013 [40] 50 LCCK & PFC Sigma Primary, type II valgus | 8.3 96%
TC III

TCIII = Total Condylar III (Depuy, a Johnson & Johnson company, Warsaw, IN); NA = not available; IB CCK = Insall-Burstein Constrained Condylar Knee (Zim-
mer, Warsaw, IN); Constrained Condylar (Zimmer); Maxim PSC = Maxim Posterior Stabilized Constrained (Biomet, Warsaw, IN); Optetrak CCK = Optetrak Con-
strained Condylar Knee (Exactech, Gainesville, FL); Vanguard PSC = Vanguard Posterior Stabilized Constrained (Biomet); LCCK = Legacy Constrained Condylar
Knee (Zimmer); PFC Sigma = Press-Fit Condylar Sigma (DePuy).
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Abstract

Background: Modular component options can as-
sist the surgeon in addressing complex femoral re-
constructions in total hip arthroplasty by allowing
for customization of version control and proximal to
distal sizing. We review the early clinical results of
a single modular femoral revision system that offers
3 proximal body types, 5 distal stem geometries, and
a wide range of offset, sizing and auxiliary options.

Methods: A query of our practice’s arthroplasty
registry revealed 60 patients (61 hips) who signed
an IRB-approved general research consent allowing
retrospective review, and underwent total hip arthro-
plasty performed with the modular femoral revision
system between December 2009 and April 2012.
There were 35 men (58%) and 25 women (42%).
Mean age was 65.1 years (range, 35-94) and BMI
was 31.3 kg.m2 (range, 14-53). Procedures were
complex primary in 1 hip, conversion in 6 (10%),
revision in 32 (53%), and two-staged exchange for
infection in 22 (33%). Two-thirds of procedures in-
cluded complete acetabular revision (n=40), while
31% (19) involved liner change only and 2 were iso-
lated femoral revisions.

Results: At an average follow-up of 1.5 years
(maximum: 3.7 years) there have been no revisions
or failures of the femoral component. Average Harris
hip scores (0 to 100 possible) improved from 44.2 pre-
operatively to 66.0 at most recent evaluation, while
the pain component (0 to 44 possible) improved from
15.8 to 31.2. Complications requiring surgical inter-
vention included intraoperative periprosthetic femur
fracture in one patient returned to the operating suite
same day for open reduction internal fixation, which
further required incision and debridement for super-

ficial infection at 1 year postoperative; and two pa-
tients with dislocation and fracture of the greater tro-
chanter treated with open reduction, revision of the
head and liner, and application of cerclage cables,
one of which required removal of a migrated claw
10 months later followed 2 weeks subsequently with
incision and debridement for a non-healing wound.
Postoperative radiographs were available for review
for 59 THA in 58 patients. Analysis of the femoral
component revealed satisfactory findings in 50 hips
(85%) while 9 had radiographic changes that includ-
ed bone deficit, osteolysis, or radiolucency in one or
more zones.

Conclusions: The early results of this modular
femoral revision system are promising for the treat-
ment of the deficient femur in complex primary and
revision total hip arthroplasty. Patients with radio-
graphic changes are advised to return for regular
clinical and radiographic follow-up. Survival of the
modular femoral component in this series was 100%
at mean follow-up of 1.5 years and up to 3.7 years.
While HHS clinical and pain scores were somewhat
low at most recent evaluation, they were significant-
ly improved over preoperative levels.

Introduction

The primary goals of revision hip surgery are pain
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relief and long term stable implant fixation. Femo-
ral bone stock in revision arthroplasty is common-
ly compromised by osteolysis, stress shielding, and
iatrogenic damage from implant removal and some-
times multiple revision surgeries. The proximal bone
is typically deficient and cannot support stems that
rely on proximal fit and fill. This had led to the devel-
opment of diaphyseal engaging stems that load the
diaphysis and bypass the deficient proximal femur.
These include monoblock extensively porous coated
stems, monoblock fluted tapered stems, and more re-
cently modular fluted tapered stems.

Other common challenges in femoral revision in-
clude expansion of cortices, varus remodeling, leg
length discrepancy and instability. These challenging
situations can make the attainment of stable implant
fixation while maintaining hip stability difficult with
monoblock stems. Modular stems allow surgeons to
establish stable diaphyseal fixation while attaining
appropriate leg length and hip stability independent-
ly. The authors currently utilize a modular fluted ta-
pered stem for the majority of femoral revisions.

The indications for a modular tapered stem de-
pend on the amount of bone loss and surgeon philos-
ophy. Some surgeons including the authors use this
style of implant for the majority of femoral revisions
due to the ease of implantation and versatility of
the modular design. Some surgeons prefer proximal
loading stems for Paprosky Type 1 [1] (Table 1) and
Mallory Type 1 [2] (Table 2) femurs with an intact
proximal metaphysis. Others may choose extensive-
ly porous coated stems for Paprosky Type 2 and 3A
and Mallory Type 2 femurs that have intact diaphy-

Table 1. Paprosky classification of femoral defects [1]

Type | Description

1 Minimal defects, similar to primary total hip arthroplasty

2 Metaphyseal damage, minimal diaphyseal damage

3A Metadiaphyseal bone loss, 4 cm scratch-fit can be obtained at
isthmus

3B Metadiaphyseal bone loss, 4 cm scratch-fit cannot be obtained

4 Extensive metadiaphyseal damage, thin cortices, widened canals

Table 2. Mallory classification of femoral defects [2]

Type | Description

1 Cortical tube intact, cancellous bone is present

2 Cortical tube intact, cancellous bone is present

3A Cortical tube intact, cancellous bone is present

3B Cortical deficiency extending to between lesser trochanter and
isthmus

3C Cortical deficiency extending to between lesser trochanter and

isthmus

seal bone or an isthmus of at least 4 cm for a good
scratch fit. Modular tapered stems are recommend-
ed by the authors and others for severe diaphyseal
bone loss including Paprosky Type 3A femurs with
a diameter greater than 19 mm or Paprosky Type 3B
femurs with an isthmus less than 4 cm. These situ-
ations have shown unsatisfactory failure rates with
extensively porous coated stems [1]. Some surgeons
have had success with modular tapered stems in Pa-
prosky Type 4 femurs with extensive loss of diaphy-
seal bone however this stem is contraindicated when
stable fixation of the implant is unachievable. Mega-
prostheses and impaction grafting with cemented
stems are other options in this situation. Periprosthet-
ic fractures requiring femoral component revision
are effectively treated with modular tapered stems.
After exposure and implant removal, the diaphyse-
al femur can be prepared with tapered reamers and a
stable stem can be implanted. The appropriate prox-
imal body is then selected to restore leg length and
stability. The fracture fragments can then be reduced
around the stem and secured with cables.

Heinz Wagner developed a monoblock titanium
grit blasted fluted tapered stem. The diaphysis is pre-
pared with tapered reamers until a secure fit is ob-
tained. Engaging the tapered stem into the prepared
diaphysis provides axial stability for the implant. Ro-
tational stability is provided by sharp flutes. The grit
blasted surface allows for biological fixation and the
titanium substrate provides a modulus of elasticity
closer to that of bone than cobalt-chromium alloys.
This concept may have the advantage of less stress-
shielding than fully porous coated cobalt-chromium
stems. Modern stem designs are based on this phi-
losophy and have added modular proximal bodies
to make the stem more versatile in challenging re-
vision cases. After the tapered stem is secured in the
diaphysis the remaining proximal femur is prepared
to accept the appropriate sized proximal body. The
proximal body that appropriately restores leg length,
anteversion, offset and hip stability is attached to the
upper portion of the stem. Multiple proximal body
geometries are offered by different vendors. A cone
proximal body is versatile in allowing customization
of version during surgery. A tapered body can allow
loading of the proximal femur within the metaphy-
sis. A calcar body also allows loading of the prox-
imal femur via platform loading of the remaining
medial supportive bone. The major concern for this
type of design is an unsupported taper junction that
can be weakened by repetitive stresses. Fractures at
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the modular junction are reported in the literature on
multiple stem designs [3-7]. Manufacturers have de-
veloped methods for strengthening the taper junc-
tion. The authors currently use a stem design that
has undergone a proprietary process of roller-hard-
ening of the taper junction (Biomet, Inc., Warsaw,
IN), which according to the manufacturer provides
up to three times more strength in cantilever beam
testing. We review the indications, surgical tech-
niques utilized, early clinical results and survival of
a consecutive series of patients undergoing revision
THA performed using single modular femoral revi-
sion system that offers 3 proximal body types, 5 dis-
tal stem geometries, and a wide range of offset, siz-
ing and auxiliary options.

Methods

A query of our practice’s arthroplasty registry re-
vealed 60 patients (61 hips) who signed an IRB-ap-
proved general research consent allowing retrospec-
tive review, and underwent total hip arthroplasty
performed with a modular femoral revision system
(Figure 1; Arcos Modular Revision Hip System;
Biomet, Inc., Warsaw, Indiana, USA) between De-
cember 2009 and April 2012. There were 35 men
(58%) and 25 women (42%). Mean age was 65.1
years (range, 35-94) and BMI was 31.3 kg.m2 (range,
14-53). Procedures were conversion in 7 (11%), revi-
sion in 32 (53%), and two-staged exchange for infec-
tion in 22 (33%). Underlying diagnoses for conver-
sion cases were Crowe III developmental dysplasia
previously treated with multiple surgeries including
osteotomies of the pelvis and femur in one, failed
hemiarthroplasty due to femoral loosening in two
and periprosthetic femoral fracture in one, and failed
open reduction internal fixation of fracture secondary
to non-union in three. For revision cases, underly-
ing diagnoses were aseptic loosening in 27, peripros-
thetic femoral fracture in two, and one each compo-
nent breakage, failed open reduction internal fixation
(ORIF) of fracture secondary to non-union, and in-
stability with insufficient femoral offset. Preopera-
tive femoral deformities according to the Mallory
classification were Type 2 in 7 hips (11.5%), Type
3Ain 10 (16.4%), and 22 each (36.1%) of 3B and
3C. The planning process begins with a detail his-
tory and physical exam as well as appropriate radio-
graphs. All revision cases must have an evaluation to
rule out periprosthetic joint infection. Radiographs
are examined to determine the extent of femoral os-

Figure 1. The modular, tapered titanium revision hip system used in the current
study (Arcos, Biomet) features three proximal body types and five distal stem
geometries with a wide range of sizes, offsets, and auxiliary options. (Photo re-
produced courtesy of Biomet).

teolysis, cortical perforations, proximal deformity,
cement mantles, and the need for a femoral osteot-
omy. Templating can be performed to determine the
planned stem length and diameter as well as proxi-
mal body size and offset.

The surgical approach for femoral revision de-
pends on multiple factors including surgeon prefer-
ence and experience, type of stem being revised, as-
sociated bone loss, and whether acetabular revision
is required. A proximal femoral osteotomy may be
required depending on fixation of the existing stem
and associated proximal femoral deformity. The au-
thors preferred exposure is via an anterolateral ab-
ductor splitting approach. The vastus lateralis along
with the anterior third of the gluteus medius and min-
imus are elevated as a continuous soft tissue sleeve
from the anterior femur. If a proximal femoral oste-
otomy is required, the authors prefer either a Wag-
ner transfemoral osteotomy or an anterior extended
trochanteric osteotomy (ETO). These anterior based
osteotomies provide excellent access to the existing
stem as well as remaining cement mantles after ce-
mented stem removal. Another advantage of an ante-
rior based osteotomy is that it allows the surgeon to
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prepare the canal with straight tapered reamers while
avoiding perforation of the anteriorly bowed femur.

Once the previous stem and any remaining ce-
ment mantle are removed the surgeon begins prepar-
ing the femur with straight tapered reamers. Ream-
ing proceeds until good engagement of the reamer
is obtained. The authors prefer to use a hand ream-
ing technique as to gain the appropriate tactile feel of
the reaming. Insufficient reaming may lead to sub-
sidence of the implant and over-reaming will remove
excess bone leading to weakening of the diaphysis
and possible fracture or perforation. Inspection of the
reamers provides feedback to how much bone is be-
ing removed. Care is taken to make sure the ream-
ers are advancing straight down the shaft of the fe-
mur. Fluoroscopy may be used with long reamers to
monitor for perforation or to verify the surgeon has
bypassed any cortical defects. Most implant systems
have markings on the reamers to judge depth based
on the tip of the greater trochanter. Once adequate
depth and size of reaming is achieved either a trial or
final tapered stem is implanted into the diaphysis. If a
femoral osteotomy was performed a prophylactic ca-
ble is placed distal to the osteotomy before stem in-
sertion. This will help resist the high hoop stresses in
this area which can fracture the femur. Longer stems
will usually have a bow just proximal to the flutes
and tapered region to accommodate for the anterior
bow of the femur. The implant is driven into the fe-
mur with moderate taps of the mallet until it ceases to
advance. The proximal femur is then prepared with
implant specific reamers to accept the largest possi-
ble diameter proximal body. Trial proximal bodies
are placed on the distal stem until the appropriate
length, offset and anteversion are determined. The
actual selected proximal body is then placed on the
distal stem in the desired position determined by tri-
aling and secured according to the vendor’s specifi-
cations. The hip is then reduced with the appropriate
size femoral head. If an extended trochanteric oste-
otomy was performed the fragment can now be re-
duced and secured to the femur with cables. A burr
is used to shape the undersurface of the fragment if
it does not fit ideally against the femur with the pros-
thesis in place.

The main intraoperative complications specific to
modular tapered stems are femoral perforation and
fracture during reaming and implantation. As de-
scribed above, an anteriorly based proximal femoral
osteotomy and reaming under fluoroscopy can de-
crease the risk of perforating the anterior cortex due

to the femoral bow. A prophylactic cable distal to the
femoral osteotomy will help resist high hoop stresses
in this area which could result in fracture.

Postoperative complications specific to this type
of stem are implant subsidence and fracture at the
modular junction. As described above, hand reaming
the canal allows the surgeon to have tactile feel of the
reamer engaging the diaphysis. This technique aids
in achieving an adequate ream to prevent subsidence
while not removing excessive bone. Fluoroscopy can
also be used to evaluate the size of the last reamer
in relation to the size and shape of the canal. Man-
ufacturers have made modifications to the modular
Jjunction to prevent the risk of fracture. Despite these
modifications, femurs with complete loss of proxi-
mal bone will leave the modular junction unsupport-
ed and at risk for fracture. These cases may be better
treated with a proximal femoral replacement.

Postoperatively, patients were typically placed on
weight bearing restrictions for 6 weeks and then pro-
gressed according to the level of healing and com-
plexity of revision. Patients were evaluated at 6
weeks, 1 year, and annually thereafter with clinical
assessment including the Harris hip score (HHS) [8].
Radiographs obtained at each visit included standing
anteroposterior (AP) pelvis, lateral and additional AP
view of the affected hip. The femoral component was
assessed using the zones of Gruen [9], noting pres-
ence of bone deficits, osteolysis, radiolucency, hy-
pertrophy of the femoral shaft, heterotopic ossifi-
cation according to the Brooker classification [10],
stem subsidence or migration, healing of the great-
er trochanter, healing of fracture site, radiolucencies
about and fixation of ORIF device.

Results

The surgical approach was the anterolateral ab-
ductor splitting in all cases, with femoral osteoto-
my required in 25 (41%). Of those two were a sim-
ple episiotomy, 3 were Wagner transfemoral, and 20
were the anterior extended trochanteric. Proximal
type femoral component bodies used were cone in
54 (89%), broached in 6 (10%), and calcar in one.
Proximal component diameters used were 18.5mm
(A) in 20 (33%), 20.5mm in 13 (21%), 22.5mm (C)
in 10 (16%), 24.5mm (D) in 14 (23%), and 26 .5mm
(E) in 4 (7%). A 28.5mm diameter (F) is also avail-
able. Standard offset proximal bodies were used in
25 hips (41%), while high offset bodies with an add-
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ed 6mm horizontally were used in 34 (56%). Distal
femoral stems were straight tapered splined (STS) in
55 (90%), bowed STS in 5 (8%), and bowed inter-
locking distal porous coated in one. Distal diameters
utilized ranged from 12- to 25mm, with 15mm being
used most frequently (12; 20%). Distal stem lengths
utilized were 150mm in 28 hips (45%), 190mm in
27 (44%), 250mm in 5, and 300mm in one. Femoral
fixation was augmented by use of cables in 34 hips
(56%), a trochanteric grip or plate in 9 (15%), strut
allografts in 4 (7%), and crushed cancellous or bone
graft substitute in 11 (18%).

Two-thirds of procedures included complete ace-
tabular revision (n=40), while 31% (19) involved lin-
er change only and 2 were isolated femoral revisions.
Acetabular components utilized were one custom tri-
flange based on preoperative imaging, one cement-
ed all-polyethylene constrained, 5 standard porous
hemispheric, and 33 ultraporous metal. Constrained
liners were used in a total of 11 hips including the
aforementioned all-polyethylene, and dual mobility
devices were used in three. Porous metal augments
were used in 2 cases including one posterior column
buttress and one further reinforced with impaction
grafting. Impacted crushed cancellous allograft was
used in 6 additional acetabular reconstructions, bone
graft substitute was used to fill cavitary defects in
one, and femoral head autograft fixed with 2 cortical
screws was used to fill a superior defect in the case
of severe dysplasia.

At an average follow-up of 1.5 years (maximum:
3.7 years) there have been no revisions or failures of
the femoral component. Five patients died during the
study period, with 2 deaths occurring within 90 days
of the index procedure. One was an 88-year-old fe-
male with BMI of 14.3 kg/m2 who fell and sustained
a Vancouver B3 periprosthetic fracture. The oth-
er was a 67-year-old male patient undergoing treat-
ment for liver cancer who was revised for gross loos-
ening with impending fracture of a cemented stem.
Both patients had returned for their 6-week follow-
up visit.

Average Harris hip scores (0 to 100 possible) im-
proved from 44.2 preoperatively to 66.0 at most re-
cent evaluation, while the pain component (0 to 44
possible) improved from 15.8 to 31.2. Complica-
tions requiring surgical intervention included intra-
operative periprosthetic femur fracture in one patient
returned to the operating suite same day for ORIF,
which further required incision and debridement for
superficial infection at 1 year postoperative; and two

patients with dislocation and fracture of the great-
er trochanter treated with open reduction, revision of
the head and liner, and application of cerclage cables,
one of which required removal of a migrated claw
10 months later followed 2 weeks subsequently with
incision and debridement for a non-healing wound.

Postoperative radiographs were available for re-
view for 59 THA in 58 patients. Analysis of the fem-
oral component revealed satisfactory fixation and
alignment in 57 hips (97%) with evidence of bone
maintenance and healing of osteotomies and fracture
sites. Brooker III heterotopic ossification was evi-
dent in one hip. Two hips showed evidence of proxi-
mal bone loss or radiolucency in one or more zones,
but had healing of osteotomy sites. None showed ev-
idence of loosening or subsidence.

Discussion

Early to midterm results of modular tapered
stems used for femoral revision are now being pub-
lished [5,6,11-18]. One study documented success
in achieving implant stability and osteointegration,
as well as restoring leg length and offset across all
Paprosky classifications [15]. Multiple reports from
one institution have demonstrated the success of
modular tapered stems for cases of proximal femoral
bone loss. The authors demonstrated high mid-term
survival rates of 90-94%, maintenance or improve-
ment of bone stock and low subsidence rates [4,13].
Higher outcome scores, better bone restoration and
less intraoperative fractures were also found with
modular tapered stems compared with fully porous
coated cobalt-chromium stems [11,12]. In addition
the modular tapered stems were typically used for
cases of worse femoral bone loss. Two other papers
document high midterm success with these stems in
Mallory Type IIIC and Paprosky Type III and IV fe-
murs [16,17].

Encouraging early results in treatment of peri-
prosthetic femur fractures with modular tapered
stems are also being reported. These stems were used
in Vancouver B2 and B3 femur fractures. High rates
of fracture union, maintenance of bone stock and
implant osteointegration have been shown in these
studies [19,20].

Modular tapered stems are valuable tools in femo-
ral revision cases. The versatility of the design allows
for independent attainment of implant fixation and
hip stability, which can be challenging with mono-
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block stems (Figure 2). The tapered geometry of the
stem allows for its use even in severe cases of femo-
ral bone loss which preclude the use of fully porous
coated stems. Recent advances in design of the mod-
ular taper have lead to a decrease in cases of stem
fracture. While postoperative Harris hip scores are
relatively low in the current series, they were signifi-
cantly improved over postoperative levels, and like-
ly have not reached maximum benefit given the early
follow-up. Excellent radiographic results and early
survival are encouraging for the use of this modu-
lar hip system in a variety of complex reconstruction
scenarios.

References

1. Sporer SM, Paprosky WG. Revision total hip arthroplasty: the limits of
fully coated stems. Clin Orthop Relat Res. 2003;417:203-9.

2. Mallory TH. Preparation of the proximal femur in cementless total hip
revision. Clin Orthop. 1988;235:47-60.

3.  Lombardi AV Jr, Berend KR, Mallory TH, Adams JB. Modular calcar re-
placement prosthesis with strengthened taper junction in total hip arthro-
plasty. Surg Technol Int. 2007;16:206-9.

4. Van Houwelingen AP, Duncan CP, Masri BA, Greidanus NV, Gar-
buz DS. High survival of modular tapered stems for proximal femo-
ral bone defects at 5 to 10 years follow-up. Clin Orthop Relat Res.
2013;471(2):454-62.

5. Lakstein D, Kosashvili Y, Backstein D, Safir O, Lee P, Gross AE. Re-
vision total hip arthroplasty with a modular tapered stem. Hip Int.
2010;20(2):136-42.

6. Lakstein D, Eliaz N, Levi O, Backstein D, Kosashvili Y, Safir O, Gross
AE. Fracture of cementless femoral stems at the mid-stem junction
in modular revision hip arthroplasty systems. J Bone Joint Surg Am.
2011;93(1):57-65.

7. EfeT, Schmitt J. Analyses of prosthesis stem failures in noncemented
modular hip revision prostheses. J Arthroplasty. 2011;26(4):665.

Figure 2. A 65-year-old male patient with BMI of
384 kg/m2 presented to our practice 3 years af-
ter undergoing left revision cementless THA. He
complains of pain and difficult ambulation. He
describes the pain as moderate, in the buttock,
and occurring intermittently. A) Preoperative ra-
diograph reveals a cementless S-ROM revision
femoral component with osteolysis and radio-
lucencies in all zones. B) Immediate postopera-
tive radiographs reveal treatment with revision
of the femoral component and exchange of the
polyethylene liner. A cone standard offset body
with 22.5mm diameter and 60mm length was
used proximally, and mated with a 17x150mm
splined tapered straight distal stem. A bone sub-
stitute putty was used to fill cavitary defects in
the femoral canal. C) At 2 years postoperative
the patient is doing well with no pain and Harris
hip score of 89. Radiograph reveals satisfactory
component fixation and position, with progres-
sive healing of osteolytic defects.

8. Harris WH. Traumatic arthritis of the hip after dislocation and acetabu-
lar fractures: treatment by mold arthroplasty. An end-result study us-
ing a new method of result evaluation. J Bone Joint Surg Am. 1969
Jun;51(4):737-55.

9. Gruen TA, McNeice GM, Amstutz HC. “Modes of failure” of cement-
ed stem-type femoral components: a radiographic analysis of loosening.
Clin Orthop Relat Res. 1979 Jun;(141):17-27.

10. Brooker AF, Bowerman JW, Robinson RA, Riley LH Jr. Ectopic ossifica-
tion following total hip replacement. Incidence and a method of classifi-
cation. J Bone Joint Surg Am. 1973 Dec;55(8):1629-32.

11. Richards CJ, Duncan CP, Masri BA, Garbuz DS. Femoral revision hip
arthroplasty: a comparison of two stem designs. Clin Orthop Relat Res.
2010;468(2):491-6.

12. Garbuz DS, Toms A, Masri BA, Duncan CP. Improved outcome in femo-
ral revision arthroplasty with tapered fluted modular titanium stems. Clin
Orthop Relat Res. 2006; 453:199-202.

13. Munro JT, Garbuz DS, Masri BA, Duncan CP. Role and results of ta-
pered fluted modular titanium stems in revision total hip arthroplasty. J
Bone Joint Surg Br. 2012;94(11 Suppl A):58-60.

14. MclInnis DP, Horne G, Devane PA. Femoral revision with a fluted, ta-
pered, modular stem seventy patients followed for a mean of 3.9 years. J
Arthroplasty. 2006;21(3):372-80.

15. Wang L, Dai Z, Wen T, Li M, Hu Y. Three to seven year follow-up of
a tapered modular femoral prosthesis in revision total hip arthroplasty.
Arch Orthop Trauma Surg. 2013;133(2):275-81.

16. Rodriguez JA, Fada R, Murphy SB, Rasquinha VJ, Ranawat CS. Two-
year to five-year follow-up of femoral defects in femoral revision treated
with the Link MP modular stem. J Arthroplasty. 2009;24(5):751-8.

17. Palumbo BT, Morrison KL, Baumgarten AS, Stein MI, Haidukewych GJ,
Bernasek TL. Results of revision total hip arthroplasty with modular, ti-
tanium-tapered femoral stems in severe proximal metaphyseal and diaph-
yseal bone loss. J Arthroplasty. 2013;28(4):690-4.

18. Restrepo C, Mashadi M, Parvizi J, Austin MS, Hozack WJ. Modular
femoral stems for revision total hip arthroplasty. Clin Orthop Relat Res.
2011;469(2):476-82.

19. Abdel MP, Lewallen DG, Berry DJ. Periprosthetic femur fractures treat-
ed with modular fluted, tapered stems. Clin Orthop Relat Res. 2013 Mar
26 (Epub ahead of print).

20. Munro JT, Garbuz DS, Masri BA, Duncan CP. Tapered fluted titanium
stems in the management of Vancouver B2 and B3 periprosthetic femoral
fractures. Clin Orthop Relat Res. 2013 May 30 (Epub ahead of print).

www jistf.org ® Joint Implant Surgery & Research Foundation


http://www.jisrf.org

Joint Implant Surgery & Research Foundation

Chagrin Falls, Ohio, USA

Current Concepts in Trochleoplasty for
Major Trochlear Dysplasia

Philippe Beaufils’, Mathieu Thaunat', Nicolas Pujol’, Sven Scheffler*, Roberto Rossi*®, and Mike Carmont®

Although technically demanding, trochleoplasty can
be useful as a primary procedure for primary trochlea
dysplasia or as a salvage procedure in cases of failure
after previous patellar alignment surgery.

Introduction

The importance of a dysplastic trochlea as a com-
ponent of patellar instability (especially recurrent
dislocation or habitual dislocation) has been recog-
nized for many years. It is usually combined with
other static or dynamic abnormalities, such as genu
recurvatum, patella alta, patellar tilt, increased Q an-
gle, and bone torsional abnormalities.

Major trochlear dysplasia is characterized by the
combination of flat and/or prominent trochlea with
a convex shape that is proud of the anterior femoral
cortex, rather than a concave geometry, which offer
inadequate tracking during flexion and lead to patella
subluxation, respectively [1,2].

Many surgical techniques have been proposed for
the treatment of patellar instability. Trochleoplasty
has been described as corrective treatment for bony
abnormalities for many years, with the goal of re-
storing normal anatomy. Correcting the trochlear
depth abnormality plays a major role to stabilizing
the patella because it facilitates proper entrance of
the patella into the groove of the trochlea. In our ex-
perience, restoration of the trochlea groove by troch-
leoplasty prevents future patellar dislocation and is
effective in reducing anterior knee pain.

Elevation of the lateral trochlear facet was first de-
scribed by Albee [3] in 1915, followed by deepening
trochleoplasty, [2,4-12] which tries to create a new
sulcus by removing subchondral bone. Recently,

Goutallier [13] proposed an easier concept, termed
recession trochleoplasty, in which the bump is solely
corrected with the trochlea remaining flat. This has
now been adopted as our preferred technique [14].

Trochleoplasty is considered to be a demanding
technique and may be avoided by many surgeons due
to a lack of familiarity. However, it can be a useful
addition to the surgical armamentarium of the patel-
lofemoral surgeon and has precise indications.

Trochleoplasty can be proposed as a primary pro-
cedure for primary trochlea dysplasia or as a salvage
procedure [13] in case of failure after previous patel-
lar alignment surgery, principally anterior tibial tu-
bercle transfer (ATTT).

In most cases, trochleoplasty is performed in asso-
ciation with other procedures (bony procedures such
as ATTT transfer, or soft tissue procedure such as
medial patello femoral ligament [MPFL] reconstruc-
tion). This combined procedures follows the concept
of a la carte surgery described by Henri and David
Dejour [1,7], which attempts to address all abnor-
malities during one surgical intervention.

Principles

The first trochleoplasty involved the elevation of
the lateral trochlea facet, as described by Albee [3]
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Figure 1. Elevation of the lateral facet, according to the Albee technique.

(Figure 1), addressing a flat trochlea by increasing
the trochlear prominence. This method is now gen-
erally considered to be erroneous as it increases the
patellar constraints, leading to secondary osteoarthri-
tis. As a result, lateral trochlear elevation has fallen
out of favor.

The second method is the deepening trochleoplas-
ty. In 1966, surgery to correct the abnormality by
deepening the sulcus was introduced by Masse [4].
He suggested the removal of subchondral bone and
to impact the articular cartilage with a punch to rec-
reate a central sulcus. This technique was later modi-
fied by Henri Dejour
[2], who performed
an osteotomy of
both femoral con-
dyles to create a V-
shaped trochlear
groove.

Von Knoch et al
[5] described anoth-
er technique known
as “the Bereiter tech-
nique,” in which an
osteochondral  flap
was raised from the
trochlea and a bony
sulcus was fash-
ioned using burrs.
The flaps were then
depressed, making a
smooth groove, and
fixed by vicryl tape.
This technique has
been later described under arthroscopic control by
Blgnd and Schottle [6].

Deepening trochleoplasty, by any of these meth-
ods, is logical because it reduces the flatness and the
prominence and attempts to restore a normal anat-
omy (Figure 2). There are several key points to be

Figure 2. Deepening throchleoplasty. The
trochlear groove has been restored but note
the incongruency between the flat patella
and the deepened trochlea.

considered when performing deepening surgery:

* Where should the trochlea sulcus be located
when the trochlea is flat?

* What about the congruency between a flat dys-
plastic patella on a deepened trochlea? (Figure
2)

e What is the morbidity of this demanding tech-
nique, particularly bone healing and the risk of
subchondral bone or cartilaginous necrosis?

The third type of trochleoplasty has been described
by Goutallier et al [13], who performed a recession-
type  trochleoplas-
ty. In this procedure,
the prominent dome-
shaped anterior sur-
face of the distal fe-
mur was recessed to
the level of the an-
terior femoral cor-
tex without deepen-
ing the groove itself.
The aim was not to
fashion a groove, but
to reduce the promi-
nent bump without
modifying the patel-
lofemoral  congru-
ence. This procedure
is technically less de-
manding than a deep-
ening trochleoplasty (Figure 3).

Recession trochleoplasty diminishes the trochle-
ar bump, which improves patellar tracking, reduc-
es lateral subluxation, and decreases patellofemoral
constraint by increasing the angle between the quad-
riceps muscle force and the patellar tendon force.
This has now become our preferred technique and
we have reported the outcome of 24 cases of reces-
sion trochleoplasty performed between 2004 and
2009 [14] (mean age: 25; 12 primary procedures and
8 salvage procedures). Recession trochleoplasty was
always performed with an additional procedure: 16
ATT transfers, 8 MPFL reconstructions.

Figure 3. Recession trochleoplasty. There is
a reduction of the prominence but the flat
trochlea remains (crossing sign).

Preoperative Imaging

Preoperative imaging forms the key to determine
when trochleoplasty is indicated. We have estab-
lished a standard protocol of plain radiographs for
visualisation of the patello-femoral joint. These con-
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sist of AP view, lateral view at 20° of flexion,
lateral view in full extension with quadriceps
contraction, and skyline views at 30° in neu-
tral rotation of the leg [15] and in external ro-
tation (in order to demonstrate an eventual lat-
eral subluxation). Additional bone imaging is
provided by computed tomography (CT) [16].

The projection of the lateral radiograph is
critical. By ensuring that the posterior aspects
of the medial and lateral femoral condyles are
superimposed, the bony anatomy of the troch-
lea can be compared. A number of key mea-
surements and lines have been described based
on this true lateral projection [1]:

e The Crossing Sign described by Walch

characterizes the trochlea flatness.

e The trochlear bump or prominence is
measured by the distance between a line
tangential to the anterior femoral cor-
tex, and a line parallel to this through the
trochlear groove. A bump > 5 mm char-
acterizes a major dysplasia (Figure 4)

e Patellar height may also be determined
to consider an ATTT distalization pro-
cedure. We prefer to use the Caton Des-
champs [17] index > 1.2

The lateral view in complete extension with
quadriceps contraction allows assessment of
the patellar tilt. (Figure 5) The “thick patella
sign” characterizes a tilted patella, which ap-
pears thickened front to back.

CT scanning confirms the trochlear flatness
and the trochlear prominence on sagittal sec-
tions, which can also be measured (Figure 6)
according to Dejour’s classification [7]. It is
important to consider that the dysplastic troch-
lea is lateralized compared to the center of the
femoral epiphysis. This lateralization must be
taken into account during trochleoplasty pro-
cedure.

The CT scan also measures the distance be-
tween tibial tubercle and the trochlear groove
(TTTG). This is the traditional image-based
determination of an increased Q angle [16]. Finally,
CT scan permits assessment of the patellar tilt in ex-
tension: A tilt of more than 20° may be considered
as an indication for additional soft tissue reconstruc-
tion.

1

Figure 5. Lateral view in complete extension and
quadriceps contraction. It allows to assess patel-
lar tilt, according to the shape of the patella.

Figure 4. Different types of trochlear dysplasia a: crossing sign without prominence b:
crossing sign and marked prominence demonstrating a major dysplasia.
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Figure 6. CT scan. It directly evaluates the trochlear prominence. The orientation of the
trochlear plane and the trochlear lateralization explain patellar tilt and subluxation.

Operative Technique

The procedure is performed with the patient su-
pine. A tourniquet minimizes bleeding from the ex-
posed areas of cancellous bone. Arthroscopy may be
performed to confirm the absence of cartilage de-
fect prior to trochleoplasty surgery. Two techniques
— deepening trochleoplasty and recession trochleo-
plasty — are described below.
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Figure 7. The steps of deepening trochleoplasty.

Deepening Trochleoplasty

Dejour [18] proposed the following technique for
deepening trochleoplasty (Figure 7):

Arthrotomy is performed through a mid-vastus
medial approach.

The patella is translated laterally without ever-
sion.

Peritrochlear tissue is excised to visualize the
anterior femoral cortex and define the amount
of bone to be removed.

The new trochlear sulcus is then drawn, start-
ing from the top of the intercondylar notch and
directing proximally with 3° to 6° of valgus.
Lateral and medial facets are also demarcated.
To access the undersurface of the trochlea, a
thin strip of cortical bone is removed from the
osteochondral edge, and then cancellous bone
is removed from the undersurface of the troch-
lea.

A drill with a depth guide of 5 mm is used to
ensure uniform thickness of the osteochondral
flap, which maintains an adequate amount of
bone beneath the trochlear articular cartilage.
The produced shell must be thin enough to be
modeled without being sustaining a fracture.
More bone is removed from the central portion
at the location of the new sulcus. The groove,
and sometimes the medial and lateral margins,

must be osteotomized.

The osteochondral flap is then replaced and
molded by gentle tapping with a punch.

The new trochlea is fixed with two small sta-
ples (1 mm in diameter), one in each side of the
groove. One arm is fixed in the upper part of
the trochlear cartilage; the other one in the an-
terior femoral cortex. The staple is sunk deep to
the superior surface of the cartilage.

Patellar tracking is tested by flexing and ex-
tending the knee.

Recession Trochleoplasty

We prefer to perform a lateral approach, as the
dysplastic trochlea lies on the lateral aspect of the
femoral epiphysis. Our technique aims to treat the
underlying anatomic abnormality without compro-
mising the articular surface.

The incision is made just lateral to the patella,
extending from the superior pole to the level of
the patella to beyond the tibial tubercle, onto
the anterior ridge of the tibia. This permits a
tibial tubercle transfer to be performed during
the same procedure if required.

Once the lateral retinaculum is exposed, a lat-
eral arthrotomy is performed using a size 10
blade.

The synovium is excised and tethering scar tis-
sues proximally and distally are released. The
size of the wedge to be excised and the angle to
be corrected are guided by pre-operative imag-
ing and measured intra-operatively (Figure 8).
The osteotomies are initially drawn on the bone
with a dermographic pen according to the pre-
operative planning (Figure 9). Using a recipro-
cal saw, the antero-posterior cut is performed
first, 5 mm above the trochlea.

Then the posterior cut is made, parallel to the
frontal plane of the femur, from the lateral side,
and directed medially. It is more precise to start
the cut with a rigid osteotome and to complete
it with the saw. The distal extent of the osteoto-
my should be approximately 5 mm away from
the sulcus terminalis to give an optimal distal
osteochondral hinge and to allow closing the
wedge easily.

An anterior oblique osteotomy completes the
bone cuts linking the first two cuts.

The proximal-based bone wedge is then re-
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Figure 8. Pre- and postoperative bump height measurement technique. A and
B: Drawings showing the Dejour and Walch method for calculating the bump
height. Point “D” is the junction between the posterior cortex and articular
cartilage. Bump height is measured between points “B” and “C”. C: Pre op-
erative lateral radiograph: the boss height is positive. D: Post operative lateral
radiograph: the boss height is now negative.

Figures 10a-b. Postoperative X rays after Recession wedge trochleoplasty. A:
lateral view showing the reduction of the trochlear porminence. B 30° patello
femoral view showing the extracartilaginous position of the screws.

moved and correction is achieved by progres-
sively applying sustained gentle digital pres-
sure on the trochlea. The amount of bone
removed is just enough to allow the trochlea to
settle into a deeper position, without modifying
the trochlear groove.

e The correction is secured using 3.5-mm can-
cellous screws, positioned just laterally to the
cartilage surface (Figure 10). We now use two
lateral screws only, and so far have had no
problems.

Figure 9. The recession wedge trochleoplasty surgical technique. A and B: The ° Postoperative]y the knee is placed in an exten-

base of the wedge which is removed should be the same in millimeter that the . oels .

value of the trochlear bump in order to allow the trochlea to settle into a deeper sion brace for the initial 3 weeks. Full Welght_

position, without modifying the trochlear groove. C and D: The correction is bearing is allowed. Knee flexion is restricted

obtained after removal of the proximally based wedge by progressively apply- to 0° to 60° for the first 3 postoperative weeks ,

ing a pressure on the trochlea. Fixation is carried out with two 3.5-mm cancel- A o
lous screws, positioned just laterally to the cartilage surface. and then SIOWIY increased to reach 90° on the
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sixth week. Return to sports is allowed at 6
months.

Results

Complications/Safety

The risks of the deepening trochleoplasty include
breaking of the osteochondral flap; distal detach-
ment; and creating a flap that’s too thin, decreasing
its blood supply. There are still concerns about the
viability of the articular cartilage after trochleoplas-
ty. Recession wedge trochleoplasty has a decreased
risk of chondral damage and necrosis. Because the
dysplastic segment of trochlea is lifted as a single
osteochondral block and there is no need to fashion
a new groove by cutting the osteochondral flap, it
is possible to preserve a greater amount of subchon-
dral bone. This makes recession arthroplasty a more
attractive option for older patients with less pliable
cartilage, with decreased risk of possible serious and
irreversible articular and subchondral injury. In our
series, we reported no cases of chondrolysis, sub-
chondral necrosis, or non-union of the osteochondral
block.

It is worthy of note that in cases of recession troch-
leoplasty, the wedge and the trochlear recess are flat
and complementary, whereas in the deepening troch-
leoplasty, the osteochondral flap might not tally per-
fectly with the V-shaped recipient bone bed. Any
small areas of separation between the two surfaces
could slow down the osteointegration process. Simi-
larly, the use of screw to stabilize the osteotomy rath-
er than sutures may increase compressions between
the two surfaces. Surprisingly, chondrolysis has nev-
er been reported with the deepening trochleoplasty.

Schottle [19] studied the cartilage viability after
the Bereiter trochleoplasty. He found that tissue in
the trochlear groove remained viable, with retention
of distinctive hyaline architecture and composition
and only a few minor changes in the calcified layers.

Postoperative stiffness is of considerable con-
cern [8,11-13] and varies from 2% to 46%. In our
series, one patient with combined MPFL required ar-
throscopic arthrolysis for knee stiffness 1 year after
the index operation. Another patient required an ar-
throscopic supratrochlear exostosectomy for a per-
sistent ridge responsible for pain. He was also satis-
fied and had no complaint at the last follow-up visit
and reported no further episodes of instability.

Clinical Outcomes

To date, published outcomes of both deepening
and recession trochleoplasty are similar, with im-
proved subjective outcome scores reported in the
short term [4,8-14,18]. Comparisons between series
are difficult because the surgical procedures and fol-
low-up periods are variable, the number of patients
is often small, and patients have been operated on
for mixed indications of pain rather than dislocation
[12,13]. Moreover, it is not possible to assess the par-
ticipation of trochleoplasty in the patellofemoral sta-
bility because it is rarely performed alone, and oth-
er abnormalities are corrected as part of the surgical
procedure. As a result, there is a lack of high-level
studies reported in the literature.

In Goutallier’s case series in which trochleoplasty
was performed as a salvage procedure, 67% of pa-
tients indicated that they were either satisfied or very
satisfied with the outcome of surgery. Other series
showed 100% satisfaction rates.

In our series, the operation failed to stabilize the
patellofemoral joint in only two cases. The average
objective knee score at last follow up was 80 (+/-17)
for the Kujala score [20], 70 (+/-18) for the KOOS
and 67 (+/-17) for the IKDC. Patients who had a pre-
vious surgery, as well as those with patellofemoral
chondral lesions noted during the surgery or degener-
ative changes on the preoperative radiographs, were
noted to have a lower Kujala score at last follow up.

Interestingly, all patients operated on for pain-
free instability (n = 7) reported having slight pain.
This was located at the site of screws to reattach the
tibial tubercle and so was not directly related to the
trochleoplasty itself. All patients with preoperative
pain except one (n = 11) reported significant pain im-
provement at last follow-up.

Radiologic Outcome

Both deepening and recession trochleoplasty re-
duce the trochlea bump. In our series, the trochlear
groove height changed from an average of 4.8 mm
preoperatively to an average of -0.8 mm postopera-
tively (Figures 7, 8, 10). Patellar tilt changed from
an average of 14° (6° to 26°) preoperatively to an
average of 6° (range -1° to 24°). It is interesting to
note that there was no significant difference in the
correction of the patellar tilt angle when compar-
ing the groups did or did not have adjunction of a
MPFL reconstruction. Thus, our series suggests that
MPFL reconstruction is not necessary when a reces-
sion wedge trochleoplasty is performed. The reduc-
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tion of the boss height allows the avoidance of lateral
misdirection and facilitates the sliding of the patellar
into the trochlea recess.

Deepening and recessing trochleoplasty are effec-
tive in reducing anterior knee pain, but they do not
halt the progression of patellofemoral arthritis — al-
though the follow-up of the above studies is too short
to draw any definitive conclusions. In our series [14],
at the time of the latest follow-up, six knees had os-
teoarthritic changes in the patellofemoral compart-
ment, according to the classifcation by Iwano et al
[21]. These are similar to the results obtained with
deepening trochleoplasty [5]. Trochleoplasty cannot
be proposed as a prevention of late osteoarthritis.

Conclusion

Trochleoplasty is indicated as a primary proce-
dure for major trochlear dysplasia with a prominence
> 5 mm. Stabilization is obtained in most of the cas-
es with the risk of residual mild anterior knee pain.
Trochleoplasty can be also proposed as a salvage
procedure when a previous surgery fails. In these
cases, one can expect stabilization of the knee and
improvement of anterior knee pain.

Reported results are encouraging in terms the pre-
vention of redislocation and satisfaction index. The
rate of complications is low. Long-term outcomes
have not been reported, and there are no consistent
data on the capacity to prevent secondary arthritis.

Technically speaking, the deepening trochleoplas-
ty is a difficult procedure. Recession wedge troch-
leoplasty is easier to perform. It is never an isolated
procedure but always in conjunction with other re-
alignment procedures according to the a la carte sur-
gery concept.
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Initial Misdiagnosis of a Traumatic Ceramic
Femoral Head Fracture
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and Daniel Kendoff'

A destructive ceramic head fracture was diag-
nosed 1 year after a serious motorcycle accident
in a patient who had undergone primary THA 7 years
earlier.

Introduction

In the 1970s, Boutin implemented ceramic in
modern total hip arthroplasty (THA). Although ini-
tial fracture rates of 13.4 % for ceramic heads were
described before the 1990s, the inferior rate of wear
and friction when compared with metallic heads and
the optimized tribology wre promising in THA [1-3].
Gradual improvements in processing of the material
led to a significant reduction of the fracture rate to
below 0.1 % [3]. Thus, alumina ceramic heads have
currently become the standard material in THA with
ceramic bearing surfaces.

Nevertheless, multiple case reports have been pub-
lished describing ceramic head fractures [4-11]. The
causes of fractures are diverse and vary from trau-
matic events [5,9,12,13] to impingement between
the neck and the liner rim [7]. Spontaneous frac-
tures without any history of trauma have also been
described [4,6,8,10,11]. However, only two reports
describing delayed fractures of ceramic heads were
found [12,13].

In this report, we present a 24-year old patient
who underwent primary THA at our institution and
was a victim of high-energy trauma 7 years later. Ini-
tial radiographs were misinterpreted in a non-desig-
nated total joint clinic at the time of primary admis-
sion (after the accident). A destructive ceramic head
fracture was diagnosed more than 1 year after initial

Figure 1. Anteroposterior pelvic radiograph (24-year-old male) after primary
THA for secondary osteoarthritis due to Perthes disease (right hip: cementless
CFP stem and TOP acetabular cup; left hip: hybrid THA with cemented ENDO
Mark 111 stem + cementless TOP acetabular cup; Waldemar Link GmbH, Ham-
burg, Germany).

trauma at our institution, with major destruction of
the ceramic head and the remaining THA.

This was followed by an extensive revision. Based
on this experience, the general question of adequate
radiographic diagnosis after trauma to a THA, espe-
cially one with partial or full ceramic bearing surfac-
es, will be further discussed in this report.

Case Report

A 24-year old patient with secondary osteoarthri-
tis of the hips due to Legg-Calve-Perthes disease un-
derwent primary hybrid THA of the left hip seven
years before trauma, followed by primary cement-

T Orthopaedic Department, Helios ENDO-Klinik Hamburg,
Germany
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Figure 2. Conventional pelvic radiographs directly after trauma, revealing ce-
ramic head fracture.

less THA of the right hip 1 year later at our institu-
tion (Figure 1).

Six years after the right THA, he was involved in
a motorcycle accident, in which he suffered direct
trauma to this hip, as well as a complex ankle frac-
ture that was treated in a smaller regional hospital on
admission.

Although initial anteroposterior radiographs of
the pelvis and right hip axial views were performed,
no signs of fractures, aseptic loosening, or implant
damage were diagnosed by the attending trauma sur-
geons (Figure 2). Two weeks after surgical treatment
of the ankle fracture, the patient noticed a sudden
“cracking” sound in his right hip, as well as shorten-
ing of the right lower limb. Interestingly, the patient
had no relevant pain.

Despite this sign, he had no further medical obser-
vation or secondary radiographic evaluation over the
next month. In the following months, he was increas-
ingly troubled by back pain and an unpleasant crack-
ing “phenomenon” with movement of his right hip;
no severe hip pain or associated direct thigh pain was
mentioned at any time.

Further conventional radiographs, in two planes,
more than a year after the initial radiographs, re-
vealed a completely destroyed, multi-fragmented ce-
ramic head (Figure 3).

A thorough clinical examination revealed a short-
ening of 2 cm of the right lower limb, yet the patient
was able to walk without relevant pain.

Figure 3. Anteroposterior pelvic radiograph 8 months after the initial radio-
graphs, showing a fractured ceramic head.

Management

Intraoperatively, extensive damage of the ceram-
ic head and correlating taper junction of the femoral
neck was found (Figures 4-6) Concomitantly, there
was severe debris-related metallosis throughout the
entire joint (Figure 7).

The intervention consisted of conversion of the
short cementless CFP stem to a cementless revision
stem and an acetabular cup revision to a ceramic-ce-
ramic bearing surface (Alloclassic stem and Allofit-
IT acetabulum with Delta Ceramic Inlay, Zimmer,
Warsaw, Indiana, USA, and CeramTec, Plochingen,
Germany).

Meticulous debridement of all affected soft tis-
sues and extensive lavage were also performed.

The postoperative course was uneventful, with ra-
diographs revealing a correct position and articula-
tion of the cementless implant (Figure 8).

A 12-month postoperative inquiry was performed
and the Oxford Hip Score obtained, with both indi-
cating satisfactory joint function [14]. The patient
had no pain and was able to perform his daily activi-
ties.

Discussion

Although a relatively rare complication in modern
THA, the described ceramic head fracture was misin-
terpreted in initial radiographs, which showed a dis-
creet fracture of the ceramic head. Two assumptions
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Figure 4. Intra-operative image showing countless debris and the damaged ta-
per junction of the femoral neck (in situ).
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Figure 5. Intra-operative image showing the fragmentation of the ceramic

head.

Figure 6. Image showing the explanted components: a fragmented ceramic
head, a damaged stem, and acetabular cup and liner.

|

Figure 8. Postoperative anteroposterior pelvic radiograph.

can be made which led to this misdiagnosis. Firstly,
the complex ankle fracture was probably more pain-
ful than the ceramic head fracture and this misled the
surgeons. Secondly, although the initial radiographs
revealed a ceramic head fracture, the staff at the ini-
tial center of admission did not have the training nec-
essary to reach the correct diagnosis.

The “cracking sound” incident 2 weeks after trau-
ma, as described by the patient, was probably due
to the complete fracture of the ceramic head. Ulti-
mately, a multi-fragmented ceramic head fracture
was diagnosed 1 year later. This raises the question
of the need of a possible guideline or recommenda-
tion for patients suffering acute trauma of the low-
er limb with a total hip arthroplasty, especially those
with ceramic bearing surfaces.

This case remarkably demonstrates the variabil-
ity and intensity of symptoms: When one considers
the implants’ damage, the patient was able to walk
without any pain originating from the hip. His only
complaint was mild back pain over the subsequent
months. This clearly represents a challenge for the
assisting physician to obtain a correct diagnosis. The
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post-traumatic patient who previously underwent
THA should therefore be carefully followed. We
suggest a close follow-up including repeat conven-
tional radiographs several weeks after trauma. Fur-
thermore, in some cases, a CT-scan could provide the
correct diagnosis [15].

Ultimately, if a definitive diagnosis cannot be as-
sured at the initial assessment center (eg, a low-vol-
ume or non-dedicated joint replacement center), con-
sideration should be given to transferring the patient
to a dedicated joint replacement center.

We present our case report to increase awareness
among physicians and training staff who treat trauma
patients with a previous total joint replacement and
to expedite the diagnosis of possible post-traumatic
implant fractures/failures in the future.
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This case report and literature review examines
whether closed reduction is a viable option to manage
hip dislocation when the patient has a constrained
liner.

Introduction

Dislocation after total hip arthroplasty (THA)
ranges from less than 1% to 6% of primary cases [1]
and from 15% to 30% of revision cases [2]. Unfortu-
nately, the success rate of non-operative treatment of
dislocation after THA can be unreliable, and a third
of such patients have recurrences [1].

Surgical procedures used to treat instability and
dislocation include:

* Tightening the abductor musculature

* Removing sources of impingement

* Repositioning malaligned components

* Using acetabular liners with elevated rims

Such treatments fail in 30% to 50% of patients,
however [3].

The use of constrained liners, which relies on a
locking mechanism to capture the femoral head, has
been developed to help manage this problem [4].
Despite such efforts, patients continue to be at high
risk for instability, and 3% to 18% experience recur-
rent dislocation even after constrained components
have been implanted [5,6]. Generally, open surgical
reduction is thought to be the only available treat-
ment for such cases. However, this compromises the
integrity of the joint and exposes the patient to the
additional risk of surgery [7]. Several authors have
reported closed reduction for dislocation of a con-
strained liner [7-13].

Constrained acetabular liners are currently avail-

able in various designs, with differences in the lock-
ing mechanisms. To our knowledge, ours is the first
reported case of a successful closed reduction of a
dislocated constrained THA using a Trilogy Acetab-
ular System Constrained liner (Zimmer, Inc, War-
saw, Indiana, USA).

The study protocol adhered to the ethics guide-
lines of the 1975 Declaration of Helsinki, and the
study was approved by the Institutional Review
Board of Stanford University.

Case Report and Management

A79-year-old female underwent primary THA for
nonunion of a right subtrochanteric fracture of the fe-
mur with degenerative arthritis of the right hip joint
using an uncemented Trilogy acetabular system and
fully porous-coated stem (Zimmer, Warsaw, Indiana,
USA). Five years later, at age 84, the hip was revised
to a Trilogy constrained liner with a 10° oblique face
and 32-mm head (Zimmer, Inc, Warsaw, Indiana,
USA) (Figure 1) for instability and recurrent dislo-
cation (Figure 2).

However, 5 years after the revision surgery, at
age 88, she bent over, hyperflexed the hip, and com-
plained of right hip pain. A radiograph in the emer-
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Figure 1. Trilogy constrained liner with a 10-degree oblique face (Zimmer, Inc,
Warsaw, Indiana, USA).

Figure 2. Radiographs before dislocation. (A) Anteroposterior
view, (B) Lateral view.

gency department in our hospital demonstrated dis-
location of the constrained THA. The head appeared
to have dislocated from the liner, and the locking
ring disengaged but was not broken (Figure 3).

A closed reduction was performed in the emergen-
cy department with sedation. The head was relocat-
ed and the locking ring was repositioned to where it
was previously located (Figure 4). The patient’s hip
was placed in an abduction brace with full weight
bearing. Further radiographs demonstrated no fur-
ther change. The patient could ambulate with mini-
mal aid.

The patient died 10 months later of unrelated
causes.

Figure 4. Radiographs after closed reduction. (A) Anteropos-
terior view, (B) Lateral view.

Discussion

Dislocation after THA using a constrained poly-
ethylene liner presents a substantial treatment chal-
lenge. Closed reduction provides a conservative
treatment option that avoids the risk of open surgical
reduction. This point is especially relevant consider-
ing the surgical complications that exist in older pa-
tients with recurrent instability and a complex revi-
sion history [9].

Several authors have described successful closed
reduction of a dislocated constrained liner [7-13].
Generally, it is thought that plastic deformation must
occur in the polyethylene during the initial disloca-
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tion and during the closed reduction process. The
torque required for subsequent dislocations for a sec-
ond and third time decreased by 24% and 8% in the
Poly-Dial constrained liner (DePuy, Warsaw, Indi-
ana, USA), respectively [9].

However, not all patients undergoing closed re-
duction of constrained liners require revision surgery
or experience recurrent dislocations. Harman et al [9]
reported that six hips remained stable 7 to 72 months
after the last reduction. They noted that two of six
hips underwent repeated successful closed reduction
within 6 months of their initial dislocation and reduc-
tion and remained stable for at least 3 years.

In contrast, McPherson et al [7] reported that three
hips with constrained liners required further opera-
tion after closed reduction. Two patients underwent
revision surgery after 1 and 3 months their initial
dislocation and reduction, and one patient was con-
verted to a Girdlestone resection arthroplasty after 6
months.

Our current case underwent closed reduction
once, and did not require any further surgery.

Closed reduction techniques for dislocated con-
strained liner were reported in seven papers [7-13].
Adequate anesthesia and usage of fluoroscopy were
common described in these papers. The procedure of
closed reduction for dislocated liner was formed in
two steps.

* First, traction was applied and the femoral head
was placed in a “perched” position on the ac-
etabular cup. The hip was positioned in 10-40
degrees abduction during traction [7,9-12]. Ad-
ditional hip flexion was described in two pa-
pers, in full extension in one [9]; however, Flint
et al adopted in-line traction for the limb [13].

* Second, the femoral head should be passed
through the constrained liner with axial com-
pression after confirmation that the femoral
head was perched just lateral to the rim. In this
phase, hip flexion was increased to 30-90 de-
grees from first step [7,9,11].

Direct medial pressure was also placed to the
greater trochanter [7,9,10,13]. Gaines et al [12] re-
ported an anomalous closed reduction. They initial-
ly failed at closed reduction; however, the patient’s
femoral head subsequently reduced naturally the
next day.

The most commonly used femoral heads for con-
strained liners are 28 mm and 32 mm in diameter.
Harman et al [9] reported no successful closed reduc-
tions of a 32-mm femoral head in their eight patients.

They described that the force to relocate the 28-
mm heads into constrained liners in vitro was 1380
N (310 Ib), whereas 32-mm heads required greater
force. Six 28-mm and one 32-mm head were relocat-
ed into constrained liners [9-13]; however, the details
of implants and clinical results at follow-up concern-
ing of the case of 32-mm head were unclear [10].

In the current case, the patient’ femoral head was
32- mm head with Trilogy constrained liner (Zim-
mer, Warsaw, Indiana, USA).

Four constrained liners are currently in common
use:

e Omnifit liner (Stryker, Mahwah, New Jersey,

USA)

e S-ROM liner/Poly-Dial (Depuy, Warsaw, Indi-

ana, USA)

* Ringloc constrained acetabular liner (Biomet,

Warsaw, Indiana, USA)

e Trilogy constrained liner (Zimmer, Warsaw, In-

diana, USA)

Given substantial differences among constrained
components from different implant manufactures,
several reported closed reduction techniques may not
be applicable to specific constrained acetabular com-
ponents.

Our case is the first report of successful closed
reduction of a dislocated constrained total hip ar-
throplasty using the Trilogy constrained liner and
a 32-mm head. In the aging population with com-
plex medical issues, closed reduction may obviate
the need for a more invasive open procedure, or at
least restore patient function until revision THA can
be electivity planned. An attempt at closed reduction
may be indicated unless the acetabular component
has failed at the liner-shell interface, shell-bone in-
terface, or the locking ring has fractured.

The limitation of this case report was that the fol-
low-up period was only 10 months. Therefore, it is
unclear whether recurrences of dislocation might
happen with longer-term follow up.
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A Rare Dissociation at the Neck—Stem Interface

A. Kouzelis?, C.S. Georgiou’, and P. Megas’

The authors report a case of dissociation at the neck—
stem interface without hip dislocation that occurred
during walking, and discuss strategies to avoid and
treat this complication of THA.

Introduction

Modular femoral components have the advantag-
es of:

* Reducing the need to stock numerous stem and

head sizes

* Allowing the final choice of neck length and

head size to be made after stem implantation

With moduar femoral components, neck orienta-
tion can also be changed after implantation, which
is a well-known cause of early dislocation. The inci-
dence of postoperative dislocation of modular total
hip arthroplasty (THA) varies from 0.5% to 4% [1].

Dissociation at the neck—stem interface is rare. To
the best of our knowledge, only three case reports
have been published [2-4], but they pertained to dis-
sociation at the neck—head interface.

We report a case of dissociation at the neck—stem
interface without hip dislocation that occurred dur-
ing walking, and we discuss the causes of dissocia-
tion as well as strategies to avoid and treat this com-
plication.

Case Presentation and Management

A 72-year-old man had undergone a right THA in
1996. Revision THA was performed in our institu-
tion in 2005 due to aseptic loosening of both com-
ponents.

After intraoperative extraction of the acetabular
shell, we determined that a jumbo acetabular com-

ponent (Procotyle,
Wright) was needed to
manage the serious ac-
etabular bone loss that
was discovered. Al-
lograft augmentation
of the acetabulum was
also used to repair the
defect.

The acetabular shell
was 60 x 68 mm in out-
er diameter; additional
fixation was achieved
with three cancellous
screws. The polyeth-
ylene liner was group
2, 15°, 28 mm in inner
diameter.

For the femo-
ral component, which was fully porous-coated and
therefore distally fixed, we used a modular stem
(Profemur-R, Wright). The open-book technique was
used to extract it, and a transverse osteotomy just un-
der the tip was also made, which we use in such cas-
es to avoid distal extension of the osteotomy (open-
book technique) and to preserve good bone stock for
the distally fixed stem.

Postoperative radiographs revealed adequate po-
sitioning of the THA components (Figure 1). The
usual protocol for THA postoperative treatment was
used, and patient mobilization began on the second
postoperative day. The patient was discharged on
the eighth postoperative day, fully mobilized (partial
weight-bearing) and without residual problems.

Figure 1. Radiograph after the first op-
eration reveals good relationship of the
total hip prosthesis with acetabular and
femoral bones.
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The patient gave informed consent to publish this
case.

Postoperative Course

The usual clinical and radiographic follow-up
during the first and third months was normal. The
patient was satisfied with the result of the operation
and was mobilized with two canes, according to the
instructions of the surgeon.

One month later (4 months postoperative), the pa-
tient arrived at our emergency department unable
to walk and with pain in the revised hip. At clinical
presentation, he reported an incident of sudden pain
and then falling during normal walking and with no
extreme hip movement or rotation. Radiographs re-
vealed dissociation of the modular stem at the fem-
oral neck—stem interface without dislocation of the
head (Figure 2).

Immediate revision surgery was performed to re-
affix the neck to the main body of the prosthesis.
During the operation, stability testing of the acetab-
ular shell revealed adequate fixation of the prosthe-
sis. A new modular interchangeable neck system was
implanted; however, as this type of stem also has a
modular proximal component, we decided to change
it to prevent further complication at the proximal
component—stem junction.

All intraoperative stability and orientation tests
were normal. Postoperative radiographs were nor-

mal (Figure 3).

Figure 2. Radiograph shows disso- Figure 3. Radiograph after the second

ciation of the femoral neck—stem in- operation reveals reimpacted new fem-

terface. oral neck—stem component. Notice the
absence of ectopic bone from the lesser
trochanter area.

Discussion

The use of modular components greatly increases
flexibility during THA, but also introduces the risk
of failures at the interfaces and possible intraoper-
ative errors in matching. Dislocation is a potential
problem after THA [1,5,6], and dissociation of mod-
ular components after dislocation is unique to modu-
lar systems.

Dissociation can occur during closed reduction of
dislocation at two different interface levels: the fixed
acetabular shell-polyethylene liner interface [2,7-
13], and the femoral head—neck interface [2-4]. In
our case, dissociation occurred at the femoral neck—
stem interface, with no previous traumatic incidence.
To the best of our knowledge, no such case concern-
ing this type of prostheses had previously been re-
ported.

The manner in which this incident occurred re-
veals inadequate modular component fixation or a
repetitive force that provoked micromovement of
the modular interface that finally led to component
dissociation. Potential causes of dissociation during
normal walking are as follows:

Inadequate orientation of femoral neck resulting
in stress forces at the stem-neck interface. In our
case, orientation of the femoral and acetabular com-
ponents cannot be reliably evaluated due to the ab-
sence of a computed tomography (CT) scan of the
indexed hip.

Excessive telescopic movements, which finally
led to dissociation by creating negative pressure in
the acetabular area. Computer-assisted measurement
of distal stem migration showed a subsidence of 3.6
mm at 3 months, which is considered excessive for
this short postoperative period, though it is expected
for this type of revision stem and transfemoral ap-
proach [14] (Figure 4).

Such an early stem subsidence and subsequent leg
shortening can result in loss of intraoperative soft tis-
sue tension and, eventually, in hip-joint instability.

Impingement of the femoral neck at the acetabu-
lar shell or at osteophytes in the area, causing me-
chanical stresses at the finally dissociated interface.
As mentioned above, component-to-component im-
pingement cannot be confirmed in our case. How-
ever, we consider bony impingement to be more im-
portant for this patient. Arc length between the tip
of the greater trochanter and the ilium (GT arc) has
been shown to correlate with free hip flexion and ab-
duction before impingement [15]. In this case, mini-
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Figure 4. Stem subsidence was measured by processing immediate postopera-
tive (a) and 3-month (b) follow-up anteroposterior radiographs via Roman v1.7
software (Roman free to share software version V1.70; Robert Jones and Ag-
nes Hunt Orthopaedic Hospital, Oswestry, UK; http://www.Keele.ac .uk/depts./
rjah/), as a change in the vertical distance from the proximal tip of the greater
trochanter to the shoulder of the stem. Ectopic bone formation at the lesser tro-
chanter area (white arrowhead) is noted 3 months postoperatively (b).

Figure 5. Minimal greater trochan-
ter (GT) arc length and high posi-
tion of the tip of the GT in relation
to the head center predicts early
impingement of the GT to the il-
ium. A bone spur (osteophyte) at
the tip of the GT (white arrowhead)
may further limit impingement-free
range of motion.

mal arc length and the high position of the tip of the
greater trochanter in relation to the head center pre-
dicts early bony impingement (greater trochanter to
ilium) (Figure 5).

In a computer model, it has been shown that once
bony impingement becomes the restricting factor,
further changes in implant design and orientation
may not improve range of motion (ROM) [15]. Fur-
thermore, in a cadaver study of hip dislocation, os-
seous impingement was likely to occur between the
greater trochanter and the iliac wing before compo-
nent impingement [16]. Similarly, bony impinge-
ment preceded component impingement in about
44% of all conditions tested in a three-dimension-
al computer model with varying orientations of the
femoral and acetabular components [17].

Ectopic bone formation causing abnormal move-
ment of the joint. Heterotopic ossification can cause
hip-joint instability when the periarticular bone mass
limits femoral excursion or contributes to impinge-
ment [18]. However, to our knowledge only in two
cases was hip dislocation directly attributed to het-
erotopic ossification [19].

Modular titanium alloy neck adapters, such as the
one used in our case, can fail due to surface micro-
motions, according to recent retrieval examinations
and biomechanical simulation [20]. Whether this
movement leads, apart from fatigue fracture, to neck
dissociation is unclear. Nevertheless, in large case
series with similar neck adapters applied, no case of
dissociation was reported [21].

In our case, a jumbo cup was used due to ex-
tensive bone loss to ensure stable primary fixation.
Three cancellous screws were also placed for the
same reason. Regarding the femur, the main goal was
successful diaphyseal fixation of the stem; therefore,
a long, fully porous-coated, trapezoid-shaped stem
was used.

For the modular neck, a straight 0° long neck was
selected, allowing fine positioning of the stem in re-
lation to the cup. Although unnecessary [22], three
medium hammer blows were applied to fix the neck—
stem coupling.

Intraoperatively, during the second revision, a
large amount of ectopic bone was found in the less-
er trochanter area, which is a possible cause of stem
impingement and, in particular, the neck—stem inter-
face, which may lead to dissociation due to repetitive
stresses and micromovement in the area. The ectopic
bone was removed, and intraoperative mobilization
revealed free movement of the hip joint in all pos-
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sible directions.

Modular components give the surgeon an intraop-
erative advantage but also increase the potential for
component mismatch and mechanical failure. Disso-
ciation is a rare but possible cause of failure.

To prevent this complication, the femoral neck
component should be impacted firmly onto the ta-
pered stem base during the operation. Finally, free
movement of the joint is essential to prevent abnor-
mal stresses at the interfaces of the modular compo-
nents.

Source

Kouzelis A, Georgiou CS, Megas P. Dissociation
of modular total hip arthroplasty at the neck—stem
interface without dislocation. Journal of Orthopae-
dics and TraumatologyOfficial Journal of the Italian
Society of Orthopaedics and Traumatology © The
Author(s) 201110.1007/s10195-011-0172-9. http://
link.springer.com/article/10.1007/s10195-011-0172-
9/fulltext.html

This article is distributed under the terms of the
Creative Commons Attribution License which per-
mits any use, distribution and reproduction in any
medium, provided the original author(s) and source
are credited.
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Tibial Stress Fracture After Computer-Navigated
Total Knee Arthroplasty

F. Massai', F. Conteduca’, A. Vadala’, R. lorio?, L. Basiglini’, and A. Ferretti’

In this case report, the patient experienced a stress
fracture at one of the pinhole sites used for placement
of the computer navigation system’s tibial trackers.

Introduction

The use of computer navigation systems in total
knee arthroplasty (TKA) has become increasingly
popular in recent years. Many authors have already
documented satisfactory short- to mid-term results
after using various types of software [1-3].

Bathis et al [4], as well as Decking et al [5] and
Rosenberger et al [6], showed how the use of naviga-
tion systems can improve the accuracy of the femo-
ral and tibial component placement when compared
with the “traditional” techniques. Because a correct
alignment of the components is one of the most im-
portant factors determining favorable long-term re-
sults of a TKA, this could lead to a higher longevity
of the prosthesis.

Despite these positive aspects, some authors have
reported no advantages, as well as a longer operative
time with the use of computer-assisted systems [7,8].
Moreover, recently three cases of stress femoral or
tibial fractures have been reported as a complication
of navigated TKA [9,10].

We present a case of a stress fracture of the tibial
diaphysis that occurred after a TKA performed with
the use of a computer navigation system. The stress
fracture occurred at one of the pinhole sites used for
the placement of the tibial trackers.

We have been using computer navigation systems
since 2005 as a standard procedure for TKA. This
complication occurred after a series of 155 (0.64%)

uncomplicated procedures (ie, well after the learning
curve was complete).

Case Presentation

A 79-year-old woman (height 155 cm, weight 68
kg) with painful bilateral knee osteoarthritis was sur-
gically treated at our orthopaedic institute with a to-
tal knee replacement on the left side. No previous op-
erations had been done on her left knee.

The pain had begun 7 years earlier; however, in
the 10 months preceding surgery, the patient expe-
rienced a sudden worsening of the pain with subse-
quent restrictions of important daily activities. Con-
servative treatment was performed and judged as
useless by the patient. Consequently, she was given
a surgical option.

Before the operation, the range of motion (ROM)
of the patient’s left knee was 5-100°, with pain at
the last degrees of flexion and extension. Patello-
femoral crepitus, widespread tenderness, and mild
effusion were also detected at the physical exami-
nation. Walking and ability to climb stairs were se-
verely compromised and possible only with the use
of crutches.

A bilateral knee valgus deformity was registered
with a left knee valgus of 12°. Preoperative radio-
graphs showed a severe osteoarthrosis with signif-
icant reduction of the external compartment joint
space.

T Orthopaedic Unit and Kirk Kilgour Sports Injury Centre, S. Andrea
Hospital, University of Rome Sapienza, Rome, Italy
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Management

With the patient in a supine position and with the
use of a tourniquet, an antero-medial approach of
the left knee was performed under spinal anaesthe-
sia. Prophylactic antibiotics were administered in a
single dose before surgery. A low-contact-stress ro-
tating-platform prosthesis (Complete LCS, DePuy
International Ltd, Leeds, UK) was used; neither the
femoral nor the tibial component was cemented.

The operation was performed by the same expert
surgeon who had already performed more than 100
computer-assisted procedures before this operation
with the same software and hardware. A comput-
ed tomography (CT)-
free navigation system
(Ci™ navigation sys-
tem, DePuy I-Ortho-
paedics, Munich, Ger-
many) was used. To
perform the electron-
ic measurements, one
bicortical  navigation
tracker (5 x 200 mm)
was set at the distal part
of the femur and two
bicortical  navigation
trackers (4 x 130 mm)
were set on the tibial di-
aphysis (Figure 1).

Postoperative Course

The outcome was excellent in the first 3 weeks
after the operation: The skin incision completely
healed and the patient was able to walk with crutches
without pain or restrictions.

However, at the beginning of the fourth postop-
erative week, an acute pain appeared in the operated
leg with local tibial pain and swelling. The patient
immediately had an X-ray check-up which revealed
a stress fracture of the diaphysis of the tibia, at the
level of the more distal tibial tracker (Figures 2a-b).

As a result, the patient wore a brace and was in-
structed to avoid weight-bearing for the following 4
weeks. After 4 weeks, she was allowed to gradual-
ly weight-bear with use of a leg cast for another 4
weeks. Subsequent X-rays at the 14th week showed
good healing of the fracture (Figures 3a-b).

The patient was followed up at 7 months. Clini-
cally, a satisfactory outcome was reported by the pa-
tient, with a good recovery of her daily activities;
crutches were no longer needed to walk. Physical ex-

Figure 1. Trackers set on the tibial di-
aphysis.

Figures 2a-b. a - Antero-posterior (AP) X-ray: stress fracture at the level of the
distal tibial tracker. b - Latero-lateral (LL) X-ray: stress fracture at the level of
the distal tibial tracker.

Figures 3a-b. a - AP X-ray: good healing of the tibial stress fracture. b - LL X-
ray: good healing of the tibial stress fracture.

amination showed a lack of tenderness at the level
of the stress fracture; final ROM of the affected knee
was 0—120°. The Knee Society score [11] was 94.

Radiologically, the stress fracture was completely
healed and the left lower limb showed a good align-
ment (Figures 4a-b).

The patient provided her consent to the publica-
tion of the case report.
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Figures 4a-b. a - 7-month follow-up AP X-ray: complete healing of the fracture.
b - 7-month follow-up LL X-ray: complete healing of the fracture.

Discussion

Stress fractures after TKA are not common and
they are usually related to preoperative osteoporo-
sis, femorotibial malalignment, or other concomitant
diseases.

Our report presents a case of a patient who under-
went a knee replacement without any postoperative
complications or factors that would lead the surgeon
to expect any particular complication. The onset of
a stress fracture on the tibial diaphysis 3 weeks af-
ter the operation represented an interesting event. X-
rays clearly showed how the tibial fracture occurred
right where the tibial pins for the navigation trackers
were set; more specifically, where the distal tibial pin
was set.

The type of navigator used required the insertion
of two pins on the tibia, and the diameter of such
pins is rather large (5 mm for the femoral tracker and
4 mm for each of the tibial trackers). In accordance
with Ossendorf et al [10], we believe that the inser-
tion of such pins (especially if in a pair) can signifi-
cantly decrease the breaking stress of the bone local-
ly and in the surrounding area.

Brooks et al [12] and Burstein et al [13] have al-
ready shown the positive correlation among screw
holes in bone and the residual weakness of the bone
to afford bending loads and torsional stresses. As a
consequence, the occurrence of a fracture at the pin
insertion site should always be considered.

This is especially true in cases in which bicortical
pins are used because their penetration in the tubu-

lar bone occurs in a “transcortical” way, or in cases
in which they are inserted in the cortical bone as a
result of several attempts to obtain a perfect stabil-
ity of the pin.

That is exactly what happened in our case, as the
distal tibial pin was inserted twice due to a lack of
stability of the tracker obtained after the first attempt.
Indeed, a critical review of the postoperative X-ray
shows a slightly larger diameter of the distal tibial
hole.

The use of a bicortical pin, especially if inserted
more than once, could increase weakness of the local
bone; however, this hypothesis contrasts with the re-
sults provided by Kuo et al [14], which showed how
bone stress concentration after single-cortex defect
was similar to double-cortex defect. However, the
use of bicortical pins provides a better stability of the
navigation trackers, which is a priority in performing
a correct computer-assisted knee surgery.

For all our patients treated with the computer-nav-
igated system, weight-bearing is allowed progres-
sively and always with the use of crutches. Patients
are instructed that the amount of weight-bearing de-
pended on their pain. Because we did not see stress
fractures in our other similarly treated patients, we
do not believe that an excessive weight-bear contrib-
uted to the occurrence of the stress fracture by itself.

In summary, we recommend paying particular at-
tention to inserting the pins in an orthogonal way,
reaching the distal cortical bone without completely
penetrating it. This should provide adequate stability
of the trackers, reducing the risk of loss of strength
of local tibial bone.

Moreover, patients with concomitant diseases
(such as rheumatoid arthritis or osteoporosis) or who
are receiving concomitant drug treatment (such as
corticosteroids) should be kept under particular con-
trol and, if necessary, undergo a slower postoperative
rehabilitation protocol.

Source

Massai F, Conteduca F. Vadala A, Iorio R, Ba-
siglini L, Ferretti A. Tibial stress fracture after com-
puter-navigated total knee arthroplasty. Journal of
Orthopaedics and TraumatologyOfficial Journal of
the Italian Society of Orthopaedics and Traumatolo-
gy© The Author(s) 201010.1007/s10195-010-0096-
9. http://link.springer.com/article/10.1007/s10195-
010-0096-9/fulltext.html
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Background

Patient’s over health was unchanged following
stage I procedure, 8/17/2013, 123 days post surgery.

The patient had been followed closely since the
time of the stage I procedure. The patient was 65
years of age at the time of the Stage II procedure,
12/18/2013. Her wounds at the residual limb had
completely healed without any problems by 14 days
after the Stage I surgery. Her pain medication re-
quirement was completely resolved by day 21 after
the Stage I surgery. She had worn a stump shrink-
ing compressive stalking for the majority of the time
leading up to the Stage II procedure; the patient re-
ported that the pressure on the residual limb was
comforting. The scar was tender over the lateral as-
pect of the residual limb with a positive Tinel’s Sign
[1] and no palpable mass or swelling.

A planning full length standing radiograph of both
limbs on a long image cassette was obtained (see fig-
ure 1). All imaging studies showed the femoral im-
plant positioned as it had been on the day of the Stage
I procedure with progressive evidence of boney in-
growth as demonstrated by the plain film images.

o]
Figure 1. Preoperative radiograph used to plan stage Il surgery. Demonstrates
more than 10 cm space from the end of the femoral stem to the joint line of the
contralateral knee.
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Day of surgery

The patient was prepared for surgery following
standard protocols. She was NPO for 8 hours prior to
anesthesia. Preoperative laboratory testing showed
no abnormalities.

Please review Dr. Andrew Zak’s article on the an-
esthetic method employed in this patient’s surgery.

Standard prophylactic intravenous antibiotic was
given, Cefazolin [2] 1gm, was administered on enter-
ing the operating room.

Positioning

The patient was positioned supine on a standard
radiolucent operating table. The right lower limb
was then prepped with ChloraPrep® [3] circumfer-
entially from the inguinal fold to the terminal aspect
of the stump. Impervious split drapes and paper split
drapes were then applied.

Figure 2. Draping and positioning of patient.

Figure 3. Fluoroscopic imaging was used during the procedure.

Fluoroscopic imaging figure 2 &3 was used
throughout the procedures, total image time was 25
seconds, divided over 6 static images.

Procedure

After standard surgical skin preparation and drap-
ing the terminal stump was palpated to confirm the
position of the previously implanted stem. Fluoro-
scopic images were used to confirm the orientation
of the female coupling mechanism of the stem.

The soft tissue about the distal stem was then in-
filtrated by the surgeon with a 18 gauge 6 cm needle.
A cocktail of Duramorph [4] 10 mg, Ketorolac Tro-
methamine [5] 30 mg, and Ropivicaine [6] with epi-
nephrine in a total volume of 60 ml was injected/in-
filtrated into the tissues about the stem to supplement
the anesthesia field block.

Figure 4. A 18 gauge 6 cm needle was then used to administer a cocktail of Du-
ramorph [7] 10 mg, Ketorolac Tromethamine [8] 30 mg, and Ropivicaine [9]
with epinephrine in a total volume of 60 ml.

A sterile spear tipped 2 mm k-wire was then ad-
vanced through the skin into the distal aspect of the
stem by hand, metal on metal contact was palpable
through the wire. The wire was manipulated to en-
gage the internal threads of the femoral stem, en-
gagement was confirmed with fluoroscopic images
as well.

A 18 mm cannulated circular cutting instrument
was then advanced over the 2 mm wire until metallic
contact was palpated.
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Figure 5. A 18mm circular hand cutting trephine was used to expose implant.

The device was advanced with hand pressure
along the axis of the wire through a steady twisting
motion. The path from the skin to the stem was then
cleared of remaining soft tissue with a #10 scalpel.
Electrocautery was used to obtain homeostasis. To-
tal blood loss during this procedure was less than 25
ml.

A depth gauge was then passed down the path and
engaged into the female coupling. The thickness of
soft tissue from the end of the stem to the skin sur-
face was measured and found to be 2 cm.

4

Figure 6. A depth gauge was then passed down the path and engaged into the
female coupling.

The 2 cm coupling device was then selected and
advanced into the female coupling.

Figure 7. The 2 cm coupling device was then selected and advanced into the
female coupling.

The tapered portion was gently manipulated to en-
gage the stem female opening. The shear pin was
oriented at the 6 o’clock position to align with the
stem’s matching receptacle. The device engaged
with minimal effort. A locking screw was then ad-
vanced into through the coupling device into the
threads of the femoral stem. The screw engaged
without incident and was advanced until it was felt
to be tight enough. Fluoroscopic imaging confirmed
the implant position and alignment was consistent
with visual inspection of the device.

Figure 8. Implant positioning was checked with Fluoroscopic imaging.

Assilicon sleeve was then passed over the coupling
device to create a barrier between the soft tissues and
the implant to prevent the formation of a tight seal.
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Figure 9. Silicon sleeve in place. Figure 11.4x4 dressing applied.

The intended goal was to create a stoma through This was then reinforced with sterile 4 cm x 4 cm
which the coupling device passes from the skin to the =~ gauze sponges, 6 layers thick. A silicon basket was
stem. A series of end protectors were then attached  then placed over the stem to compress the sponges
to the coupling device to prevent damage to the im-  and firmly secure their position.
plant during the rehabilitation therapy to follow.

Dressing

A dressing was then built in multiple layers. The
skin implant level was dressed with a piece of Sliver-
lon® [10] dressing material cut to slide over the cou-
pling device, measuring roughly 4 cm x 4 cm.

Figure 10. Silverlon dressing applied.
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The entire dressing mass was then over warped
with a sterile 10 cm compressive ace wrap, applied
in a figure of 8 amputation compression technique.

Postoperative Care

The patient was then held on a post surgical care
ward for 23 hours after surgery. She received 2 ad-
ditional doses of cefazolin per standard surgical pro-
tocol for all orthopedic procedures. Her pain was
controlled, a personal controlled anesthesia unit had
been made available and was used for a total of 3
self administered doses of 0.2 mg hydromorphone2
over the 8 hours following surgery. Ketorolac3 in-
jection was available as a back up medication for
break through pain but was not needed. She stated
that she had no pain at 20 hours post surgery, the next
morning.

The dressing was changed at the bedside the next
morning and there was minimal staining (see figure).
The patient was counseled on wound care and dress-
ing methods. She was advised that she could shower
and allow soapy water to flow over the wound/pros-
thesis area but not to submerge the area under wa-
ter for an additional 2 weeks. The patient was ad-
vised that the Silverlon® dressing could be recycled
by cleaning in water, being applied in a moist yet not
wet state. The Silverlon® dressing can be used and

JISRF Mission Statement

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

human body joints and associated structures which are threatened or

impaired by defects, lesions or diseases.

recycled with simple water baths for up to 30 days
per the manufacturer’s recommendations.

Physical therapy ambulated the patient to con-
firm safety and stability with a walker. The patient
was discharged to home for further out patient care.
Physical Therapy was started 2 weeks after surgery,
please refer to separate report for the rehabilitation
protocol to follow.

A final report will be presented in approximately
three months as follow up demonstrating the patient
fitted with final leg prosthesis and her progress.

Both patient and development team remain very
optimistic that this alternative treatment will provide
an improved functional outcome as compared to tra-
ditional socket prosthesis.
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Anesthesia and Pain Control for Osteointegration
Implantation Into the Femur

Stage II Osteointegration Implant (OI) Skin Coupling Procedure

Andrew Zak, MD', Ronald Hillock, MD*

The success of our index case employing the use
of the Osseointegration Implant (OI) is largely due
to the coordinated efforts of the assembled team of
medical professionals including nursing, surgeon
and anesthesiologist. The anesthesetic methods and
techniques were a central component of each of this
patient’s surgeries. This is a report of the anesthetic
methods employed in managing this patient’s pain
before, during and after the implantation with the
novel Longitude™ OI device.

The index patient was well know to the team hav-
ing undergone multiple prior surgical procedures at
our institution. This report will detail the anesthesia
provided at the time of the transfemoral amputation,
followed by the Stage I implantation of the Longi-
tude™ OI device and finally concluded at the time
of the stage II docking through the skin procedure. In
each case the patient was offered neuraxial subarach-
noid block [1] and declined.

Medical History

The patient was a 65 year old female at the time
of the transfemoral amputation. The patient was in a
well managed state of health, with routine long term
out patient care by her Internist. She had been diag-
nosed with essential hypertension that was well con-
trolled with oral furosemide 20 mg daily. She had a
history of latex allergy with both cutaneous hyper-
sensitivity and systemic anaphylactic reactions on
contact with latex on multiple prior occasions. The
patient had been diagnosed with Juxacortical Chon-
drosarcoma of the right distal femur prior to her
planned elective transfemoral amputation. She had

r 1

undergone multiple prior surgeries to remove the tu-
mor from the right lower extremity starting with the
first attempt at the age of 16 years. The diagnosis of
a malignant cartilage lesion was not confirmed until
a few months prior to the planned right transfemo-
ral amputation. For these reasons the patient was as-
signed an American Society of Anesthesiology Score
[2] of 3, severe systemic disease.

The patient’s prior anesthetic episode records
were reviewed, the patient had tolerated all prior pro-
cedures and anesthetics without complication.

Right Transfemoral Amputation

The patient was taken to the operating room (OR)

T Wellhealth Anesthesia Associates, Las Vegas, Nevada, USA
¥ Nevada Orthopedic and Spine Center, Las Vegas, Nevada, USA
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and standard non-invasive monitors were applied,
and pre-oxygenation by face mask was initiated. Pre-
operative antibiotics were administered intravenous-
ly (iv) upon OR entry, about 15 minutes prior to skin
incision [3]. In accordance with the Joint Commis-
sion’s universal protocol for the prevention of wrong
site, wrong surgery and wrong person guidelines the
operative limb was confirmed by the anesthesiolo-
gist, the operative surgeon, the circulating nurse and
the surgical technician by review of the written his-
tory and physical, the signed consent for surgery, pa-
tient interview/questions as well as the surgeon’s ini-
tials at the surgical site [4].

Once the surgical site had been confirmed the pa-
tient was dosed with 250 mcg of Fentanyl [5], 10 mg
metaclopramide [6] and 20 mg Famotidine [7]. After
two minutes of pre-oxygenation, 100 mg lidocaine
[7] was given iv, followed immediately by 200 mg
propofol. 30 seconds later, a Laryngeal Mask Air-
way [8] (LMA) was inserted orally; the LMA had
been pre-treated with 2% lidocaine [7] jelly. End tid-
al carbon dioxide tracing was confirmed and hand
ventilation was initiated to assist ventilation and to
maintain oxygen saturation [9]. Subsequently, as the
patient began to ventilate spontaneously and oxygen
saturation was greater than 97%, vaporized inhaled
desflurane [10] was initiated for maintenance of gen-
eral anesthesia. The surgery proceeded without com-
plication. The surgeon injected sciatic nerve with 10
ml of 0.25% bupivicaine [15] with epinephrine pri-
or to ligation and transection. As surgical dressings
were applied and the desflurane discontinued and the
patient aroused adequately to allow removal of the
LMA. The patient was observed to ventilate sponta-
neously. Nausea prophylaxis was given in the form
of ondansetron [11] 4.0 mg iv. The patient was re-
covered in the Post Anesthesia Care Unit, and was
subsequently transferred to the orthopedic ward for
in patient care.

Stage I: Implantation of Ol implant into the residual
femur

The second surgery occurred approximately two
moths later. This surgery involved implanting the OI
device into the remaining femur. The anesthetic tech-
nique was identical to that which was employed dur-
ing the amputation. The patient’s peri-operative care
was uneventful.

Stage 11: Coupling the OI implant through the skin

The third surgery occurred approximately 123
days after the Stage I procedure, and involved the
coupling or exteriorization of OI implant through the
skin of the right transfemoral amputated limb. The
patient agreed to undergo an anesthetic technique
employing a femoral nerve block, along with mod-
erate sedation.

The surgical site confirmation protocol [4] and
prophylactic antibiotic [3] pre-medication steps were
performed per standard protocol prior to any inva-
sive steps. The nerve block was performed in the
pre-operative holding area. 4 mg midazolam [12]
was given 1v as the skin was prepped and draped in a
sterile fashion. Ultrasound guidance was used to lo-
cate the femoral vessels and nerve [13]. The skin was
anesthetized with 2% lidocaine [14] and a 22 gage
stimulator needle was visualized immediately later-
al to the femoral artery. There was no electric nerve
stimulator utilized during this nerve block. A total
of 30 ml of 0.5% bupivicaine [15] with epinephrine
was injected in 5 ml aliquots surrounding the femo-
ral nerve. There were no parasthesias and aspiration
before each 5ml injection was negative.

After induction of anesthesia the surgeon infiltrat-
ed the operative site with a cocktail of ketorolac [16]
30 mg, morphine [17] 10 mg and ropivicaine [18]
40mg with saline in a total volume of 60 ml via a
10 cm 18 gauge needle. Intra-operative sedation con-
sisted of 100 mcg fentanyl [1] iv and a total of 200
mg propofol [19] given incrementally throughout
the course of the anesthetic episode which lasted ap-
proximately 90 minutes. During the intra-operative
care, the patient maintained spontaneous ventilations
breathing oxygen via a standard face mask with an
oxygen flow of 10 liters per minute. The patient re-
quired no airway support of any kind, recovered un-
eventfully and was transferred to an orthopedic in
patient ward.

Post Operative Care

The patient was held on an orthopedic ward for
20 hours after the surgery. A Patient controlled anes-
thesia [20,21], (PCA) device loaded hydromorphone
[22], set to deliver a demand dose of 0.2 mg at a 10
minute lock out, no loading dose, no continuous in-
fusion, was provided for the first 16 hours after sur-
gery. The patient used the PCA for a total of 3 de-
mand doses of hydromorphone [22] over the first 8
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hours after surgery, then none further was required. 10. http://en.wikipedia.org/wiki/Desflurane accessed 12/21/2013.

The PCA was discontinued at 0700 the next morn- 11. http://en.wikipedia.org/wiki/Ondansetron accessed 12/21/2013.

ing and the patient was transitioned to oral hydroco-  12. http:/en.wikipedia.org/wiki/Midazolam accessed 12/21/2013.

done [23] Smg/acetomeniphen [24] 325mg prior t0  13. Marhofer P, Harrop-Griffiths W, Willschke H, Kirchmair L. Fifteen years
discharge The patient was also advised that ketor- of ultrasound guidance in regional anesthesia: part 2 recent develop-

ments in block techniques. Br J Anaesth 23(3):337-41.

olac12 IM supplemental pain control was available
bp p 14. http://en.wikipedia.org/wiki/Lidocaine accessed 12/21/2013.

but it was not required for any break through pain
control. A single dose of ondansetron [7] 4.0 mg IV
was required for nausea about 9 hours post surgery.

15. http://en.wikipedia.org/wiki/Bupivicaine accessed 12/21/2013.
16. http://en.wikipedia.org/wiki/Ketorolac accessed 12/21/2013.
17. http://en.wikipedia.org/wiki/Morphine accessed 12/21/2013.
18. http://en.wikipedia.org/wiki/Ropivicaine accessed 12/21/2013.
19. http://en.wikipedia.org/wiki/Propofol accessed 12/21/2013.
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Breaking Research

—

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

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

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

Contributions
Donations of any amount will immediately be put to use to fund | For more information please visit our
ongoing and future orthopaedic research projects. website at wwwjisrf.org or contact us at:

Joint Implant Surgery

& Research Foundation

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

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

JISRF Creates Institutional Review Board

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

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

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

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

Interlocking design helps
in hip expos|

——

Designed by Robin N. Goytia, MD - ""
P Custom fitted holes for interlocking
retractors helps provide stabilty
P When “stacked”, the increased lever a

of the retractor helps reduce fatigue
P Ideal for use with large patients where
extra depth, leverage and force is nee

Sold in pairs: each item Bt
number is for 2 retractors —d

4551 [Standard]

Overall Length: 9.25"
Blade Width: 19.5mm

4552 [Bent]
Overall Length: 8.25"
Blade Width: 19.5mm

4553 [Wide]
Overall Length: 9.25"
Blade Width: 43mm 3
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PRODUCT NO:

6865-01 [Flat Blade Osteotome]
Overall Length: 11.125"
Osteotome Width: 20mm

6865-02 [Femoral Head Dislocation Lever]
Overall Length: 11.375”
Scoop Dimensions: 25mm x 57mm

6865-03 [Narrow Curved Osteotome]
Overall Length: 12"
Osteotome Width: 9mm

6865-04 [Wide Curved Osteotome]
Overall Length: 12"
Osteotome Width: 16mm

6865-05 [Swan Neck Curved Gouge]
Overall Length: 12"
Gouge Width: 23mm

5350-CB [Cross Bar]

(s USA

ISO 9001:2008 ¢ I1SO 13485:2003

FREE TRIAL ON MOST INSTRUMENTS
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© 2013 Innomed, Inc.

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

Dorr Hip Instruments

Designed by Lawrence D. Dorr, MD
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Dorr Curved Hohmann Acetabular Retractor
Placed over the top of the piriformis, helps retract the gluteus medius.

Dorr Narrow Bent Acetabular Retractors
Retracts the gluteus maximus off the trochanter and exposes the back of
the greater trochanter. The long version is used with larger patients. Blade Width at Widest: 12mm

Dorr Bent Hohmann Acetabular Retractor D6112 [Dorr Bent Hohmann Acetabular]
Placed between the capsule and outer external oblique muscle to protect ? Overall Length: 14.5"

PRODUCT NO’S:

D6105 [Dorr Curved Hohmann Acetabular]
Blade Width: 18.5mm

29 Overall Length: 14"

Depth from Handle: 4.5"

D6108 [Dorr Narrow Bent Acetabular—Long]
9 Overall Length: 14.75"

Depth from Handle: 6"
Blade Width: 12.6mm

D6110 [Dorr Narrow Bent Acetabular]
e Overall Length: 15"
Depth from Handle: 4.75"

./’—-. z
]

medial circumflex vessels. The tip engages the condyloid notch bone Depth from Handle: 6"
(teardrop). Helps retract soft tissues during acetabular exposure. Blade Width: 21mm

Rl
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Dorr Curved Blade Bent Hohmann Retractors
Used for both femoral exposure—placed around the femoral neck
or beneath the top of the femoral head—and acetubular exposure—
posterior superior of the acetabulum.

Upward Double Bent Hohmann Retractor
Tapped into the illum to help retract the femur for acetabular exposure.

PRODUCT NO’S:

D6106 [Dorr Curved Blade Bent Hohmann]
Overall Length: 13.5"
5 Depth from Handle: 4.5"
Blade Width: 40mm
D6107 [Dorr Curved Blade Double Bent
@ Hohmann]
Overall Length: 8.5"
Depth from Handle: 5"
Blade Width: 25mm

D6114 [Upward Double Bent Hohmann]
Overall Length: 14"
Depth from Flat Part of Handle: 5.5"
Blade Width: 20.5mm

Overall Length: 14"
Depth from Handle: 6"
Blade Width at Widest: 44mm

D6109-L [Dorr Posterior Capsule and Sciatic
Nerve Protection Retractor—Left]
D6109-R
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Dorr Posterior Capsule and Sciatic Nerve
Protection Retractors
Sits on the outer rim of the posterior inferior ishium to
retract the posterior capsule for acetabular exposure
and help to protect the sciatic nerve.

[Dorr Posterior Capsule and Sciatic
Nerve Protection Retractor—Right]

| PRODUCT NO’S:
D6111 [Dorr Wide Femoral Neck Elevator]
= Ty Overall Length: 15"
@ @ Depth from Handle: 2"
Blade Width at Widest: 45mm

D6113 [Dorr Narrow Femoral Neck Elevator]

Overall Length: 13.75"

Depth from Handle: 2.25"

Blade Width: 25mm

Dorr Femoral Neck Elevators

Placed under the proximal femur to help expose the femoral head. The
wide version is useful with large patients, while the narrow is useful when
broaching or when the implant is in place.
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