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An Announcement From:

Dr Rami M Sorial FRACS FAOrthA
President, Asia Pacific Arthroplasty Society & Associate
Editor-in-Chief, Pacific Rim, Reconstructive Review

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

& Editor-in-Chief, Reconstructive Review

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

publications and encourage its Members to

Reconstructive
REVIEW

submit manuscripts for publication in one of

four quarterly issues.

We also welcome interested Members to

become reviewers for the Reconstructive )
Review. A

Joint Implant Surgery and Research Foundation

@ cirizz

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

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

Dr. Rami Sorial. Pacific Rim

Please visit our websites for more information:

www.Jistf.org ® www.reconstructivereview.org
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ISRE Joint Implant Surgery & Research Foundation

i Seased to GJO/ZQ/ZM&@LIZ/‘CZ@W Allrance with the

: DONALDSON ARTHRITIS
RESEARCH FOUNDATION

DAREF, founded in 2005 by Dr. Thomas K. Donald-
son, has a focus on outcome studies and basic science
with major emphasis on implant retrievals. His ongoing
collaboration with Ian Clarke, PhD provides a syner-
gy between the laboratory and clinical surgical science.
Both men are Board Members of JISRF and have a sig-
nificant working relationship with its Executive Director
Timothy McTighe Dr. HS (hc).

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

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

Together both groups will provide unprecedented
analysis of your Retrievals.

www.jisrf.org o www.darfcenter.org

Metal on metal retrieval
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Articles now include the CrossMark
(by CrossRef) Button

M) Check for updates

It gives readers the information they need
to verify that they are using the most recent
and reliable versions of a document.

ur new website provides a

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

OJS was designed for the management
and online presentation of open

access, peer-reviewed academic
journals. The software has a ‘plugin’
architecture allowing

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

Reconstructive Review
— Promoted on Five Websites

Links to Reconstructive Review and its articles are

available on these websites:

» APASonline.org Asian Pacific Arthroplasty Society

Now with a
Responsive Design

ReconstructiveReview.org has been
redesigned to be responsive - it will
adjust its size and layout for any
device from smart phone, to tablet, to
desktop computer.

org

Reconstructlve > REVIEW

JOINT IMPLANT \l I!GI:R‘: & lll-beR{‘H FOUNDATION

USER HOME SEARCH
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Abstracts Indexed On:
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paperity
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INDEXED IN
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And Searchable In:
Google and Google Scholar
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The goal of JISRF and Reconstructive Review is to provide peer-reviewed, open-access orthopaedic articles focusing on total
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The Reconstructive Review (ISSN 2331-2262 print,
ISSN 2331-2270 online) will be published four times a
year by the Joint Implant Surgery & Research Founda-
tion (JISRF), 46 Chagrin Plaza #117, Chagrin Falls, Ohio
44023.

Editorial Correspondence

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

Correspondence

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

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

For information on how to submit articles to the Re-
constructive Review please review the following or visit
http://www.reconstructivereview.org.

Submit Articles to the Reconstructive Review

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

Before submitting an article to Reconstructive Review,
please follow the instructions below.

ARTICLE TYPES

Reconstructive Review accepts the following catego-
ries of articles:

* Original Articles

* Basic Science

¢ Case Reports

¢ Clinical/Surgical

¢ Commentary

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

¢ Healthcare Policy/Economics

* Reviews

e Letters to the Editor

* Surveys

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

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

INSTRUCTIONS FOR SUBMITTING ARTICLES

Please read the following information carefully to en-

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

File Formats

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

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

Article Preparation

Articles submitted will need to be divided into separate

files including cover page and manuscript. Figures, im-

ages, and photographs should be submitted separately.

Joint Implant Surgery & Research Foundation ¢ JISRF.org ® ReconstructiveReview.org


http://jisrf.org
http://www.reconstructivereview.org
mailto:tmct%40jisrf.org?subject=
mailto:dfaroo%40jisrf.org?subject=
http://www.reconstructivereview.org
http://www.reconstructivereview.org/ojs/index.php/rr/index

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

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

- Title

- Abstract (ALL ARTICLES MUST INCLUDE
AN ABSTRACT)

- Introduction

- Materials and Methods

- Results

- Discussion

- References (for styles please refer to the website
http://www.nlm.nih.gov/bsd/uniform_require-
ments.html)

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

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

INFORMED CONSENT

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

COPYRIGHT AGREEMENT

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

DISCLOSURE STATEMENT

As part of the online submission process, correspond-
ing authors are required to confirm whether they or their
co-authors have any conflicts of interest to declare, and to
provide details of these. If the Corresponding author is un-
able to confirm this information on behalf of all co-authors,
the authors in question will then be required to submit a
completed Disclosture Statement form to the Editorial Of-
fice (editors@reconstructivereview.org). It is the Corre-
sponding author’s responsibility to ensure that all authors
adhere to this policy.

Reconstructive Review Production
Specifications

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

* Trim Size: 8.5 x 117

* Live Area: 7.25” x 9.25”

* No Bleeds

Ad Specification

* Full color or black and white - available sizes:

* Full Page, 7.25” x 9.25”

* Half Page Horizontal, 7.25” x 4.25”

e Half Page Vertical, 3.25” x 9.25”

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

General Statement

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

KineMatch®

Custom-Fit
Patello-Femoral Replacement

Clinically Proven

25 implants, mean follow-up 6.1 years.

Results: 18 Excellent, 7 Good, 100% survivorship, no additional surgeries."
At an average of 11.3 years, all 25 implants were still in place and all
patients reported being ‘Very Satisfied’ with their PFR.2

3. Implant custom-made
for patient anatomy

Simpler

Each implant is custom-fit to the patient’s femoral anatomy using CT data,
thereby eliminating the need for femoral bone resection and preserving
bone stock.® Customization also allows for restoration of normal
kinematics while reducing the potential for soft-tissue impingement and
other fit-related problems associated with off-the-shelf devices.

Faster

The custom fit simplifies and speeds implantation of the prosthesis.*

A matching custom drill guide is provided to efficiently determine position
and create peg-holes, eliminating the need to resect femoral bone. The
surgeon’s attention can then be focused on optimizing patellar tracking.

1. Sisto, Sarin (2006) Custom Patellofemoral Arthroplasty of the Knee. JBJS 88-A:1475.

2. Sisto, Sarin (2011) Custom Patello-femoral Arthroplasty of the Knee: An Eleven Year
Follow-Up. ORS. Long Beach, USA.

3. Sisto, Grelsamer, Sarin (2012) Patient-Specific Patellofemoral Arthroplasty. In: Recent
Advances in Hip and Knee Arthroplasty, InTech. Rijeka, Croatia.

4. Sisto, Sarin (2007) Custom Patellofemoral Arthroplasty of the Knee: surgical technique.
JBJS 89-A (Supp 2, Il):214.

KineMatch Custom PFR

For additional information or to order

KineMatch for your patient, please give KINAMED

us a call at 800-827-5775. To view a video ‘ INCORPORATED
demonstration, visit us on the Web at:

KineMatch® PFR U.S. Patent Nos. 6,712,856; 6,905,514; 7,517,365; 7,935,150; 8,419,741; 8,771,281; 8,936,601; Expect Inn o va tion_

8,936,602; 8,961,529. Additional US & International Patents Pending. ©2015 Kinamed® Inc. B00142G JBJS
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Abstract

Using a femoral head from one manufacturer on the stem of another manufacturer poses the risk that
the taper interface between the components may not contact correctly and the performance of the joint
will be impaired. The cohorts in this study are a combination of modular Birmingham Hip Resurfacing
(BHR) and Adept femoral heads on CPT stems. The study reviews the geometry of the taper interfaces
to establish if the taper clearance angles was outside of the normal range for other taper interfaces. In ad-
dition the rates of material loss from the bearings and taper and a ranking of the stem damage were re-
viewed to determine if the levels of loss were above that seen for other similar joints.

The material loss analysis demonstrated that the rates or levels of loss from the bearings, taper and
stem were no different to levels published for manufacturer matched joints and in many cases were low-
er. The results demonstrate that the taper clearance angles for the mixed manufacturer joints (BHR-CPT:
0.067 to -0.116, Adept-CPT: 0.101 to -0.056) were within the range of other studies and manufacturer
matched clearances (0.134 to -0.149).

Using components from different manufacturers has not in this instance increased the level of mate-

rial loss from the joints, when compared to other similar manufacturer matched joints.

Keywords: total hip, mix and match; metal on metal
Level of Evidence: AAOS Therapeutic Level 111

Introduction

The use of large diameter Cobalt Chromium femoral
head components in total hip replacements has come un-
der scrutiny due to the poor performance of these joints
in-vivo. In particular the performance of the taper junc-
tion between the head and femoral components. The use
of mixed manufacturer components has been a particular
area of focus, where the manufacturers’ variation in angle
of their 12/14 tapers can result in different taper clearance
angles and contact lengths 1 from those specified by the
manufacturers.
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Figure 1. Taper Clearance Angle definition. A. Full length contact,
taper angle = trunnion angle, clearance = 0. B. Distal contact, taper
angle < trunnion angle, Clearance < 0. C. Proximal Contact, taper
angle > trunnion angle, Clearance > 0

The taper clearance angle provides a means of assessing
how the male and female components of a taper will con-
tact (Figure 1). A positive clearance indicates that the taper
would have contacted at the proximal / narrow diameter
end of the taper, while a negative clearance is the opposite,
with a distal contact at the larger diameter end of the inter-
face. The angles for the ASR and Articuleze joints present-
ed by Langton et al [2] were 5.670° (5.568° to 5.798°) and
5.639° (5.584° to 5.685°) (taper engagement level identi-
fied data) which, when paired with the 5° 43" Corail trun-
nion [3], provide clearances of -0.047° (-0.149° to 0.081°)
and -0.078° (-0.133° to -0.032°) degrees. This range of
clearance angles and differences in design specification is
further reflected in the study of Kocagoz et al. [1] whose
cohort of 50 metal femoral head had a 35:15 split between
positive and negative clearance angles. The range of taper
clearances within the study [1] was 7.5 to -8 arcminutes
(0.125° t0 -0.133°), with 50% of the values between 5 and
-2 arcminutes (0.083° to -0.033°).

This analysis demonstrates that there is no consistent or
single design philosophy for taper contacts between manu-
facturers, with some opting for proximal contacts and posi-
tive clearances and others for distal contacts and negative
clearances. In the case of the ASR — Corail pairings the
variation in the measured angle of the tapers provide both
positive and negative clearances on the same trunnion.

The analysis of retrieved joints has highlighted three
sources of material loss; the bearing surfaces [4-6], the ta-
per interface [7-11] and the cement-stem interface [12,13]
each capable of triggering a reaction significant enough
to require revision surgery. The ability of bearing surface
wear to cause adverse reactions is clear from the retrieval
studies [4-6] focused on resurfacing joints. The ability of
the material loss from the taper interface to initiate adverse
reactions can be demonstrated by the increasing numbers
of failures in metal on polymer bearings [7-11]. The issue
of debris from the cement stem interface was demonstrated

by the work of Donnell et al. and Bryant et al. on the Ul-
tima hip replacement system [12,13], with Hothi et al. [14]
showing that damage was present on seven different de-
signs of cemented stem.

The literature contains a number of retrieval studies
where the values of linear [6,15-19] and volumetric loss
[15,19-24] from the bearing surfaces of metal on metal
joints have been presented (Table 1). However, in most
studies, the values for edge-wearing components have not
been differentiated from those without edge wear, mean-
ing the values provided are not reflective of the true wear
rates for these joints. Only two studies [6,17] provided
linear wear rates and only one provides volumetric rates
[22] which are representative of the bearing performance
of well aligned components in-vivo (mean bearings com-
bined: 1.10mm3/yr).
which have quantified the material loss from the surfaces
of female tapers of both manufacturer matched and mixed
manufacturer metal on metal joints (Table 2). The pub-
lished mean volumetric wear rates from these studies range
from 0.85 to 0.127 mm3/year, with median values ranging
from 0.132 and 0.238 mm3/year (Table 2).

Cook et al. [28] assessed the volume of material lost
from the surfaces of cemented stems, showing mean rates
of loss between (0.003 and 1.9mm3/yr), however these
measures has a +/-16% error due to the both the complex-
ity and variability in the geometry of different components.
The accepted method for the characterization of the level
of damage to cemented stems 1s the 5 level ranking devel-
oped by Bryant et al. [12]. Two studies have utilized this
score, Bryant et al. [12] who provided a mean score of 2.9
for 105 manufacturer matched cemented components, and
Hothi et al. [14] who, while not providing an average val-
ue, reported 27 of the 36 stems reviewed as having a score
of 3 or over.

These previously published values of material loss and
ranking obtained from retrieved metal on metal joints, pro-
vide the baseline against which the performance of other
joints can be compared. The objective of this study is to de-
termine how the levels of material loss from three sites on
a group of mixed manufacturer joints relates to other pre-
viously reported levels of material loss from manufacturer
matched joints. We hypothesize that the level of material
loss from the bearings, taper and cement stem interfaces
will not exceed that of other joint designs.
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Table 1: Linear and Volumetric Wear Rates of the bearings surfaces of metal on metal joints

Femoral Head Acetabular Cup Bearings Combined
Study NumPer of Joint Deign Edge worn : non-edge Time In-Vivo Linear Rate Volumetric Linear Rate Volumetric Linear Rate | Volumetric Rate
Hips worn (Years) (um’/year) Rate (um?/year) Rate (um*/year) (mm?/year)
wm/y (mm®/year) um 7y (mm’/year) Hm/y! v
Median:
16.87
60 Modular Edge Worn: 34 Mean: 2.6 (0.82 -
THR (1-6.1) 119.15)
Non-edge worn: 26 Median: 0.00
Matthies et al.® (0.00-4.77)
: Median:
11.00
60 Resurfacin Fdee Worn: 40 Mean: 3.8 (0.77-
e (1-10.1) 173.81)
Median: 0.00
Non-edge worn: 20 (0.00- 6.18)
Mean: 3.6 Median: 8.1 Median: 7.36
Pseudot: :
9 seudotumour 9:0 (1.1-6.6) (2.75-25.4) (1.61-24.9)
K tal. ' Resurfaci ian:
woneta 2 esurtacing No 121 Mean: 2.3 M;d;;n. Median: 1.28
Pseudotumour ’ (1.0-5.8) (0.82.- 4.15) (0.18 -3.33)
Mean: 31.90
Edge worn 78
Underwood et al.”” 122 Combined (0.77-245.55)
Non-edge worn 44 Mean: 0.85
(0-6.18)
72 Pseudotumour Mean: 3.1 Median: 5.3 Median: 6.8
Matthies et al. ** Combined (1-575) (0-84.1) (0-180)
: 33 Control Mean: 3.3 Median: 2 Median: 2.2
(1.1-7.9) (0-62.1) (0-64.3)
Hart et al. ” 45 Resurfacing Mean: 2.7 Median: 8.7 Median: 5.6
Mean: 3.9 Mean: 8.4 Mean: 3.3 Mean: 16.1 Mean: 2.5
» 1 | Peeudotumour 7 SD: 2.1 SD:8.7 SD: 5.7 SD:21.4 $D: 6.3
Glyn-Jones et al. Resurfacing
18 Control 6:12 Mean: 2.5 Mean: 2.9 Mean: 0.8 Mean: 1.0 Mean: 0.4
) SD: 1.9 SD:3.9 SD: 1.2 SD: 1.5 SD: 0.8
. . Mean: 3.25 Median: 2.6 Median:0.3
Unexplained Pain 8:27 (L5 -8.6) (0-128.2) (0-29.3)
9 Combined fan:
omoine Mean: 2.5 Median: Median:1.5
X 1 Control 37:22 (1-65) 12.8 (0-94.3)
Nawabi et al. - (0-232.1) .
. Combined Mean: 1.9 Median: 3.3 Median:0.3
10 Resurfacing (1.5-4.2) (0-128.2) (0-26.2)
24 THR Combined Mean: 3.75 Median: 2.2 | Median:0.3
(1.5-8.6) (0-85.6) (0-29.3)
Morlock et al. 2 12 Heads Resurfacin Non-edge worn Mean: 0.402 Mean: 0.584 Mean: 1.10
: 17 Cup 8 8 SD: 0.584 SD:1.39 SD:1.7
. 30 30 Heads Modular . Mean: 3.5 Mean: 1.96 Mean: 1.05
Wittetal. 28 Cups THR Combined SD: 1.6 SD: 4.92 SD: 2.25
Lord et al. ® 32 Heads Resurfacin Combined Mean: 8.72 Mean: 11.02 Mean: 22.66
: 22 Cups e (0.21-31.91) (0.30-63.59) (0.51 - 95.50(
10 Modular Combined Mean: 5.3 Median: 3.92
S-ROM stem THR (3.3-7) (1.20-7.81)
Hothi et al. ** ian: 3.
10 Modular Combined Mean: 4.7 Median: 3.21
Corail stem THR ' (4.2-6.4) Range: 0.87 -
) ) 62.12
Mean: 3.10 Mean: 2.56
Matthies et al. * 110 M‘T":{L;'ar Combined N(';ar; i’)7 Median:1.31 Median:0.62
' (0.06-45.66) (0.04-39.62)
- Modular Mean: 4.8 Median: 2.02
Sid. le et al. i
idaginamale et a 116 THR Combined (0.6-9.1) 027 -68.9
24 " ;
83 Resurfacing Combined Median: 7.35
Range: 0.62 - 95.5
Modular Mean: 7.5 Mean: 4.5 Mean: 1.99 Mean: 7.3 Mean: 2.94 Mean: 4.94
22 BHR THR Combined 16:8 @7 7‘9 é) Median: 2.5 | Median: 0.7 Median: 1 Median: 0.43 Median: 1.15
T (09-39) | (0.17-21.1) | (0.4-105.2) | (0.11-45.2) (0.36 - 66.4)
Mean:1.9
Modular Mean: 6.8 Median: Mean: 0.57 Mean: 3.9 Mean: 1.41 Mean: 2.07
22 Adept THR Combined 10:12 (3.3- ]'.0 '3) 1.4 Median: 0.28 | Median: 1.8 | Median: 0.38 Median: 0.74
This Study (0.3-9) (0.08-4.7) (0-29.6) (0-16.7) (0.19-21.4)
Modular Mean: 7.3 Mean: 1.9 Mean: 0.55 Mean: 0.9 Mean: 0.40 Mean: 0.96
16 BHR THR Non-edge worn @7 9 é) Median: 1.5 | Median: 0.4 Median: 0.8 | Median: 0.33 Median: 0.74
T (0.9-3.6) | (0.17-1.46) (0.4-1.5) (0.1-1) (0.36 - 2.28)
Modular Mean: 6.2 Mean: 1 Mean: 0.24 Mean: 0.9 Mean: 0.37 Mean: 0.41
10 Adept THR Non-edge worn (3.3- ]'.0 '3) Median: 0.8 | Median: 0.21 Median: 0.6 | Median: 0.22 Median: 0.32
) } (0.3-2.1) (0.08-0.5) (0-2.8) (0-1.6) (0.12-0.94)
Materials and Methods LDMH (Finsbury Orthopaedics) (n=22) or a BHR large
diameter modular head (LDMH) (Midland Medical tech-
Study demographics nologies; Smith and Nephew) (n=22).
The implants reviewed within this study are shown in Ethical approval was granted by the National Research

Table 3. They are mixed manufacturer head and stem com-  Ethics Service Committee South Central = Southampton
binations formed of cemented collarless tapered cobalt-  A.
chrome Zimmer CPT stems paired with either an Adept
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Table 4 Mean, Median and range of values of material loss from the

implant surfaces

Head Sizes Taper Table 2. Linear and
Study Number of Hips (mm) Time In-Vivo (Months) [~ mulative Rate Rate Volumetric Wear Rates
mm’ (um’/year) (mm3/year) l
Unexplained Pain: 25 Mean: 46 (38 — 53) N(;earl\:gll.él from tqp.ers Ofmeta on
Nawabi et al. 58 (0-18.1) metal joints
Control: 33 Mean: 45 (38 - 53) (':)"fa;g_g)
Mean: 0.85
Matthies et al. ** 110 Mean: 46.2 (38—-60) | Mean: 44.2 (12 -85) | Median: 2.02 Median: 0.54
(0-4.29)
Median: 0.132
Hothi et al. ? 10 S-ROM stem 36 Mean: 63.5 (40 - 84) (0.01.5—0.518)
10 Corail stem 36 Mean: 56 (50 - 77) (“42‘35;:;‘127388)
Hothi et al. ** 150 Mixed Manufacturer M((;zr{::OS)B Mean: 42.2 (7 - 118) (OMigi]Z;g;)
Median 45.5 . Median: 5.92 Mean: 0.44
Langton etal. 63 ASRXL (39-57) Median: 33 (11-64) (0.57t032.78) | (0.02t0 8.34)
48 Articuleze (Pinnacle) “ fio) Median: 42 (12 - 75) ( gf';fli”lt‘gz) (':)"gal"too;lz;
Sidaginamale et al. * 116 Mixed Pinnacle, ASR and BHR l(\ge:n;l? (:;/Tcleifnng)
22 ASR Taper - Corail stem Median: 0.714
26 12 ASR Taper - S-ROM stem . Median: 0.494
Brock et al. 50 Pinnacle Taper - Corail stem Mean: 51 (+/-23) Median: 0.402
20 Pinnacle Taper — S-ROM stem Median: 0.123
61 Pinnacle Taper — Corail stem Mfgia;.;g')ss
Hothi et al. *’ 17 Pinnacle - S-ROM stem 36mm Mef;?Q;ZS.S M((el;iiag.;(;.)OB
42 Pinnacle — Summit stem M(eodi_a;-:4(2)35
Mean: 45.3 Mean: 1.84 Mean: 0.26
2 BHR i;nlsz‘ Mean: 90 (56 - 115) | Median: 1.91 Median: 0.22
Thi (42-52) (0-4.2) 0-09
is study
Mean: 47.1 Mean: 1.11 Mean: 0.16
22 Adept 42 -54) Mean: 81.8 (39 - 124) | Median: 0.58 Median: 0.08
(42- (0-7.85) 0-1.04
BHR Adept Table 3 Joint Material loss assessment
Number of joints | 22 22 i . .
umber of joints Demographics. The volumetric material loss measurements for the
Time In-Situ 90 82 b . d t I‘f f h . . t . th t d
monti) 56115, 55120 earing and taper surfaces of each joint in the study were
Head e ppTe— ypTm— obtained using a non-contact optical coordinate measur-
s6mm,n=10 | 44mmn=1 ing machine (OrthoLux, RedLux, Southampton UK). The
somm,n=4 | 46mmn=7 measurement procedure and validation for spherical com-
48mm n =5 ponents can be found in Tuke et al. [31]. Direct assessment
sommn =5 of the bearing surfaces was performed with a point cloud
54mmn=1 . . . . .
density of 1 point per degree circumferentially and 1 point

per degree from the pole to the edge. The regions of dam-

age on the bearing surfaces were identified and removed
and a sphere fitted to the remaining points. The linear wear

was assessed as the max-

BHR-CPT | Adept-CPT BHR-CPT | Adept-CPT BHR-CPT | Adept-CPT BHR-CPT | Adept-CPT . ; o
Normal Wear: Edge Wear 166 1012 imum linear deviation
Clearance 0.220 0.181 f the fitted soh .
(o) 0.211 0.180 rom the €d Spnere
0.16-0.33 | 0.13-0.23
Al Samples Camulative » 126 ) 7 the center of the wear
Linear Loss 18.5 7.7 7.3 11 .
(um) 5-318 2-56.5 2.7-859 | 0-190 scar and the volumetric
: 45 19 73 39
All Sample(s Llr}ea)r Loss rate 25 14 1 18 IOSS measured as the Vol_
Hm/ve 09- 39 03-9 04-1052 | 0-296
Non-edge Wearing Cumulative 14 53 6 53 ume beneath the ﬁtted
Linear Loss 11 5.9 6 4.7
(um) 52-24 | 23-86 3-128 | 0-195 | _ SphCI'C and the assessed
Non-edge Wearing Linear Loss rate | 3 iz 018 § g: gz g g:_ Slll‘face Wlthln the wear
(um/yr) EE 09-36 | 03-21 (;; 04-15 0-238 § e scar region.
All samples Camulative Volume Loss | & 15.64 4.62 g | =38 9.18 % 39.02 13.80 1.84 111
i 5 5 21 g | 349 300 | £ 9 4.97 1.91 0.58 The taper  assess-
mm “ |113-1726 | 06-304 | < | 05-369.3 | 0-107.1 | § | 1.73-541.9 | 0.6-137.5 0-42 | 0-7.85 ¢ f d
1.99 0.57 2.94 1.41 4.94 2.07 0.26 0.16 ments were CIIorme
Al Sample(s Voil;m)e tossrate 07 0.28 0.43 038 115 0.74 022 0.08 . P
mm/yr 0.17-21.1 | 0.08-4.7 011-452| 0-167 0.36-66.4 | 0.19-21.4 0-09 | 0-1.04 on a castlng of the taper
Non-edge Wearing Cumulative 3.98 1.36 2.94 1.88 6.92 2.26 1.97 0.76 .
Volume Loss 238 1.45 2.20 157 5.87 2 234 0.47 surface. The castlng was
(mm?®) 113-86 | 0.6-2.1 05-7.6 0-6.3 1.73-13.62 | 0.6-3.92 0-42 | 0-19 . .
Non-edge Wearing Volume 0.55 0.24 0.40 0.37 0.96 0.61 0.28 0.14 made uSlng Mlcroset 202
Loss rate 04 021 033 0.22 0.74 032 030 0.08 :
(mm®/yr) 0.17-1.46 | 0.08-0.5 01-1 0-16 036-2.28 | 0.12-0.94 0-09 | 0-04 (MlCI'OSCt Products Ltd’
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Vs. CPT Trunnion angle of 5° 40’ or 5.667°

Vs. Zweymuller Trunnion angle of 5° 38’ or

5.633°

Vs. Synergy Trunnion angle of 5° 40’ secs or

Table 5: Table 3 Mean,

5.667° median and range of

Retrieved head Taper Taper Angle Taper Angle Taper Angle

Bearing

Angle Clearance Clearance Clearance

Manufacturer

(Degrees) (Degrees) (Minutes) (Degrees)

Taper Angle Taper Angle Taper Angle

the Taper Angles and
Clearance angles.

Clearance Clearance Clearance

(Minutes) (Degrees) (Minutes)

5.690° 0.024° 1.463 0.057°
Adept
0.030° 1.799 0.063°

(0.101° to -0.056°)

5.696°
n=22
(5.610° - 5.767°)

(1.799 to -3.333) (0.134° to0 -0.023°)

3.443
3.779
(3.779 to -1.353)

5.662° -0.005° -0.314
BHR

5.663°
(5.551° - 5.734°)

-0.005°
(0.067° to -0.116°)

-0.272
n=22
(4.030 to -6.961)

-0.005° -0.314
-0.005°

(0.067° to -0.116°)

0.272
(4.030 to -6.961)

Metasul -0.034° -2.04

Nuneaton, UK) replication material which has the ability
to reproduce the surface with a resolution of 0.05 um. The
measurements of the taper surface were collected with a
point density of 2 points per degree circumferentially and
70 points per mm along the length. The damaged regions
of the taper surface and any regions with material deposits
were excluded and a cone fitted to the remaining original
surface. The volumetric loss was assessed as the volume
beneath the fitted cone within the wear scar region. Valida-
tion of this method has been published [32] and the limits
of agreement (95%) of the material loss were -0.0416 to
0.173 mm3 with a taper angle shown to be within 0.0024°.

Volumetric loss and the angles of the retrieved trun-
nions was not assessed. The surfaces of the trunnions were
perceived to have some level of deformation or damage
along their full lengths. This provided no original surface
to which to apply a cone fit, meaning any volumetric val-
ue or angle assessment would have had unquantifiable and
inconsistent levels of error, with the magnitude of the er-
ror varying with the level of damage to the trunnion. In or-
der to assess the taper clearance angles, the manufacturers
stated trunnion angle for the CPT (5° 40 minutes), as well
as the Finsbury orthopedics Zweymuller Alloclassic (5° 38
minutes) [33] and the Synergy stem (5° 40 minutes) were
gathered. The Alloclassic stem and the synergy stem rep-
resent the manufacturer matched stem parings for the Ad-
ept and BHR heads. It is of note that both the BHR and
Adept heads were marketed initially without a specified
stem pairing and these were subsequently identified as ap-
propriate. In addition the Metasul and Durom female taper
(5° 38 minutes) [34] was reviewed in relation to the CPT
trunnion to define manufacturers specified taper clearance
for this pairing.

Stem grading

The stems were graded using the criteria described by
Bryant et al. 2013 [4]. The scale classifies stems into one of
five categories based on the area of damage to the stem sur-
face from within the cemented region. The categories are
1: <10%, 2: 10-25%, 3: 25-50% 4: 50-75% and 5: >75%
of the surface.

Results

The bearing surface analysis identified 18 out of the 44
joints (BHR = 6, Adept = 12) as being edge worn. The
exclusion of the edge wearing joints from the data sets,
provided a mean wear rate for the joints in-vivo of 0.24
and 0.55 mm?/year for the femoral heads and 0.37 and 0.4
mm?/year for the acetabular cups of the Adept and BHR
joints respectively (Table 4). The wear rate of the non-edge
worn femoral heads was significantly higher for the BHR
joints (p = 0.006), but there was no significant difference
between the levels from the acetabular cups (p = 0.865).

Analysis of the tapers demonstrated a range of levels
of material loss. The mean rate of volumetric loss from
the Adept and BHR female taper surfaces respectively
was 0.16 and 0.26mm?*/year (Table 4). Comparison of the
means of the two rate of loss using a 2 sample t-test showed
there was no statistically significant difference (p =0.179).
There was also no significant difference between the rates
of volume loss from the tapers of the joints with edge worn
bearings and those without for either the BHR (p =0.113),
the Adept pairings (p = 0.639) or the two groups combined
(p=0444).

All of the stems examined displayed evidence of dam-
age to their surfaces which would have been within the ce-
ment mantle. The mean Bryant score for the BHR and Ad-
ept coupled stems was 2.4 and 2.9 respectively. There was
no statistically significant difference in the level of stem
damage between the BHR and Adept groups (p = 0.498),
nor was there a significant difference in the stem score for
the edge worn and non-edge worn bearings (BHR: p =
0.481, Adept: p =0.899, combined: p =0.763).

The assessment of the BHR and Adept female taper sur-
faces showed a difference in the mean taper angle (5.690°
vs. 5.662° respectively). This difference in the taper an-
gle of the two joints was approaching significance (p =
0.054). The taper angles of the joints resulted in different
taper clearance angles when compared to the manufacturer
specified trunnion angle for the CPT (Table 5). The BHR
taper angle was similar to that of the CPT trunnion, but
provided a negative clearance of -0.005 degrees. In con-
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trast the Adept taper provided a positive clearance angle of
0.024°. Based on the taper angles assessed in this study, the
manufacturer matched pairings would have provided mean
clearances of 0.057° and —0.005° for the Adept-Alloclas-
sic and the BHR-Synergy respectively and -0.034° for the
Metasul-CPT, Table 5.

The correlation between the head size, bearing clear-
ance, time in-situ, offset, taper angle and taper clearance
vs. ideal CPT (tapers only) on the volume of loss from the
bearing surfaces and the taper and the stem grading was
investigated. The only significant correlations were found
between the BHR taper loss and the head size (r =0.438, p
=0.042) and the CPT derived offset with the stem grading
of the Adept group (r=-0.577,p=0.019).

Inter site

When the volume of material loss from the bearings was
compared to that of the taper and the stem grading from the
whole data set (n = 44), only one significant correlation
was found between the bearing surface wear and the stem
grading (Head r = -0.435, p = 0.007, Cupr =-0333,p =
0.044). However, removal of an edge worn BHR sample
which had lost 172.6 mm?® and 369.3 mm® from the femo-
ral head and acetabular cup respectively rendered this rela-
tionship non-significant.

Separate analysis considering the different joint designs
and the edge worn and non-edge worn joints separately
failed to provide any significant correlations between the
material lost from the different sites.

Discussion

In order to determine if the bearing surfaces were per-
forming as would be expected, the results from the wear
analysis in this study need to be compared to those of pre-
vious studies on similar joints. Table 1 contains linear
[6,15-19] and volumetric loss [15,19-24] measures from
the bearing surfaces of retrieved metal on metal joints.
However, in most studies, the values for edge-wearing
components have not been differentiated from those with-
out edge wear, meaning the values provided by most stud-
ies are not reflective of the true wear rate for these joints.
Only three [6,16,17] out of the six studies provided linear
wear rate values which are representative of a well aligned
components in-vivo and two of those only presented val-
ues for the acetabular cups.

The mean linear wear rates of reported by Underwood
et al. [17] were higher than those reported in this study.
However, Matthies et al. [6] provided median wear rates
for O um/year (0 - 4.77) and 0 um/year (0 - 6.18). The

inference of this is that 37 or more of these 74 retrieved
joints had no measureable wear. This may be a reflection
of the shorter time in-situ of these joints compared to the
current study, or a difference in the ability of the round-
ness machine measurement technique to pick up low levels
of wear compared to the RedLux technique. However the
maximum linear wear rates presented for these joints are
higher than this study.

The mean volume loss rate of the non-edge wearing
femoral head components published by Morlock et al. [22]
was lower than from the BHR femoral components in this
study. However, the mean volume loss rates from the Ad-
ept femoral heads, the acetabular surfaces and the bearings
combined for both designs from this study were below the
values presented.

When the rates of the whole data, incorporating the
edge worn values are compared to the rates of loss those
of the previous studies [15,19-23,30], the current values sit
within the range presented in Table 1.

The volumetric wear rate of the non-edge wearing joints
demonstrate that the BHR joints had double the rate of vol-
ume loss from the femoral heads compared to the Adept.
This difference can be explained in part by the lower clear-
ance (40um less) of the Adept joints (Table 4). The Adept
clearance is high enough to overcome any fears around de-
formation during insertion [35] and high friction due to lu-
bricant starvation [36], but low enough to reduce the vol-
ume lost as a result of the running in wear associated with
higher clearance joints [17,37].
which have quantified the material loss from the surfaces
of female tapers (Table 2). Matthies et al [21] and Hothi et
al [23] provide values for the cumulative loss from the sur-
faces of 2.02 mm® (Median) and 1.52 mm? (Mean), higher
than the mean and median values in this study for the Ad-
ept tapers, but a higher median and lower mean (0.22 mm3
difference) when compared to the BHR joints.

Comparing the material loss values in this study with
those of previous studies (Table 2), the loss is beneath
that of Matthies et al. [21] obtained from a range of dif-
ferent joint designs, Hothi et al. [23] for Corail — Ultamet
head pairings and the ASR XL tapers presented by Lang-
ton et al. [2]. Only the mean values for the Articuleze-Pin-
nacle joints (difference BHR: 0.133, Adept: 0.033 mm?/
year) and the median value for the S-Rom stem — Ultamet
head parings were less than those presented here. In both
of these studies [2,23] the head sizes were 36mm which is
6mm smaller than the smallest head considered in this co-
hort, a known variable in the performance of tapers and
the S-Rom stem also has an 11/13 taper rather than a 12/14
which may have influenced the performance.
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Comparison of the volumes of loss from the bearings
to the taper and stem showed no significant correlations,
demonstrating that the loss occurring at these individual
sites was independent of what was occurring at the other
sites. The results also showed no correlation between joint
specific variables such as offset, clearance, head size and
time in-situ and the levels of material loss.

The clearance angles for the combinations in this study
are within the range presented by Kocagoz et al. [1] and the
manufacturers, with the average clearance for each group
maintaining the positive or negative clearance which would
have been specified for that joint design. The clearance an-
gles were not correlated to the volume of loss from the ta-
per, in agreement with the findings of Kocagoz et al. [1]
for the visual grading of taper damage vs. taper clearance.

The closer match of angle seen in the current mixed
manufacturer taper and trunnions has advantages. The ta-
per engagement length between the two surfaces will be
higher than those with a more extreme taper clearance and
larger engagement lengths have been shown to reduce the
volume loss from the taper [23]. The horizontal lever arm
of distally contacting tapers detailed by Langton et al. [2]
will be reduced, which has also been linked to heightened
volume loss [2] and the gap between the two surfaces at the
larger diameter (open) end of the proximally contacting ta-
pers will be reduced, minimizing the access to fluid enter-
ing the interface.

It is clear from this study that there is no consensus on
what is an appropriate taper clearance angle. The clearance
angles for manufacturer matched pairings demonstrate that
the Metasul-CPT and BHR Synergy tapers were designed
with a negative clearance of -0.034° and -0.005° respec-
tively, while the Adept-Alloclassic pairing had a positive
clearance of 0.057°. Different manufacturers have de-
signed for different clearances and contact locations. The
clearances within the study by Langton et al. [2] for the
ASR-Corail pairings (-0.149° to 0.081°), the BHR-synergy
parings (-0.116° to 0.067°) and the Adept-Alloclassic pair-
ings (-0.023 to 0.134) in this study, demonstrate that both
negative and positive clearance angles are possible within
the same joint design on a particular stem due to the toler-
ances of the taper manufacturing.

Areview of cemented stems within the previous studies
[12-14,38-42], demonstrates that damage is identifiable on
a range of designs and materials. Using the data available
in the Bryant et al. [12] paper, it was possible to demon-
strate that there was no significant difference between the
mean stem damage rankings in their study and this work
(p=0.147).

It is of note that while the performance of the three in-
terfaces with regards to material loss does not differ and is

in many cases better than manufacturer matched options.
These joints had the potential to suffer from material loss
at all three interfaces, which in combination elevated the
overall volume of material released into the patient.

Conclusions

This study has shown that the material loss from the
bearing, taper and cement-stem interface of these mixed
manufacturer total hip replacements is equal to and in
many cases lower than that published by other centers for
manufacturer matched joints. The taper clearance angles
of these mixed manufacturer joint pairings are within the
normal range for modular taper connections of manufac-
turer matched joints and has maintained the proximal or
distal nature of the taper which the manufacturer matched
joints would have produced. The use of mixed manufac-
turer joints has not in this instance adversely affected the
performance of the joints when compared to other similar
manufacturer matched joints.
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Abstract

Objectives: Anterior knee pain is a common problem in patients who have undergone TKR which
causes dissatisfaction among them. There are Various methods for prevention of anterior knee pain fol-
lowing TKR .The objective of this study is to determine the effect of circumpatellar electrocautery on
anterior knee pain following TKR and to compare the results with that of those patients who have under-
gone TKR without circumpatellar denervation.

Methods: This is a cohort study conducted in Dept. of Orthopedics, Govt. Medical College,
Kozhikode kerala, 2014. Total sample size was 90.out of which 2 patients died during the study period.
We lost follow up of 7 patients. Among the remaining 81 patients 42 had undergone TKR with circum-
patellar denervation using electocautery and 39 without circumpatellar denervation. They were kept un-
der follow up. Patients were followed up postoperatively at 1 month, 3 months, 6 months and at one year.
At all postoperative visits, a clinical score was determined using the Knee Society score and the clinical
anterior knee pain rating system described by Waters and Bentley.

Results: There is no statistically significant difference in AKP score between both groups.There is a
statistically significant difference in the knee society score at 1st month(p value <.001). But there is no
difference on further follow up visits.

Conclusion: There is no statistically significant difference between final outcome of patients who
underwent patella denervation using circumpatellar electrocauterisation and those without denervation
with respect to anterior knee pain among patients who have undergone TKR.
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Introduction

Anterior knee pain is a common problem in patients
who have undergone TKR which causes dissatisfaction
among them. The reported incidence of anterior knee pain
is about 8% [1]. Patellar denervation using circumpatellar
electrocautery is a reasonable option in preventing anterior
knee pain without any extra cost or technical difficulties.

The etiology of anterior knee pain after replacement is
unknown but is thought to be multi-factorial and related to
the patella-femoral joint. There are many predictors for
anterior knee pain. The young age female sex, severe pain
before surgery; low pain threshold is the non-modifiable
predictors [2,3,4]. The modifiable predictors are anxiety,
depression, problems of pain processing and preoperative
expectations [5].

Nerve endings cut during surgery can regenerate and
gets blocked in the scar tissue; a painful neuroma can be
formed. Hypoxia of nerves produced due to compression
between bone, ligaments or the scar tissue leads to abnor-
mal signal conduction to the CNS which can be felt as an
abnormal tingling sensation [6]. The cause of anterior knee
pain after TKR can be divided into functional and mechan-
ical problems. But in every case an infection should be
ruled out.

There are many functional causes for anterior knee pain
following TKR. Quadriceps weakness is a major problem
after TKR. It can lead to patellar mal-tracking and quadri-
ceps avoidance gait which is characterized by compensato-
ry increased forward inclination of the trunk due to quadri-
ceps weakness[7,8,9]. Another cause for knee pain is knee
spine syndrome due to pathologies in lumbar spine caus-
ing lordosis and increased pelvic tilt. Patello-femoral in-
stability and mal-tracking is the main cause for postopera-
tive pain and functional limitations in the joint [10]. It can
be caused by insufficient soft tissue balancing, component
positioning or design of implant [11,12]. Femoral compo-
nents with a posterior centre of rotation have a favorable
influence on anterior knee pain [13]. It was thought that
posterior stabilized (PS) prosthesis design leads to lower
patella-femoral joint pressures than a cruciate-retaining
(CR) design [14]. But no difference was found with regard
to postoperative pain between CR prostheses and PS de-
signs in recent studies [15].

Patella baja can cause anterior knee pain but incidence
is low [16]. A progressive degenerative arthritic process of
patella due to increased pressure on it by the knee prosthe-
sis can cause anterior knee pain [12]. An increased internal
rotation mal alignment of either tibial or femoral compo-
nent or both can lead to lateral tilt of patella and anterior
knee pain [17]. The patello-femoral joint contact pressure

is increased due to the posterior subluxation of tibio fem-
oral joint [18]. Avascular necrosis or a transient ischemia
can produce localized pain over the patella [19]. Patel-
lar fracture is a rare complication after TKR [20]. Patel-
lar clunk and Synovial hyperplasia can cause anterior knee
pain [21,22].

There are various methods for prevention of anterior
knee pain following TKR like patelloplasty patellar de-
nervation, patellar resurfacing, avoiding patella malt rack-
ing, proper implant selection and component position [23].
Routine patellar resurfacing appears to be an option to re-
duce patello femoral-related pain. But AKP may still be
identified in 5% of patients who undergo primary TKR
with patellar resurfacing [24].There are evidences to sug-
gest that routine patellar resurfacing is not needed in order
to preserve the patella and to reduce the risk of reoperation
in resurfaced patients [25].

Immunohistochemical studies have confirmed the pres-
ence of substance-P nociceptive afferent fibers in the peri-
patellar soft tissues [26]. Hence It is suggested that circum-
patellar electrocautery would lead to partial denervation
and improved pain relief when patellar resurfacing is not
possible. It was thought that primary TKR with circumpa-
tellar electrocautery would lead to partial denervation and
improved pain relief compared with no electrocautery. As
our institution is catering patients from low and middle so-
cioeconomic status population we do not routinely resur-
face the patella. The primary objective of this study is to
determine the clinical effect of circumpatellar electrocau-
tery on anterior knee pain following TKR and to compare
the results with that of those patients who have undergone
TKR without circumpatellar denervation.

Materials and Methods

This is a cohort study conducted in Dept. of Orthope-
dics, Govt. Medical College, Kozhikode kerala,India dur-
ing the period January 2012 to December 2014 after get-
ting institutional research committee and ethics committee
approval. All patients above the age of 55 who have un-
dergone TKR at our institution during above period were
included after getting written informed consent. Those pa-
tients with inflammatory arthritis, secondary osteoarthri-
tis of knee following trauma.TKR after high tibial osteoto-
my and patients with any medical disorder which restricted
them from walking were excluded from our study. Those
patients who have undergone total hip replacement (THR)
and revision TKR were also excluded.

Those patients who have met inclusion criteria and
those have given written informed consent were included
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in the study. Total sample size was 90.out of which 2 pa-
tients died during the study period. We lost follow up of 7
patients. Among the remaining 81 patients 42 had under-
gone TKR with circumpatellar denervation using electo-
cautery and 39 without circumpatellar denervation. Total
knee replacement was done using standard surgical tech-
nique in both groups.

They were kept under follow up. Patients were fol-
lowed up postoperatively at 1 month, 3 months, 6 months
and at one year. At all postoperative visits, a clinical score
was determined using the Knee Society score and the clin-
ical anterior knee pain rating system described by Waters
and Bentley [27,28].

The clinical anterior knee pain rating system described by
Waters and Bentley

Grade Rating Description
0 No pain
I Mild pain which does not intrude on daily activities

II Moderate pain which is a nuisance
I Severe pain

Results

Among the 81 patients, 51.9% underwent TKR with
patellar denervation. Among patella denervation group,
59.5% were females and in group without denervation
51.3% were females. Among the total patients, 55.6%
were females. Statistical analysis done using SPSS soft-
ware. There is statistically significant improvement in the
AKP score and knee society score in both groups at each
follow up visit (tables 4 and 5). Although AKP score is
gradually improving, there is no statistically significant dif-
ference in AKP score between both groups (table 2).There
is a statistically significant difference in the knee society
score at 1st month(p value <.001). Patients with patella de-
nervation have better knee society score. But there is no
difference on further follow up visits (table 3).

Discussions

Anterior knee pain after total knee replacement is a ma-
jor problem. It has been addressed in a number of studies.
Unfortunately, many aspects of anterior knee pain after to-
tal knee replacement have yet to be fully understood. Many
techniques are used to prevent and treat anterior knee pain,
including patellar resurfacing but their effectiveness is still
controversial. In this study, we tried to assess the effect of

Table 1: Age distribution

Age Patella Patella
(years) | denervation +ve | denervation —ve

No. % No. % No. %
55-59 18 429 13 333 31 383
60-69 19 452 20 513 39 48.1

70 and 5 119 6 154 11 13.6
above

Total 42 100 39 100 81 100

Total

Chart 1: Age distribution
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Table 2: Anterior knee pain score. Independent samples ‘t’ test.

Followup Average AKP score p
Patellar Patellar value
denervation +ve denervation -ve
1 month 2.00 (0.49) 1.92 (0.62) 0.54
3 months 1.38 (3.62) 1.49 (0.50) 040
6 months 0.98 (0.71) 0.97 (0.54) 0.99
12 months 0.81 (0.70) 0.64 (0.54) 0.23

Chart 2: AKP score
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circumpatellar denervation among patients who have un-
dergone total knee replacement.

In our study, anterior knee pain is graded using anterior
knee pain grading system of Waters and Bentley. Anterior
knee pain score was improving in both groups but there
was no significant difference between the two groups.
Knee society score was compared between the two groups.
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Table 3: Anterior society score. Independent samples ‘t’ test.

Followup Average AKP score p
Patellar Patellar value
denervation +ve denervation -ve
1 month 3.02(041) 341 (0.50) <0.001
3 months 1.98 (0.81) 2.28 (0.76) 0.08
6 months 143 (0.63) 1.38 (0.59) 0.75
12 months 1.21 (0.56) 1.18 (0.50) 0.77

Chart 3: Knee society score
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Table 4: Improvement in AKP score on each visit (Average AKP score
paired difference). Paired sample ‘t’ test.

Patellar denervation +ve | Patellar denervation -ve

Mean | SD | pvalue | Mean | SD p value
1-3 0.62 | 0.54 <0.001 044 | 0.60 <0.001
months
1-6 1.02 | 0.56 <0.001 095 | 0.76 <0.001
months
1-12

1.19 | 0.63 <0.001 128 | 0.72 <0.001
months

Table 5: Improvement in Knee society score on each visit (Average
knee score paired difference). Paired sample ‘t’ test.

Patellar denervation +ve | Patellar denervation -ve

Mean | SD | pvalue | Mean | SD p value
1-3 1.05 | 0.73 <0.001 1.13 | 057 <0.001
months
1-6 1.59 | 0.59 <0.001 203 | 0.58 <0.001
months
1-12

1.81 | 0.50 <0.001 223 | 0.63 <0.001
months

There was a statistically significant difference at one
month but later this difference disappeared. There was a
better knee society score among patella denervation group
at 1st month.

In a study conducted by Balinga S et al, the outcome
following circumpatellar denervation was assessed based
on Oxford knee score (OKS) and anterior knee pain us-
ing Visual analog scale (VAS). This study showed statisti-
cally significant improvement in the OKS and VAS among
the patella denervation group [29]. But when the post op-
erative VAS score is compared with the pre op VAS score
there was no significant difference in mean improvement
in VAS score. Using logistic regression analysis, they
found that a low VAS score preoperatively was the pre-
dictor of better VAS score than denervation using electro
cautery. In another study conducted on 50 patients with
bilateral TKR (One side patellar denervation done).

They found out that there was no statistical significant im-
provement in KSS or WOMAC score with patella denerva-
tion [30].

But another study conducted by HPW Van Jonberger
in 2008 concluded that in the absence of patellar resurfac-
ing, patellar denervation using electrocautery improves the
outcome [31]. A total of 131 patients received patellar de-
nervation and another 131 didn’t receive denervation. The
relative risk reduction from electrocautery was 40%. The
intervention group had a better WOMAC score. (16.3 Vs
21.6, p value 0.04). Knee society score (92.4 Vs 90.4, p
value 0.14) was similar in both group. But a randomized
control trial conducted by the same author showed that the
initial clinical improvement with electrocautery denerva-
tion of patella in TKR is not maintained at a mean follow
up of 3.7 years [32].

MA Altay and C. Erturk conducted a randomized con-
trol study in 2012 which showed that there is a definite
advantage with patellar denervation [33]. There were 35
knees each in intervention and control group. In a meta
analysis conducted by Tao Cheng et al concluded that there
is no strong evidence either for or against circum patellar
electrocauterisation compared with non electrocautery in
TKR [34]. The clinical outcome of 131 patients followed
for more than 9 years were retrospectively assessed and
found that patellar non resurfacing techniques including
patelloplasty and circumpatellar denervation are similar to
patellar resurfacing [35].

So the available studies give conflicting results regard-
ing the effect of patellar denervation. Our study shows that
there is no advantage of doing patellar denervation on an-
terior knee pain or knee society score. This may be due to
the fact that etiology of anterior knee pain is multi-factori-
al. Hence all the causes cannot be addressed by the patel-
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lar denervation alone. So we cannot prevent anterior knee
pain by doing patellar denervation alone. Apart from fac-
tors described in introduction, preoperative expectations
and patient education have influence on the postoperative
outcome as shown by focused group discussions conduct-
ed by us in our TKR patients.

There are some limitations in our study. Here the sam-
ple size is small and our follow up period is short. Preop-
erative severity of knee pain was not included in study. It
is a determinant of severity postoperative knee pain.

Conclusion

There is no statistically significant difference between
final outcome of patients who underwent patella denerva-
tion using circumpatellar electrocauterisation and those
without denervation with respect to anterior knee pain
among patients who have undergone TKR.

Disclosure

The authors declare that there is no conflict of interest
regarding the publication of this paper. For full disclosures
refer to last page of this journal.

References:

1. After total knee arthroplasty: gender-related differences. J Arthroplasty 2011;
26(8):1475-1480

2. Bonnin MP, Basiglini L, Archbold HA. What are the factors of residual pain after
uncomplicated TKA? Knee Surg Sports Traumatol Arthrosc 2011;19(9):1411-
1417.

3. Liu SS, Buvanendran A, Rathmell JP, Sawhney M, Bae JJ, et al. Predictors for
moderate to severe acute postoperative pain after total hip and knee replacement.
Int Orthop 2012; 36(11):2261-2267.

4. Schnurr C, Jarrous M, Giidden I, Eysel P, Konig DP. Pre-operative arthritis se-
verity as a predictor for total knee arthroplasty patients’ satisfaction. Int Orthop
2013;37(7):1257-1261.

5. Forsythe ME, Dunbar MJ, Hennigar AW, Sullivan MJ, Gross M. Prospective rela-
tion between catastrophizing and residual pain following knee arthroplasty: two-
year follow-up. Pain Res Manag 2008; 13(4): 335-341.

6. Anterior knee pain after a total knee arthroplasty: What can cause this pain. World
Journal of Orthopedics 2014; 5(3): 163-170.

7. Saleh KJ, Lee LW, Gandhi R, Ingersoll CD, Mahomed NN et al. Quadriceps
strength in relation to total knee arthroplasty outcomes. Instr Course Lect 2010;
59:119- 130

8. LinF, Wilson NA, Makhsous M, Press JM, Koh JL, Nuber GW, Zhang LQ. In vivo
patellar tracking induced by individual quadriceps components in individuals with
patellofemoral pain. J Biomech 2010; 43(2):235-241.

9.  LiK, AcklandDC, McClelland JA ,Webster KE, Feller JA, de Steiger R, Pandy
MG. Trunk muscle action compensates for reduced quadriceps force during walk-
ing after total knee arthroplasty. Gait Posture 2013; 38:79-85.

10.  Tsuji T, Matsuyama Y, Goto M, Yimin Y, Sato K, Hasegawa Y, Ishiguro N. Knee-
spine syndrome: correlation between sacral inclination and patellofemoral joint
pain. J Orthop Sci 2002; 7(5):519-523.

11. Motsis EK, Paschos N, Pakos EE, Georgoulis AD. Patellar instability after total
knee arthroplasty. J Orthop Surg (Hong Kong) 2009; 17:351-357.

12. Seil R, Pape D. Causes of failure and etiology of painful primary total knee arthro-
plasty. Knee Surg Sports Traumatol Arthrosc 2011; 19(9):1418-1432.

13.  van Jonbergen HP, Reuver JM, Mutsaerts EL, Poolman RW. Determinants of an-
terior knee pain following total knee replacement: a systematic review. Knee Surg
Sports Traumatol Arthrosc 2012 Nov.18. [Epub ahead of print] PMID:23160846.

14.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Bacher C et al. Posterior stabilized TKA reduce patellofemoral contact pressure
compared with cruciate retaining TKA in vitro. Knee Surg Sports Traumatol Ar-
throsis 2009; 17(1): 1159-1165.

Li N, Tan Y, Deng Y, Chen L (2012) Posterior cruciate-retaining versus posterior
stabilized total knee arthroplasty: a meta-analysis of randomized controlled trials.
Knee Surg Sports Traumatol Arthrosc

Chonko DJ, Lombardi AV Jr, Berend KR. Patella baja and total knee arthroplasty
(TKA): etiology, diagnosis, and management. Surg Technol Int 2004; 12:231-238.
Bhattee G,Moonot P, Govindaswamy R, Pope A, Fiddian N, Harvey A. Does mal-
rotation of components correlate with patient dissatisfaction following secondary
patellar resurfacing? The Knee 2013; 21(1): 247-251.

PagnanoMW, Hanssen AD, Lewallen DG, Stuart MJ. Flexion instability after
primary posterior cruciate retaining total knee arthroplasty. Clin Orthop 1998;
356:39-46

Wetzner SM, Bezreh JS, Scott RD, Bierbaum BE, Newberg AH. Bone scanning in
the assessment of patellar viability following knee replacement. Clin Orthop Relat
Res. 1985;199:215-219

Ortiguera CJ, Berry DJJ Patellar fracture after total knee arthroplasty Bone Joint
Surg Am. 2002 Apr; 84-A(4):532-40

Lucas TS, DeLuca PF, Nazarian DG, Bartolozzi AR, Booth RE Jr. Arthroscopic
treatment of patellar clunk. Clin Orthop 1999; 367: 226-229.

Liitzner J, Hartmann A, Dinnebier G, Spornraft-Ragaller P, Hamann C, Kirschner
S. Metal hypersensitivity and metal ion levels in patients with coated or uncoated
total knee arthroplasty: a randomised controlled study. Int Orthop 2013; 37(1):
1925-1931.

A. Baco, G. Bentley and H. Alyawer patelloplasty in knee replacement JBone
Joint Surg Br 2006

Gupta R, Canty S, Ryan W. Anterior knee pain following total knee replacement
caused by isolated pagets disease of patella. The international Journal of Ortho-
paedic surgery 2007; 9(2).

Feller JA, Bartlett RJ, Lang DMPatellar resurfacing versus retention in total knee
arthroplasty. J Bone Joint Surg Br. 1996 Mar;78(2):226-8.

Wojtys EM, Beaman DN, Glover RA, Janda D. Innervation of the human knee
joint by substance P fibres. Arthroscopy 1990; 6: 254-63.

Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the Knee Society clinical
rating system. Clin Orthop Relat Res 1989(248):13-4.

Waters TS, Bentley G. Patellar resurfacing in total knee arthroplasty: a prospec-
tive, randomized study. J Bone Joint Surg [Am] 2003; 85-A:212-17.

Baliga CJ, McNair KJ, Barnett J, MacLeod RW, Humphry D. Does circumpatel-
lar electrocautery improve the outcome after total knee replacement? A prospec-
tive, randomised, blinded controlled trials. Finlayson. J Bone Joint Surg Br 2012;
94-B: 1228-33.

Yim SJ, Jang MS, Kim WJ, Lee SH, Kang HK. The Effect of Electrocautery
around the Patellar Rim in Patellar Non-Resurfacing Total Knee Arthroplasty.
Knee Surg Relat Res 2012;24(2):104-107.

van Jonbergen HPW, Scholtes VAB, van Kampen A, Poolman RW. A randomised,
controlled trial of circumpatellar electrocautery in total knee replacement without
patellar resurfacing. J Bone Joint Surg [Br] 2011; 93-B: 1054-9.

van Jonbergen HP, Scholtes VA, Poolman RW A randomised, controlled trial of
circumpatellar electrocautery in total knee replacement without patellar resur-
facing: a concise follow-up at a mean of 3.7 years. Bone Joint J. 2014 Apr;96-
B(4):473-8.

Altay MAL, Ertiirk C, Altay N, Akmese R, Istkan UE. Patellar denervation in to-
tal knee arthroplasty without patellar resurfacing: a prospective, randomized con-
trolled study. Orthop Traumatol Surg Res 2012; 98(4):421-5.

Cheng T, Zhu C, Guo Y, Shi S, Chen D, Zhang X Patellar denervation with elec-
trocautery in total knee arthroplasty without patellar resurfacing: a meta-analysis.
Knee Surg Sports Traumatol Arthrosc. 2014 Nov;22(11):2648-54

Li B1, Bai L, Fu'Y, Wang G, He M, Wang JComparison of clinical outcomes be-
tween patellar resurfacing and nonresurfacing in total knee arthroplasty: retrospec-
tive study of 130 cases. J Int Med Res. 2012;40(5):1794-803.

ReconstructiveReview.org ¢ JISRF.org ¢ Joint Implant Surgery & Research Foundation


http://www.reconstructivereview.org
http://jisrf.org

26

JISRF e Reconstructive Review © Vol. 7, No. 2, June 2017

Make ICJR Your Source for
Orthopaedic Education

Attend any one of our
live events, including
Global Congresses, CME
Courses and Resident
Training Programs.

Interact with experts
and colleagues on hot
topics in orthopaedics,
benefit from enhanced
access to on-line

Access a wealth of
educational content
anytime, anywhere
from your computer or
mobile device.

content, practice
marketing support, and
discounted text books.

JOIN ICJR AND HELP SHAPE THIS GROWING GLOBAL COMMUNITY
GIVING BACK TO ORTHOPAEDICS!

www.icjr.net

“EXCELLENT COURSE! I LEARNED MANY NEW INNOVATIVE
IDEAS THAT | WILL TAKE BACK TO MY PRACTICE”

ICJR

CME

Joint Implant Surgery & Research Foundation ¢ JISRF.org ® ReconstructiveReview.org


http://jisrf.org
http://www.reconstructivereview.org
http://www.icjr.net
http://www.icjr.net/2017winter
http://www.icjr.net/2017winter

Reconstructive

JISRF ReconStrU.Ctlve RL\:L\\
REV = W Volume 7, Number 2

An Open Access Journal June 2017

ORIGINAL ARTICLE http://dx.doi.org/10.15438/rr.7.2.180

'.) Check for updates

A Single Surgeon, 10 Year Experience
with the Oxford Partial Knee System: What
a Difference Experience, Instruments,
Implants, and Technique Can Make

Mauerhan D', Rozario N’

Abstract

Partial knee (unicompartmental) arthroplasty (PKA) for medial compartment disease of the knee has a long and
well documented history of successful results over long periods of follow up. The Oxford Partial Knee Replacement
has been available in the U.S. since 2004. After completing an FDA required instructional course, surgeons may use
the device. Both the implant and the instruments have evolved since its introduction in 2004. This paper outlines the
authors continuous cohort of 249 patients, 286 knees from 2004 to 2014 with minimum 2 year follow up, and reports
the results while discussing the impact of experience, instruments and implants, and technique on the outcome of pa-
tients in this series. For the aggregate group of 286 knees, there were 17(5.9%) all-cause revisions to TKA, including
2(0.7%) dislocations, resulting in a (83%) survivorship at ten years. The survivorship at ten years for retained implants
was 97% if non-implant related causes are not included. At one year, there were 89% excellent and good results, 5%
fair, and 6% poor. At two years, there were 93% excellent and good, 1 % fair, and 5.5% poor. The causes for the poor
results at one and two years were tibial sided failure or persistent pain. Three (12%) of patients with a poor result at
one year had converted to good and excellent at two years. The use of the Oxford Mobile Bearing™ PKA has been
shown to be a useful part of the surgeon’s surgical armamentarium when dealing with anteromedial osteoarthritis or
osteonecrosis of the knee. PKA has been shown to have a lower morbidity and mortality and is cost effective when
compared to total knee arthroplasty. The author’s experience, as demonstrated in this study, adds validity to the con-
cept that understanding the pathoanatomy of anteromedial osteoarthritis and gaining surgical experience through in-
creased surgical volume, adherence to well documented technique, and the use of a time proven implant, can be ac-
complished with a high degree of successful outcomes for patients with the appropriate indications.

Keywords: partial knee arthroplasty, PKA, Oxford Partial Knee Replacement
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Introduction

Partial knee (unicompartmental) arthroplasty (PKA) for
medial compartment disease of the knee has a long and
well documented history of successful results over long
periods of follow up time in multiple publications and na-
tional joint registries [1,2,3,4]. More recent studies have
also shown that compared to total knee arthroplasty, PKA
carries a lower associated morbidity and mortality and is
a more cost effective treatment [29,30,31,32]. White and
Goodfellow published the concept and pathoanatomy in-
volved in anteromedial osteoarthritis of the knee, which
they believed was the primary indication for PKA [5].
The pathology of anteromedial OA of the knee consists of
bone on bone cartilage loss in the anterior and mid medi-
al compartment in association with an intact ACL, MCL,
LCL, and functionally normal lateral compartment carti-
lage which can be demonstrated with a valgus stress radio-
graph [6].

Controversy still exists regarding indications and con-
traindications for PKA, particularly with respect to the
widely adhered to published criteria set forth by Kozinn
and Scott, [7]. Goodfellow began using the Oxford Mo-
bile Bearing™ (OMB) PKA in the late 1980’s for antero-
medial osteoarthritis, and his early results were published
by Murray et al. showing greater than 90% survivorship
at 10 years. [8] Other, conflicting non-designing surgeon
series, showed inferior results compared to the Oxford
groups’ series [9,10]. Because of these conflicting results,
and to improve outcomes with the OMB device, the Ox-
ford group developed an instructional course to better ed-
ucate surgeons on the appropriate indications and surgical
technique when using the OMB. The Oxford Mobile Bear-
ing™ was released for use in the US in 2004. As a requisite
of the release, the FDA required that all surgeons attend an
instructional course prior to using the device. The author
began using the OMB in 2004.

This study includes all patients (from an IRB approved
data bank) operated on between 8/2004 and 9/2014, with
a minimum two year follow up. The study period includes
249 patients with 286 knees, which will be analyzed as an
aggregate group. A sub-group analysis includes two sepa-
rate groups. Group I, 133 knees operated between 8/2004
and 9/2009, using the Phase III instruments, technique, and
a single peg femur. Group II, 153 knees operated between
10/2009 and 9/2014, using Microplasty™ instruments,
technique, and a two peg femur, changes for which the au-
thor participated as part of the OMB design team. A total
of 10 knees performed using the Oxford Signature custom
guides will be included in this group, because the surgical
principles are based on the same Microplasty™ technique

as utilized for the other patients in Group II.

Materials and Methods

Of the 249 patients in this study, there are 128 females
and 121 males. In 239 patients, the diagnosis was antero-
medial osteoarthritis and in 10 patients the diagnosis was
spontaneous osteonecrosis. The age range for the patients
was from 38 to 88 years, with an average of 64.7 years.
The right knee was operated in 152 knees and the left in
134 knees. Preoperative extension ranged from 0-12 de-
grees (average 1.7), and preoperative flexion ranged from
95-145 degrees (average 124). Preoperative KSS scores
for pain ranged from 32-89 (average 53.7) and preoper-
ative KSS function scores ranged from 25-90 (average
54.5). Fig. 3.

Preoperative evaluation for all patients included a
standing AP radiograph, true lateral, sunrise view, and val-
gus stress view. Interpretation of these views for appropri-
ate indication for PKA have been published and these in-
dications were adhered to by the author in this series. [10]

The patients in Group I (8/2004-9/2009), consisting
of 133 knees, were operated using the Phase III instru-
ments and technique. The femoral component implanted in
these patients was a single peg femur. Patients in Group II
(10/2009-9/2014), consisting of 153 knees, were operated
using newly developed Microplasty™ instrumentation and
technique. The femoral component implanted in these pa-
tients was a redesigned 2 peg femur. All patients had spinal
anesthesia, unless contraindicated. Surgeries were done
using the Oxford leg holder, tourniquet control, minimal-
ly invasive surgical technique, and with pericapsular field
blocks prior to closure. Early in the series, once daily Lo-
venox was used for DVT prophylaxis, but later switched
to BID aspirin. Patients had 23-hour observation stays in
the hospital.

Routine follow up was at one month, 3 months, and 1
year. Patients were then advised to follow up annually for
5 years, then a 10-year visit. As many patients who were
doing well did not want to come in annually for the first
five years, towards the middle of this series patients were
advised to have a 10 year follow up visit after a successful
2-year visit, or return at any time if their knee was bother-
ing them. Preoperative KSS scores were completed as well
as KSS scores at annual follow up periods.

Radiographs were obtained preoperatively, including a
valgus stress radiograph, then at the 4-week postoperative
visit, and at the annual exams thereafter. Radiographs were
read by the author and over read by a hospital based radi-
ologist. Radiolucencies were classified as physiologic (less
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than 1-2 mm and non-progressive) or pathologic (great-
er than 3 mm and progressive, with or without change in
component position). No attempt was made to classify ra-
diolucencies by zone, and implants were recorded as fixed
or loose. Failure was defined as revision of the implants
for any reason, including those for bearing dislocation and
survivorship analysis was based on this definition. Return
to the operating room for other causes were not listed as
failures, but reoperations. Time to revision was displayed
using Kaplan Meier curves. Log-rank test was conducted
for comparing the survival curves between the cohorts of
Group I and Group II. All tests were 2-sided and statistical
significance level was set at 0.05. Statistical analyses were
performed using SAS® Enterprise Guide 6.1 (SAS Insti-
tute, Cary, NC, USA).

Results

At one year follow up range of motion showed a range
of extension from 0-25 degrees with an average of 0.3 de-
grees. The range of flexion was from 90-155 degrees with
an average of 126.5 degrees. KSS pain scores improved
with a range of 41-100 with an average of 93.4 and KSS
function scores ranged from 40-100 with an average of
89.4. It is important to note that deductions for overall
limb alignment were not done in the post op calculation,
in that the principle of the surgery is to correct the limb
to the pre-disease alignment, which may result in residual
varus, and has been shown not to influence overall results
[11]. The KSS scores are shown for the patient follow up
periods listed as 1,2, 5, and 10 years. (Fig. 3) At one year,
there were 89% excellent and good results, 5% fair, and
6% poor. At two years, there were 93% excellent and good,
1 % fair, and 5.5% poor. The causes for the poor results at
one and two years were tibial sided failure or persistent
pain. Three (12%) of patients with a poor result at one year
had converted to good and excellent at two years. Fourteen
(5.6%) of the patients are deceased. Twenty-four (10%) are
considered lost to follow up. Four (1.6%) were contacted
and stated they did not want to return for a follow up visit,
2 are doing fine, 2 were having some degree of pain.

For the aggregate group of 286 knees, there were 17
(5.9%) all-cause revisions to TKA, including 2 (0.7%) dis-
locations, resulting in a (83%) survivorship at ten years.
The survivorship at ten years for retained implants was
97% if non-implant related causes are not included. (Figs.1
and 2) Eight (2.8% of knees), which represented 47% of re-
visions were for tibial or femoral mechanical failure. There
were 5 (1.7%) tibial sided failures at 15, 17, 24, 32 and
72 months’ post index arthroplasty. There were 3 (1.0%)
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femoral component loosening at 3,4, and 10 years. Eight
(53%) of revisions were non-implant related: 3 (1.0%) lat-
eral compartment progression, two within 1 year from sur-
gery and 1 at 9 years. One patient developed rheumatoid
arthritis at 5 years and the Oxford was revised to a TKA at
6 years. One patient (0.3%) had a periprosthetic femoral
fracture at 3 years. One (0.3%) had a late hematogenous in-
fection at 3 years which was managed with a two-stage re-
vision TKA. In this aggregate group, there were 11 (3.8%)
return to the OR for non-revision reasons: 2 (0.7%) dislo-
cations; 1 (0.3%) 1&D of a hematoma; 1 (0.3%) late sep-
sis; 1 (0.3%) superficial wound necrosis 1&D with STSG;
2 (0.7%) manipulations under anesthesia; 4 (1.4%) ar-
throscopy for lateral meniscus tear, cement removal, docu-
mentation of a loose femoral component, and to document
lateral progression, respectively. There were no cases of
DVT, PE, MI, or death in the perioperative period.

In the Group II sub-analysis of 153 knees, there were
5 (3.2%) revision/re-operations. Two (1.3%) patients were
revised to a TKA: one for a periprosthetic femur fracture
and one for lateral compartment progression at 18 months.
There were no revisions for implant loosening of either
the femur or the tibia. There were 2 (1.3%) bearing dis-
locations in this group and 1 (0.75%) patient with super-
ficial wound necrosis that required a STSG. These 3 pa-
tients were the only non-revision return to the OR in this
group. There was a 97% all cause survivorship with revi-
sion to TKA as the endpoint for this subgroup at 5 years.
For survivorship analysis, bearing dislocation was treated
as a revision surgery, as both occurred in Group II. No im-
plant related failures occurred in Group II. Although there
was no statistical difference in all cause survivorship be-
tween Group I and Group II, all the implant related failures
were in Group I. As stated, re-operations for dislocation,
both occurring in Group II, were counted as failures, even
though they did not result in revision to TKA.

Discussion

Partial knee arthroplasty for anteromedial osteoarthri-
tis of the knee has been shown to be a cost-effective treat-
ment with excellent outcome and durable long term results
in multiple studies and reviews of national joint registry
data. [1,2,3,4] The description of anteromedial arthritis
by White and Goodfellow is the prime indication for the
OMB, however spontaneous osteonecrosis is a good sec-
ondary indication with excellent outcomes [14,15]. Many
surgeons feel that the criteria set forth by Kozinn and Scott
are too restrictive, and a recent article more clearly elu-
cidated the unnecessary contraindications for using the

OMB. [13]. This article more clearly defined how the sta-
tus of the patellofemoral joint rarely has an adverse effect
on patient outcome, unless there is significant lateral fac-
et disease. A recent consensus statement has attempted to
clarify current thought regarding the indications and con-
traindications for medial PKA [16]. Perhaps the debate re-
garding the appropriate use of PKA continues, however, in
part due to the 2 to 3-fold higher failure rates as compared
to TKA reported in several national joint registries [4,22].
Explaining this discrepancy is difficult, as national regis-
tries do not collect data as to whether the indications for
the procedure or the surgical technique was appropriate for
individual patients.

As part of the FDA approval process of the OMB in
the US, all surgeons are required to attend an instruction-
al course prior to using the device. The course stresses the
importance of appropriate surgical indications and execu-
tion of the surgical steps necessary for a successful out-
come. There have been several articles that address the ef-
fect of surgeon case volume as well as hospital volume
on the outcomes in total joint arthroplasty. [17,18,19]. One
study showed that surgeons who performed the OMB on
20 to 40 percent of knee replacement candidates, had sig-
nificantly lower revision rates than those who performed
less. [20,21] It stands to reason that surgical case volume
is a surrogate for experience, particularly as it pertains to
the individual surgeons’ outcomes, as shown in the results
from the National Joint Registry for England and Wales,
which demonstrated higher revision rates in low volume
surgeons. This data was also verified by a recent review
of data for the UK NJR, which showed very low revision
rates for surgeons who were performing PKA on 15 pa-
tients per year, and significantly higher rates in those who
performed fewer than 5 per year. [4,22]

In the authors opinion, it is not well defined what the
individual learning curve is for a given surgeon perform-
ing a given surgical procedure, and specifically when us-
ing the OMB. Intuitively, facilitating a surgeon becoming
proficient at performing a particular surgical procedure can
help to improve the outcome. Improvement through edu-
cational endeavors that facilitate the understanding of ana-
tomic pathology, the indications for the procedure, and the
proper execution of the surgical steps is undeniable. Hav-
ing instruments used for the procedure that are intuitively
practical, efficient to use, and reproducible is a necessary
component of surgical success and long term outcome.

In the authors series, Group I patients were operated
using Phase III instruments and the single peg femur. The
Phase III technique involved making the vertical cut on the
proximal tibia adjacent to the lateral edge of the medial
femoral condyle. Patients with wide intercondylar notch-
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es, particularly females, could end up with tibial resections
too far medial thereby necessitating the use of a smaller
tibial baseplate. Additionally, without a consistent stylus,
the depth of the horizontal tibial cut could lead to over re-
section of bone. Small and Berend, in their work, using
strain measurement techniques, showed the dramatic in-
crease in tibial strain in the proximal medial tibia follow-
ing PKA. [22,23] They were also able to demonstrate the
adverse effect of excessive posterior or anterior slope on
strain patterns, as well as the position and rotation of the
vertical cut [24]. In Group I patients, the tibial sided fail-
ures were associated with tibial cuts that were either too
medial or the horizontal cut was excessive (or both), lead-
ing to the use of a smaller base plate. The resultant increase
in tibial stress is the probable cause for the subsidence and
loosening observed in these cases.

In this series, four of the five tibial sided failures oc-
curred early within the first three postoperative years. The
cause of this early loosening is described above as it relates
to the tibial bone cuts in the Phase I patients. Femoral loos-
ening, although rare, 1.0% in this series, were all in Group
I patients, using a single peg femoral component. These
patients all had intact tibial components. With the devel-
opment and implementation of the Microplasty™ instru-
ments, the surgical execution has become easier and more
reproducible, as elucidated in a paper by Hurst et al. [26]
A significant change in the Microplasty™ technique was
the positioning the vertical tibial cut adjacent to the tip of
the medial tibial spine at the ACL footprint, instead of the
lateral edge of the medial femoral condyle, thus maximiz-
ing the tibial baseplate size, increasing tibial plateau cover-
age, and reducing tibial stress, as elucidated by Small et al.

Of interest, is that none of the patients in Group II have
had tibial sided loosening to date, nor have any had any
worrisome radiographic radiolucencies or subsidence.
On the femoral side, the Microplasty™ instruments have
made femoral preparation simpler and more reproducible
compared to Phase III [25], It the authors opinion, how-
ever, that implementation of the two peg femur is respon-
sible for the reduced femoral loosening to zero in the mid-
term follow up of Group II patients. Additionally, in Group
IT, radiographic review has determined that no patients are
felt to be at risk for loosening.

In the aggregate group, the all cause revision rate of
5.9% at 10 years is comparable to results found in other
published series [2,26,27,28]. In this series, 2.4% of the
revisions were for mechanical failure of either the tibial or
the femoral component. More importantly, these implant
related failures were all in Group I patients which were in
the authors early experience with Phase III technique and
the single peg femur. The leading cause of non-implant re-

lated failure, is lateral compartment progression, occurring
in 3 (1.0%) patients, a number which is comparable with
published results. [1] To the authors knowledge, there is no
preoperative evaluation that can reliably identify those pa-
tients at risk for lateral compartment progression following
medial PKA, however it is critical to note that the perfor-
mance of the valgus stress radiograph is essential to docu-
menting the status of the lateral compartment. In a recent
publication, the valgus stress view demonstrated lateral
compartment collapse in 3 of 78 patients, and thus a con-
traindication to PKA. [29].

It is important to state that in this series that although
the 2 (0.7%) dislocations were considered failures for sur-
vivorship analysis, they are not revisions of the implants,
as may be reported in some data sets and registries. The ra-
tionale for future reporting of bearing dislocation as a re-
operation rather than a revision is that the solution for bear-
ing dislocation involves a simple arthrotomy, retrieval of
the dislocated bearing, and replacement with a new bear-
ing. It does not involve the removal or exchange of fixed
components, or revision to total knee arthroplasty. There-
fore, if the rare bearing dislocation was to be considered a
non-revision operation, survivorship would be improved
85% in this series.

In this series, the lack of significant perioperative com-
plications, notably DVT, PE, MI, or death, is of significant
interest. Lovenox was used initially for DVT prophylax-
is and later changed to ASA, with no discernable differ-
ence except the return to OR for hematoma evacuation was
in a patient on Lovenox prophylaxis. Several recent stud-
ies have shown the significant reduction in morbidity and
mortality between PKA and TKA [30,31], and the results
presented in this series would corroborate those findings.
Additionally, in this series, there were no reoperations re-
lated to the patellofemoral joint, which reinforces the find-
ings of the many published series cited in this paper.

Conclusions

The use of the Oxford Mobile Bearing™ PKA has been
shown to be a useful part of the surgeon’s surgical arma-
mentarium when dealing with anteromedial osteoarthritis
or osteonecrosis of the knee. PKA has been shown to have
a lower morbidity and mortality and is cost effective when
compared to total knee arthroplasty. The author’s experi-
ence with the OMB, as demonstrated in this study, adds va-
lidity to the concept that understanding the pathoanatomy
of anteromedial osteoarthritis and gaining surgical experi-
ence through increased surgical volume, adherence to well
documented technique, and the use of a time proven im-
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plant, can be accomplished with a high degree of success-
ful outcomes for patients with the appropriate indications.
Improved OMB surgical technique, instrumentation, and
implant design have resulted in improved outcomes over
time within the author’s series, with a significant reduc-
tion in mechanical loosening of both the femoral and tibi-
al components using later generation designs of the OMB.
Lateral compartment disease progression, although infre-
quent, remains the leading non-implant related cause of
long term failure. Future research efforts will need to be
directed towards identifying those patients at risk, so they
may be counseled preoperatively as to this small but sig-
nificant risk. Additionally, future studies will be needed to
compare other PKA designs and techniques regarding sur-
vivorship when comparing multiple surgeons from various
locations who utilize PKA in the management of anterior
medial OA of the knee and SONK.
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Cemented Femoral TKA Components
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Abstract

In the setting of periprosthetic joint infection, the complete removal of implants and cement can be
challenging with well-fixed, cemented implants about the knee. This can get especially complex in the
setting of long cemented femoral component stems. Osteotomies are well described in the proximal fe-
mur and tibia for removal of implants and cement. There is little information available on distal femoral
osteotomies. We describe an anterolateral oblique distal femoral osteotomy for the removal of well-fixed,
cemented components in resection knee arthroplasty that preserves vascularity to the osteotomized seg-

ment.

Keywords: distal femoral osteotomy; revision TKA; complex revision

Level of Evidence: AAOS Therapeutic Level 111

Introduction

The removal of well-fixed implants with cemented
stems about the knee presents unique challenges in revi-
sion and resection knee arthroplasty. [1-3] Extended tro-
chanteric osteotomies and tibial tubercle osteotomy for
revision hip and knee arthroplasty have been previously
described and used effectively for the removal of implants
in these settings. [4-8] Anterior femoral osteotomy in revi-
sion knee arthroplasty has been previously described, how-
ever many of these reports do not outline the specific tech-
nique utilized or markedly compromise blood flow to the
osteotomized fragment. [1,9] These techniques were uti-
lized in small groups of patients with limited follow up.

In the setting of periprosthetic infection, all implants
and cement mantle should be removed in order to eradi-
cate infection. Removing cement in the femoral canal from
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the distal femur is time-consuming, and leaves uncertainty
as to whether all cement has been cleared from the femur.
A femoral osteotomy can be effective in allowing direct
visualization of the femoral canal facilitating the removal
of implants, as well as the cement mantle during debride-
ment. This technique is specifically useful in the setting
of infection where removal of all foreign material is para-
mount.

We describe a technique of anterolateral oblique distal
femoral osteotomy to remove well-fixed, cemented femo-
ral implants while preserving blood supply to the lateral
osteotomized fragment. We have used this technique only
in the setting of periprosthetic infection with fully cement-
ed femoral stems, however it may be applicable to other
situations in revision arthroplasty.

Technique

Ostectomy
incision lines

Adequate canal
access

Figures I and 2.

A standard midline incision with a medial parapatellar
arthrotomy is utilized to approach the knee. Synovectomy
is performed as necessary; however care is taken not to de-
vascularize the anterolateral aspect of the distal femur. An
oscillating saw and osteotomes are used to free up the ce-
ment-implant interface along the anterior, posterior, distal,
and chamfer portions of the femoral component. An impac-
tor is used to attempt removal of the implant. If the stem
is well fixed, or cement is not able to be viewed from the
distal femur, then the decision to proceed with osteotomy
is made. Sharp dissection is then carried out on the anterior
aspect of the femur, while leaving the anterolateral and lat-
eral soft tissue attachments preserved. Using cautery a line
is made in the midline of the anterior aspect of the femur
and brought out laterally at the proximal most point of the
osteotomy. The length of the osteotomy will vary based on
the length of the stem and cement mantle. The distal oste-
otomy site is made just proximal to the anterior phalange
of the knee replacement. An oscillating saw is then used to
perform the osteotomy entering the femur directly anterior
at an oblique angle towards the posterolateral cortex. Os-
teotomes are then used to book open the fragment and the
fragment exits posterolaterally on the femur distally end-
ing at the lateral epicondyle and exiting posterior to the lat-
eral intramuscular septum. Care is taken to assure the lat-
eral and posterior soft tissue envelope is left undisturbed
and that the osteotomy hinges laterally without propagat-
ing a fracture. (Figure 2) Pre-drilling of the lateral femo-
ral cortex may fur-
ther reduce the risk
of fracture propa-
gation while open-
ing the osteotomy
site. Retractors may
be placed inside the
osteotomized frag-
ment to visualize
the canal. Once the
osteotomy is per-
formed, direct ac-
cess to the femo-
ral canal is gained.
(Figure 3) If the
stemmed implant is
still present, a pen-
cil tip burr is used
to go circumferen-
tially around the
stem to facilitate re-
moval. The implant
should be able to be

Figure 3.
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removed at this time. Often after removal, there may be an
abundance of cement mantle still present that must be re-
moved. A high-speed burr is used to remove retained ce-
ment in the femoral canal and get to bleeding bone sur-
faces. (Figure 4) With direct visualization, one can see the
cement mantle that is smoothed off that would be other-
wise obscured using a distal removal technique. This tech-
nique can be performed with or without the use of a tibi-
al tubercle osteotomy to remove the tibial component and
cement mantle. Once adequate debridement is performed
and all of the cement is removed, a static spacer is utilized.
Two dowel rods are fashioned using plastified molds and
antibiotic impregnated cement (Vancomycin 3 grams and
Gentamicin 3 grams) to be inserted in the femoral and tib-
1al canals. These dowel rods, in addition to a block of ce-
ment to support the articulation and fill the space under-
neath the extensor mechanism form a static
spacer for the knee. The osteotomized frag-
ment of the femur is then reduced and fixated
using large non-braided, monofilament suture
through drill holes in the fragment. (Figure

b Closure of osteotomy
> / \ with sutures

)‘/ " / ‘ 5) The patient is kept toe-touch weight bear-
: a ing for 8 weeks until healing of the osteoto-

' my is present on radiographs. Most resection

adsquatacon arthroplasty patients routinely have restricted

weight bearing during the post-operative pe-
riod allowing the osteotomy time to heal pri-
or to re-implantation, thus there is no unnec-
essary delay. At time of reimplantation and
healing of the osteotomy, a long stem is used
assuring to bypass the osteotomy. Cemented
or uncemented stems can be utilized at the
time of reimplantation. Hybrid fixation can
also be considered with uncemented metaphyseal cones
and cemented stems.

Patients and Methods

We have utilized this technique at the time of resec-
tion arthroplasty for chronic periprosthetic knee infection
in two patients with well-fixed, cemented femoral stems.
A comparative qualitative analysis of blood supply to the
distal femur was also performed using four fresh-frozen
cadaveric knees injected with latex following this antero-
lateral osteotomy in right and left specimens, an anterior
based osteotomy, as well as a control specimen where no
osteotomy was performed. Each osteotomy was performed
on the cadaveric specimens. The femoral artery was then
cannulated and injected with latex dye. We then froze the
specimens to allow procurement of the latex. The speci-
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mens were then analyzed for blood supply to the distal fe-
mur and the osteotomized fragment.

Results

Both patients showed healing of the osteotomy at the
time of reimplantation and were successfully reconstructed
utilizing stems bypassing the site of the osteotomy. There
were no complications using this technique. Both patients
were reimplanted using a constrained hinge knee prosthe-
sis. Both are infection free and weight bearing as toler-
ated at latest follow up. Comparative qualitative analysis
of blood supply to the distal femur following the different
osteotomy types showed a more robust blood supply when
utilizing the anterolateral osteotomy compared to the ante-
rior based osteotomy. (Figure 6) The blood supply to the
distal femur in the specimens with the anterolateral oste-
otomy was similar to the control specimen where no oste-
otomy was performed.

Discussion

Osteotomy of the femur is often unnecessary in the re-
moval of well-fixed femoral implants, and should be re-
served for special circumstances due to its risk of non-
union, fracture propagation, and compromised fixation at
revision knee arthroplasty. We present a technique that can
be effectively utilized to remove well-fixed femoral com-
ponents and the cement mantle in resection arthroplasty for
periprosthetic knee infection.

One recent report describes an anterior osteotomy en-
tering medially and exiting laterally on the anterior portion
of the femur. [9] There are several flaws and differences in
this type of osteotomy performed for the removal of well-
fixed components. This described osteotomy threatens the
vascularity of the osteotomized fragment as this technique
makes it difficult to preserve the lateral soft tissue attach-
ments to the anterior based fragment. This is especially dis-
advantageous in the setting of infection. Previous reports
showing the subperiosteal blood supply to the distal femur
highlight the lateral cortex and condyle as containing an
abundance of intraosseous and extraosseous blood supply.
[10,11] The anterior femur is vascularized by branches of
the superior medial and lateral geniculate arteries in addi-
tion to the anterior soft tissues. An anterior based fragment
will compromise this feeding vasculature from the medial
and lateral sides of the femur. Furthermore, more soft tis-
sue stripping is needed to complete this type of osteotomy.
Our described surgical technique leaves the lateral soft tis-

sue sleeve undisturbed. (Figure 3-3)

The anterior osteotomy described by Merz et al. was
fixed using circumferential cables around the distal femur
bringing the unnecessary threat of vascular complications
to this procedure. Further periosteal stripping around the
osteotomy must be performed to properly pass circumfer-
ential cables safely which may threaten viability to the os-
teotomized fragment.

Our technique of large caliber suture fixation has the
advantage of superior visualization, adequate stabilization,
fragment viability, and is theoretically safer than the pre-
viously described technique of osteotomy fixation. (Figure
2-2 and Figure 3-3) We have had no intra-operative com-
plications using this technique. We have found this oste-
otomy to be a useful technique when removing well-fixed,
cemented femoral components during periprosthetic infec-
tion.

To date, we have utilized this technique at the time of
resection arthroplasty for periprosthetic infection in two
patients with well-fixed, cemented femoral stems. Both
patients showed healing of the osteotomy at the time of re-
implantation and were successfully reconstructed utilizing
stems bypassing the site of the osteotomy. Both patients
are infection free and weight bearing as tolerated at 2-year
follow-up.
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Abstract

Modular neck femoral components were introduced to optimize femoral neck anteversion, leg length,
offset, and stability in total hip arthroplasty. However, concerns have been raised in recent years regard-
ing early failure of these implants due to corrosion, pseudotumor, as well as fracture of the modular neck.
Removing modular neck femoral implants is challenging as removal of the modular femoral neck leaves
a proximally coated femoral stem level with the proximal bone of the femoral neck. We describe a poste-
rior femoral single limb osteotomy (posterior cut of an extended trochanteric osteotomy) for the removal

of a modular neck femoral component.

Keywords: femoral osteotomy; THA; revision THA
Level of Evidence: AAOS Therapeutic Level 111

Introduction

Modular neck femoral components were introduced to
optimize femoral neck anteversion, leg length, offset, and
stability in total hip arthroplasty. [1] However, concerns
have been raised in recent years regarding early failure of
these implants due to corrosion, pseudotumor, as well as
fracture of the modular neck. [2-7] Due to these early fail-
ure modes, the revision of these femoral components has
become more common. Additionally, we have noted that
implant removal of well-fixed modular femoral neck im-
plants can be challenging secondary to the modularity of
the femoral neck. Extended trochanteric osteotomies have
previously been utilized for the extraction of these im-
plants due to the difficulty with removal. [5]

Extended trochanteric osteotomies (ETO) have been
described for the removal of well-fixed femoral compo-
nents in revision total hip arthroplasty. [8-10] While this
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technique has proved useful in the removal of components
with good results at mid-term follow up, [8,11,12] stem
subsidence, trochanteric migration, nonunion, and fracture
of the fragment have been reported. [11-13]

Removing modular neck femoral implants is challeng-
ing as removal of the modular femoral neck leaves a prox-
imally coated femoral stem level with the proximal bone
of the femoral neck. Without a femoral neck, universal ex-
traction devices and vice grip instruments can not be used.
This emphasizes the importance of having implant specif-
ic disimpaction equipment available at time of revision in
addition to alternative methods for implant removal. We
have identified a bone-preserving posterior femoral “single
limb osteotomy ” that limits the complications associated
with an ETO. The purpose of this report was to describe a
posterior femoral single limb osteotomy (posterior cut of
an extended trochanteric osteotomy) for the removal of a
modular neck femoral component.

Surgical Technique

A standard posterior approach to the hip was utilized
for this technique. Pericapsular scar was then removed in
order to expose the proximal femur. The hip was dislocat-
ed posteriorly and the vastus lateralis was elevated distally
to expose the posterior aspect of the femur. The modular
head and neck were removed with the manufacturers’ stan-
dard extraction instruments (Stryker, Mawah, NJ, USA).
A round tip burr was used to expose the lateral shoulder of
the implant to prevent impingement on the greater trochan-
ter during extraction. A standard pencil tip burr followed
by a longer pencil tip burr was used to disrupt the bone-im-
plant interface proximally. The standard Stryker Rejuve-
nate (Stryker Corporation, Mawah, NJ) stem extractor was
then placed onto the proximal portion of the implant. A
slap hammer was then used to attempt removal of the im-
plant. Traditionally, if this was unsuccessful, an extended
trochanteric osteotomy is performed for removal of the im-
plant. In this case, a posteriorly based femoral single limb
osteotomy was utilized to open the femur for easier ex-
traction. A microsagittal saw was used to make this oste-
otomy beginning from the posterior aspect of the greater
trochanter extending distally to the templated length (typi-
cally 12-14 cm) and represents the posterior limb of a stan-
dard extended trochanteric osteotomy. [8-10] (Figure 1)
Osteotomes were then inserted to slightly expand the fem-
oral canal diameter. This osteotomy decreases hoop stress-
es around the femoral implant and may help to disrupt the
bone implant interface in well fixed implants.

The stem extractor was again utilized for stem extrac-

Figure 1.

tion. The femoral single limb osteotomy allows the diam-
eter of the femur to expand decreases hoop stresses facili-
tating implant removal. (Figures 2 and 3) At the time of
closure, two 18 gauge wires are circumferentially passed
around the femur and tightened to close the osteotomy. If
the implant is still not easily extracted following the pos-
terior osteotomy, the osteotomy can readily be transitioned
to a standard extended trochanteric osteotomy.

\ 4 Figure 2.
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Figure 3.

Case Report

A 60-year-old male 4 years after a right total hip arthro-
plasty for osteoarthritis presented to our institution with a
chief complaint of hip pain. Implanted components con-
sisted of a Tritanium acetabular shell and a Rejuvenate
modular neck femoral stem (Stryker, Mawah, NJ, USA).
His post-operative course was complicated by a post-op-
erative hematoma, managed non-operatively with no ad-
ditional sequela. Over the last two years his hip pain had
progressively worsened over, requiring a cane for ambula-
tion. Prior work up included ESR, CRP, cobalt and chro-
mium within normal limits and a bone scan suggestive of
acetabular loosening. On physical examination he walked
with a markedly antalgic gait with a positive Trendelen-
burg test on the right. Hip pain was reproducible with re-
sisted flexion and internal rotation. Radiographic evalua-
tion showed a well-fixed femoral stem and loosening of the
acetabular component. (Figure 4)

On follow-up evaluation, repeat inflammatory markers
were significant elevated with ESR 37 (normal 0-22) and
CRP 56.8 (normal < 8.0mg/L). Intraarticular hip aspira-
tion contained 3036 total nucleated cells and 85% neutro-
phils concerning for periprosthetic infection. At time of re-
vision surgery, intraoperative pathology was positive for
acute inflammation and a resection arthroplasty was per-
formed. The posterior femoral single limb osteotomy was
utilized for removal of the femoral component. (Video) Af-

L

.

S

Figure 4.

ter stem removal and debridement, a temporary antibiot-
ic articulating spacer (Prostalac, DePuy, Warsaw, IN) was
placed. (Figure 5) Intraoperative cultures grew methicil-
lin resistant staphylococcus epidermidis. Infectious Dis-
ease was consulted and the patient was placed on intrave-
nous vancomycin for 6 weeks. Postoperatively, the patient
was made partial weight
bearing and was dis-
charged from the hospi-
tal on post-operative day
4 (Figure 6).

Discussion

Modular neck femoral
stem designs were intro-
duced to address concerns
associated with instabili-
ty after THA. These im-
plants gained populari-
ty due to their ability to
independently adjust leg
length, offset and ver-
sion through modular-
ity of the neck segment.
In recent years, several
failure modes of modular

Figure 5.
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neck have been iden-
tified including modu-
lar neck fracture, corro-
sion, and pseudotumor
[2,3,6,7,14]. The corro-
sion products are simi-
lar to those seen with
metal-on-metal  bear-
ings and trunnion wear
associated with metal-
on-polyethylene bear-
ings [2,15]. (I would
just remove this line)
Removal of these mod-
ular neck stems can be
challenging as remov-
al of the modular neck
prevents the use of uni-
versal femoral disim-
paction devices and an
ETO has often been
necessary for removal.
[5] .The posterior single limb osteotomy described in this
paper is bone and soft-tissue preserving and facilitates the
extraction of a well-fixed modular femoral neck implant.
The benefits of a single limb osteotomy is that it minimizes
the risk of fracture of the osteotomy fragment, trochanteric
migration, implant subsidence, and trochanteric nonunion
associated with an ETO [8,10-13]. A posterior single limb
osteotomy also facilitates subsequent fixation as the me-
taphyseal tube is still intact and does not require reduction.
There is also little downside to attempting implant remov-
al after completing the single limb as it can be easily con-
verted to an ETO if necessary. To date, we have been able
to successfully remove all modular neck implants utilizing
this technique without the need for an extended trochan-
teric osteotomy.

Bauze et al. [16] previously described a posterior longi-
tudinal osteotomy in the removal of 12 uncemented femo-
ral implants. Ten of these stems had a collar making it dif-
ficult to access the medial calcar. The majority of these
stems were of older designs no longer in use. The authors
found that type of coating (plasma-sprayed or hydroxy-
apatite), the degree of coating (proximally or fully coat-
ed), and length of the stem did not affect the ability to di-
simpact the stem and all osteotomies healed uneventfully
without complication. A single limb osteotomy has also
been described for both the direct anterior and direct lateral
approaches and with the difference being that the longitu-
dinal split is anterior to that of a standard posteriorly based
ETO. [17,18]

Figure 6.

In summary, the posterior femoral single limb osteoto-
my is an effective technique for the removal of proximal
ingrowth stems, particularly modular neck femoral stems
where engagement of the femoral neck for removal is not
possible. There is little downside to this technique as a
complete ETO can be performed if necessary. Fully po-
rous coated implants may require a complete ETO, but the
authors believe the posterior single limb osteotomy is an
effective technique for the removal of all proximally coat-
ed monoblock and modular femoral stems.
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Patient Factors Affecting Surgeon
Selection and the Decision to Delay Total
Knee Arthroplasty
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Abstract

Background: Delaying total knee arthroplasty (TKA) carries an increased likelihood of poor rehabilitation
outcomes. Reasons behind choosing to delay surgery are under investigated. This study explores potential factors
related to the decision to delay a TKA procedure and preferences for post-surgical pain management.

Methods: A cross-sectional online survey was conducted among TKA candidates in the US.

Results: 6,298 persons received a screening questionnaire; 2,571 (41%) completed screening with 680 (26%)
meeting survey eligibility criteria. 654 of 680 persons (96%) completed surveys. 154 (24%) respondents had de-
layed TKA. Interference with work and concerns about insufficient post-discharge pain management were found
to be significant factors in this decision. A one unit increase in the ten point interference with work scale was as-
sociated with a 22% increase in the odds of delaying surgery (OR: 1.219; 95%CI: 1.095-1.356). Surgical candi-
dates concerned about experiencing pain during the first several weeks following surgery had significantly high-
er odds of delaying surgery (OR: 1.64, 95% CI: 0.881-3.06). Ninety-two percent of respondents indicated they
would seek surgeons who offered effective non-opiate pain management options during the first several weeks of
the rehabilitation period; 66 percent indicated they would likely switch surgeons for access to a non-opioid pain
management approach.

Conclusions: Delaying a TKA is significantly influenced by concerns about interference with work and expe-
riencing an extended period of post-surgical pain during a potentially prolonged recovery period. Access to post-
operative pain management methods that reduce or eliminate opioid use during post-discharge rehabilitation and
recovery is an important factor in the selection of a joint replacement surgeon.

Keywords: knee arthroplasty; TKA ;surgical delay; post-operative pain management; non-opiate; surgeon choice
Level of Evidence: AAOS Therapeutic Level V
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Introduction

Total knee arthroplasty (TKA) has been recognized as
effective in the treatment of disabling pain caused by se-
vere osteoarthritis (OA) of the knee with significant im-
provement in patients’ quality of life [1]. Knee-replace-
ment surgery is an increasingly common procedure--by
2030 the U.S. demand for primary TKA is projected to
grow to 3.5-million [2]. The fastest growth is projected
among patients 45-54 years: from 59,000 procedures in
2006 to over 994,000 by 2030 [3].

Deferring surgery decreases the quality of patient out-
comes. Postponement can lead to contralateral knee joint
and other skeletal damage; weakened or lost function in
muscles and ligaments; and greater difficulty or an inabil-
ity to engage in normal daily activities (e.g., walking, driv-
ing, and bathing) [4,5]. The result is an increased likeli-
hood of poor rehabilitation outcomes, further reduced
quality of life and a negative impact on emotional well-be-
ing [6]. The earlier TKA surgery is performed, the higher
the success rate and better the ultimate knee functioning
[6]. In addition, following failed conservative treatment—
and prior to a delayed surgical intervention—individuals
continue experiencing debilitating pain, reduced quality of
life, and significant financial burden [6].

Pain following total knee arthroplasty can be severe and
opioids are commonly provided to manage postoperative
pain. Even as far as one month following TKA, 56% of
patients continue taking opioids and 78% continue to com-
plain of moderate to severe pain during ambulation [7].
Among five different surgical procedures (thoracotomy,
total knee replacement, total hip replacement, radical mas-
tectomy, lumpectomy) evaluated by Carroll and colleagues
TKA patients reported the highest median days to opiate
cessation: 47 days post-surgery, with 6% of opioid naive
patients continuing to require these analgesics for over 5
months [8]. A large percentage (31% - 84%) of those seek-
ing treatment for opioid addiction report that their abuse
ensued following a legitimate prescription from a physi-
cian [9,10,11,12]. Finally, patients receiving opioids rather
than NSAIDs or Cox-2 inhibitors for chronic non-cancer
pain are at a markedly increased risk for falls, cardiovascu-
lar events and all-cause mortality [13].

Despite the increasing number of appropriate candi-
dates for TKA, patient acceptance of a surgery recommen-
dation is low. The majority of OA patients ultimately re-
fuse arthroplasty [6], choosing instead to spend an average
of 20 years with continuing pain [6]; for young osteoarthri-
tis patients the prospect of continuing pain is 40 or more
years [6].

TKA candidates may choose to delay surgery for a va-

riety of reasons. Clinical literature has identified sex and
race/ethnicity differences in health beliefs and values that
appear to influence patients’ decisions about joint replace-
ment surgery [14,15]. Among health beliefs perceptions
about pain and concern for interference with activities may
be of particular importance. Other identified reasons in-
clude ineffectiveness of conservative measures, the per-
ceived lack of safe and effective minimally-invasive sur-
gical options, and concerns that the alternative treatment
involves major and irreversible arthroplasty surgery [6].
This study explores patients’ perspectives and factors
related to the decision to delay a TKA procedure. Surgi-
cal candidates suffering from knee osteoarthritis within the
United States were surveyed to explore patient perspec-
tives and factors related to the decision to delay surgery.

Materials and Methods

Participants and setting

A cross-sectional survey of individuals aged =55 years
who were considering a TKA procedure was conducted
using an online survey service [16]. Eligible individuals
were asked to complete a study-specific survey. Respon-
dents completing the survey were able to direct 50 cents to
the charity of their choice from a pre-selected list. Survey
questions were presented in sequential order without the
ability to return to a previous question to alter a response.
This study was determined to be exempt from IRB review
[L7].

Measures

Demographic Information: Respondent data provided
by the survey service included age, gender, annual house-
hold income, and education. Age was collected as both
a continuous and categorical variable (<18; 18-29; 30-
44, 45-60; and >60). Household income was collected
as a categorical variable ( $0-$24,999; $25,000-$49,999;
$50,000-$99,999; $100,000-$149,999; and >$150,000) as
was education (“less than high school”; “high school de-
gree”; “some college or associate degree”; “bachelor de-
gree”; and “graduate degree”).

Outcome Variables: The primary outcome defined for
the study was the decision to delay total knee replacement
surgery based on response to the question: “How likely is
it that you may have delayed knee replacement surgery
due to concerns that pain and/or the side effects of narcotic
pain medications may extend your recovery and rehabili-
tation?” Responses were dichotomized: “Very likely” or
“Likely” responses were considered to have delayed total
knee replacement surgery; “Unlikely” or “Very unlikely”
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responses were considered not to have delayed total knee
replacement surgery.

An additional outcome, years considering knee replace-
ment surgery, was based on response to the question “For
how many years have you been considering knee replace-
ment surgery?” Responses were dichotomized: > 2 years
and < 2 years.

Independent Variables: In addition to demographic in-
formation other independent variables included measures
related to pain, pain management for TKA surgery and re-
spondent perception of new pain management strategies.

The Brief Pain Inventory [18], a widely used pain as-
sessment tool in clinical settings, was used to assess two
aspects of pain—pain severity in the previous 24 hours and
interference with every day life. The Brief Pain Invento-
ry (BPI) adopts a scale of 0 to 10 for each measure. For
pain severity 0 = complete absence of pain and 10 = worst
pain ever experienced. For interference with every day life
questions (general activity, mood, walking ability, work,
sleep, and enjoyment of life) 0 = no interference and 10 =
total interference.

Several questions related to pain management and TKA
surgery were included in the survey. One asked respon-
dents to indicate their current pain management strategies.
Respondents were also asked about pain concerns that
most significantly impacted their decision to have knee re-
placement surgery (i.e., concerns about pain for the first 3
days following surgery versus concerns about pain within
the first several weeks following surgery). Another ques-
tion asked about their preferred postoperative pain man-
agement approach--one that offered “excellent” pain man-
agement in the hospital but would likely necessitate the use
of opioid analgesics to manage pain following discharge or
one that offered “adequate” pain relief in the hospital and
would likely reduce or eliminate opioid medications fol-
lowing discharge.

Finally, respondents were asked two questions to as-
sess their perception of a new pain management approach.
“How important would it be to your choice of surgeon to
know that they have been certified to use a new pain man-
agement approach that could lead to a reduction or elim-
ination of narcotic analgesics following TKA surgery?”
and “How likely are you to seek a well-qualified knee re-
placement surgeon who offers a new pain management ap-
proach that could lead to a reduction or minimization of
narcotic analgesics following TKA surgery?”

Data analysis

Descriptive statistics are reported for age, gender,
household income, and educational attainment. Continu-
ous variables are reported as means with standard devia-

tions (mean + s.d.); categorical variables are reported as
percent of respondents.

Associations between the Brief Pain Inventory pain and
interference responses and the demographic variables of
age, gender, household income and educational attainment
were evaluated using the Chi-Square test. For this analy-
sis the 0-10 scales for pain and interference were classi-
fied into four categories [19,20]: 0 = “no pain” or “no in-
terference”; 1-4 = “mild pain” or “mild interference”; 5-6
= “moderate pain” or “moderate interference”; 7-10 = “se-
vere pain” or “severe interference”.

BPI pain and interference responses were evaluated us-
ing Pearson’s Correlation Coefficient to assess the rela-
tionship and strength of the relationship between variables.
A correlation was determined to be strong if the Pearson
correlation coefficient was above 0.7; at that level 50% of
the variation in one variable is explained by its correlation
with the other variable [21].

Logistic regression with stepwise model selection was
employed to explore factors potentially significant in pre-
dicting the decision to delay a knee replacement surgery
and the length of delay. Logistic regression predicts the
odds of outcome variables from a set of independent vari-
ables [22]; stepwise model selection orders the indepen-
dent variables in the regression model by a computer al-
gorithm sequentially applying statistical tests [23]. For the
logistic regression the primary and secondary study out-
comes (decision to delay a TKA and length of delay, re-
spectively) were classified into the two previously defined
groups. Exploratory variables for the model included de-
mographic variables (gender, income, education, age),
concerns for pain (pain during the three days immediately
post-surgery or several weeks following the surgery), and
the eight BPI items for pain and interference with every
day life.

All statistical analyses were completed using SAS v 9.3
(SAS Institute, Cary, NC, USA). A p-value of < 0.05 was
chosen as the threshold for statistical significance.

Results

A total of 6,298 persons were sent a screening ques-
tionnaire; 2,571 completed screening and were provided
with an eligibility questionnaire; 680 (26%) respondents
met the eligibility criteria defined for the study. There were
654 completed surveys for a survey response rate of 96%
(654/680).

Demographic Profile: The mean age of survey respon-
dents was 64 +7 years; 71% of the participants were 60
years or older; 65% of respondents were female (Table 1).
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As a group, 55% reported educational attainment of ei-
ther bachelor or graduate degree; approximately one-third
(30%) reporting household incomes of $100,000 or more.

Pain Severity and Interference with Activities: The mean
pain level was 5.6 £2.2 with a median of 6.0. Means for
measures of interference with everyday life ranged from a
low of 3.5+2.9 for interference with relations to a high of
6.5+2.5 for interference with walking (Table 2). Corre-
lations between the eight BPI items ranged from 0.397 to
0.812 suggesting a moderate to relatively strong correla-
tion (Table 3). In the same correlation matrix, correlations
of pain and interference with everyday life ranged from
0.397 to 0.574, a moderate correlation.

Decision to Delay a TKA and Length of Delay: Among
the 654 respondents 154 (24%) responded that they had
delayed TKA due to concerns that pain and/or the side ef-
fects of opioids might extend their recovery and rehabilita-
tion. Logistic regression results indicated that only inter-
ference with work scale and age were significant predictors
of delay in the stepwise model selection (Table 4). A one
unit increase in the interference with work scale is asso-
ciated with a 22% increase in the odds of delaying knee
replacement surgery (95% CI: 1.10-1.36). A one year in-
crease in age is associated with a 1.3% increase in the odds
of delaying knee replacement surgery, though this did not
reach statistical significance (95% CI: 0.98-1.05).

There were 352 respondents who reported they had
been considering knee replacement surgery for at least two
years. The factors significant in predicting this secondary
outcome were also explored by logistic regression with
stepwise model selection (Table 5). A one unit increase in
interference with work scale is associated with a 9% in-
crease in the odds of having considered knee replacement
surgery for at least 2 years. Patients concerned about ex-
periencing pain during the first several weeks following
surgery had significantly higher odds of having considered
knee replacement surgery for at least 2 years (OR: 0.59,
95% CI: 0.38 — 0.93.

Pain Management: Among all respondents the use of
opioid-containing analgesics to manage knee pain was re-
ported by 22% of respondents; NSAID use by 62%; ac-
etaminophen by 29% and Cox-2 inhibitors by 10%. Ap-
proximately 72 percent of the respondents would accept
“adequate” rather than “excellent” pain management in the
first three days following the surgery if the method would
also reduce or eliminate the need to take opioids for pain
management during the post-discharge rehabilitation peri-
od. The majority of the respondents (74%) were more con-
cerned about pain they were likely to experience within
the first several weeks following surgery rather than pain
they were likely to experience within the first three post-

Table 1. Respondent Demographics (n=654)

Measure Frequency Percent
Age (mean age:64+7)

45-60 170 30

>60 413 71
Gender

Female 382 66

Male 201 35
Household income

$0 - $24,999 58 13

$25,000 - $49,999 90 20

$50,000 - $99,999 173 38

$100,000 - $149,999 80 17

$150,000 and beyond 61 13
Education

Less than high school 2 <1
degree

High school degree 37 6

Some college or Associate 161 28
degree

Bachelor degree 171 20

Graduate degree 208 36

(Note: sums do not add up to n=654 in some categories due to
missing data)

Table 2. Brief Pain Inventory

Mean (SD) Median
Pain level 56(22) 6.0
Pain Interference with general 58(124) 6.0
activity
Pain Interference with mood 472.7) 50
Pain Interference with walking 6.5(25) 70
Pain Interference with work 6.0 (2.6) 6.0
Pain Interference with relations 35(22.9) 30
Pain Interference with sleep 4429 40
Pain Interference with enjoyment 59(2.8) 6.0

operative days. Overall 92 percent indicated that a new
pain management approach that reduced or eliminated the
use of opioid-containing pain medications would be an im-
portant factor in their choice of the surgeon they would
select to perform their TKA. Even among those who had
already identified a surgeon to perform their TKA, 66%
would switch to a different surgeon if they could identify
another who would offer a pain management approach that
reduced or eliminated opioids during the post-discharge re-
habilitation and recovery period.
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Table 3. Pain Measures Correlation

Interference with: Pain General Mood Walking Work Relations Sleep Enjoyment
Pain 1 0.574 0464 0.550 0.522 0.396 0.510 0.513

P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001
General 0.574 1 0.660 0.812 0.769 0.566 0.523 0.692
interference P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001
Interference with 0.464 0.660 1 0.611 0.618 0.671 0.568 0.713
mood P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001
Interference with 0.550 0.812 0.611 1 0.784 0.579 0.530 0.704
walking P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001
Interference with 0.522 0.769 0.618 0.784 1 0.581 0.521 0.689
work P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001
Interference with 0.396 0.566 0.671 0.579 0.581 1 0.590 0.663
relations P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001
Interference with 0.510 0.523 0.568 0.530 0.521 0.590 1 0.609
sleep P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001
Interference with 0513 0.692 0.713 0.704 0.689 0.663 0.609 1
enjoyment P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001

(Note: correlation is presented by Pearson correlation coefficients and the statistical significance P-value)

Table 4. Summary of logistic regression analysis for decision of
having delayed knee replacement surgery

Table 5. Summary of logistic regression analysis for having been
considering knee replacement surgery at least 2 years or longer

Odds Ratio 95% Confidence Odds 95%

Effect Estimate Interval Ratio Confidence
Female vs. Male 0.985 0.564 1722 Effect Estimate | Interval | p value
Income level (ngh Vs. 0.930 0.530 1.634 Female vs. Male 1.005 0.655 1.543 0.9822
Low) Income level (High vs. 0.716 | 0454 | 1.128 | 0.1498
Education level (High 1.240 0.711 2.162 Low)
vs. Low) Education level (High vs. 1405 | 0901 | 2.191 | 0.1335
Age 1013 0977 1.051 Low)
Interference with work 1219 1.095 1356 Age 1026 | 0596 | 1057 | 0.085
scale Interference with work scale | 1.086 1.001 | 1.179 | 0.0465
Concerns for pain (3 0.610 0.327 1.135 Concerns for pain (three 0.593 | 0.379 | 0929 | 0.0224
days vs. several weeks days vs. several weeks
following the surgery) following the surgery)

Discussion work scale was associated with a 22% increase in the odds

This study provides strong evidence that the decision
to delay a TKA is significantly influenced by surgical can-
didates’ concerns about interference with work and expe-
riencing pain for several weeks following TKA. In ad-
dition, access to postoperative pain management methods
that reduce or eliminate opioid use is an important factor in
the selection of a joint replacement surgeon. Considering
that over 800,000 TKAs are performed within the United
States annually, and that delaying this procedure carries an
increased likelihood of poor rehabilitation outcomes, the
implications of the results are significant.

Patient concern for interference with work is an impor-
tant finding: a one unit increase in the interference with

of delaying TKA. Interference with work was the BPI item
with one of the highest mean scores (6.0), and reflects a
level of moderate interference. Taken together these results
suggest that further investigation of the underlying factors
associated with this concern is warranted. The importance
of work may be related to income and education levels. It
could also be related to perceived and known limitations of
currently available knee replacement implants. While there
have been numerous improvements in commercially avail-
able knee replacement implants, the biomechanics of the
knee are not completely replicated by contemporary knee
replacements, especially in regards to kneeling and twist-
ing [24].

Previously-published studies have reflected this study’s

ReconstructiveReview.org ® JISRF.org ¢ Joint Implant Surgery & Research Foundation


http://www.reconstructivereview.org
http://jisrf.org

46 JISRF e Reconstructive Review ® Vol. 7, No. 2, June 2017

finding that patients who expressed concern about experi-
encing pain during the first several weeks following sur-
gery also had significantly higher odds of delaying surgery.
Chan and colleagues reported that patients who expressed
concern about experiencing pain (first several weeks fol-
lowing surgery) also had significantly higher odds of de-
laying surgery [25]. TKA is major surgery and pain dur-
ing the early days of recovery can be severe. Experiencing
post-surgical pain has serious implications for post-sur-
gery sequelae including delayed mobilization, greater risk
of developing venous thrombosis, coronary ischemia, poor
wound healing, longer length of hospital stay, and unnec-
essary psychological distress, all of which affect patient
satisfaction with the surgery [1,25]. The failure to ade-
quately relieve pain is also highly correlated with patient
dissatisfaction [26].

The oral analgesics commonly being reported by re-
spondents—primarily opioids combined with NSAIDs or
acetaminophen—are not without concerns. Two concerns
of particular importance are their use over an extended pe-
riod and for elderly patients [27,28]. Chronic opioid use
leads to the development of tolerance and hyperalgesia
[27], has the potential to worsen outcomes in musculoskel-
etal conditions [27,29] and, in the elderly can lead to de-
lirium and agitation [28]. Chronic use of NSAIDs and ac-
etaminophen both have serious safety concerns— gastric
bleeding and liver toxicity, respectively [27,30].

Pain management options that avoid opioid use are not
only viewed as desirable by patients —92% of respondents
felt that a new pain management approach that reduced
or eliminated the use of opioid-containing pain medica-
tions was an important factor in their choice of surgeons
for TKA; this is consistent with current guidance from the
US Food and Drug Administration and health profession-
al societies, each group having expressed concerns about
the current use of opioid containing analgesics. Decreasing
dependence on opioid analgesics could also reduce surgi-
cal candidates’ hesitation to proceeding with surgery, and
thereby improve the ultimate surgical outcome for millions
of individuals.

Finally, given TKA candidate concerns about post-dis-
charge pain management that extends into the rehabilita-
tion phase of recovery, it appears increasingly important
to put mechanisms in place to measure and report patient
satisfaction not only in regard to how pain is managed dur-
ing their in-hospital experience, but also in regard to their
experience post-discharge. TKA candidates in the valley
of decision may be encouraged to learn that pain can be
effectively managed during the post-discharge period and
therefore be more likely to advance to surgery with less ap-
prehension or delay.

Limitations

There are several limitations to note. This study was a
cross-sectional, observational study. Only associations and
not causal relationships may be concluded.

Second, though the validity of the Brief Pain Inventory
has been established by various studies in assessing can-
cer or other chronic pains, the validity and reliability of the
Brief Pain Inventory in assessing knee pain has not been
thoroughly investigated.

Respondents to this study represented well-educated,
reasonably middle to high income, American patients who
had seriously considered TKA surgery. They may not re-
flect the perceptions of all TKA surgery candidates.

Finally, the survey invitation, the eligibility process and
the survey were administered electronically by an on-line
survey service to those who have agreed to participate in
SurveyMonkey surveys. This also limits generalizability to
the larger population of TKA surgery candidates.

Conclusion

This study suggests that concern about postopera-
tive pain and its interference with work for the first sev-
eral weeks following discharge is the main driving factor
for delaying TKA. There is also significant interest in pain
management approaches that reduce or eliminate the need
for opioid-containing analgesics among those considering
TKA and a willingness by them to seek out a surgeon of-
fering a pain management approach that can accomplish
this objective. Surgeons and facilities who adopt effec-
tive pain management approaches that minimize opioid
use and who report the patient satisfaction associated with
these approaches when used during the post-discharge pe-
riod may benefit from the apparently strong aversion of
TKA candidates to this class of analgesics.
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Health Care Regulation Spending Trap

McTighe T'

ur health care system has faced many challenges

over the past 40 plus years. Now these challeng-

es have forced us into a complicated situation that
makes it confusing on how best to proceed. Today third
party insurance payers make most health care payments.
Our premiums are paid into a risk pool-on medical servic-
es for other people. Just 12% of health care costs are paid
directly by consumers. When the third party payer is per-
ceived as picking up most of the tab, the health care con-
sumers are not as concerned about how much is spent —it’s
not their money. The result is consumers are disconnected
from knowing the cost of goods or services that they are
receiving, which ultimately means the normal supply-de-
mand price mechanism isn’t going to work, prices will go
up. [1]

When someone else is paying 88% of the bill (govern-
ment & insurance) consumers or patients have all the in-
centive they need to use as much health care as they can.
When consumers share in the cost of their health care pur-
chasing decisions, they are more likely to make those deci-
sions based on price and value.

The RAND Health Insurance Experiment, the largest
study ever done of consumer health purchasing behav-
ior, provides ample evidence that consumers can make in-
formed cost-value decisions about their health care. Under
the experiment, insurance deductibles were varied from
zero to $1,000. Those with no out-of-pocket costs con-
sumed substantially more health care than those who had
to share in the cost of care. Yet, with a few exceptions, the

effect on outcomes was minimal. A recent study by Amy
Finklestein of MIT suggests that nearly half of the per
capita increasing health care spending is due to increased
health insurance coverage. [2]

So there is little doubt that patients need to be informed,
and to be proactive in their health care decisions. But how
does that factor affect the many patients who are not ca-
pable or have the resources to be proactive and informed?

The Affordable Care Act (ACA) of 2010 was enact-
ed to provide broader health care coverage to the citizens
of the U.S. than what was previously available prior to
2010. Good, bad, or indifferent to the Act it is the Law of
the Land and has benefited many consumers. Of the 5.45
million who have signed up through the federal exchange
(May 2014), 5.18 million (95%) applied for financial assis-
tance in their insurance plans. Only 695,000 people (13%)
indicated that they had previous health coverage. So yes,
the ACA health bill has cost us taxpayers more money. [3]
However I would suggest that the current increase in cost
ultimately saves significant dollars over the long run in
providing for a healthier patient community.

Increased Job Creation

Since 2010 the healthcare sector has been a leading job-
producer. This may be at risk under the current health care
environment of this Congress. A report released Friday by
the Commonwealth Fund and the Milken Institute School
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of Public Health at the George Washington University
found that repealing key provisions of the ACA, includ-
ing the insurance premium tax credits and Medicaid ex-
pansion, could lead to 2.6 million people losing their jobs
in 2019. By 2021, nearly 3 million jobs in healthcare and
other sectors could be lost.

“Repealing key parts of the ACA could trigger massive
job losses and a slump in consumer and business spend-
ing that would affect all sectors of state economies,” the
Milken Institute’s Leighton Ku, the lead author of the
study, said in a statement. “Cuts in federal funding would
not only harm the health care industry and its employees
but could lead to serious economic distress for states, in-
cluding a $1.5 trillion reduction in gross state product from
2019 to 2023.”

Table 1.
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Table 2.
Number of healthcare jobs by year

(in thousands)
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*As of the end of December in the given year.
Source: Bureau of Labor Statistics

While job growth in the healthcare sector has helped
reduce the unemployment rate, it also sped up healthcare
spending. The nation’s healthcare sector spent $3.2 trillion
in 2015, up 5.8% from the year before, driven by coverage
expansions under the ACA that led to higher spending for
private health insurance, hospital care, physician and clini-
cal services, Medicaid and prescription drugs. As the de-
mand for care under the ACA increased, healthcare orga-
nizations responded by adding jobs to cater to those newly
insured. Moreover, more care was being reimbursed, so
hospitals had more money to spend on hiring (Tables 1, 2).

There is no question that the U.S. health care cost of
17% of GDP is too high as compared to other countries,
and we need to slow down annual expenditures. But the
question is what are the best potential policies?

Here are a few common sense approaches from my
point of view.

* Don’t repeal and replace the ACA — fix it by biparti-

san cooperation

* Don’t repeal the individual shared responsibility pay-

ment in the ACA Health Care Law — this brings in
much needed revenue to offset Medicaid increases
* Open up more competition in the ACA Heath Care
Law — competition reduces cost

* Allow exemptions in Medicare policy for patients to
pay for alternative product and treatments currently
restricted by law — allows for patients and doctors to
be more proactive reducing heath care cost

* Consider Loser Pay Laws in the Heath Care Market —

does not restrict contingency legal action

* Make sure Congress is never exempt from the laws it

passes

Our current health care situation is not the fault of any
one political party. Nor can any one party fix the many
problems we face. Let’s forget about overall comprehen-
sive action and take immediate incremental steps to help
us proceed in the right direction.
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Return to Work Following Total Knee
Replacement

Cameron H'

Abstract

The length of time to return to work after Total Knee
Replacement is often treated as a monolithic entity. Fig-
ures produced under such an assumption are interesting but
have little practical value in individual cases.

Numerous factors most of which are not under medical
control are involved. What is clear however is that the tim-
ing of surgery is of considerable importance in a job spe-
cific situation and this is under medical control.

Introduction

There have been many attempts to quantify the average
time of return to work following total knee replacement as
clearly, this information is of value to the patient, the em-
ployer, the insurance company, etc. There are a fair num-
ber of publications on this issue, but they are of variable
quantity and value.

Tilbury (2013) [1] attempted to analyze the data in the
literature. They found 796 references. For a variety of
reasons such as inadequate numbers, inadequate follow-
up, etc. 19 papers only were finally accepted for inclusion.

Even here, there are numerous objections, the main one

being that return to work is seen as some monolithic en-
tity into which all patients fit. Clearly, this is not the case
and there are numerous factors involved, which may not
be seen initially as being terribly significant and, therefore,
the data is simply not there when a retrospective chart re-
view is being undertaken.

Total knee replacement is an operation, which requires
a certain recovery time. Numerous factors influence this.
This has been studied and reported in broad terms only.
Lombardi [2] in the U.S. noted the average return to work
was about three months, whereas Cameron [3] in Canada
found a time twice as long. On comparing notes, it became
clear that the main factor was the duration of benefits.

There are a large number of subgroups, who need to
be selected out before much can be said about the aver-
age length off work following a knee replacement. For ex-
ample, if the wrong time of year is picked to do the knee
replacement and the patient not given adequate time to re-
cover, they may remain off work an inordinate length of
time and indeed, they may be forced into retirement, etc.
The timing of surgery in many of these jobs is, therefore,
of importance. Some of these jobs will be examined and
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the obvious date of prospective surgery pointed out.

Seasonal — Farmers

Depending on geography and the type of farming in
general, the farmer should have his knee replaced in No-
vember, which will give him a reduce workload until
spring. If his knee is replaced in the summer and he will
be forced into the unenviable situation of trying to cope
with a harvest and a painful knee at the same time, which
can be extremely difficult.

Retail

The patient will know and should be asked their busy
time. For most, it is winter/spring and they should, there-
fore, be done in late spring. There are sports stores, how-
ever, which tend to be most busy in the spring when cus-
tomers are outfitting for summer and in fall when they are
outfitting for winter. The patient should be able to provide
an indicator of when the surgery should be carried out.

Real Estate

Commercial real estate really does not change, but resi-
dential does. The busiest time of year is spring so that the
real estate sales person should be done in the fall. There
is a significant difference between the rural and urban real
estate as stairs in the country tend to be more difficult with
higher risers and a narrower tread and sometimes access to
the property may be difficult.

Landscaping

This used to be seasonal, but most northern landscapers
now do snow removal in the winter. There is a fairly nar-
row window of time in the spring and fall. The fall is pref-
erable. Snow removal is lighter than landscaping.

Construction Industry

This used to be very seasonal as concrete would not
set below a certain temperature. Technology, however, has
solved that problem and while construction may slow in
the winter, it does not stop.

Restaurants

In general, there is no good time for the restaurateur.
If the boss is not there, things go missing. Some restau-
rants experience a slow-down, especially in the summer
and some may even close for a few weeks.

Teachers

Teachers have long summer holidays. Teachers should
be booked for surgery in the last two weeks in June when
the holidays begin, which will give them until September

to recover. Early childhood educators/daycare are para-
doxically most busy in the summer.

There are many other niche occupations such as com-
mercial diving, trapping, beef cattle farming and Great
Lakes Commercial Sailing. A discussion needs to be had
with these people regarding the optimum time for surgery.

There are other factors of considerable importance in
terms of time to return to work. These observations are ob-
viously generalizations and are certainly not true in every
case, but generalizations are just that, i.e. they are gener-
ally fairly accurate.

Public versus Private

Public sector workers take far longer to return to work
than private sector workers.

Public employees at all levels of government have ben-
efits, which far outweigh those in the private sector. As a
rule of thumb, for an identical job, it will take a public sec-
tor worker much longer to return to work.

In the private sector, there is always a push to get the
patient back to work, which simply does not exist within
the public system.

Pension/Retirement

This again tends to be more for public sector type jobs.
The patient frequently knows exactly how long they have
to work for full pension. Occupations such as nursing, po-
lice and fire fighting etc. will frequently request surgery
about one year before anticipated retirement as their short
term benefits, at least in Canada, accompanied by some
long term benefits, will serve as a bridge before old age
pension or other pension becomes available. Many of
these jobs also allow the banking of sick days of up to one
year. This was also true with the large unions in the car
plants.

Actors/Entertainers

Elderly entertainers nearing the end of their working
life usually have no pension and few savings. They do
fortunately, usually have a wide circle of friends for social
back-up. If they get a phone call from their agent about a
“gig” (job), they may be under enormous pressure to ac-
cept it. Fortunately, these parts tend to be of short duration
and relatively infrequent and, therefore, while they may
delay rehabilitation, most patients cope.

Early Dementia/Placement

Pre-surgical conferences should be held with the fam-
ily. Advanced dementia is recognized by all so realistic a
return to work and or placement conference can be held in
the early stage. However, dementia is frequently unrecog-
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nized/denied by the family and the surgical team simply
does not know. This can become a major problem follow-
ing surgery. A return to work may be completely unreal-
1stic.

If the patient has lived alone, they may no longer be
able to do so. This results in a frantic search for a nursing
home. Nursing homes in Canada are in short supply and
have very long waiting lists, especially if supplementary fi-
nancing is not available.

If the patient was in a nursing home, following surgery,
they may need an increased level of care and that nurs-
ing home may not be appropriate. There is also a policy,
which may be peculiar to Canada, which states that if the
bed is not occupied within four days, the patient will lose
1t.

Placement then again becomes a major issue and a
source of considerable conflict. The patient cannot stay
in an acute hospital, although frequently they do. The staff
quickly recognizes the inappropriateness of the situation
and pejorative terms such as “bed blocker” begin to be
used. Convalescent hospitals will not accept them as they
are really not convalescent. The family may come under
immense pressure by the hospital to place the patient. Rec-
ognizing the futility or impossibility of such a situation,
the family, which may be a skip generation, i.e. the grand-
children, may choose to simply walk away. Those work-
ing at the sharp edge of medical care find it hard to blame
the family.

Placement in these cases is becoming increasingly a
major problem, which is not being faced by government at
any level. The only government response seems to be to
blame struggling nursing homes without providing any in-
creased support or direction.

The Legal Knee

If there is a law suit involved as a result of a car ac-
cident, etc., it is important to know the status of the law
suit. If the case has not settled and the patient goes back
to work, then clearly, the settlement will be less than other-
wise would be the case.

The Workmen’s Compensation Board Knee

The surgeon must recognize before operating on a
Workmen’s Compensation Board case that these cases are
different from the normal knee case. It is unlike that the
patient is going to admit to complete recovery, and will
likely continue to complain of pain forever which may be
an issue.

The Workmen’s Compensation knee has been fairly ex-
tensively studied. Clyde (2013) [4]. It seems to be general-
ly agreed that about 70 percent return to work after primary

joint arthroplasty versus 44 percent after revision. 67 per-
cent of manual labourers return to work in about 16 weeks
versus 85 percent in sedentary jobs.

This is data from the United States of America and as
benefits vary considerably from one country to another, it
should be seen as a broad indicator only.

Fern Silverman Syndrome [3]

The patient is highly educated, often at university lev-
el in her own country, but she has never learned to speak
English so can only function within her own culture, which
does not allow divorce. She has endless responsibilities in-
cluding a full-time minimum wage job, all the cooking, all
childcare and all homemaking and yard work. She is also
responsible for looking after the parents on both sides of
the family. After knee replacement, for the first time since
marriage none of this is required. The chances of some-
one caught in this impossible situation returning to work
is pretty remote.

Prior Work Status

Those who have not worked in the last few years are un-
likely to return to work. Those, who have achieved some
sort of a government disability pension, are equally unlike-
ly. Once this exalted status is achieved, the government
has no mechanism for further checks and balances.

It used to be thought that 70 percent income replace-
ment would be required, but actually in Canada only 50
percent income replacement if often enough for many peo-
ple never to return to work.

Neuropathic Pain

Complex regional pain syndrome type 2 is a nerve in-
jury itself. It is extremely uncommon in knee replacement
surgery. Type 1 or reflex sympathetic dystrophy [5] is fair-
ly common. The author believes that such a condition ex-
ists, but others point out that the early diagnosis is difficult
and easily gamed. They suggest that the diagnosis is du-
bious and can only be entertained in the absence of con-
founding factors. The chances of a return to work are slim.

Insipient Osteoarthritis

When a poor result presents, it is often instructive to ob-
tain the original x-rays prior to surgery. One is often sur-
prised how little arthritis was present prior to surgery. If
there was not much arthritis pain as opposed to perceived
pain prior to surgery, an operation is not likely to help and
furthermore, even if obvious mechanical problems are
present, a revision is equally unlikely to benefit the situ-
ation and the patient is equally unlikely to return to work.
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Sepsis
This will certainly delay return to work, but fortunately,
nowadays is rare.

Psychogenic Pain

There are a variety of psychiatric conditions described,
which will certainly influence the return to work. Fibro-
myalgia was a favourite diagnosis for a quarter of a cen-
tury. This appears to have been replaced by a new theory
of central sensitization. None of these are amenable to any
particular treatment. Optimally, a speedy return to gainful
employment is preferable, but it is unlikely.

There are full blown psychiatric conditions such as
Conversion Disorders and a Somatic Symptom Disorder,
which is the new name for a Pain Disorder.

Further Factors of Significance

Socioeconomic factors obviously are of significance
Barrack (2014) [6]. Factors such as household income, ed-
ucation and employment, etc. play a significant role. The
type of knee implant itself has no effect. Studies done on
implants used years ago clearly are outdated.

Discussion

Once these subgroups are removed then one actually
ends up with a relatively small number of patients. It is
clear that surgery in and of itself, assuming no major com-
plications, is not a significant factor. Return to work can-

not be regarded as a monolithic entity and attempts made
to quantify it as such will continue to produce data, which
may be of some value in the overall sense, but does not re-
ally help in the practical sense.

Treatment/Advice

There really is little or nothing, which can be done to al-
ter many of these outcomes. All one can hope to do is rec-
ognize them ahead of surgery and make appropriate pro-
vision.

One obvious answer in terms of speeding a return to
work is a reduction in benefits. This is particularly true in
the public system, but given the strength of the public ser-
vice unions, that is unlikely to change.

A major future problem is likely to be the tidal wave of
dementia for which no government at any level appears to
be anticipating.
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Levels of Evidence

Reconstructive Review has adopted the American Academy of Orthopaedic Surgeons (AAOS) Levels of Evidence for
Primary Research Question. These guidelines will now be part of the review process for manuscript submission.

Levels of Evidence For Primary Research Question1

Types of Studies
Therapeutic Studies — | Prognostic Studies — Diagnostic Studies — Economic and
Investigating the Investigating the effect | Investigating a Decision Analyses —
results of treatment of a patient diagnostic test Developing an
characteristic on the economic or decision
outcome of disease model

Level I ¢ High quality e High quality e Testing of e Sensible costs and
randomized trial with prospective study* previously alternatives; values
statistically (all patients were developed obtained from many
significant difference enrolled at the same diagnostic criteria studies; with
or no statistically point in their disease on consecutive multiway sensitivity
significant difference with > 80% follow- patients (with analyses
but narrow up of enrolled universally applied | e Systematic review”
confidence intervals patients) reference “gold” of Level I studies

o Systematic Review” | e Systematic review’ standard)
of Level IRCTs (and |  of Level I studies e Systematic review’
study results were of Level I studies
homogenous®)

Level II o Lesser quality RCT e Retrospective® study | o Development of o Sensible costs and
(e.g. < 80% follow- ¢ Untreated controls diagnostic criteria alternatives; values
up, no blinding, or from an RCT on consecutive obtained from
improper e Lesser quality patients (with limited studies; with
randomization) prospective study universally applied multiway sensitivity

e Prospective’ (e.g. patients reference “gold” analyses
comparative study’ enrolled at different standard) e Systematic review’
e Systematic review” points in their e Systematic review” of Level II studies
of Level II studies or disease or <80% of Level II studies
Level 1 studies with follow-up.)
inconsistent results e Systematic review”
of Level II studies
Level III e Case control study’ e Case control study’ | e Study of non- e Analyses based on
e Retrospective’ consecutive limited alternatives
comparative study’ patients; without and costs; and poor
e Systematic review? consistently applied estimates
of Level III studies reference “gold” e Systematic review’
standard of Level III studies
e Systematic review”
of Level III studies
Level IV Case Series® Case series e Case-control study e Analyses with no
e Poor reference sensitivity analyses
standard

Level V Expert Opinion Expert Opinion Expert Opinion Expert Opinion

1. A complete assessment of quality of individual studies requires critical appraisal of all aspects of the study design.

2. A combination of results from two or more prior studies.

3. Studies provided consistent results.

4. Study was started before the first patient enrolled.

5. Patients treated one way (e.g. cemented hip arthroplasty) compared with a group of patients treated in another way

(e.g. uncemented hip arthroplasty) at the same institution.

=N

The study was started after the first patient enrolled.
Patients identified for the study based on their outcome, called “cases”; e.g. failed total arthroplasty, are compared to
those who did not have outcome, called “controls”; e.g. successful total hip arthroplasty.

8. Patients treated one way with no comparison group of patients treated in another way.
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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
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people and include 3 buildings.

S ince 1948, the Greenbrier Clinic has been

A\
\ {

This phase will include an
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executive health and wellness
practice, The Greenbrier Clinic,
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Medicine Institute, Dr. Jim Andrews and Chair of
Cleveland Clinic Innovations, Thomas Graham.
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Enhancement Academy, helping people look and
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foundations, medical journals and other healthcare
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edge of medical technology, research and care,
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an international research and
education destination or “think
g . tank” to stimulate research, drive
innovation, force change and
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