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Since we began Exactech more than
30 years ago, our goal has been to help
surgeons worldwide make patients
more mobile. Our innovations have
been designed with a singular purpose:
to improve patient outcomes.

However, even with the best implant
systems in the hands of the best sur
geons, revisions are inevitable due to
trauma, oncology and infection or even
implant failure. By their very nature,
revision cases are challenging, so one
of Exactech’s current areas of focus is
to create solutions that make this com-
plexity simplified.

We partner with and listen to surgeon
collaborators to advance the efficiency
of our instruments and the efficacy of
our implant systems because it's our
goal to make each case go exactly as
planned. As we prepare to introduce
new products for revision arthroplasty,
we are incredibly proud to have assem-
bled clinician design teams of the high-
est caliber, some of whom are authors
in this issue of /nnovations.

This edition includes design philoso-
phies for reverse total shoulder arthro-
plasty (rTSA) that may mitigate com-
mon complications and failure modes
(p. 02) as well as an evaluation of how
accuracy and precision of computeras-
sisted surgery affects long-term clin-
ical success in total knee arthroplasty
(TKA) (p. 09). On page 18, surgeons ex-
amine the effects of two major design
elements of tapered, splined, modular
titanium stems for femoral revision THA
and review early outcomes with the
Alteon® Monobloc Revision Femoral
Stem (p. 26). Reconstructive options for
treating a loose glenoid option in ana-
tomic total shoulder arthroplasty (aTSA)
are discussed on page 27 Evaluation
and treatment infected TKA (p. 38) and
total shoulder arthroplasty (TSA) (p. 43)
are covered in this issue, as well as in-
sights into pre-formed antibiotic spacer
designs (p. 49).

We hope you enjoy /nnovations and
find this issue both interesting and ben-
eficial. Thank you for being an Exactech
partner. e

You are invited to give us your feedback and to subscribe to supplementary email

content. www.exac.com/innovations

Here's what one of your colleagues had to say about Optimizing Polyethylene

Materials to the Application: When It Comes to Manufacturing Methods, Hips Are

Not Knees in our last electronic issue:

“\Wonderful editorial. The main reason | use Exactech’s knee is this

exact story. | vividly remember being in a meeting 20 years ago hearing

from an expert that crosslinked polyethylene was good for hips and

bad for knees. The reason most big companies don’t use net compres-

sion molded poly is COST. Plain and simple. Great work.”

—H. Morton Bertram, MD e Bertram Total Joint Center
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May 13 | Mastering Glenoid
Exposure, the Reverse Shoulder
and the Challenging Glenoid |
New York, NY

The Equinoxe® reverse shoulder was
first implanted in March 2007 (Figure
1). The primary development goal was
to significantly reduce the complica-
tion rates reported with all previous
reverse shoulder arthroplasty (rTSA)
prosthesis designs, including: scap-
ular notching, instability/dislocation,
aseptic glenoid and humeral loosen-
ing, lack of active internal/external ro-
tation, acromial/scapular fractures, and
deltoid-fatigue.™ Additional concerns
included difficulty in revisions, bone
conservation, and lack of compatibility
between primary and revision compo-
nents. Many of these complications,
failure modes, and concerns may be
interrelated and a function of non-opti-
mized prosthesis design. The following
explains the specific design rationale
and presents some validation tests
that demonstrate successful mitiga-
tion of these complications.

DESIGN GOAL #1: REDUCETHE
SCAPULAR NOTCHING RATE

Scapular notching is initiated by repeti-
tive mechanical humeral liner impinge-
ment on the scapular neck and inferi-
or glenoid.® Relative to the Sirveaux
grading scale,® the geometric limit of

@ INNOVATIONS | A CLINICAL EXCHANGE ON ADVANCES IN ORTHOPAEDICS

impingement with most prosthesis
designs is grade 2 (i.e., to the inferi-
or glenoid baseplate screw). However,
scapular notching has been document-
ed to be progressive*® beyond these
limits of impingement (e.g. Sirveaux
grades 3 or 4) due to the biologic re-
sponse. Scapular notching has recent-
ly been demonstrated to negatively
impact clinical outcomes®®® and neg-
atively impact glenoid fixation,® which
is in stark contrast to initial reports.'®"

By minimizing humeral liner impinge-
ment, scapular notching can be mini-
mized. To this end, a 3-D computer im-
pingement model was developed prior
to design of the Equinoxe shoulder to
analyze 32 different geometric per
mutations of the Grammont reverse
shoulder by independently varying hu-
meral neck angle (7 angles: 135-165°),
humeral liner constraint (5 constraints:
0.25-0.3), glenosphere thickness (7
thicknesses: 18-24mm), glenosphere
34-44mm),
and inferior glenoid offset (7 offsets:

diameter (6 diameters:
0-6mm inferiorly).”' Each design pa-
rameter was independently evaluated
to identify its role in minimizing scap-

ular impingement, maximizing overall



Figure 1. Equinoxe Reverse Shoulder

range of motion (ROM), and maximiz-
ing “jump” distance. Specifically, three
glenosphere sizes (38x21, 42x23, and
46x25mm) with a humeral neck angle
of 145°, a curved-back glenoid base-
plate with a 4mm superiorly offset
cage peg, and different combinations

of humeral liner were designed.

The clinical results of these designs
have been encouraging. A recent ra-
diographic study demonstrated the
Equinoxe to have a scapular notching
rate of 13.2 percentin 157 patients at a
mean follow-up of 28.3 + 5.7 months,
with only 2.6 percent grade 2 notches
and no grade 3 or 4 notches.'® Another
large scale radiographic study demon-
strated that 26 of 256 patients (10.2
percent) had a scapular notch, where
38, 42, and 46mm glenospheres had
a notching rate of 14.2 percent, 4.4
percent, and O percent, respectively
at an average follow-up of 22.2 + 8.7
months.” These results represent a
significant reduction in the reported
scapular notching rate of the Gram-
mont design, which has an average
reported scapular notching rate of 68.2

percent_1—4,7,11,17718

DESIGN GOAL #2: REDUCETHE
ASEPTIC GLENOID LOOSENING
RATE

Aseptic glenoid loosening was the his-
torical failure mode of pre-Grammont
reverse shoulder designs that did not
utilize a hemispherical glenosphere to
minimize torque on the glenoid fixation
surface.”’®?° The Equinoxe rTSA lever
aged the Grammont clinical history
by maintaining the center of rotation
(CoR) near the face of the native gle-
noid and incorporating the optimization
analysis recommendations for ideal
CoR placement 2mm lateral to the na-
tive glenoid. To neutralize this slightly
increased torque on the fixation inter
face, the baseplate surface contact
area with the native glenoid was in-
creased by changing the shape, size,
and backside curvature from the circu-
lar 29mm diameter flat-back Grammont
design. Additionally, by minimizing hu-
meral liner impingement, polyethylene
wear was reduced; thereby reducing
particles that are the primary osteolyt-
ic agents in aseptic loosening.?'

The Equinoxe baseplate is an oval
25x34mm curve-back design (Figure 2).
The design evolution of the glenoid

Figure 2. Equinoxe Glenoid Baseplate

prosthesis with anatomic shoulder
arthroplasty (aTSA) started with cir
cular profile devices that ultimately
converged to an anatomic pear-shaped
profile device. For the same reasons,
the Equinoxe baseplate is superiorly
elongated in the primary loading di-
rection to neutralize any destabilizing
action of the deltoid. By superiorly
elongating the baseplate, the surface
contact area is increased, affording
the possibility to reduce the anterior/
posterior width from 29mm to 25mm
and facilitate a more anatomic fit in
smaller glenoids.?? Recent work eval-
uated eight baseplate designs and
demonstrated that the Equinoxe had
the largest surface contact area on the
backside of the plate, 20 percent larg-
er than the next largest baseplate.”
The screw hole pattern is maximized
by positioning the screws to the edge
of this enlarged periphery and increas-
ing the number of screw options from
four to six to provide surgeons with
additional intra-operative flexibility. To
maximize the length of screws used
to achieve fixation, poly-axial com-
pression screws that provide 20° of
angular variability are utilized and each
screw is locked with a cap to prevent
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Figure 3. Equinoxe rTSA Baseplates; from left to right: Standard, 8° Posterior Augment, 10°
Superior Augment, +10mm Extended Cage Peg, 10° Superior/8° Posterior Augment Baseplates

backing out; the importance of angular
screw variability was emphasized in a
recent study with a competitive rTSA
design.?*

The Equinoxe baseplate is 2 inch diam-
eter curved backside geometry closely
matches the native glenoid curvature
preserving cortical and cancellous
bone, and increases cortical bone con-
tact to maximize baseplate support.?
Recent work quantified the cortical and
cancellous glenoid bone removed by
three different commercially-available
rTSA prosthesis designs and demon-
strated the Equinoxe removed the
least glenoid bone and had the most
cortical, cancellous, and overall glenoid
bone surface contact area relative to
the Depuy Delta Il and DJO RSP?®

While
achieving optimal screw length/place-

preserving glenoid bone,

ment, and maximizing baseplate sur
face contact are all important contrib-
utors to fixation, these are but a few
of the variables that establish initial
fixation. ASTM Standard F2028-1427
was developed to objectively evalu-
ate and quantify the fixation of rTSA
prostheses before and after a clinical-
ly relevant cyclic loading pattern. The

ASTM rTSA glenoid loosening test has
previously demonstrated differences
in fixation between screw configura-
tions,?” medialized/lateralized CoR,%*°
glenoid baseplate designs,?®%° scapu-
lar defects and wear patterns,® %2 and
different densities of substrates.?”30!
Two recent studies quantified the fixa-
tion of six different commercially avail-
able rTSA prostheses in both low and
high density polyurethane blocks.®0!
These studies demonstrate that the
Equinoxe and Delta Il devices had
significantly better glenoid fixation
than each of the Zimmer, DJO, and
BIO-RSA devices. Additionally, cat-
astrophic failure was observed in at
least one of each of the Zimmer, DJO,
and BIO-RSA test components during
cyclic loading; no failure occurred in
either of the Equinoxe or Delta Il de-
vices.***" While designs with a more
lateralized CoR generally performed
poorly, other factors may impact fix-
ation. The Equinoxe design performed
significantly better than the Zimmer
device, despite each having identical
2mm lateralized CoRs. Thus, subtle
differences in baseplate design can
significantly impact fixation.

@ INNOVATIONS | A CLINICAL EXCHANGE ON ADVANCES IN ORTHOPAEDICS

Aseptic glenoid loosening is more
likely in eroded scapular morpholo-
gies. Generally, surgeons eccentrical-
ly ream an eroded glenoid to correct
the defect. Eccentric reaming medial-
izes the joint line and removes good,
non-worn glenoid bone to correct the
defect, which may compromise fix-
ation.’>% To conserve glenoid bone,
increase prosthesis surface contact
area with cortical bone, and to better
restore the native joint line when per
forming rTSA in eroded scapular mor-
phologies,?®%2%4 the Equinoxe system
provides unique augmented glenoid
baseplates (Figure 3).

DESIGN GOAL #3: REDUCE THE IN-
STABILITY RATE & IMPROVE RES-
TORATION OF ACTIVE ROTATION

By minimizing humeral liner impinge-
ment with the scapula, the leverout
mechanism can be eliminated and
the instability rate can be potentially
reduced. Restoring the lateral posi-
tion of the humerus may reduce the
instability rate and also improve active
internal/external rotation.!10213442 The
Grammont reverse shoulder medializ-
es the humerus to such a degree that
the rotator cuff is undertensioned and



Figure 4. Impact of Humeral Medial/Lateral Positioning on Rotator Cuff Tensioning with TSA; from left to
right: Anatomic Shoulder, Grammont, DJO RSP, Exactech Equinoxe reverse shoulders

deltoid wrapping around the greater
tuberosity is reduced.®*%%4? By lateraliz-
ing the greater tuberosity to a more an-
atomic location, the Equinoxe can bet-
ter restore rotator cuff muscle tension
and deltoid wrapping (Figure 4).343642

Avirtual shoulder model was developed
to quantify muscle lengths,3334364143
moment arms,®¢%43 and deltoid wrap-
ping of different rTSA prosthesis de-
signs,®*%%4144 implanted using a variety
of implantation techniques*', and in a
variety of different glenoid morpholo-
gies.®*%* One recent study compared
the muscle lengths and deltoid wrap-
ping associated with the Depuy Delta
I, DJO RSP and Equinoxe designs
along with the BIO-RSA technique.
These results objectively demonstrat-
ed that designs and surgical techniques
which resulted in more lateral humeral
positioning were associated with more
deltoid wrapping and better tensioning
of the rotator cuff.*' The Delta Ill posi-
tioned the humerus most medially and
shortened the rotator cuff by as much
as 45.3 percent. We theorize that this
magnitude of muscle shortening may
be the primary mechanism for the lim-
ited improvements in active internal

and external rotation reported with
that prosthesis. The Equinoxe had the
most lateral humeral position, most
deltoid wrapping, and best restored
the anatomic rotator cuff tension rela-
tive to the other rTSA prostheses eval-
uated.*’ These observations related to
more anatomic rotator cuff tensioning
and deltoid wrapping are likely respon-
sible for the favorable ROM and clinical
outcomes reported with the Equinoxe
in a recent multi-center clinical study**
and compared favorably to that report-
ed' 35813545 for other rTSA designs.

DESIGN GOAL #4: REDUCE
THE LESSER REPORTED
COMPLICATIONS

There are other less common com-
plications of rTSA. Aseptic humeral
loosening is rare with aTSA.“¢ Given
that loading of rTSA is generally of less
magnitude and similar direction,*®
aseptic humeral loosening should also
be rare with rTSA. We theorize that
aseptic humeral loosening is report-
ed more commonly with rTSA2"46 due
to non-optimal humeral stem design
and humeral implantation techniques
which resect and/or spherically ream
too much of the proximal humerus

and create less rotationally-stable con-
structs than occurs with aTSA. Aseptic
humeral loosening is further exacer
bated when polyethylene particles il-
licit a biologic response.?' In the Equi-
noxe reverse shoulder design, aseptic
humeral loosening was mitigated by
utilizing the same rotationally-stable
humeral stem and implantation tech-
nique of the clinically successful Equi-
noxe alSA system. Additionally, by
minimizing scapular notching, polyeth-
ylene particles are reduced. A recent
computer analysis quantified the hu-
meral bone removed by three different
commercially-available designs and
demonstrated the Equinoxe removed
the least overall humeral bone relative
to the Depuy Delta lll and DJO RSP?®

Acromial/scapula fractures and the
phenomenon of deltoid fatigue are
other less common complications that
are not well understood. Acromial/
scapula fractures have been reported
to propagate from superior baseplate
screws.*® We theorite the majority of
these fractures are bone fatigue in-
juries due to repetitive overloading
by the deltoid. The Equinoxe reverse
shoulder CoR is maintained near the
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Figure 5. Impact of Position of the Center of Rotation and Humerus on Deltoid Abductor Moment Arm & Deltoid
Wrapping; from left to right: Anatomic Shoulder, Grammont, DJO RSP, Exactech Equinoxe reverse shoulders

native glenoid to increase the deltoid
abductor moment arm and minimize
the necessary force generated by the
deltoid to elevate the arm. By main-
taining an efficient deltoid, the risk of
stress-fractures and deltoid overload-
ing are minimized (Figure 5). It should
be noted that there are a variety of
rTSA design philosophies; with one
philosophy lateralizing the CoR by up
to 1cm to minimize scapular notching.
While increasing glenosphere thick-
ness does reduce impingement,'>'® it
also increases the torque on the gle-
noid fixation surface and reduces the
deltoid abductor moment arm, which
increases the force required by the
deltoid.3638:3950-51 A recent clinical study
using a lateralized CoR rTSA design
reported a 10.2 percent acromial/scap-
ular fracture rate.®? This rate is signifi-
cantly higher than that reported with
the Grammont and other medialized

CoR rTSA prostheses*®*® and suggests
that subtle design changes can have
adverse clinical consequences.

DESIGN GOAL #5: DESIGN A MORE
REVISION-FRIENDLY, BONE CON-
SERVING SYSTEM

Additional opportunities were identi-
fied in the Equinoxe rTSA to improve
efficacy in revisions and conserve bone
through better design. On the humer
al side, the procedure was simplified
by utilizing the same ream-broach hu-
meral stem technique used with the
Equinoxe aTSA system (rather than a
non-standard 155° humeral neck cut
utilized by the Grammont which also
spherically reams the proximal humer
us). Using the same humeral compo-
nent for aTSA and rTSA allows stan-
dardizing many humeral instruments,
reduces the number of trays needed
and permits surgeons to leverage their

@ INNOVATIONS | A CLINICAL EXCHANGE ON ADVANCES IN ORTHOPAEDICS

existing training and surgical experi-
ences. Crosby et al. reported numerus
benefits of retaining the same humeral
stem during revisions.%® By comparing
revisions of platform humeral stems
that were retained vs. non-platform
humeral stems that were removed,
revisions of platform humeral stems
resulted in significantly less operating
room time, less blood loss, and less
overall procedure cost.® On the glenoid
side, many patients receiving rTSA in
revision may have an implanted pegged
or keeled glenoid. The size and position
of the superiorly offset cage peg on
the Equinoxe baseplate was designed
to fill the central bone defect left by
the explanted glenoid implant. The six
screw-hole base plate allows appropi-
ate positioning relative to the explanted
glenoids to ensure that multiple options

are available to achieve fixation.
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INTRODUCTION

The long-term clinical success of the
total knee arthroplasty (TKA) is criti-
cally dependent on the accurate po-
sitioning of the prosthesis."® Studies
have shown that malalignment can
lead to various complications, such
as component loosening and insta-
bility, polyethylene wear, and patellar
dislocation.#® In the coronal plane,
greater than 3° varus/valgus postoper
ative knee alignment has been found
to increase the risk of negative out-
comes,*® with mechanisms of failure
generally being medial collapse for the
varus malaligned knees, and ligament
instability for the valgus malaligned
knees.”® In the sagittal plane, malalign-
ment of the components has been
linked to an increased failure rate (3.3
percent and 4.5 percent for femur and
tibia, respectively) compared to neu-
trally aligned components (0 percent
and 0.2 percent for femur and tibia, re-
spectively).® Although numerous stud-
ies have stressed the importance of
ensuring accurate component position
and orientation, TKA performed using
conventional instruments still large-
ly relies on the surgeon’s experience

and skill level to achieve this goal. It
has been reported that conventional
implantation techniques involving the
use of extramedullary or intramedul-
lary mechanical instruments can only
achieve satisfactory lower limb align-
ment (within = 3° of varus/valgus rel-
ative to mechanical axis) in 60 to 80
percent of the cases.>®" Another
notable fact is that arthroplasty regis-
try data indicates 20 to 25 percent of
patients remain dissatisfied with the
results of the surgery,'>™ which may
partially be attributed to component
malalignment.™

Computerassisted orthopaedic sur
gery (CAOS) has been shown to offer
more accurate, reliable and reproduc-
ible component positioning compared
to conventional techniques.’®™ In a
2008 cohort study, CAOS was found
to provide both closer restoration to
the neutral mechanical alignment and
approximately double the cases of
optimal alignment compared to the
conventional instrumentation group.”
Sparmann et al.’® reported only 2
percent of outliers (> 3° in varus/
valgus alignment) in the TKA cases
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Figure 1. A) A typical set up for the ExactechGPS system inside the sterile
field. B) A whole leg assembly used for this study. C) A representative knee
insert with anatomical landmarks identified using the metal probe. FDC: femur
distal center, FDM: femur medial distal condyle, FDL: femur lateral distal
condyle, FPM: femur medial posterior condyle, TPC: tibia proximal center, FPL:
femur lateral posterior condyle, TPM: tibia lowest point on the medial peateau,

TPL: tibia lowest point on the lateral plateau.

using an imageless CAOS system
(ExactechGPS®, Blue-Ortho, Greno-
ble, France), compared to 22 percent
of the conventional instrumentation
cases. Also, the differences between
the CAOS system and conventional
alignment method were found to be
significant in both coronal and sagittal
planes.

Similar conclusions were drawn in
many other studies.’®’® However, de-
spite the fact that CAOS has demon-
strated its advantage over convention-
al instrumentation in terms of implant
positioning, wide application of this
technology turned out to be challeng-
ing due to several limitations, includ-
ing cost for the system, increased
operating time and bulky equipment.

Furthermore, the intraoperative use
of such systems can be cumbersome
due to equipment placed out of the
surgical field, causing difficulties in
usersystem interaction. Furthermore,
the optical markers in many tracker
designs are prone to be easily blocked
from the view of the camera by surgi-
cal staff and bloody fluid.

Recent advances in computer and op-
tical technologies enabled the develop-
ment of a next generation imageless
CAQS system, which provides the
solutions to multiple limitations of the
traditional CAOS systems. Specifical-
ly, ExactechGPS allows the integrated
camera and display unit to be located
within the sterile field, providing max-
imum accessibility by the surgeon

INNOVATIONS | A CLINICAL EXCHANGE ON ADVANCES IN ORTHOPAEDICS

(Figure 1A). The wireless active track-
ers are resistant to blood occlusion,
ensuring optimum visualization by the
optical camera. Also, the system en-
ables the surgeon to easily customize
individual preference in operative tech-
nique, instruments used and surgical
workflow, such that the surgery can be
performed following the procedure he/
she is trained and most comfortable
with. Finally, patient-specific TKA re-
sections are enabled by the real-time
guidance provided by the system in
combination with the smart instru-
mentation, based on individual pa-
tient's anatomy.

The introduction of such next genera-
tion CAOS system requires an under
standing of its accuracy and precision,



Table 1. Anatomical Landmarks Identified by Metal Probe and Unigraphics

Landmark

Abbreviation Landmark

Abbreviation

Femur (by metal probe)

Medial posterior condyle

Lateral posterior condyle

Medial distal condyle

Lateral distal condyle

Distal center

Femur (defined in Unigraphics)
Head center

Tibia (by metal probe)

Lowest point on the medial peateau

M M
FP, Lowest point on the lateral plateau TP,
FD,, Proximal center TP,
FD, Tibia (definied in Unigraphics)

FD. Ankle center TA.
FH

Table 2. Definition of the Reference Axes and Anatomical Planes for Total Knee Arthroplasty Resections

Landmark

Abbreviation

Definition

Femur

Mechanical axis
Posterior condyle line
Coronal plane
Sagittal plane

Tibia

Mechanical axis
Coronal plane
Sagittal plane

FMA Line connecting FH_and FD,.

FPCL Line connecting FP,, and FP_

FCP Plane parallel to both FMA and FPCL

FSP Plane perpendicular to FCP and parallel to FMA

TMA Line connecting TP, and TA

TCP Plan perpendicular to TSP and parallel to TMA

TSP Plane passing through TMA and oriented to the second toe

FH_: femur head center, FD: femur distal center, FP : femur medial posterior condyle, FP : femur lateral posterior condyle, TP : tibia proximal center,

TA,: tibia ankle center.

which can be dictated both in system
level (hardware and software) and
clinical alignment outcomes. Previous
evaluations of CAOS systems for TKA
have been mostly focused on the final
implant position and alignment in the
reconstructed knee joint.”'® The in-
trinsic accuracy of the systems them-
selves has generally been overlooked.
However, recent development in the
CAOS related research pointed out
that significant differences may exist
across different CAOS systems in both
coronal alignment and the number of
radiographic outliers,?® and concluded
that surgeons should not consider all
the TKA CAQOS systems to be equally
accurate. This finding addressed the
importance to evaluate the system

accuracy for individual CAOS system

to understand the errors generated
by the hardware system and software
algorithm on the surgical resection
level. The purpose of this study was
therefore to evaluate the accuracy and
precision of the intraoperative surgical
resection measurements performed
by the ExactechGPS system under the
lab setting, and assesses the impact of
extra-articular knee deformity on mea-
surement errors.

METHODS
Specimen Preparation

Twenty-eight synthetic knee inserts
(MITA knee insert, Medical Models,
Bristol, UK) were used in this study,
including 12 neutral knees (Catalog
no. M-00598), 12 varus knees (5°
of deformity, Catalog no. M-00566),

and four valgus knees (12° of defor
mity, Catalog no. M-00567). An artifi-
cial leg (MITA trainer leg, Catalog no.
M-00058, Medial Models) was used to
assemble with each insert to simulate
the entire leg (Figure 1B).

At the beginning of the study, a set of
anatomical landmarks were annotated
by firmly pressing a metal probe into
the surface of the knee inserts to create
small dimples with the same diameter
as the tip of the ExactechGPS probe
tracker (Figure 1C). The landmarks
acquired in this step and their abbre-
viations are listed in Table 1. Next, the
knee inserts and the artificial leg were
digitized individually using a three-di-
mensional (3D) scanner (Comet L3D,
Steinbichler, Plymouth, MI, USA). The
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Tibial Cut Control

Figure 2. Measurements of resection depths and alignment angles on the same representative tibia by ExactechGPS CAOS system A) and using three-
dimensional scan-based surface registration B). CAOS: computerassisted orthopaedic surgery, T: The CAQS system is referencing the Tibial Tracker in this
step, G: The CAOS system is referencing the Guide Tracker in this step.

digitized surfaces were then created
(Verify64 and DesignX 64 , Geomagic,
Lakewood, CO, USA). Under the CAD
environment (Unigraphics NX ver. 75,
Siemens PLM Software, Plano, TX,
USA), each insert was virtually assem-
bled with the artificial leg to create a
whole leg assembly. The preannotat-
ed surface landmarks were recreated
on the knee inserts in Unigraphics by
identifying the center of each surface
dimple. Two additional landmarks were
defined in Unigraphics (Table 1): (1)
femoral head center (FHC): the center
of the fitted sphere of the femoral head
on the artificial leg; and (2) ankle joint
center (TAC): the midpoint between
medial and lateral malleoli, which were
annotated on the surface of the ankle.
Based on the landmarks, a set of an-
atomical axes and planes were estab-
lished for each whole leg assembly in
Unigraphics, serving as the reference

for TKA resections. The detailed defi-
nition of the reference system is de-
scribed in Table 2.

Computer-assisted TKA Resection

Computerassisted TKA resections
were performed by a board-certified
orthopaedic surgeon (RAL) using Ex-
actechGPS guidance system on each
physical whole leg assembly. The
knees were prepared targeting fol-
lowing the Optetrak Logic® PS knee
implants operative technique (Exact-
ech, Gainesville, FL, USA). First, a sur
geon profile was set up in the CAOS
guidance system according to the
surgeon’s preference on the philoso-
phy, surgical flow and instrumentation.
Second, the probe tracker was used
during the CAOS procedure to acquire
the same set of anatomical landmarks
by probing the precreated dimples on

the surfaces of the whole leg assembly

@ INNOVATIONS | A CLINICAL EXCHANGE ON ADVANCES IN ORTHOPAEDICS

(Table 1), except for FHC, which was
identified by the guidance system fol-
lowing the “rotational method."?' The
cutting blocks were then fixed onto the
femur and tibia, adjusted individually to
the desired resection parameters, and
used to guide the saw blade for bone
resections. The resections aimed for
the restoration of the mechanical axis
and accurate rotational alignment of
the knee components. For this specific
study, only the first resection on each
bone type was made, namely, the dis-
tal resection of the femur and the prox-
imal resection for the tibia.

The final surgical parameters were
collected intraoperatively by the CAOS
guidance system after the resections
(intraoperatively measured surgical
parameters) (Figure 2A). The data re-
corded included the medial and later

al tibial resection depths, tibial varus/
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Figure 3. Representative tibia A) and femur B) demonstrating surface error (plotted on the resected bones) between registered preoperative and
postoperative three-dimensional scanned surfaces. Distribution of the surface error is also shown for each bone.

valgus alignment, tibial posterior slope,
medial and lateral distal femoral resec-
tion depths, femoral varus/valgus align-
ment, and femoral flexion/extension
angle. The measurement algorithms
for the surgical parameters are summa-
rized below: (1) Medial and lateral tibi-
al resection depths: the perpendicular
distances from tibia lowest point on the
medial peateau (TPM) and tibia lowest
point on the lateral plateau (TPL) to the
tibial resection plane, respectively. (2)
Tibial varus/valgus alignment: the angle
between tibia mechanical axis (TMA)
and the normal of the tibial resection
plane, projected onto the tibia coronal
plane (TCP). (3) Tibial posterior slope:
the angle between TMA and the normal
of the tibial resection plane, projected
onto the tibia sagittal plane (TSP). (4)
Medial and lateral distal femoral re-
section depths: the perpendicular dis-
tances from FPM and FPL to the distal

femoral resection plane, respectively.
(6) Femoral varus/valgus alignment: the
angle between femur mechanical axis
(FMA) and the normal of the distal fem-
oral resection plane, projected onto the
femur coronal plane. (6) Femoral flex-
ion/extension angle: the angle between
FMA and the normal of the distal fem-
oral resection plane, projected onto the
femur sagittal plane (FSP).

Postoperative Measurement

Following the TKA 3D

scans were repeated on each knee in-

resections,

sert. The digitized postresection bone
surfaces were registered with the
corresponding whole bone surfaces.
In Unigraphics, 3D model of the in-
strument used for intraoperative bone
resection check was virtually placed on
each resected tibia and femur. Surgi-
cal resection planes were recreated
from the bone-contacting plane of the

checker instrument. The same set of
surgical resection parameters (actual
surgical parameters) were measured
in the predefined anatomical referenc-
ing system using Geomagic software
platform (Figure 2B). To assess the
accuracy of the surface registration
workflow, one tibia and one femur
were selected from each deformity
groups (neutral, varus, and valus). The
surface distance error between each
registered preoperative and postoper
ative bone surface pair was comput-
ed (3-matic 8.0, Materialise, Leuven,
Belgium) and averaged across the
six sampled bones. Both the mean
surface distance (0.0007mm) and its
(SD,
0.0037mm) were found to be lower

associated standard deviation

than the level of accuracy reported
in this study (0.01mm) (Figure 3). The
workflow was therefore confirmed to
be sufficiently accurate.
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Table 3. Unassigned Errors of the ExactechGPS System on Surgical Resection Parameter Measurements

Bone

Tibia

Femur

Parameter

Medial Resection
Depth (mm)

Lateral Resection
Depth (mm)

Varus/Valgus
Alignment (°)

Posterior Slope (°)

Error Index
[95 percent Confidence
Intervall]
Medial Resection
Depth (mm)
Lateral Resection
Depth (mm)
Varus/Valgus
Alignment (°)
Flexion/Extension
Angle (°)

Error Index
[95 percent Confidence
Interval]

Varus

0.35+0.38

0.55 + 0.63

0.49 + 0.35

0.41 £0.29

0.45 +0.27
[0.28, 0.62]

0.41 £ 0.21

0.53 £ 0.37

0.25 £ 0.15

0.54 + 0.41

0.43 +0.13
[0.35, 0.52]

Neutral

0.46 + 0.29

0.38 £ 0.27

0.54 + 0.35

0.90 + 0.35

0.57 £ 0.1
[0.50, 0.64]

0.34 £0.24

0.68 £ 0.46

0.44 £ 0.32

0.68 + 0.52

0.54 +0.23
[0.39, 0.68]

Valgus

0.40 = 0.21
0.38 + 0.38

0.256+0.14

0.37 £ 0.21

0.35+0.17
[0.08, 0.63]

0.32 £ 0.38

0.63 +0.35

0.22 £ 0.1

0.80 = 0.55

0.49 £ 0.19
[0.21, 0.78]

Deformed

(varus + valgus)

0.37 £ 0.34

0.51 £ 0.57

0.43 +0.33

0.40 £ 0.27

0.43 £ 0.39
[0.22, 0.64]

0.38 £ 0.25

0.56 + 0.36

0.24 £ 0.14

0.60 + 0.45

0.45+0.34
[0.27 0.63]

Pooled

0.41 +0.32

0.46 + 0.46

0.48 + 0.33

0.62 = 0.39

0.49 +0.19
[0.42, 0.56]

0.36 + 0.24

0.61 +0.40

0.33 +0.25

0.64 + 0.47

0.49 +0.15
[0.43, 0.55]

Values are presented as mean + standard deviation.

Table 4. Signed Errors of the ExactechGPS System on Surgical Resection Parameter Measurements

Bone

Tibia

Femur

Parameter
Medial Resection
Depth (mm)

Lateral Resection
Depth (mm)

Varus/Valgus
Alignment (°)

Posterior Slope (°)

Medial Resection
Depth (mm)

Lateral Resection
Depth (mm)

Varus/Valgus
Alignment (°)

Flexion/Extension
Angle (°)

Varus

0.10 £ 0.52
[-0.23, 0.43]
-0.35 £ 0.77
[-0.84, 0.14]
0.05 + 0.62
[-0.35, 0.44]
-0.07 £ 0.51
[-0.40, 0.25]
-0.13 £ 0.45
[-0.42, 0.16]
-0.49 £ 0.43
[-0.77 0.22]
-0.07 £ 0.29
[-0.26, 0.11]
0.23 + 0.66
[-0.19, 0.65]

Neutral

0.46 +£0.29
[0.28, 0.64]
0.23+0.42
[-0.03, 0.50]
-0.25 + 0.61
[-0.64, 0.14]
0.90 £ 0.35
[0.68, 1.12]
-0.04 £ 0.42
[-0.31, 0.23]
-0.49 £+ 0.67
[-0.92, 0.07]
-0.41 £0.37
[-0.64, 0.17]
0.15 + 0.87
[-0.40, 0.70]

Valgus

-0.33+0.34
[-0.87 0.21]
-0.32 + 0.45
[-1.04, 0.40]
0.05 + 0.32
[-0.46, 0.56]
0.37 £ 0.21
[0.02, 0.71]
-0.13 £ 0.50
[-0.93, 0.67]
-0.42 + 0.64
[-1.44, 0.59]
-0.07 + 0.27
[-0.50, 0.35]
0.80 + 0.55
[-0.08, 1.67]

Deformed

(varus + valgus)

-0.01 £ 0.51
[-0.28, 0.26]
-0.34 £ 0.69
[-0.71, 0.03]
0.05 + 0.55
[-0.24, 0.34]
0.04 + 0.49
[-0.22, 0.30]
-0.13 £ 0.50
[-0.40, 0.14]
-0.42 + 0.64
[-0.76, -0.08]
-0.07 £ 0.27
[-0.21, 0.07]
0.80 + 0.55
[0.51, 1.09]

Pooled

0.19+0.48
[0.00, 0.38]
-0.10 = 0.65
[-0.35, 0.15]
-0.08 + 0.58
[-0.31, 0.15]
0.41 + 0.61
[0.17 0.65]
-0.09 £ 0.43
[-0.26, 0.08]
-0.48 + 0.55
[-0.69 -0.27]
-0.22 £ 0.36
[-0.36, 0.08]
0.28 £ 0.75
[-0.01, 0.57]

Values are presented as mean + standard deviation (95 percent confidence interval).

*Positive error indicates that compared to the actual surgical parameters, the intraoperative measured parameters had: (1) less bone resection depth,

more varus alignment, and decreased posterior slople in the tibia and (2) less bone resection depth, more varus alignment, and less extension in the femur.

INNOVATIONS | A CLINICAL EXCHANGE ON ADVANCES IN ORTHOPAEDICS



Data Analysis

The unsigned and signed differences
between the actual surgical param-
eters and intraoperatively measured
surgical parameters were calculated.
The unsigned differences represent
the magnitude of error generated in
the measurements performed by the
CAQOS guidance system. The signed
differences however, identify any bias
of the measurement error, such as a
tendency of resecting towards varus
(or valgus), flexion (or extension),
more (or less) resection depth, or an
increased (or reduced) posterior slope
in the alignment. The accuracy (mean
error) and precision (SD) of the CAOS
guidance system on each surgical re-
section parameter were measured (for
both the signed and unsigned differ
ence). The 95 percent confidence in-
terval (Cl) was assessed for the signed
differences for each resection param-
eter by a single sample Student t-test
(Minitab, Minitab Inc., State College,
PA, USA). A unitless error index was
introduced as the overall indication of
the error magnitude within a specific
group of interest. It was calculated
as the mean and SD of the unsigned
errors combining all the dimensional
and angular measurements within a
specific bone type/deformity group.
This definition deemed a difference of
Tmm and 1° in the surgical resections
as of equivalent significance, as they
are both at the same level of clinical
detectability. The impact of preopera-
tive knee condition on the accuracy
and precision of the CAOS guidance
system was investigated by compar-
ing across the deformity groups. Sta-
tistical significance was defined as
P < 0.05 (analysis of variance).

RESULTS

A summary of unsigned errors and
error indexes can be found in Table 3.

The data showed that minimum er
rors (< 0.68 mm for resection depths,
< 0.90° for angular measurements)
were generated by the CAOS guidance
system across all the deformity groups

The results of this study
demonstrated that the
ExactechGPS system
can offer intraoperative
Imageless surgical
assistance with both
high accuracy and
precision.

(neutral, varus, valgus, and deformed
in general) and bone types (femur and
tibia). The pooled mean errors were
equal or less than 0.61Tmm and 0.64°
for resection depths and angular mea-
surements, respectively. Regardless of
bone type and deformity group, both
the mean and SD of the error Indexes
were small and clinically undetectable
(means < 0.57 SDs < 0.39). No statisti-
cal difference was found in error index
between tibia and femur, nor between
the knee deformity groups. Regard-
less of the nature of the knee deformi-
ty, the mean signed error of the CAOS
guidance system was systematically
less than 0.5mm for bone resection
depths, and equal or less than 0.9° for
joint angle measurements (Table 4),
with pooled means less than 0.5mm
and 0.5°, respectively. The guidance
system was shown to have a slight
tendency to measure more in distal
femoral resection depth and increased
femoral valgus compared to the actual
resection (negative values in the mean
the biases were

errors). However,

not clinically meaningful (< 0.50mm

in resection depths, < 0.50° in varus/
valgus alignment measurements). No
other biases were found in the rest of
the surgical resection parameters. The
95 percent Cls were in the ranges of
-1.44 to 0.67mm for bone resection
depths, and —-0.64° to 1.67° for angular
measurements. The differences across
bone types and deformity groups were
not found to be statistically significant.

DISCUSSION

Accurate TKA bone resection is cru-
cially important for the accurate place-
ment of the component. In the TKA
cases using conventional mechanical
alignment guides, achieving proper
bony resection depends on the de-
sign and accuracy of the instruments,
surgical assumptions such as valgus
alignment adjustment from the me-
chanical axis, as well as the experi-
ence and skill level of thesurgeon.
None of these factors can be free of
error, nor is quantitative real-time feed-
back available during the procedure.
Clinical studies have reported outliers
in postoperative limb alignment to be
ranged from 26 to 28 percent in the
conventional group, compared to 0 to
3 percent in the navigation group.'®'8°
The results of this study demonstrat-
ed that the ExactechGPS system can
offer intraoperative imageless surgi-
cal assistance with both high accura-
cy and precision. The contribution of
the system itself to the total surgical
variability was shown to be clinically
negligible (sub-millimeter for resection
depth, and sub-degree for alignment).
Also, the system does not significant-
ly bias the measurements, providing
highly reliable feedbacks during the
surgical operation. Furthermore, the
results showed that ExactechGPS con-
sistently provides accurate and precise
measurements regardless of the sta-
tus of preoperative extra-articular knee
deformity (neutral, varus, or valgus).
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Intraoperative measurement of sur
gical resection parameters during
imageless computerassisted TKA
surgery is a critical step, in which a
surgeon directly relies on the real-time
data obtained by the optical trackers
to prepare the bony resections and
check the final realized cuts. As point-
ed out by a previous study,?> computer
assisted surgical systems provides a
“smart” user interface at the surgical
application level, which tends to cause
the overlooking of the underlying hard-
ware setup and software algorithm
during the assessment of CAOS sys-
tems. As the result, numerous studies
have investigated the impact of land-
marking and overall clinical accuracy of
the computerassisted surgical in knee
arthroplasty,”19224 yet limited infor
mation is available on the error caused
by the CAOS systems themselves
during the intraoperative measure-
ment of surgical resection parameters.
In a 2004 study, Wiles et al.?? quanti-
fied the accuracy of an optical track-
ing system by assessing the distance
error between position measurements
performed by the system and the
benchmark locations. Although the
study provided great contribution to
the methodology for assessing the ac-
curacy of such systems, interpolation

of the reported singlemarker and rigid
body based errors to clinical meaning-
ful surgical resection parameters may
be challenging. Another published in-
vestigation assessed the accuracy of
an imageless navigation system by
comparing measured alignment data
between an imageless CAOS system
and a digital caliper for various knee
deformity types. However, the manual
probing process may be subjected to
human error, and only alignment an-
gles were studied. This present study
reported comparable or higher level of
accuracy for the ExactechGPS system
for the angular measurements with
additional accuracy assessment on the
surgical resection depths.

This study presented a set of method-
ology and workflow to assess the sys-
tem-level accuracy of CAOS systems.
The use of 3D scanned data provided
a high resolution, non-contact meth-
od that eliminated errors associated
with users or movement during data
acquisition compared to using a digital
caliper unit. Furthermore, anatomical
landmarks were annotated and pre-
served on both pre- and postoperative
knees, which ensures the anatomical
based surgical referencing system to
be consistent throughout the assess-
ment for accurate registration and

INNOVATIONS | A CLINICAL EXCHANGE ON ADVANCES IN ORTHOPAEDICS

measurement of the bone resections.
Both advantages offer improved accu-
racy of the measurement workflow.
Especially given the small magnitude
of the reported errors, errors from
data acquisition and processing in this
study were kept to a minimum. One
limitation of the study was that it was
performed in vitro. Since the error was
calculated between the intraoperative
measured and actual resection param-
eters on the finished bony cut, lack
of soft tissue environment was not
expected to affect the data. Howev-
er, the impact of other factors in the
operating room setting (e.g., blood oc-
clusion, presence of surgical staff and
other surgical equipment in the cam-
era field) on the results may be further
investigated.

In conclusion, this study demonstrated
that the ExactechGPS system can offer
both accurate and precise imageless
intraoperative surgical resection mea-
surements during computerassisted
TKA, regardless of the deformity sta-
tus of the knees. The errors generated
by this CAOS guidance system were
clinically negligible. @

Copyright © 2015 by The Korean Orthopaedic
Association. Reprinted under the Creative Com-

mons Atribution Non-commercial Liscense from
Clinics in Orthopedic Surgery @ \Vol. 7 No. 2, 2015.
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There have been significant advances
in revision total hip arthroplasty (THA)
over the past two decades. In femoral
revision surgery, tapered, splined mod-
ular titanium stems (TSMTSs) have
emerged as a particularly effective
option. In short to midtern follow-up,
TSMTSs have reported minimum five-
year survivorship of 85-94 percent™®
and have exhibited improved quality
of life measures, fewer intraoperative
fractures, and better ability to repro-
duce leg length and offset.>™®

While these results are encouraging,
component subsidence continues to
be a cause for early mechanical fail-
ure and a cause for re-revision (with
increased  subsidence  associated
with severity of bone defect).® Bohm
and Bischel™ reported an average mi-
gration of 5.9mm in 149 TSMTSs at
a mean 4.8 year follow-up, with 26
hips exhibiting more than 10mm of
migration. Rodriguez et al.”® reported
a 6.2 percent rate of subsidence up
to 10mm at 6.2 years follow-up, while
Park et al.® reported 5 percent of cases
with 10-20mm of subsidence at 1.6
years. In many of these cases, sec-

ondary stability was reported without
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re-revision, attributed to the tapered
design of the stem. Interestingly, the
design rationale for the degree of taper
angle and spline geometry is not well
documented in the literature.

The purpose of this study was to eval-
uate the effect of two major design
elements of a TSMTS (the degree of
taper angle and spline geometry de-
sign) on the initial mechanical stability
of the implant, as measured by implant
subsidence and torsional resistance.

MATERIALS AND METHODS

In order to perform a comparative
analysis of axial and torsional stability
of revision stem spline designs, cus-
tom stem samples were manufactured
from wrought titanium (Ti-6Al-4V) per
ASTM Standard F1472-08. Experimen-
tal groups consisted of two spline con-
figurations (Narrow and Broad) with
five taper angle groups per spline con-
figuration (2.5°, 3.0°, 3.5°, 4.0°, 5.0°),
for a total of 10 distinct sample ex-
perimental groups. Three specimens
were included in each spline config-
uration and taper angle combination
group. All test specimens consisted of
a 102mm of tapered spline, 18mm in



Taper Angle ‘

Top View

Narrow

showing taper angle and spline geometries as variables of interest in this study.

proximal diameter, with an additional
38mm smooth cylindrical stub 13mm
in diameter to integrate with the test
fixture. Stems included 10 longitudinal
splines spaced circumferentially at an
increment of 36°.The spline geome-
try in the narrow configuration had a
0.4-0.5mm wide spline, whereas the
broad configuration had a 0.9-1.0mm
wide spline. These spline widths were
chosen as they reflected the range
of spline widths observed in stems
that are currently on the market and
available for inspection. Both configu-
rations had a spline height of 1.9mm
(Figure 1). Solid rigid polyurethane
foam blocks (0.64 g/cc, Sawbones,
Inc., Vashon, WA) of size 50mm x
50mm x 20mm were used as the test
substrate and were reamed utilizing
standard manufacturersupplied ream-
ers, matching stem taper angles, on
a digitized mill. Roughing, followed by
finishing passes were performed to a
diameter at which the center 20mm of
the test specimen was engaged into
the foam block.

Axial and torsional mechanical testing
was conducted utilizing a biaxial elec-
trodynamic load frame (ElectroPuls

The purpose of this
study was to evaluate
the effect of two major
design elements of a
TSMTS (the degree of
taper angle and spline
geometry design) on
the initial mechanical
stability of the implant,
as measured by implant
subsidence and torsional
resistance.

E10,000 A/T, Instron, Norwood, MA).
Proximally, specimens were gripped in
the upper pneumatic grip of the load
frame. Distally, reamed foam speci-
mens were placed within a hollow sup-
port chamber enabling stem insertion
and rotation, while allowing for free x-y
translation and constraining foam rota-
tion. Axial tests were performed by in-
serting the test specimen at a displace-
ment controlled rate of Tmm/s until a

/

Figure 1. Mechanical drawings and three dimensional views of broad and narrow spline geometries

maximum specimen displacement of
15mm was reached. Maximum com-
pressive load was calculated from the
axial output of the load frame. Axial re-
sistance was calculated utilizing a data
(LoggerPro 3.8.5,
Vernier Software & Technology, Bea-

analysis package

verton, OR) as the slope of the linear
region of the displacement-force curve
in each trial. Specimens were cleaned
and inspected for damage after each
trial, with tests repeated five times per
specimen in a new foam block for each
trial.

Following axial testing, torsional resis-
tance was quantified for each spline
configuration and taper angle using
the same experimental fixturing.
Preliminary testing of axial insertion
forces incrementally from 0 to 1000
N revealed an axial force of 400 N as
the minimum threshold for spline pen-
etration into the surface of the reamed
foam. For this reason, a constant com-
pressive axial preload of 400 N was ap
plied to the stem specimen during all
torsional tests as means to simulate
slight cortical bone engagement at the
onset of torque application. Each stem
specimen was rotated within the foam
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Figure 2. A)Least square mean values of peak load in axial testing. * Indicates statistically significant difference in peak load between broad and narrow
spline geometries at the specified taper angle (P < 0.05). B) Least square mean axial resistance. * Indicates statistically significant difference between broad

and narrow spline geometries (P < 0.05).

block at a rate of 0.5° per second until
a peak rotation of 10° was reached. As
with axial testing, repeated measures
were conducted for a total of five tri-
als per specimen. Torque, rotation and
axial load data were collected from the
load frame controller. Peak torque at 1°
of stem rotation was quantified. Peak
torsional resistance was measured as
the linear slope of the rotation-torque
curve within the first 0.2° of stem rota-
tion within the foam block.

The mean diameter of the 3.5° taper
at the most proximal point of implanta-
tion in our foam model is 15.5mm. By
calculating the length of the arc creat-
ed at the perimeter during component
rotation around the central axis, it was
determined that a 1° rotation of the
test specimen equates to a 140um
relative micromotion between the

spline and the foam model. Because

micromotion at the stem-bone inter
face greater than 150pum at any aspect
in the component may inhibit bone
ongrowth and proper biological fixa-
tion,'® evaluating the rotational stability
at this small rotational increment was
deemed helpful in order to identify any
subtle differences in stability between
designs at the level of micromotion
critical to bone ongrowth.

In summary, we evaluated two metrics
of both axial and rotational stability as
derived from load frame displacement,
load and torque transducers. Higher
observed values in maximum axial
load, the load required to generate
15mm of subsidence, along with the
axial resistance, the load required per
Tmm of subsidence, serve to indicate
a more axially stable construct. Like-
wise, higher observed values in peak
torque, the torque required to induce
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1° of stem rotation, and axial resis-
tance, the torque required per degree
of rotation at the first 0.2° of rotation,
serve to indicate increased rotational

stability in the stem design.

Statistical analysis was performed uti-
lizing repeated-measures multivariate
linear regression techniques. For both
axial and rotational tests the spline
geometry, taper angle, and the inter
action between each were analyzed
for covariance. Least square means
were derived for each test response
for comparison between combinations
of spline geometry and taper angle. A
P-value or less than 0.05 was consid-
ered statistically significant. Our study
was adequately powered (with power
= 0.80, two-sided alpha = 0.05, and
beta [probability of type Il error] = 0.20)
to detect differences between designs
in means of 600 N maximum axial load
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Figure 3. A) Mean peak torque required to generate 1.0° of rotational displacement. In the repeated-measures multivariate linear regression, spline design
was a significant covariate with the narrow spline averaging a 9 percent greater peak torque across all taper angles (P = 0.0005). B) Mean calculated
rotational resistance as observed in torsional testing. No statistically significant difference was detected between broad and narrow spline geometries at

any taper angle tested.

and 100 N/mm of axial resistance in
axial tests, as well as differences of
means of 0.2 Nm or peak torque and
0.8 Nm/deg of axial resistance.

RESULTS

The broad spline design produced
significantly higher maximum com-
pressive loads than the narrow spline
design taper angles of 3.5°, 4°and 5°,
representing an increase in axial stabil-
ity over narrow splines of 33 percent,
42 percent and 32 percent respective-
ly (P <0.0001) (Figure 2A). Within both
the broad and narrow spline configura-
tion, the smallest maximum compres-
sive load was observed within stems
with taper angles of 2.5° and 3°. Over
all, stem specimens with broad spline
configurations and a 5° taper angle ex-
hibited 21 percent-137 percent great-
er axial stability than the other spline
combinations (P < 0.0001 ). There

was found to be an overall greater
than additive effect when considering
the interaction between design and
taper angle (P < 0.0001). Simply put,
a greater difference in maximum axial
stability between broad and narrow
design was observed at higher taper
angles. As a second measure of axial
stability, axial resistance closely corre-
sponded with maximum compressive
load data (Figure 2B). In this measure
of axial stability, the broad splines ex-
hibited significantly higher axial resis-
tance than the narrow splines at 3.5°,
4° and 5° of 37 51, and 56 percent re-
spectively (P < 0.0017). Overall, the 5°
broad stem designs exhibited a 36-269
percent greater axial resistance than
the geometry and taper angle combina-
tions tested (P < 0.0001). In the axial
resistance model, as with the axial
compressive load model, a greater than
additive effect was observed when

considering the interaction between
spline geometry and taper angle, with
increasing influence of design at great-
er taper angles (P = 0.0001).

Rotational stability was determined as
the greatest torque recorded during
testing at a stem rotation of less than
1.0°, as well as the peak rotational re-
sistance during the initial stem rota-
tion. Maximum torque required to ro-
tate each spline 1.0° is shown in Figure
3A. In the repeated measures multivar
iate linear regression accounting for all
taper angles, the narrow spline design
demonstrated a small, yet statistically
significant, trend of 4-15 percent high-
er maximum torque required to gener
ate 1.0° of stem rotation (P = 0.0018).
Torsional resistance, representing a
relative initial stiffness of the spline
seating interface, is shown in Figure
3B. Neither taper angle nor spline
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Table 1. Design Factors of Currently Available Tapered, Splined Modular Titanium Stems

Stem A Stem B Stem C Stem D Stem E Stem F
Taper angle 201 2°18 2019 2.5°% 3921 3.5°%
(measured template) (measured
template)
Taper length 104mm?’ Variable Variable Variable 105mm??
(inferred: 85-190mm)# (inferred:101- 2561Tmm)?*  (inferred:145-185mm)*
Spline quantity 8" Size 12:8 Size 17:8 Size 14-ISmm:6 8
Size 25:10 (measured Size 16-21Tmm: 8 (estimated)*®
(measured specimen) specimen) Size 22-31mm: 10%
Spline height 1-2.9mm (sizes 2mm 1.5mm 0.75mm?8
19-25mm eight (1.5mm on size 14)% (measured
increases fro proxi- specimen)
mal to distal)"”
Spine width Tmm 0.5mm Sharp
(measured specimen) (measured design?
specimen)

geometry exhibited a significant over
all effect on torsional resistance with
the exception of an small outlier, the
4.0° tapered specimens, which exhib-
ited slightly lower torsional resistance
in both broad and narrow splines than
the other taper angles (P < 0.0001).

DISCUSSION

Initial mechanical stability is a critical
factor in achieving bone ongrowth and
long-term success of revision THA.
TSMTSs have been developed to pro-
mote high initial stability in cases of
proximal bone deficiency, while reduc-
ing risk of thigh pain and intraoperative
fracture when compared with other re-
vision stem designs and philosophies.
The literature contains very little of the
design rationale for key elements in
the design features of TSMTS. In par
ticular, the design elements of taper
angle and different spline geometries
have not been well studied and vary
significantly in the TSMTS currently
on the market (Table 1).The purpose
of the current study was to evaluate
the effect of different taper angles
and spline geometry on the initial

mechanical stability of the implant.
Specifically, we asked if differences in
spline geometry and stem taper angle
result in differences in (1) axial implant
stability, and (2) stability to torsional
stresses in a simulated revision THA
with significant femoral bone loss.

We recognize limitations associated
with the methodology and clinical ex-
trapolation of our findings. First, we
utilized a non-physiological polyure-
thane foam model as a substitute for
a dynamic in vivo environment. This
high-density foam is the basis for
mechanical bench testing for cortical
screw pull-out testing, and is com-
monly used in the literature as a bone
substitute, but has not been validated
as behaving similarly to cortical bone
in the femoral diaphysis. Nevertheless,
the use of a foam model enables tight
control of interspecimen variability,
a common problem with cadaveric
testing, providing a uniform medi-
um to compare relative differences
in stem design factors while holding
all other variables constant. Second,
a single material density, length of
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engagement, reaming and insertion
procedure were used in this study,
while clinical bone density, degree or
fixation and interference fit vary widely
clinically. Surgical technique in terms
of canal reaming and implant insertion
also varies in revision surgery and is
dictated primarily by bone quality and
surgeon preference. Homogenization
of these factors provides a baseline for
comparative study of the key param-
eters while minimizing uncontrolled
ancillary interactions. Third, we per
formed quasi-static mechanical tests
evaluating peak rotational stability
while in vivo, stem loading is predom-
inately dynamic and cyclical. Aseptic
loosening and subsidence are clinically
related to micromotion at the bone-im-
plant interface, and as such, the quan-
tification of initial axial and rotational
stability generates a baseline of overall
mechanical resistance to component

migration for each stem design.

Initial axial stability is a key factor in
long-term success of revision total hip
arthroplasty, particularly in the sce-
nario of poor proximal bone quality.



Subsidence inTSMTS has been report-
ed in a number of follow-up studies
and can become more likely as bone
quality diminishes® '+ 152820 |n g recent
study, Van Houwelingen et al.*° report-
ed a five to 10 year survivorship, or 90
percent, for ZMR® (Zimmer, Warsaw,
IN) TSMTS implanted in severe femo-
ral defects. In seven of the 65 stems
implanted, component subsidence of
a mean 12.3mm was measured; how-
ever, all of those implants retained
secondary stability and did not require
re-revision. The authors of the study
hypothesized that the reason for this
secondary stability to be the 3.5° stem
taper angle, compared to the com-
mon 2° taper angle in other TSMTS
designs. Bolstering that hypothesis,
Park et al® reported subsidence in five
of 59 TSMTS implantations of the 2°
tapered Lima modular femoral stems
(Lima-Lto, Udine, ltaly), with three
re-revisions resulting from subsid-
ence of 10-20mm. Similarly, in the 2°
tapered Wagner stem (Zimmer, War
saw. IN) a subsidence of greater than
10mm has been reported from 1528 to

20 percent,™® resulting in re-revision

The current study
reports substantially
increased axial
resistance and stability
with increased taper
angle.

rates of 6'°to 10 percent?® in those
subsided stems. However, it is import-
ant to remember that there are nu-
merous factors that determine implant
stability, with taper angle being one
important factor. No taper angle will
accommodate for poor surgical tech-
nigue where intimate cortical contact
is not achieved.®" The current study
reports substantially increased axial
resistance and stability with increased
taper angle. Though numerous factors
are present which lend to implant sta-
bility, these data support the hypoth-
esis that increased taper angle is as-
sociated with decreased subsidence
and improved implant stability. The

current literature lacks any discussion
of TSMTS spline geometry; however,
our results tend to show a paired in-
crease in axial stability between taper
angle and broad spline geometry.

In addition to axial resistance to subsid-
ence, rotational stability is a key aspect
to resisting aseptic loosening in total
hip arthroplasty. A few biomechanical
studies have documented the impact
of distal stem geometry on rotational
stability in comparisons between cylin-
drical and fluted stems. In a cadaveric
study, Kirk et al. observed a 27 per
cent greater resistance to component
micromotion in the Link MP TSMTS
compared to a cylindrical cobalt stem,
however micromotions in both de-
signs were well below the threshold
at which osteointegration would be in-
hibited.®? Jakubowitz et al.®® quantified
primary rotational stability between
conical and cylindrical revision stems,
with the WagnerSL (Zimmer, Warsaw.
IN) and MRP (Peter Brehm GmbH,
Weisendorf, Germany) conical stems
generating up to 96 percent less mean
overall movement in synthetic femurs
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with type Il defects. Likewise, in an
early biomechanical study, Kendrick et
al. observed significantly higher tor
sional stability in cementless fluted
stems over porous-coated , finned and
slotted finned designs.®* While these
studies have demonstrated increased
stability of TSMTSs over their counter
parts, no differentiation in the literature
has been made investigating spline
design and taper angle in relation to
rotational stability. The current study
indicates that spline geometry does
minimally influence rotational stability
in some aspects, but not nearly to the
degree that it affects axial subsidence.
The narrow spline seems better able
to “dig” into the substrate and slightly
improve resistance to rotational insta-
bility, however the increase in peak
torque resistance of less than 0.5 Nm
observed in this study is unlikely to
generate a clinically significant result.

The authors have considerable expe-
rience with cylindrical, extensively po-
rous coated implants in revision total
hip arthroplasty. Our experience, as
well as the literature, has been very
good with this revision strategy, with

the notable exception of dealing with
Paprosky types 3B and 4 femora. In
these highly damaged bones, cylindri-
cal extensively porous coated implants
are technically demanding to implant
and have a high failure rate due to lack
of osseointegration. Because of this
experience, we began to use tapered,
splined stems in these challenging
cases with much more favorable re-
sults. Having successfully used this re-
constructive strategy on these highly
damaged femora, we began to expand
our use of tapered, splined stems on
more revisions, including those femo-
ra with less damage (Paprosky 1-3A),
also with excellent results. Our experi-
ence seems to parallel many other sur
geons as the use of tapered, splined
implants has grown significantly in the
market. In fact, some of the authors
now use tapered, splined stems for all
revision femoral reconstructions. We
think it is highly likely that there will
be continued increase use of tapered,
splined stems in revision total hip ar
throplasty as more surgeons gain ex-
perience with them and the design of
these implants is optimized.
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In conclusion, our results demonstrate
that taper angle and spline geometry
are important variables in achieving ini-
tial mechanical stability as measured
by resistance to stem subsidence, par
ticularly with respect to axial stability.
Specifically, higher degrees of taper
angle (5° taper angle) and a broad
spline geometry are superior to lower
taper angles and a narrower spline ge-
ometry. In terms of rotational stability,
taper angle demonstrates no repeat-
able influence, while a narrow spline
geometry exhibits minimal improve-
ment in tolerance to peak torsional
when compared to broad spline de-
signs. Differences in axial stability be-
tween taper angles may explain some
of the clinical differences (and stem
subsidence rates) that are reported in
the literature with TSMTS. Additionally,
these data are helpful when evaluating
revision stems of this general type that
are currently available to surgeons and
provide guidance on the development
of future tapered, splined modular tita-
nium stems. e

Reprinted from The Journal of Arthroplasty, Vol-
ume 30, Number 7 July 2015, Pages 1254-1259,
with permission from Elsevier.
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CASE REPORTS

I\/l O N O B LO C A 77-year-old female with severe osteoporosis and a contraindication for cement

received Exactech’s Alteon® Monobloc Revision Femoral Stem through a tableless

R E\/l S | O N anterior approach. In this complex primary case a 54mm Novation® CrownCup®,

25mm Alteon Bone Screw, 36mm neutral Connexion GXL® liner, and +0mm

F E I\/l O RAL BIOLUX®delta head accompanied the 20x195mm Monobloc Revision Femoral

Stem implant. Intraoperatively, the final implant achieved axial stability at a

STE I\/l . I: | RST level Tmm proud of the location predicted by the stem trial. o
CASES

@ Jose Rodriguez, MD
Lenox Hill Hospital

A 66-year-old male with an infected primary hip implant received Exactech's Alteon
@ Michael Kang, MD Monobloc Revision Femoral Stem through the posterior approach as a part of a
Insall-Scott-Kelly Institute for two stage revision. In this case a 62mm multi-hole InteGrip® shell, two Alteon
Orthopedics and Sports Medicine Bone Screws, a 36mm lipped Connexion GXL liner and a -3.5mm cobalt chrome
femoral head accompanied the 24x195mm Monobloc Revision Femoral Stem
implant. e
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July 15 | Mastering Glenoid
Exposure, the Reverse Shoulder
and the Challenging Glenoid | San
Francisco, Calif.

Loosening of the glenoid component
is a frequent cause of failure of total
(TSA).'2 The
etiology of glenoid loosening is multi-

shoulder arthroplasty
factorial, including aseptic osteolysis,
rotator cuff insufficiency and the so-
called rocking horse phenomenon,?
soft tissue instability (leading to in-
creased edge-loading), and infection. A
loose glenoid component is frequent-
ly associated with substantial loss of
glenoid bone stock, necessitating ad-
ditional procedures in order to implant
a new component. Several studies
have shown that patients with a new
glenoid component have better clinical
outcomes, which makes successful
glenoid reimplantation a priority.*®

The goal of this review is to discuss
the reconstructive options when treat-
ing a loose glenoid component in
anatomic total shoulder arthroplasty
(aTSA). These include the established
techniques of reaming the high side
or bone grafting the deficient glenoid,
along with a one or two stage revision.
Recently, new approaches to revi-
sion have been investigated, includ-
ing the use of reverse total shoulder
arthroplasty and augmented glenoid

components. Finally, the ream-and-run
procedure remains the last resort op-
tion in the face of significant glenoid
bone defects. Infection is frequently
associated with glenoid component
loosening.

Although some of the concepts dis-
cussed here apply to an infected TSA,
its management is beyond the scope
of this article and will not be specifical-
ly addressed.

DIAGNOSIS OF A LOOSE GLENOID
COMPONENT

The diagnosis of a loose glenoid com-
ponent relies on identifying significant
or progressive lucency surrounding
a glenoid component in the context
of ongoing pain. Lucent lines associ-
ated with the glenoid component fol-
lowing total shoulder arthroplasty are
commonly reported, especially with
the progression of time, and range
between 30 and 84 percent.””® How-
ever, no definite causal relationship be-
tween their presence and clinical loos-
ening has been established." The true
rate of clinical failure and revision TSA
due to a loose glenoid is lower than
the rate of postoperative radiographic
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lucent lines and is reported between 3
and 10 percent.'#121517

Glenoid lucent lines are classified ac-
cording to Deutsch's modification of
Souter’s classification system into six
grades: Grade 0, for no radiolucent
line; Grade 1, radiolucent line less than
Tmm wide and incomplete; Grade 2,
radiolucent line Tmm wide and com-
plete; Grade 3, radiolucent line 1.5mm
wide and incomplete; Grade 4, radio-
lucent line 1.5mm wide and complete;
and Grade 5, radiolucent line 2mm
wide and complete. A radiographically
loose glenoid component is character
ized by: 1) a circumferential radiolu-
cent line of at least 2mm around the
glenoid component; 2) progression of
radiolucent lines on serial radiographs;
3) presence of cement fragmentation;
and 4) gross component migration.®

OPERATIVE MANAGEMENT OF THE
FAILED GLENOID

The preoperative workup of a patient
with suspected glenoid component
loosening begins with a careful histo-
ry and physical examination. The pres-
ence, duration, and character of pain is

Peripheral
[Anterior
posterior]

Combined

OO0
LN

Figure 1. The Antuna Classification of glenoid bone loss.

elicited, as well as any previous inci-
sions and signs of rotator cuff and del-
toid atrophy. Active and passive range
of motion and a complete neurovascu-
lar exam are performed. Standard ra-
diographs consisting of a true AP view
of the scapula in neutral, internal and
external rotation, along with scapular
profile and axillary view help evaluate
for presence of periglenoid lucencies,
glenoid component shift, superior mi-
gration of the proximal humerus, and
bone defects. CT scan is often helpful
in providing greater detail about gle-
noid bone stock and version to assist
with preoperative planning. Infection
has to be considered in every case of
a suspected loose glenoid component.
Complete blood count with differen-
tial, erythrocyte sedimentation rate,
and C-reactive protein levels should
be obtained. Aspiration of the joint can
be helpful if the clinical picture is sus-
picious for infection. Intraoperatively,
frozen section specimens can be ana-
lyzed for signs of acute inflammation.™

Operative management typically uti-
lizes the deltopectoral interval. In re-

visions, extensive soft tissue scarring
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is expected, and the anatomical land-
marks are less evident. It is important
to release adhesions in the subdeltoid
and subacromial spaces. The coracoid
process is identified, and the remain-
der of the clavipectoral fascia is in-
cised along the lateral aspect of the
conjoint tendon. The subscapularis is
tenotomized or released with its bony
insertion, followed by its careful mo-
bilization. CA circumferential glenoid
capsular release is performed while
protecting the rotator cuff. If present,
tenotomy or tenodesis of the long
head of the biceps is performed. The
axillary nerve at the inferior aspect
of subscapularis must be protected
during dissection in this area.

The different options for managing
glenoid bone defects include use of a
cancellous or corticocancellous/struc-
tural bone graft, whether to implant
a new glenoid as part of a one stage
or two stage revision, and whether
rotator cuff insufficiency will require
the use of a reverse prosthesis. The
advantage of a one stage procedure
is avoiding the surgical morbidity of a
second surgery. The downside to this



approach is a potential for loosening
of a glenoid component that is sup-
ported by unincorporated bone graft
due to graft resorption. The choice of
cancellous versus structural bone graft
largely depends on surgeon prefer
ence and the type of glenoid defect.
In multiple clinical studies, it has been
demonstrated that graft subsidence is
frequent, approaching 100 percent in
some series.???' The degree of sub-
sidence has been reported as up to
14mm or more.?" Rotator cuff insuffi-
ciency is a frequent cause of glenoid
loosening that leads to TSA revision.®
Therefore, the treating surgeon has
to be prepared to perform soft tis-
sue reconstruction or a reverse total
shoulder arthroplasty, in addition to
glenoid reconstruction. The recon-
structive ladder, in order of increasing
complexity, includes simple glenoid re-
implantation, eccentric reaming along
with standard glenoid implantation,
augmented glenoid with or without
eccentric reaming, bone graft recon-
struction with either one or two-stage
glenoid reimplantation, and reverse
total shoulder arthroplasty (rTSA). In a
situation of catastrophic glenoid bone

Figure 2. Eccentric reaming (left) removes the
“high side bone” to restore glenoid version. Off-
axis reaming (right) can minimize the amount of
glenoid bone removal when combined with an
augmented glenoid.

loss a hemiarthroplasty may be the
best (and only) option. Patient's age
and activity level must also be consid-
ered and integrated into the surgical
decision-making process.

TSAWITHOUT BONE GRAFT
Simple Glenoid Reimplantation

Occasionally, it is possible to revise
the glenoid component without signifi-
cant reconstructive measures, such as
bone grafting or high side reaming. Pa-
tients with an acute infection or a trau-
matic event causing glenoid loosening
are included in this category, which
in turn represents the best-case sce-
nario. After the removal of the loose
component, attention must be paid to
removal of all bone cement, if present,
with as little damage as possible to the
surrounding bone. This is followed by
superficial reaming of the glenoid sur
face, sufficient to remove any fibrous
tissue and to expose healthy subchon-
dral bone. A new glenoid component
is usually cemented using third gen-
eration cementing technique.?? Both
pegged and keeled components can
be used in this situation. Typically, a

removed pegged component can be
revised to a pegged or keeled implant,
depending on the condition of the pre-
vious peg holes. A failed keeled com-
ponent is typically revised to another
keeled component.

ECCENTRIC REAMING WITH STAN-
DARD GLENOID IMPLANTATION

Eccentric reaming consists of lowering
the glenoid surface opposite the site
of peripheral erosion in order to re-es-
tablish natural glenoid version (Figure
2). It is reserved for peripheral and
some combined glenoid defects, as
classified by Antuna and coworkers.*
It is imperative to preserve as much
glenoid bone stock as possible, and
therefore the utility of this technique
is limited to small defects. Generally
speaking, no more than 10° to 18° of
retro- or anteversion can be corrected
with this technique without narrow-
ing the glenoid vault excessively and
risking peg or screw penetration.??*
Excessive reaming of the unworn gle-
noid surface also results in joint line
medialization, placing the rotator cuff
and deltoid muscles at a mechan-
ical disadvantage, and resulting in
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Figure 3. Examples of augmented glenoid components. A) 8° Equinoxe posterior augment all-polyethylene pegged glenoid; B) 8° Equinoxe augmented
baseplate for rTSA for use with anterior or posterior bone deficiency; C) Equinoxe standard and extended cage peg rTSA baseplates to facilitate bone
grafting in the native glenoid; D) 10° Equinoxe superior augment rTSA baseplate for use with superior bone deficiency (Exactech, Gainesville, FL).

weakness. In a clinical series, lannotti
and associates? demonstrated that no
more than 19° of glenoid retroversion
could be corrected by high side ream-
ing without glenoid vault perforation by
the center peg. Similar findings were
reported by Gillespie and colleagues,*
who studied the effects of high side
reaming on ability to implant a glenoid
component in a cadaver model. After
correcting 15° of retroversion by high
side reaming, 50 percent of glenoids
were not able to be implanted due to
either insufficient bone support, peg
penetration, or both. They concluded
that 10° of retroversion is likely the
limit that can be corrected with prefer-
ential anterior reaming.®

AUGMENTED GLENOID
IMPLANTATION

The use of an augmented glenoid
component is another means of com-
pensating for glenoid bone loss and
restoring normal anatomic glenoid
version. Its use can be facilitated by
simultaneous eccentric reaming or by
off-axis reaming (Figure 2).?5?¢ The dif-
ferent designs of augmented glenoids
include implants with asymmetric

thickness (increased toward the side

of bone loss) and actual step-shaped
glenoids (Figure 3). Such implants
enable the surgeon to avoid reaming
the high side excessively in order to
restore neutral glenoid version and
thereby minimize the amount of bone
removal. One of the first clinical re-
ports of using this technique was by
Rice and coworkers.?” The investiga-
tors implanted an augmented glenoid
component in 13 patients with eccen-
tric posterior glenoid erosion to restore
neutral version. The component used
was an all-polyethylene cemented
keeled glenoid with asymmetric thick-
ness in an anteriorposterior direction.
The component was capable of cor
recting the slope of glenoid by approx-
imately 4°. In a mean 5-year follow-up,
the investigators reported 14 percent
unsatisfactory results and concluded
that although overall pain relief and
improvement in function was satisfac-
tory, instability was not always correct-
ed. They concluded that the compo-
nent did not offer any advantage over
standard implants.?” Recently, lannotti
and colleagues® revisited the topic of
an augmented glenoid in a biomechan-
ical study. They evaluated the resis-
tance to loosening of four cemented

INNOVATIONS | A CLINICAL EXCHANGE ON ADVANCES IN ORTHOPAEDICS

augmented or step-glenoid designs
when subjected to repetitive humeral
head compression and translation. The
investigators found the stepped de-
sign to have superior fixation and less
implant liftoff in response to eccentric
loading, when compared to the asym-
metric designs, such as the one used
in Rice's study.?® However, asymmetric
designs have been demonstrated to
conserve more bone than stepped gle-
noid designs.®

In a cadaver study, Kirane and cowork-
ers?® tested two prototypes of poste-
rior augmented glenoid implants (all
polyethylene and metal-backed) in a
simulated posterior-deficient glenoid
(type B2). The investigators measured
periglenoid bone strains for each im-
plant under simulated physiologic
loading conditions. No significant dif-
ference was found between the all
polyethylene step-glenoid and a con-
ventional implant in the absence of a
defect, prompting the investigators to
recommend further mechanical test-
ing of the implant. The metal-backed
component induced significantly in-
creased periglenoid strains, potentially
implying increased risk of bone resorp-

tion and loosening.?® Youderian and



associates?® reported on early clinical
outcomes of 24 patients treated with
a new step-glenoid design in primary
TSA. Eighteen patients had a minimum
follow-up of six months, and eight
patients underwent a postoperative
CT scan. The clinical outcome scores
showed significant improvement in 17
of 18 (94 percent) cases. In the eight
shoulders evaluated with the postop-
erative CT scan, the average glenoid
version correction was 16.7°, which
was significantly more than the 11.3°
achieved by using a standard glenoid
with asymmetric reaming in the com-
parison group. Joint line medialization
was also avoided with the augmented
design.?®The mid- and long-term survi-
vorship of these implants remains to
be determined.

TSAWITH BONE GRAFT
One-Stage Reimplantation

One-stage bone grafting and implan-
tation of a new glenoid component
is frequently performed for contained
or central glenoid defects amenable
to cancellous packing. Small periph-
eral or combined defects that can be
successfully reconstructed with high
side reaming or a structural corticocan-
cellous graft can also be managed in
a one-stage revision. Immediate new
glenoid implantation can be performed
if sufficient glenoid rim and surface re-
mains to support the glenoid trial and
adequate cancellous bone remains
to cement a new component.*® Gen-
erally speaking, no more than 40 to
50 percent of a new glenoid should
be supported by bone graft although
biomechanical and clinical data on
this subject are lacking.® Central gle-
noid defects are frequently managed
with cancellous bone graft while the
peripheral and combined defects
are addressed with a combination of

cancellous and structural bone graft.®'

There is paucity of studies aimed
specifically at evaluating one-stage
reconstruction. Most reports include
a mixed population of patients, some
of which undergo one-stage glenoid
revision with bone grafting. Elhassan
and coworkers® reported on three out
of 21
for a loose glenoid component who

patients undergoing revision

received a TSA. They reported good

The investigators found
the stepped design to
have superior fixation
and less implant liftoff

INn response to eccentric
loading, when compared
to the asymmetric
designs.

short-term outcome and the benefit of
implanting a glenoid component over
biologic resurfacing or bone graft only.®
Cheung and associates®® performed
revision in 68 shoulders secondary to
glenoid loosening. In 33 patients, new
glenoid implantation was possible at
the time of the revision procedure. The
remaining 35 patients were revised to
a hemiarthroplasty with glenoid bone
grafting. The primary statistically signif-
icant benefit of glenoid reimplantation
was the increase in forward elevation.
There was also a trend toward greater
patient satisfaction in the group with
an implanted glenoid. The rate of revi-
sion-free survival at five years was not
significantly different between the two
groups. Ten years after revision, the re-
vision-free survival rate was marginally

higher in the new glenoid group com-
pared to hemiarthroplasty. Overall, the
results suggested that a new glenoid
component should be implanted if
structurally feasible.®® On the other
hand, Bonnevialle and associates?
found a significant rate of radiographic
loosening of a newly implanted gle-
noid. In their case series of 42 TSAs
revised with or without bone grafting
and a cemented PE glenoid, 28 out
of 42 (67 percent) of the new bone
grafted glenoids were radiographical-
ly loose at 74 months, with seven (17
percent) requiring second revision due
to recurrent loosening. All 10 grafts
placed during the original revision
were partially or completely resorbed.
The investigators postulated that plac-
ing the graft between the cortical bone
of the glenoid vault and the cement
mantle may not be the optimal biolog-
ical environment to facilitate its heal-
ing. The investigators also cautioned
about the high rate of soft tissue com-
plications in the form of subscapularis
insufficiency and rotator cuff tears in
the revision scenario that may contrib-
ute to the high rate of failure.?® Due
to the potential problems associated
with cementing a new glenoid into a
bone-grafted bed, some investigators
have preferred a metal-back ingrowth
glenoid component. Valenti and col-
leagues® reported clinical outcomes
of 10 shoulders revised for glenoid
loosening in anatomic TSA at a minimal
follow-up of two years. The investiga-
tors used a new metal-backed implant
with a long central peg, superior and
inferior screws, and an anterior plate
for additional fixation of the bone graft.
They reported overall improvement
in clinical outcome scores and good
integration of the bone graft without
radiolucency or glenoid component
loosening. There was one case of PE
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liner dissociation. The investigators
concluded that revision to a non-ce-
mented glenoid component combined
with bone graft can solve the problem
of loosening as long as the rotator cuff
is functional although the study pop-
ulation was small and the follow-up

short.*?

Two-Stage Reimplantation

Frequently, the surgeon is faced with
bone loss of the glenoid surface or
vault significant enough to preclude
immediate glenoid reimplantation. In
this situation, the loose glenoid compo-
nent is removed, and all bony defects
carefully debrided and bone grafted.
Central contained defects are packed
with cancellous bone while peripheral
or combined defects are reconstructed
with a combination of cancellous and
structural graft. Currently, there does
not appear to be a clear advantage to
using either cancellous or cortico-can-
cellous bone graft in terms of graft
incorporation and either serves to re-
store glenoid bone stock to enable fu-
ture glenoid revision.® Clinical studies
have demonstrated that many patients
experience adequate pain relief follow-
ing revision to hemiarthroplasty with
glenoid bone grafting and do not re-
quire a delayed glenoid reinsertion.3334
Cheung and coworkers® reported on
seven previously bone grafted patients
undergoing glenoid reinsertion for per-
sistent pain with an average follow-up
of 79 months. The newly implanted
glenoids were a mixture of bone-in-
growth, metal-backed with cement
augmentation, and all-polyethylene
cemented components. The investi-
gators concluded that good pain relief
can be achieved with delayed glenoid
implantation, although range of motion
cannot always be improved.*

Phipatanakul and Norris®* reported on

24 patients undergoing revision TSA
with removal of the glenoid compo-
nent and bone grafting of the glenoid
vault. Eighteen patients had adequate
pain relief after the initial procedure,
and four patients achieved good pain
relief after a second stage glenoid
implantation for persistent pain. Graft
subsidence was reported in 10 out of
20 cases (50 percent) although it did
not preclude placement of a new gle-
noid component during the second
stage revision. Overall, the investiga-
tors found bone grafting of the glenoid
beneficial in terms of pain relief (92

The unigue mechanical
design of the rTSA
allows it to potentially
address all of the
anatomical deficiencies
In one setting.

percent of patients) as well as enabling
delayed glenoid implantation. Howev-
er, range of motion did not improve
significantly and graft subsidence rate
was concerning.®*

Antufa and associates®® reported on
three patients treated with glenoid
implantation at a second stage. These
patients previously underwent remov-
al of a loose glenoid and bone grafting
with cancellous allograft and experi-
enced continued pain. At the time of
re-revision, the investigators found
the glenoid depth to be approximately
Tem, which was limited but sufficient
to implant a new metal backed com-
ponent. One patient had an excellent
result at five years postoperatively,
one satisfactory result at eight years,
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and one unsatisfactory result at two
years with further need for glenoid
revision.3®

REVERSE TOTAL SHOULDER AR-
THROPLASTY (rTSA)

The reverse total shoulder arthro-
plasty was designed to address the
problem of cuff tear arthropathy and
clinically has performed well for this in-
dication.®®8 |n addition to bony glenoid
deficiency, soft tissue complications,
such as rotator cuff tears, subscapu-
laris insufficiency, and implant instabili-
ty, are frequently identified during revi-
sion TSA.2°%9 Revision to anatomic TSA
with a deficient rotator cuff predictably
leads to the so-called rocking horse
phenomenon and glenoid component
loosening.®

Similarly, use of a hemiarthroplasty in
this scenario is at risk for developing
anterosuperior subluxation in patients
with previous acromioplasty andin-
competent  coracoacromial  arch.*®
The unique mechanical design of the
rTSA allows it to potentially address all
of the anatomical deficiencies in one
setting. Recently, the rTSA has been
used to address the problem of gle-
noid loosening in TSA, particularly if
associated with rotator cuff tears and
uncontained large glenoid bone defi-
ciency.®94142 Melis and coworkers®® re-
ported on 37 anatomic TSAs revised to
reverse prosthesis for aseptic glenoid
loosening with a mean follow up of 47
months. Thirty-four out of 37 revisions
were performed in one stage. Eighty-
six percent of patients were either
satisfied or very satisfied, and 76 per
cent (22/29) of the glenoid bone grafts
healed. Functional gains were made
mostly in terms of improving active
elevation and reducing pain. External
and internal rotation did not change.
Eight patients (21 percent) required



further surgery due to complications,
three of whom had recurrent glenoid
loosening. The investigators concluded
that rTSA is a reliable revision option
and provides stable fixation of the un-
derlying bone graft with the glenoid
baseplate and screws. To achieve this,
they prefer use of a long peg baseplate
to reach native glenoid bone. Howev-
er, the technique is demanding and
associated with a significant rate of
complications.®®

Norris and colleagues*’ describe a
novel technique of utilizing an rTSA
baseplate fixed to the iliac crest before
subsequently removing it with the por
tion of the ilium, which is then press
fit into the glenoid defect. The entire
construct is fixed into the scapular
body and columns beyond the defect
using an extra-long post and screws in
the glenoid base plate. The common
principle of the above techniques is
fixation of the baseplate to the native
glenoid while providing stable fixation
of the bone graft to allow its incorpora-
tion. The bone graft serves to enhance
baseplate fixation by being press fit
into the glenoid defect. It also prevents
excessive joint line medialization.*' The
latter can also be accomplished by
using an extended offset/expanded
glenosphere.

Patel and colleagues®? recently report-
ed on their series of 28 patients who
underwent revision of a failed shoul-
der arthroplasty to a reverse prosthe-
sis at an average 41 months follow-up.
Among the cohort, there were eight
failed TSAs, with the rest being failed
hemiarthroplasty and rTSA. The etiol-
ogy of failure of the original implants
was heterogenous with implant loos-
ening being reported in only three
patients. The glenoid was bone graft-
ed in four patients. The investigators

reported overall significant improve-
ment in all of the outcome measures
(ASES, UCLA, SST, VAS scores), as
well as forward elevation which in-
creased 64° on average. Twenty-three
patients (82 percent) rated their out-
come as good, excellent, or satisfac-
tory, and 5 patients (18 percent) rated
their outcome as unsatisfactory. Three

Since patients with

a failed anatomic

TSA can present with

a variety of glenoid
deficiency, development
of augmented glenoid
baseplates in rTSA may
prove valuable in the
future.®®

of the 28 patients (10.7 percent) had
complications. Overall, the investiga-
tors concluded that the rTSA can pro-
vide increased shoulder motion, de-
creased pain, and improved functional
outcomes in patients with all types of
failed shoulder arthroplasty.*?

As in anatomic TSA, the rTSA comes
with an option to implant an augment-
ed glenoid component to compen-
sate for asymmetric glenoid wear. In
a recent biomechanical study, Roche
and coworkers® simulated a superior
glenoid defect treated either with ec-
centric reaming/standard baseplate or
off-axis reaming/superior augmented
baseplate (Figure 2). Both constructs
were cyclically loaded and compared
to a control implant with no glenoid
defect. Each glenoid implant remained
well fixed after cyclic loading with no

statistically significant difference in
displacement. Since patients with a
failed anatomic TSA can present with
a variety of glenoid deficiency, devel-
opment of augmented glenoid base-
plates in rTSA may prove valuable
in the future.”® The reverse shoulder
arthroplasty should be used with cau-
tion in the revision scenario as long-
term survivorship is not well known
in @ homogenous patient population.
It should be reserved for patients 65
years and older. Long-term follow-up
is needed to analyze the incidence of
some of the documented complica-
tions, such as scapular notching and
instability.

HEMIARTHROPLASTY
With Glenoid Bone Graft

Revision to hemiarthroplasty (HA) is
considered when faced with glenoid
bone defect substantial enough to pre-
clude immediate glenoid reimplanta-
tion. It can provide a definitive solution,
particularly in an older, low demand pa-
tient wishing to avoid further surgery.
For other patients, it represents the
first stage of a two-stage TSA revision
with the eventual goal being anatomic
or rTSA. The status of the rotator cuff
and patient’s age will help determine
if a TSA or rTSA will be the final im-
plant of choice. Grafting the glenoid
bone deficiency restores the bone
stock needed for future glenoid im-
plantation.® It also prevents excessive
joint line medialization and results in
significantly improved outcomes with
respect to pain, mobility, and shoulder
function when compared to revision
without bone grafting the glenoid de-
ficiency.®%4  Finally, multiple clinical
studies of primary hemiarthroplasty
performed for osteoarthritis indicate
superior results in terms of function
and level of comfort when performed
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GLENOID LOOSENING
Revision depending on:
* Pain

* Function

* Infection

* Motivation of patient

'

Choice between anatomical or reverse prosthesis depending on:

{

o Cuff status
¢ Deltoid function
* Age

ANATOMICAL

—

Correct bone stock

! !

Significant bone deficit

Very important bone deficit

'

Hemiarthroplasty with bone
graft or without bone graft
(ream and run)

TSA without graft TSA with bone graft
1 or 2 stages
Standard glenoid Augmented glenoid

re-implantation
with or without

eccentric reaming reaming

without eccentric glenoid wear.*54¢
Therefore, it would stand to reason
that correcting any eccentric glenoid
wear by a combination of reaming and
bone grafting would result in improved
clinical results in a revision situation.

Neyton and coworkers?” reported on
nine patients undergoing TSA revision
for a loose glenoid component with
bone loss significant enough to pre-
vent new glenoid implantation. The
glenoid defects were reconstructed
using iliac crest bone grafting with
modification of positioning the bicorti-
cal graft such that the cortical surface
faced laterally. In @ mean follow-up of
30 months, the clinical outcome was
considered satisfactory in five and
unsatisfactory in four patients.® The
mean graft subsidence was 4.1Tmm.

implantation with or
without eccentric

¢ Bone stock
o Stiffness

'

REVERSE

!

With or without bone graft

With or without augmented
glenoid baseplate

With or without expanded
glenosphere

Figure 4. Treatment algorithm for the management of the loose glenoid component.

Two cases that were observed to have
10mm and 11Tmm medialization were
also found to have anterior-superior
migration of the humeral head sugges-
tive of a massive rotator cuff tear. Only
one patient decided to undergo addi-
tional surgery. He was revised to a re-
verse total shoulder due to a massive
cuff tear. Intraoperatively, solid graft
incorporation was found, enabling sta-
ble fixation of the glenosphere. The
investigators concluded that adequate
pain relief and glenoid bone stock
restoration could be achieved with re-
moval of the loose glenoid combined
with bone graft.#’ This procedure also
prevented excessive joint line medial-
ization provided the rotator cuff was
intact. However, functional outcomes
in terms of motion did not improve.
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Scalise and lannotti®' revised 11 failed
TSAs to a hemiarthroplasty combined
with bone grafting of glenoid defects.
They used cancellous allograft to fill
the void of central/contained defects,
and structural graft to reconstruct pe-
ripheral or combined defects. At a min-
imum two-year follow-up the investi-
gators noted overall improvement in
clinical outcome scores. All the grafts
showed some degree of resorption,
with eight of the 11 patients experi-
encing graft subsidence greater than
5mm. Greater subsidence was seen in
structural grafts (mean 14mm) than in
cancellous graft (mean 7mm). The in-
gvestigators concluded this difference
in subsidence was likely due to lack
of a supporting cortical rim in defects
treated with structural graft, rather



than the type of graft used. The pres-
ence of graft subsidence, although
concerning, did not influence the clini-
cal outcome scores.?'

HA WITHOUT GLENOID BONE
GRAFT (REAM-AND-RUN
PROCEDURE)

The ream-and-run procedure has been
used with clinical and radiographic suc-
cess in shoulder reconstruction. It ad-
dresses significant glenoid bone loss
with reaming the glenoid to a slightly
larger radius of curvature than a newly
implanted humeral head. Matsen and
associates*® describe this procedure
and consider it a reconstructive option
in patients wishing to avoid the risk of
glenoid loosening.*® There is paucity
of literature on the use of this tech-
nigque in revision TSA. The outcome
data reported is primarily associated
with primary arthroplasty. Lynch and
colleagues®® found significant improve-
ment in self-assessed pain and func-
tion at a two-year follow-up using this
technique in 37 patients. The final func-
tional outcome of patients with preop-
erative glenoid wear was equal to the
patients without preoperative glenoid
wear. Better outcomes were observed
in patients who developed a lucen-
cy between the humeral component

The augmented glenoid
components may

allow surgeons to limit
eccentric reaming and
the extent of bone
grafting necessary Iin

a glenoid with bone
deficiency.

and the reamed glenoid surface on
their final follow-up radiograph, sug-
gesting some degree of joint surface
regeneration.*

Gilmer and colleagues®® analyzed the
factors prognostic for clinical improve-
ment following the ream-and-run pro-
cedure in 176 patients. They concluded
the patients with the most favorable
outcome were men over 60 years
old with no previous surgery, primary
shoulder osteoarthritis, a preoperative
SST score greater than or equal to five,
and those who underwent surgery
after 2004.%° In a revision situation, the
ream-and-run procedure can serve as
a last resort option for a surgeon facing
a severely deficient glenoid without

the possibility of bony reconstruction.

CONCLUSION

Revision of a loose glenoid component
in TSA poses a surgical challenge. The
literature available on this subject in-
dicates an advantage to implanting a
new glenoid component. However, the
correct timing of new glenoid implan-
tation is not clear. It may be prefera-
ble to bone graft any existing glenoid
bony deficiencies and reserve glenoid
reimplantation for a later stage if con-
tinuing symptoms indicated the need
for further revision. Bone grafting also
restores the natural joint line and kine-
matics. The augmented glenoid com-
ponents may allow surgeons to limit
eccentric reaming and the extent of
bone grafting necessary in a glenoid
with bone deficiency. The reverse total
shoulder arthroplasty is emerging as a
useful reconstructive tool capable of
addresing bony and soft tissue prob-
lems encountered in revision TSA. The
increasing use of augmented glenoids
and rTSA in revision TSA provides op-
portunities for more clinical outcomes
research on this important subject
(Figure 4). o

Reprinted from the Bulletin of the Hospital for

Joint Diseases, Volume 71, Supplement 2, 2013
p. 568-576 with permission.
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Infection remains a significant problem
affecting joint implants, with a 1.1-2.2
percent incidence in total hip arthro-
plasty (THA),"? 0.9-4.0 percent in total
knee arthroplasty (TKA)*4 and 1-7 per
cent in all joint arthroplasty.® Further
more, the incidence and prevalence is
increasing, with a two-fold increase in
hip and knee periprosthetic infections
(PPI) from 1990 to 2004.578

The clinical impact is significant, with
PPI representing a significant cause
of mortality (2.7-18 percent)® and the
leading cause of primary knee and re-
vision hip arthroplasty failure.5* Infect-
ed revisions result in a hospital length
of stay 1.7 times longer than their
aseptic counterparts.” The econom-
ic costs are also great, with infected
joint replacements costing three to
four times that of aseptic primary ar
throplasty,”"? at an estimated cost of
$50,000 per infection.®

The pathogenesis of PPl involves in-
troduction of the offending organism
and subsequent establishment and
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development of infection. Introduction
of the organism can occur through
three means: 1) direct inoculation —
which is estimated as the cause of
60 percent of PPI;"® 2) hematogenous
spread — 34 percent of cases of S. Au-
reus bacteremia result in PPI;™ 3) con-
tiguous spread from adjacent focus
(i.e. surgical site infection) — 41 per
cent of PPl cases in one study resulted
from adjacent surgical site infection.™
The establishment and development
of infection is related to host factors
(local and systemic immunosuppres-
sion), pathogen factors (virulence, sus-
ceptibility to host and medical defens-
es, bacterial load), and outside factors
(bacterial contamination and environ-
ment). A multitude of host factors have
a significant impact of the develop-
ment of PPI, including: obesity, smok-
ing, myocardial infarction, atrial fibrilla-
tion, rheumatologic disease, diabetes,
public assistance, organ transplanta-
tion, coagulopathy, medical comorbidi-
ties (Charlson index > 1 and ASA > 2),

systemic malignancy, malnutrition (five



to seven times increased major wound
complications), and anemia.®™ Biofilm
formation remains the key component
in the development of infection, and
is related to host, pathogen, and en-
vironmental factors. Biofilm is defined
as the aggregation of microbe colo-
nies enclosed within an extracellular
polysaccharide matrix (glycocalyx) that
adheres to the surface of implants or
devitalized bone. Biofilm protects the
organism from antibiotics and host de-
fense mechanisms, such as antibody
formation and phagocytosis, allowing
infections to exist in a subclinical state
and recur. One study indicates that 59
percent of orthopaedic biomaterial-re-
lated infections have positive findings
of glycocalyx-enclosed organisms on

electron microscopy.™

The diagnosis of PPI can be challenging
and recent guidelines have significantly
helped our ability to diagnose this often
elusive condition.’® Musculoskeletal In-
fection Society (MSIS) criteria for diag-

nosis include one of the following:

Figure 1A and 1B. After articulating antibiotic spacer placement in treatment of chronic TKA infection.

e A sinus tract communicating with
the prosthesis; or

e A pathogen is isolated by culture
from two separate tissue or fluid
samples obtained from the affected
prosthetic joint

Or four of the six following:

e Elevated ESR or CRP

e Elevated synovial white blood
cell (WBC) count (as low as 1,100
—-4,000)

e Elevated synovial neutrophil percent
(as low as 64-69 percent PMN)

e Presence of purulence in the affect-
ed joint

e |solation of a microorganism in one
culture of periprosthetic tissue or
fluid

e Greater than five neutrophils per
high-power field in five high-power
fields observed from histologic anal-
ysis of periprosthetic tissue at 400
times magnification

The prevention of PPl mirrors the
same approach we use to treat the

condition. The primary goals involve 1)
optimizing systemic host immune and
healing potential, 2) eradicating poten-
tial sources of hemotogenous bacteri-
al innoculation, 3) optimizing the local
soft tissue envelope, and 4) minimiz-
ing local contamination. In regard to
optimizing host immune and healing
potential, the surgeon should ensure
strict smoking cessation, strict glyce-
mic control, nutritional optimization
(even in the morbidly obese), main-
tenance of total lymphocyte count
(ALC >1500) and prealbumin (>3.5 g/
dl) in high risk patients, oral vitamin
[Zinc
(>5 mcg/ml) and Transferrin (>200 ng/

and mineral supplementation
ml)], weight loss, cessation of immu-

nosuppressive medications  (espe-
cially biologic rheumatologic agents),
correction of anemia and coagulop-
athies, optimization of medical co-
morbidities (cardiac, pulmonary, etc.),
and avoidance of pre-surgical hospital
stay.’”81920 The elimination of sourc-
es of bacterial seeding includes con-

firming the absence of active dental,
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urinary tract, skin, and gastrointestinal
tract infections. Optimization of the
local soft tissue envelope involves
treatment of vascular insufficiencies
(arterial & venous), and the care-
ful planning of surgical approaches,
avoiding unnecessary and superficial
skin flaps, and using local rotational
flaps when appropriate. Local con-
tamination can be minimized through
meticulous skin care (psoriasis, break-
down, ulcers), MRSA testing in high
risk patients (institutionalized), mupi-
rocin x one week in MRSA carriers,
chlorhexidene shower starting one to
five days prior to surgery, preopera-
tive chlorhexidine wipes on the day of
surgery, and shaving the surgical site
with clippers.?223:24

Despite our best efforts at prevention,
periprosthetic joint infections still occur.
The goals of treatment of these infec-
tions must include: 1) a thorough and
meticulous removal and debridement
of all infected and devitalized bone, soft
tissue, and foreign material, 2) mainte-
nance of mechanical stability, 3) pres-
ervation of the soft tissue envelope,
and 4) delivery of appropriate antibiotic,

Figure 2A and 2B. Two years after reimplantation, with no evidence of infection.

locally and systemically. In my experi-
ence, persistent refractory PPl is usu-
ally secondary to one or more of these
issues not being addressed. The treat-
ment options for periprosthetic infec-
tion of the knee include:

e Chronic antibiotic suppression alone

e [rrigation & debridement (I&D) and
retention of prosthesis with or with-
out modular component exchange

e Single staged implant removal & im-
mediate reimplantation

e Two staged implant removal &
reimplantation

e Using a temporary spacer (static
antibiotic cement, articulating antibi-
otic cement, or metal / polyethlene
prosthetic secured with antibiotic
cement)

e Implant removal & knee arthrodesis

e Above knee amputation

With regard to antibiotic suppression
alone, success rates are low, and this
treatment is usually only considered
in the very sick or elderly.?® Surgical
I&D with component retention also
has variable success rates (18-52
percent), especially in the chronic
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setting, which may be improved with
antibiotic suppression.?6?’

Single staged implant removal and re-
implantation has recently emerged as
a viable option in chronic PPl cases.
One study comparing single staged re-
vision to standard two staged revision
demonstrated a non-statistical lower
infection rate in the single staged group
(0 percent vs 7 percent [P = 0.16]) and
statistically improved Knee Society
Scores in the single staged group (88
vs 76 [P < 0.001]); however, the single
staged cohort was carefully selected.?

With regard to end-stage procedures,
above knee amputation remains a pro-
cedure of last resort, with significant
increases in energy expenditure for
ambulation (68 percent increase in
metabolic demand compared to nor
mal limb), which may be particularly
problematic in the elderly or those
with medical comorbidities. Knee ar
throdesis carries the advantages of
a significant cure rate, a longevious
and durable construct, and improved
ambulatory ability when compared to
above knee amputation in elderly,?



with the disadvantages of poor accep-
tance from the patient and difficulty
converting to secondary total knee
arthroplasty.

Many argue that two-staged implant
removal and reimplantation remains
the gold standard treatment of chron-
ic PPl of the knee.?® This method of
treatment involves implant removal,
meticulous debridement, complete sy-
novectomy, and insertion of a mechan-
ical construct which serves to maintain
the space for future reimplantation, a
means to deliver antibiotic locally, and
means to confer stability to the area.
This “spacer” may consist of a static
block of antibiotic cement or an artic-
ulating construct similar to that of a
total knee arthroplasty. After implant
removal and antibiotic pacer place-
ment, a prolonged course of tailored
intravenous antibiotics is instituted,
with planned reimplantation at eight-
24 weeks (if and when clinical, sero-
logic, and aspiration studies show no
evidence of infection). The goals of
antibiotic spacer use include: 1) main-
tenance of joint stability, 2) elution of
local antibiotic, 3) optimization of pa-
tient function and comfort, and 4) in-
creasing the ease of revision surgery
by preserving bone stock, maintaining
the appropriate space, and preventing
soft tissue contracture.

Articulating antibiotic
spacers offer potential
benefits of improved
antibiotic delivery and
increased surface area
for greater antibiotic
elution.

Static block spacers demonstrate
80-90+ percent cure rates, with the
downsides of soft tissue contracture,
instability / patient discomfort, posteri-
or femoral condyle soft tissue growth,
quadriceps scarring to anterior distal
femur, and bone loss®°. Metal and poly-
ethylene “spacers” have evolved in
order to avoid the downsides of static
spacers, but serve as persistent source
of biofilm establishment; early results
demonstrate similar reinfection rates
and improved range of motion with ar
ticulating metal and polyethylene con-
struct (107.8° vs 93.7°), however, long
term results are still pending.®'

Articulating antibiotic spacers offer po-
tential benefits of improved antibiotic
delivery and increased surface area for
greater antibiotic elution. They also op-
timize revision surgery by potentially
preserving motion, prevention of soft
tissue contracture, and preservation of

the joint space, especially in the area
posterior femoral condyles and anteri-
or femur. Many articles have been pub-
lished comparing static and articulat-
ing spacers, and a well-written review
summarizes seven of the best studies,
noting a similar reinfection rate be-
tween both (7 percent articulating vs
12 percent Static [P = 0.2]), similar
functional scores between both, and
improved range of motion with articu-
lating spacers 101° (articulating) vs 91°
(static) (P = 0.0002).3?

In summary, periprosthetic joint infec-
tions remain a major problem in the ar
throplasty world, with increasing inci-
dence and prevalence, high associated
morbidity and mortality, and extensive
monetary burden. Preoperative pre-
vention involves optimizing medical
comorbidities, eradicating potential
sources of bacteremia, optimizing the
soft tissue envelope, and decreasing
local bacterial contamination. Effective
treatment requires adequate debride-
ment, ensuring appropriate soft tissue
coverage, conference of stability to
the area, and delivering appropriate
antibiotic therapy. The two-staged pro-
cedure remains the gold standard for
chronic PPI, and articulating antibiotic
spacers optimize the goals of infection
treatment as well as joint preparation

for implantation. e

VOLUME 2 « ISSUE 1 | 2016



REFERENCES

1.

Urquhart DM, Hanna FS, Brennan SL,
Wiluka AE, Leder K, Cameron PA, Graves
SE, Cicuttini FM. Incidence and risk factors
for deep surgical site infection after primary
total hip arthroplasty: a systematic review. J
Arthroplasty. 2010 Dec;25(8):1216-22.

Ong KL, Kurtz SM, Lau E, Bozic KJ, Berry
DJ, Parvizi J. Prosthetic joint infection risk
after total hip arthroplasty in the Medicare
population. J Arthroplasty. 2009 Sep;24(6
Suppl):105-9.

Jamsen E, Huotari K, Huhtala H, Neva-
lainen J, Konttinen YT. Low rate of infected
knee replacements in a nationwide series-
-is it an underestimate? Acta Orthop. 2009
Apr;80(2):205-12.

Adeli B, Parvizi J. Strategies for the preven-
tion of periprosthetic joint infection. J Bone
Joint Surg Br. 2012 Nov;94(11 Suppl A):42-6.

lllingworth KD, Mihalko WM, Parvizi J,
Sculco T, McArthur B, el Bitar Y, Saleh KJ.
How to minimize infection and thereby max-
imize patient outcomes in total joint arthro-
plasty: a multicenter approach: AAOS exhibit
selection. J Bone Joint Surg Am. 2013 Apr
17,95(8):e50.

Kurtz S, Ong K, Lau E, Mowat F, Halpern
M. Projections of primary and revision hip and
knee arthroplasty in the United States from
2005 to 2030. J Bone Joint Surg Am. 2007
Apr;89(4):780-5.

Kurtz SM, Lau E, Schmier J, Ong KL, Zhao
K, Parvizi J. Infection burden for hip and knee
arthroplasty in the United States. J Arthro-
plasty. 2008 Oct;23(7):984-91.

Kurtz SM, Ong KL, Schmier J, Zhao K,
Mowat F, Lau E. Primary and revision arthro-
plasty surgery caseloads in the United States
from 1990 to 2004. J Arthroplasty. 2009
Feb;24(2):195-203.

Matar WY, Jafari SM, Restrepo C, Austin M,
Purtill JJ, Parvizi J. Preventing infection in
total joint arthroplasty. J Bone Joint Surg Am.
2010 Dec;92 Suppl 2:36-46.

. Nationwide Inpatient Sample: 1990 — 2003.

. Bozic KJ, Kurtz SM, Lau E, Ong K, Chiu V,

Vail TP, Rubash HE, Berry DJ. The epidemi-
ology of revision total knee arthroplasty in the
United States. Clin Orthop Relat Res. 2010
Jan;468(1):45-51.

20.

21.

22.

. Bozic KJ, Kurtz SM, Lau E, Ong K, Vail TR

Berry DJ. The epidemiology of revision total
hip arthroplasty in the United States. J Bone
Joint Surg Am. 2009 Jan;91(1):128-33.

. Cierny, G, McLaren A, Wongworarat M.

Orthopedic Knowledge Update: Musculoskel-
etal Infection. American Academy of Orthope-
dic Surgeons, Rosemont, II. 2009.

. Phillips JE, Crane TR Noy M, Elliott TS,

Grimer RJ. The incidence of deep prosthetic
infections in a specialist orthopaedic hospital:
a 15-year prospective survey. J Bone Joint
Surg Br. 2006 Jul;88(7):943-8.

. Bozic KJ, Lau E, Kurtz S, Ong K, Berry DJ.

Patient-related risk factors for postoperative
mortality and periprosthetic joint infection in
medicare patients undergoing TKA. Clin Or
thop Relat Res. 2012 Jan;470(1):130-7.

. Parvizi J, Zmistowski B, Berbari EF, et

al. New Definition for Periprosthetic Joint
Infection: From the Workgroup of the
Musculoskeletal Infection Society.  Clini-
cal Orthopaedics and Related Research.
2011;469(11):2992-2994.

Marchant MH Jr, Viens NA, Cook C, Vail TR
Bolognesi MP. The impact of glycemic con-
trol and diabetes mellitus on perioperative
outcomes after total joint arthroplasty. J Bone
Joint Surg Am. 2009 Jul;91(7):1621-9.

. Mraovic B, Suh D, Jacovides C, Parvizi J.

Perioperative hyperglycemia and postopera-
tive infection after lower limb arthroplasty. J
Diabetes Sci Technol.2011 Mar 1;5(2):412-8.

. Shahi A, Parvizi J. Prevention of Peripros-

thetic Joint Infection. Arch Bone Jt Surg. 2015
Apr;3(2):72-81.

Garvin KL, Konigsberg BS. Infection fol-
lowing total knee arthroplasty: preven-
tion and management. Instr Course Lect.
2012;61:411-9.

Dunbar MJ, Richardson G. Minimizing infec-
tion risk: fortune favors the prepared mind.
Orthopedics. 2011 Sep 9;34(9):467-9.

Hacek DM, Robb WJ, Paule SM, Kudrna JC,
Stamos VP, Peterson LR. Staphylococcus au-
reus nasal decolonization in joint replacement
surgery reduces infection. Clin Orthop Relat
Res. 2008 Jun;466(6):1349-55.

INNOVATIONS | A CLINICAL EXCHANGE ON ADVANCES IN ORTHOPAEDICS

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Rao N, Cannella BA, Crossett LS, Yates AJ
Jr, McGough RL 3rd, Hamilton CW. Preop-
erative screening/decolonization for Staph-
ylococcus aureus to prevent orthopedic sur
gical site infection: prospective cohort study
with 2-year follow-up. J Arthroplasty. 2011
Dec;26(8):1501-7.

Lamplot JD, Luther G, Mawdsley EL,
Luu HH, Manning D. Modified Protocol
Decreases Surgical Site Infections after
Total Knee Arthroplasty. J Knee Surg.2015
Oct;28(5):395-403.

Parvizi J, Zmistowski B, Adeli B. Peripros-
thetic joint infection: treatment options. Or
thopedics. 2010 Sep 7;33(9):659.

Choi HR, von Knoch F, Zurakowski D, Nel-
son SB, Malchau H. Can implant retention be
recommended for treatment of infected TKA?
Clin Orthop Relat Res. 2011 Apr;469(4):961-9.

Deirmengian C, Greenbaum J, Lotke PA,
Booth RE Jr, Lonner JH. Limited success
with open debridement and retention of
components in the treatment of acute Staph-
ylococcus aureus infections after total knee
arthroplasty. J Arthroplasty. 2003 Oct;18(7
Suppl 1):22-6.

Haddad FS, Sukeik M, Alazzawi S. Is sin-
gle-stage revision according to a strict proto-
col effective in treatment of chronic knee ar
throplasty infections? Clin Orthop Relat Res.
2015 Jan;473(1):8-14.

Chen AF, Kinback NC, Heyl AE, McClain EJ,
Klatt BA. Better function for fusions versus
above-the-knee amputations for recurrent
periprosthetic knee infection. Clin Orthop
Relat Res. 2012 Oct;470(10):2737-45.

Leone JM, Hanssen AD. Management of in-
fection at the site of a total knee arthroplasty.
Instr Course Lect. 2006;55:449-61.

Emerson RH Jr, Muncie M, Tarbox TR, Hig-
gins LL. Comparison of a static with a mobile
spacer in total knee infection. Clin Orthop
Relat Res. 2002 Nov;(404):132-8.

Voleti PB, Baldwin KD, Lee GC. Use of static
orarticulatingspacersforinfectionfollowingtotal
kneearthroplasty:asystematicliteraturereview.
JBoneJointSurgAm.2013Sep4;95(17):1594-9.



SCIENTIFIC ARTICLE

EVALUATION AND

TREATMENT OF

THE INFECTED
SHOULDER

ARTHROPLASTY

@ Daniel J. Hackett, Jr, MD
Georgia Regents Medical Center

@ Lynn A. Crosby, MD
Georgia Regents Medical Center

www.exac.com/courses

February 12-13 | Advanced Surgical
Solutions for Shoulder, Hip and Knee
Arthroplasty | Miami, Fla.

Infection following shoulder arthroplas-
ty, although infrequent, remains one of
the most common postoperative com-
plications encountered and accounts
for a large number of failures in both
primary and revision shoulder a thro-
plasty." The increase in the number of
primary shoulder arthroplasties being
performed has increased the number
of patients requiring revision arthro-
plasty for the treatment of infection.
Infection poses a number of issues
for the surgeon with respect to diag-
nosis, treatment, and revision follow-
ing eradication of infection. Diagnosis
of infection relies upon a high clinical
suspicion and appropriate diagnostic
studies.” Due to the low virulence of
organisms, such as Propionibacterium
acnes (P acnes), it is our opinion that
postoperative pain following shoulder
arthroplasty should be considered due
to infection, until proven otherwise."5”
There has yet to be a consensus on
the optimal treatment for periprosthet-
ic infection after shoulder arthroplasty,
and most treatment is based upon sur
geons' past clinical experiences and
use of data from infection treatment
following hip and knee arthroplasty.
The hip and knee literature provide
some insight for infection treatment.
However, the common infective organ-
isms, the presenting signs and symp-
and clinical

toms, laboratory data,

course all prove to be somewhat dif-
ferent in shoulder arthroplasty.® More
studies related to infection following
shoulder arthroplasty are published
each year; however, these studies
have smaller numbers and lack the
power analysis that is found in the hip
and knee literature.® Most agree that
treatment should involve diagnosis of
the infective organism, an adequate
debridement followed by one- or two-
stage revision, and species specific IV
antibiotic treatment following the ini-
tial operation.>”#2% |n most cases, elim-
ination of infection requires aggressive
debridement of soft tissues, which
creates yet another reconstructive
problem for the surgeon.?’ Debride-
ment creates a larger amount of dead
space, providing organisms an oppor-
tunity for re-infection. Aggressive soft
tissue debridement may also elimi-
nate the amount of soft tissue needed
to provide stability and function when
considering revision arthroplasty op-
tions.'02024 Results of revision arthro-
plasty following infection have also
differed in terms of pain improvement,
rate of complications, and functional
status.®*9%0 This review will focus on
what we currently understand about
revision shoulder arthroplasty with a
focus on the results of two-stage re-
vision with anatomic and reverse total
shoulder arthroplasty.
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Type of Infection
Type |

Type Il

Type Il

Type IV

Time Period of Infection
Positive cultures at time of revision

Acute infection within 30 days of
surgery

Acute hematogenous infection > 30
days after surgery

Chronic infection

Treatment

Organism specific antibiotic treatment
with close observation

Surgical debridement with retention of
prosthesis

Surgical debridement with retention of
implant or two-stage treatment with
antibiotic spacer

Surgical debridement with implant
removal, temporary antibioic spacer
placement, and delayed reimplantation

Table 1. Classification and Treatment Options for Periprosthetic Infections

PATIENT EVALUATION

Infection should be ruled out in any
patient with a painful shoulder arthro-
plasty."®7 A complete history should
be taken, with particular attention to
the time since the initial operation,
constitutional symptoms, recent he-
matogenous infections, and recent
dental work or other procedures. The
patient should be questioned about
recent use of oral antibiotics, anti-in-
flammatory medication, and narcotics,
as these may mask symptoms and
interfere with prompt diagnosis. Mul-
tiple factors can increase the risk of
infection including systemic factors,
such as malnutrition, diabetes melli-
tus, chronic hypoxia, obesity, renal or
liver failure, intravenous drug use, and
immunodeficency.*?” Limb specific
risk factors include previous shoulder
surgery, local corticosteroid injections,
chronic lymphedema, venous sta-
sis, vascular compromise, and radia-
tion fibrosis.”?*%2% QOther risk factors
for periprosthetic infection include
postoperative hematoma formation,
revision surgery, intial surgery per
formed for fracture, cuff tear arthrop-
athy, malignancy, or radiation-induced

osteonecrosis.”

Physical signs of periprosthetic infec-
tion can often be very subtle. Infec-
tions are often indolent, especially
those involving P acnes, in which pain
may be the only presenting symp-
tom."®” Worsening results of the
physical exam, such as a decreasing
range of motion, should warrant fur
ther work up for infection.”®” Obvious
signs of infection, such as fever, chills,
and certainly drainage and sinus tract
formation, obviously warrant further

work up.

DIAGNOSTIC WORKUP, IMAGING,
AND EVALUATION

The diagnostic workup should include
standard shoulder radiographs. The
laboratory evaluation should include
a complete blood count (CBC) with
differential, erythrocyte sedimenta-
tion rate (ESR), and C-reactive protein
(CRP).724.2830 \With early infection, ra-
diographs will usually appear normal.
With subacute or late infection, peri-
prosthetic osteopenia or osteolysis
might be evident, as well as pseudo-
subluxation of the humeral head com-
ponent.®! Diagnostic radiographic stud-
ies, such as MRI and ultrasonography,
can be helpful in detecting surrounding
osteomyelitis and loculated abscesses
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but are not routinely utilized. Other
studies, which are not routinely ob-
tained, include technetium Tc-99 bone
scans and indium -111-labeled white
blood cell scintigraphy as the sen-
sitivity and specifics of these tests
make interpretation of the results
difficult.”®?® The peripheral leukocyte
count is usually within normal range,
as is the neutrophil cell distribution.
However, if either is elevated, it can be
helpful. Patient history should be taken
into consideration when evaluating the
ESR and CRP as these are non-specif-
ic markers of inflammation and can be
normally elevated in the perioperative
period. The ESR and CRP are often
not elevated in cases of P acnes infec-
tion." In all cases where there is high
clinical suspicion for deep infection,
aspiration of the glenohumeral joint
should be performed. Synovial fluid
analysis should include cell count with
differential; gram stain; and cultures
for aerobes, anaerobes, fungi, and
mycobacteria.?® Aerobic and anaerobic
incubation periods should be specified
to the laboratory, as P acnes can take
up to three to four weeks for positive
cultures.” The gram stain is positive in
75 percent of proven cases of infec-
tion; cultures are positive in 80 percent



of cases. A negative gram stain or cul-
ture from an aspiration, however, does
not rule out infection.”5242829

MANAGEMENT OF PERIPROSTHETIC
INFECTION

Management of periprosthetic infec-
tion should take into account multiple
factors including timing of infection
(acute, subacute, or late), infecting or
ganism(s), overall health of the patient,
soft tissue and bony integrity, and
patient age and expectations. Ideal
management  involves  successful
elimination of infection while mini-
mizing functional compromise and
the incidence of complications. In pa-
tients with medical comorbidities that
may prevent or limit operative man-
agement, species directed long-term
suppressive antibiotic therapy may be
required.

Table 1 depicts the classification and
treatment recommendations for peri-
prosthetic infections. In acute infec-
tions (less than four weeks), a thor
ough irrigation and debridement with
polyethylene exchange (if possible)
is appropriate.®>% There is little data
available on the outcomes of this ap-
proach but removing the polyethylene
liner to expose as much surface area
as possible for irrigation is the ratio-
nale. In infections that present greater
than four weeks after the initial opera-
tion, complete removal of implants is
indicated with the options of resection
arthroplasty or revision either in a sin-
gle or two-staged approach, followed
by species directed antibiotic thera-
py.>7%20  Patients who are low demand
or are not medically appropriate for
significant revision operations have
shown benefits from placement of an
antibiotic impregnated cement spac-
er or simple resection arthroplasty as
their definitive treatment.’®'% Weber

and coworkers showed near compa-
rable outcomes with resection arthro-
plasty versus two-staged revision with
reverse total shoulder arthroplasty
(rTSA) (Constant scores 32.7 and 40.1,
respectively), with the main difference
representing differences in range of
motion.” There has been some suc-
cess with single-stage revisions. Ince
and associates reported on nine pa-
tients who underwent a one-stage re-
vision without recurrent infection, and
Klatte and colleagues reported eradica-
tion in 33 of 35 patients.™ "

However, most studies of one-staged
revision have reported high reinfection
rates. There are more studies reporting
successful elimination of infection and
better functional results with a two-
staged procedure. One-staged pro-
cedures have the potential for better
functional results and are more cost
effective but have a higher risk for
re-infection, which is primarily second-
ary to not having the organism identi-
fied prior to the reimplantation.

In medically stable patients with rel-
atively high demand, the two-staged
exchange is generally accepted as the
treatment of choice.”®™41920 |n g two-
staged revision, antibiotics should be
held until intraoperative cultures are
obtained. Broad spectrum intravenous
antibiotics can then be initiated, fol-
lowed by placement of an antibiotic
impregnated cement spacer. Place-
ment of a prefabricated spacer has
shown parallel results to those spac-
ers made intraoperatively.”® Figure 1
shows a radiograph and an example of
a prefabricated antibiotic spacer. Use
of these prefabricated spacers reduc-
es operative time and provides a more
anatomic humeral head component,
which can reduce glenoid wear; it is
required to remain in place for long

periods.™ Prefabricated antibiotic
spacers elute antibiotic over a longer
period of time, as they have a large sur
face area.'® Postoperatively, antibiotics
are generally continued for six to eight
weeks. Laboratory markers, such as
CRP and ESR, as well as Interleukin - 6
(Il-6), have been shown to be reliable
indicators to follow serially as markers
for eradication of infection.™ If lab val-
ues continue to remain elevated, sus-
picion for recurrent infection should
remain high.”® A second washout with
reinsertion of an antibiotic spacer may
be needed if the Il-6 remains high
over a long period of time. It has been
shown that once the IL-6 has returned
to normal a revision procedure can
safely be considered.” If the ESR and
or CRP are used as reimplant markers,
the time in between explant and ulti-
mate revision has been shown to be
approximately four months.?° The IL-6
returns to normal much faster than the
ESR or the CRP and may allow bet-
ter functional results if the revision is
performed at an earlier time.” Indica-
tions for not proceeding with a second
staged procedure would include poor
patient health or patients who are sat-
isfied with the function with the antibi-
otic impregnated spacer in place.%"®
In a study by Coffey and coworkers,
four of 16 patients who were planned
for a second staged revision were sat-
isfied with their spacer and deferred
removal.”®

Since the goal of the first stage of the
procedure is to eradicate infection, the
second stage can be technically de-
manding for the surgeon, secondary
to the loss of significant soft tissue in-
cluding the rotator cuff musculature.?'
Table 2 displays the results of recent
two-stage exchanges. Total infection
free rates are about 89 percent. Two
studies noted a reinfection rate of
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Figure 1. AP radiograph (left) and picture (right) of the
InterSpace® Shoulder (Tecres S.p.A.; Verona, Italy).

No. of Therapy No. Infection Constant Neer Fain Fra Complications/
Patients Free ( Score notes
percent)
Jawa et al. 2010 15 10 rTSA 13 (86.7) rTSA: FF: rTSA: 74 3 prostalac fractures
5 hemi or aTSA 5 moderate Hemi/aTSA: 61 2 recurrent infections
5 severe Hemi/ with rTSA
aTSA 1 recurrent infection
4 mild with hemi/aTSA
1 moderate
Romano et al. 17 13 rTSA 17 (100) 38 5 excellent Abd 55, ER 12 5 dislocations/
2012 3 hemi 9 satisfactory instability
1aTSA 3 unsatisfactory
Weber et al. 4 3rTSA 4 (100) 40 2 satisfactory Abd 62 humerus fracture
20M 1 hemi 2 unsatisfactory with radial nerve
palsy
Sabesan et al. 17 17 rTSA 16 (94.1) FF 123, ER 26 5 dislocations/
2011 instability

1 infection cleared
with repeat 2-stage

revision
Coffey et al. 12 10 rTSA 12 (100) 57 FF 110, ER 20
2010 1aTSA
1 arthrodesis
Coste et al. 10 N/A 6 (60) 35 Infection eradicated
2004 with further surgery
in all
Cuff etal. 2008 12 12 rTSA 12 (100) 1 dislocation
1 periprosthetic
fracture with radial
nerve palsy
Jerose and 8 N/A 8 (100) 48
Schneppen-
heim 2003
Mileti et al. 4 1aTSA 4 (100) 2 without pain FF 80, ER 50 2-stage revision
2004 3 hemi 1 mild without prostalac
1 moderate
Sperling et al. 3 N/A 3 (100) Abd 180, ER 2-stage revision
2001 30 without prostalac
Strickland etal. 19 5aTSA 12 (63.1) 2 excellent Abd 89, ER 30 1 greater tuberosity
2008 13 hemi 4 satisfactory fracture
1T N/A 13 unsatisfactory 1 hematoma
1 humeral non-union
1 unstable implant
Seitz and Da- 8 3aTSA 8 (100) Abd 48, ER 55
macen 2002 5 hemi
Total 129 65 rTSA 115 (89.1)
11 aTSA
5 hemi or aTSA
25 hemi
1 arthrodesis
22 N/A

Table 2. Overview of the Treatment Results of Infected Shoulder Arthroplasties Utilizing Two-stage Revisions
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37 and 40 percent; however, an in-
fecting organism was only obtained in
a few patients in both of these stud-
ies.” Coste and colleagues noted a
suspicion of continued infection in two
of the four patients at the time of the
second stage revision that eventually
required repeat revision.” Romano and
associates noted a decrease in mean
visual analog pain score (VAS) from 6.4
to 1.5 and improvement in mean Con-
stant score from 26 to 38.° There were
no re-infections, but a complication
rate of 15.9 percent was reported.™
Sabesan and coworkers reported a
mean improvement in Penn shoulder
scores of 24.9 to 66.4 with a 35 per
cent complication rate, including one
re- infection.?® Coffey and colleagues
found patients to have significant im-
provement in mean visual analog pain
score from 8.4 before spacer place-
ment to 0.5 at first follow up and an
increase in Constant score from 16
to 57'° Cuff and coworkers reported
great improvement in mean abduction
from 36° preoperatively to 76° postop-
eratively, forward flexion from 43° to
80°, and external rotation 10° to 25°."
Although Strickland reported a high
re-infection rate, patients reported
an improvement in pain score and in
ROM.® As with any revision, the results
reported have been inferior compared
to those for primary aTSA. Most com-
plications in these studies were relat-
ed to instability and/or periprosthetic
fracture.’? Particular attention should
be paid to soft tissue tensioning, as
the incidence of dislocation has been

reported to be high. Sabesan and as-
sociates and Romano and colleagues
both reported laxity and or dislocation
in five of 17 revisions.’2?° As adequate
debridement of suspicious soft tissue
is required in the initial debridement,
second-stage revision with rTSA is
supported by many investigators since
it allows the initial debridements to be
performed with less concern for pres-
ervation of soft tissues.'0131419.20 Of
the 129 two-stage revisions published,
more than half of revisions utilized
rTSA as the implant of choice.

CONCLUSION

Periprosthetic infection is one of the
complications associated with a high
morbidity following shoulder arthro-
plasty. It poses a great burden to the
patient, and a significant technical chal-
lenge to the surgeon. With the increas-
ing awareness of P acnes, as the or
ganism responsible for periprosthetic
infections, shoulder surgeons have be-
come more concerned with patients
who present with a painful shoulder
following arthroplasty.™® There is cur
rently a lack of consensus of the cri-
teria required for diagnosing peripros-
thetic infection; however, studies have
shown that both the clinical presen-
tation and the diagnostic evaluation
both play a role in early diagnosis.”’
Identification of the infective organism
prior to initial revision surgery is very
helpful in eradicating infection. The
initial treatment after the diagnosis of
periprosthetic infection remains con-
troversial. While some investigators

have reported good results with one-
stage revisions, more reproducible re-
sults have been shown with the two-
stage revision. As diagnostic criteria
and identification of organisms prior
to explant improves, one-stage revi-
sions may show more promise in the
future.”® Irrespective of the revision
choice, multiple tissue cultures along
with an adequate debridement at time
of initial explant are crucial, followed
by the need for an interdisciplinary ap-
proach utilizing infectious disease con-
sultants.?® Many patients have shown
improved functional results with the
use of an antibiotic spacer as the de-
finitive treatment.’®”¥The use of com-
mercially produced spacers appears
to provide the patient with a better
functional overall result compared to
those made by the surgeon intraoper
atively.’® The timing of a second-stage
revision, by monitoring IL=6 levels may
allow earlier implantation and poten-
tially better functional results.™ As with
any shoulder arthroplasty, the integrity
of the remaining soft tissues following
debridement should direct the implant
of choice for revision.?! Reverse total
shoulder arthroplasty, in most cases,
appears to be the implant of choice as
it provides more stability and greater
results.’0.18.14.19.20

The use of antibiotic impregnated ce-

potential functional

ment is highly recommended when
performing the revision procedure.’? e

Reprinted from The Bulletin of the Hospital for
Joint Disease, Volume 71, Supplement 2, 2013,
Pages S88-S93, with permission.
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At the beginning of the 1990s, when
visiting hospital operating rooms, it
was possible to see surgeons model-
ling bone cement with their hands to
obtain handmade devices with a pros-
thesis-like geometry. The device was
created to temporarily replace removed
septic prosthesis. The positioning in the
septic site of an antibiotic bone cement
device aimed to strengthen the sys-
temic antibiotic therapy. Systemic anti-
biotic therapy is not always able to guar
antee optimal antibiotic concentration
in the infected site. Some months after
implantation, the device was removed
and replaced with a new prosthesis,
giving back to the patient a healed joint
and a certain functional recovery. This

device was called a “spacer.” 71314

MECHANICAL FAILURE

Unfortunately, in many cases, it was
possible to see bad situations, deter
mined by mechanical failure of the hand
made devices. Although breakage was
a feared and undesired complication,
surgeons were very satisfied with the
antiseptic effectiveness of the device.
In other words, the spacer and the

|

Figure 1. Spacer-S, shoulder spacer; Spacer-G,
hip spacer; Spacer-K, knee spacer

systemic treatment increased the prob-
ability of infection healing compared to
systemic antibiotic therapy alone.

SPACER-G

These positive results led Tecres® to
systematically research and study spac-
ers made by the surgeon, and design a
device that could be mechanically safe
and pharmacologically effective at the
same time. In other words, a “repro-
ducible effective device” and a device
that could also give the patient a better
quality of life.

With these key features, the SpacerG
was designed (Figure 1). Its geometry
was studied to permit an optimal inter
action between the acetabulum and
the femur. The anatomical stem-neck
angle was chosen to limit dislocation as
much as possible, the saddle shaped
neck was designed to limit the possible
acetabular protrusion and the extreme
smoothness of the head meant to re-
duce the possible generation of debris.
An inner stainless steel bar (Figure 2)
was inserted to provide high mechan-
ical strength and gentamicin was cho-
sen as the antibiotic due to the wide

Figure 2. Inner core presentin Spacer-G
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Figure 3. Factors influencing the release of

antibiotic from a PMMA matrix

spectrum of activity and the good
properties of release from PMMA.

Mechanical and pharmacological test-
ing confirmed the favorable perfor
mances of the device, which are solid
and allows partial weight-bearing and
releases effective amount of antibiotic
in the infected site.?345% Soon after
the first positive cases, the one-sized
spacer was joined by a smaller and a
bigger head size, which improved the
head-acetabulum coupling and re-
duced dislocation. Then the long stem
version was introduced, which allowed
surgeons to use the device also in the
absence of a proximal support, in the
presence of large metaphyseal defects
and after a transfemoral approach.'

KNEE, SHOULDER AND ELBOW
SPACERS

The clinical success of the SpacerG
lead to the design of Spacer-K (Figure
1), a knee spacer with comparable
performance. These temporary spac-
ers are CE marked as Class Ill devices

Concentration mg/L
o

Gentamicin Elution from PMMA

1 2 3 4 56 6 7 8 9 10 1M 1213 14 15 16 17 18 19 20 21 22 23 24 25

Days

~—

Figure 4. Elution kinetics of an antibiotic loaded cement, after an elution period in saline, the
specimen is dried and left in the open air. A second elution period is then started showing an initial
release higher than expected: the migration of the antibiotic in the PMMA matrix occurs also in

absence of a liquid solvent.

and are the first device of this type
to have obtained FDA clearance (In-
terSpace® Hip; InterSpace® Knee; In-
terSpace® Shoulder). Based on these
experiences and taking advantage
of the same principles, the shoulder
(Spacer-S) (Figure 1) and the elbow
spacer (Spacer-E) were designed.

BONE CEMENT ELUTION FROM
PMMA

The mechanism, or mechanisms, of
antibiotic elution from PMMA are not
yet clear. Therefore, it is more correct
to speak of experimental observations
that show the conditions which lead to
an increase or decrease in the release
of antibiotic. Synthetically, keeping fixed
solvent and temperature, the increase
of the release occurs when there is an:

® Increase in the concentration of the
antibiotic in PMMA

e I[ncrease in the surface at the inter
face cement-solvent

INNOVATIONS | A CLINICAL EXCHANGE ON ADVANCES IN ORTHOPAEDICS

e Increase in the permeability of the
cement matrix

Permeability = porosity + chemical/
physical properties (of matrix)

A reduction in the release will occur
when in the opposite situation

(Figure 3).

For example, the preparation of bone
cement under vacuum determines a
reduction in the cement porosity and
therefore a reduction in the antibiotic
release.” In addition to the above men-
tioned parameters, other experimental
observations show that the antibiotic
(drug) molecule is able to migrate in
the cement matrix even in the ab-
sence of a solvent following a diffusion
behavior (Figure 4). The relation that
better satisfies such experimental ob-
servations is the Fick's equation:

J=D(C1-C2)
X



Figure 5. Spacer-G stem: left, old version with smooth surface; right,

new version with textured surface

T
-

I S

Figure 6. Bone cement powder: PMMA pearls are colorless,

gentamicin sulphate pearls are blue

J is the molecular flux that is directly
proportional to the diffusion coefficient
(D), which depends from antibiotic ma-
trix and temperature; interface area
(A); concentration difference (C1 -C2)
where C1> C2, and inversely propor
tional to the distance between C1 and
C2 (X).

If we keep C and X constant, the for
mula becomes:

J=DAK

Therefore, if we want to increase the
antibiotic release, it is sufficient to in-
crease the diffusion coefficient D and
the interface area A. This has been
the route followed to design the new
spacers.

HIGH-RELEASE MATRIX FORTHE
SPACERS

e s ol

Figure 7. Cured gentamicin bone cement: A) reservoir with

gentamicin in red; B) empty reservoir (after contact with solvent)

In 2006, the distribution of the spac-
ers with an increased antibiotic release
started.” The absolute amount of antibi-
otic in the devices is identical, but the
new spacers have an increased release
capacity. The release can be as high as
4-5x the release of the previous spac-
ers. This result has been achieved in
two ways: 1) the external surface (i.e.,
the interface area with the biological
liquids) has been increased thanks to a
special finishing that increases the in-
terface area. Figure 5 shows the surfac-
es of SpacerG stem before and after; 2)
the bone cement matrix that includes
the antibiotic made with a new genera-
tion of polymers structured to increase
permeability.

Before turning into a compact and
solid structure, the spacer is a pow-
der of spheroidal particles made of a
mixture of PMMA, barium sulphate

and gentamicin sulphate. Only with a
colorimetric method it is possible to
discriminate the components. Figure 6
shows a group of spheroidal particles
which constitutes the powder used to
manufacture the spacers. The colorless
particles are PMMA, the blue ones are
gentamicin. When the liquid mono-
mer MMA is added to the powder, a
mouldable dough is obtained that, in
a few minutes, gets hard and solid.
In the hardened mass, the spheroidal
particles of PMMA cannot be distin-
guished any more, but the gentamicin
ones can. Figure 7a shows the particles
of gentamicin colored in red. Actually,
these spheroidal particles act as micro
reservoirs from which gentamicin flows
outside the cement mass. Figure 7b
shows the empty micro reservoir of
genamicin after the contact with the
solvent.
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CONCLUSION

The constant work carried out over the
years has led to an extension of the use
of bone cement in fields hardly imagin-
able a few years ago. Today, it is possible
to manufacture with this material medi-
cal devices with different properties that
can be modulated at pleasure (Figure 8).
Bone cement as a drug delivery system
can be designed and specific elution ki-
netics can be achieved.

This aspect expands the concept of ce-
mentation, and with the right synergy
among specialists of different disciplines,
it will be possible to strengthen the sur
gical and therapeutic tools and increase
the healing expectations of the patient. @
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Used in more than
1 MILLION PATIENTS since 2012

With EXPAREL, we are able to deliver
pain relief without catheters or pumps,
and our opioid use has greatly decreased.

— Stephan J. Finical, MD
Charlotte, North Carolina

Bhing 120w, 113w

Experience the impact:

Reduce the need for opioids while providing long-lasting postsurgical pain control—
all from a single dose.

The clinical benefit of the decrease in opioid consumption has not been demonstrated.

EXPAREL is indicated for single dose administration into the surgical site to produce
postsurgical analgesia.

Important Safety Information

EXPAREL is contraindicated in obstetrical paracervical block anesthesia. EXPAREL has not

been studied for use in patients younger than 18 years of age. Non-bupivacaine-based local
anesthetics, including lidocaine, may cause an immediate release of bupivacaine from EXPAREL
if administered together locally. The administration of EXPAREL may follow the administration of
lidocaine after a delay of 20 minutes or more. Other formulations of bupivacaine should not be
administered within 96 hours following administration of EXPAREL. Monitoring of cardiovascular
and neurological status, as well as vital signs should be performed during and after injection of
EXPAREL as with other local anesthetic products. Because amide-type local anesthetics, such
as bupivacaine, are metabolized by the liver, EXPAREL should be used cautiously in patients with
hepatic disease. Patients with severe hepatic disease, because of their inability to metabolize
local anesthetics normally, are at a greater risk of developing toxic plasma concentrations.

In clinical trials, the most common adverse reactions (incidence >10%) following EXPAREL
administration were nausea, constipation, and vomiting. Studies demonstrating the safety and
efficacy of EXPAREL were conducted in hemorrhoidectomy and bunionectomy; EXPAREL has not
been demonstrated to be safe and effective in other procedures.

Please see brief summary of Prescribing Information on reverse side.
For more information, please visit www.EXPAREL.com or call 1-855-RX-EXPAREL (793-9727).

Data on file. Parsippany, NJ: Pacira Pharmaceuticals, Inc.; February 2015. EX pAR E E

©2015 Pacira Pharmaceuticals, Inc., Parsippany, NJ 07054 (bUpWacame ||p080me |mectab|9 SUSpenS|0n)
PP-EX-US-0973  07/15 PATIENT-FOCUSED PAIN CONTROL



EXPAREL
(bupivacaing liposome injectable Suspension)

Brief Summary
(For full prescribing information refer to package insert)

INDICATIONS AND USAGE

EXPAREL is a liposome injection of bupivacaine, an amide-type
local anesthetic, indicated for administration into the surgical site
to produce postsurgical analgesia.

EXPAREL has not been studied for use in patients younger than
18 years of age.

CONTRAINDICATIONS
EXPAREL is contraindicated in obstetrical paracervical block
anesthesia. While EXPAREL has not been tested with this technique,
the use of bupivacaine HCI with this technique has resulted in fetal
bradycardia and death.

WARNINGS AND PRECAUTIONS

Warnings and Precautions Specific for EXPAREL

As there is a potential risk of severe life-threatening adverse effects
associated with the administration of bupivacaine, EXPAREL should
be administered in a setting where trained personnel and equipment
are available to promptly treat patients who show evidence of
neurological or cardiac toxicity.

Caution should be taken to avoid accidental intravascular injection
of EXPAREL. Convulsions and cardiac arrest have occurred
following accidental intravascular injection of bupivacaine and other
amide-containing products.

Using EXPAREL followed by other bupivacaine formulations
has not been studied in clinical trials. Other formulations of
bupivacaine should not be administered within 96 hours following
administration of EXPAREL.

EXPAREL has not been evaluated for the following uses and,
therefore, is not recommended for these types of analgesia or
routes of administration.

* epidural

* intrathecal

* regional nerve blocks

* intravascular or intra-articular use

EXPAREL has not been evaluated for use in the following patient
population and, therefore, it is not recommended for administration
to these groups.

* patients younger than 18 years old

* pregnant patients

* nursing patients

The ability of EXPAREL to achieve effective anesthesia has not been
studied. Therefore, EXPAREL is not indicated for pre-incisional or
pre-procedural loco-regional anesthetic techniques that require
deep and complete sensory block in the area of administration.

ADVERSE REACTIONS

Adverse Reactions Reported in All Wound Infiltration Clinical
Studies

The safety of EXPAREL was evaluated in 10 randomized, double-
blind, local administration into the surgical site clinical studies
involving 823 patients undergoing various surgical procedures.
Patients were administered a dose ranging from 66 to 532 mg of
EXPAREL. In these studies, the most common adverse reactions
(incidence greater than or equal to 10%) following EXPAREL
administration were nausea, constipation, and vomiting.

The common adverse reactions (incidence greater than or equal
to 2% to less than 10%) following EXPAREL administration
were pyrexia, dizziness, edema peripheral, anemia, hypotension,
pruritus, tachycardia, headache, insomnia, anemia postoperative,
muscle spasms, hemorrhagic anemia, back pain, somnolence, and
procedural pain.

DRUG INTERACTIONS

EXPAREL can be administered undiluted or diluted up to
0.89 mg/mL (i.e., 1:14 dilution by volume) with normal (0.9%)
sterile saline for injection or lactated Ringer’s solution. EXPAREL
must not be diluted with water or other hypotonic agents as it will
result in disruption of the liposomal particles.

EXPAREL should not be admixed with other local anesthetics.

EXPAREL may be locally administered after at least 20 minutes
following local administration of lidocaine.

Bupivacaine HCI, when injected immediately before EXPAREL, may
impact the pharmacokinetic and/or physicochemical properties of
the drugs if the milligram dose of bupivacaine HCI solution exceeds
50% of the EXPAREL dose. The toxic effects of these drugs are
additive and their administration should be used with caution
including monitoring for neurologic and cardiovascular effects
related to toxicity.

EXPAREL should not be admixed with other drugs prior to
administration.

USE IN SPECIFIC POPULATIONS

Pregnancy Category C

Risk Summary

There are no adequate and well-controlled studies of EXPAREL
in pregnant women. Animal reproduction studies have been
conducted to evaluate bupivacaine. In these studies, subcutaneous
administration of bupivacaine to rats and rabbits during
organogenesis was associated with embryo-fetal deaths in rabbits
at a dose equivalent to the maximum recommended human dose
(MRHD). Subcutaneous administration of bupivacaine to rats from

implantation through weaning, also at an MRHD-equivalent dose,
produced decreased pup survival. EXPAREL should be used during
pregnancy only if the potential benefit justifies the potential risk to
the fetus.

Clinical Considerations

Labor or Delivery

Bupivacaine is contraindicated for obstetrical paracervical block
anesthesia.  While EXPAREL has not been studied with this
technique, the use of bupivacaine for obstetrical paracervical block
anesthesia has resulted in fetal bradycardia and death.

Bupivacaine can rapidly cross the placenta, and when used for
epidural, caudal, or pudendal block anesthesia, can cause varying
degrees of maternal, fetal, and neonatal toxicity. The incidence and
degree of toxicity depend upon the procedure performed, the type,
and amount of drug used, and the technique of drug administration.
Adverse reactions in the parturient, fetus, and neonate involve
alterations of the central nervous system, peripheral vascular tone,
and cardiac function.

Data

Animal Data

Bupivacaine hydrochloride was administered subcutaneously to rats
at doses of 4.4, 13.3, and 40 mg/kg/day and to rabbits at doses of
1.3, 5.8, and 22.2 mg/kg/day during the period of organogenesis
(implantation to closure of the hard palate). No embryo-fetal effects
were observed in rats at the doses tested with the high dose causing
increased maternal lethality. An increase in embryo-fetal deaths
was observed in rabbits at the high dose in the absence of maternal
toxicity. This dose is clinically relevant as is comparable to the MRHD
based on Body Surface Area (BSA) comparisons.

In a rat pre- and post-natal development study conducted at
subcutaneous doses of 4.4, 13.3, and 40 mg/kg/day with dosing
from implantation through weaning (during pregnancy and
lactation), decreased pup survival was observed at the high dose, a
clinically relevant dose as it is comparable to the MRHD based on
BSA comparisons.

Nursing Mothers

Published literature reports that bupivacaine is present in human
milk at low levels; however, the drug is poorly absorbed orally.
Exercise caution when administering EXPAREL to a nursing woman.

Pediatric Use

Safety and effectiveness in pediatric patients below the age of 18
have not been established.

Geriatric Use

Of the total number of patients in the EXPAREL wound infiltration
clinical studies (N=823), 171 patients were greater than or equal
to 65 years of age and 47 patients were greater than or equal to
75 years of age. No overall differences in safety or effectiveness
were observed between these patients and younger patients.
Clinical experience with EXPAREL has not identified differences in
efficacy or safety between elderly and younger patients, but greater
sensitivity of some older individuals cannot be ruled out.

Hepatic Impairment

Because amide-type local anesthetics, such as bupivacaine, are
metabolized by the liver, these drugs should be used cautiously in
patients with hepatic disease. Patients with severe hepatic disease,
because of their inability to metabolize local anesthetics normally,
are at a greater risk of developing toxic plasma concentrations.

Renal Impairment

Bupivacaine is known to be substantially excreted by the kidney,
and the risk of toxic reactions to this drug may be greater in patients
with impaired renal function. Care should be taken in dose selection
of EXPAREL.

OVERDOSAGE

In the clinical study program, maximum plasma concentration
(Cmax) values of approximately 34,000 ng/mL were reported and
likely reflected inadvertent intravascular administration of EXPAREL
or systemic absorption of EXPAREL at the surgical site. The plasma
bupivacaine measurements did not discern between free and
liposomal-bound bupivacaine making the clinical relevance of the
reported values uncertain; however, no discernable adverse events
or clinical sequelae were observed in these patients.

DOSAGE AND ADMINISTRATION
EXPAREL is intended for single-dose administration only. The

recommended dose of EXPAREL is based on the surgical site and
the volume required to cover the area.

Surgery Dose of EXPAREL | Volume of EXPAREL
Bunionectomy’ 106 mg gmL
Hemorrhoidectomy? 266 mg 20 mL

"Infiltrate 7 mL of EXPAREL into the tissues surrounding the
osteotomy and 1 mL into the subcutaneous tissue.

?Dilute 20 mL of EXPAREL with 10 mL of saline, for a total of
30 mL, and divide the mixture into six 5 mL aliquots. Perform
the anal block by visualizing the anal sphincter as a clock face and
slowly infiltrating one aliquot to each of the even numbers.

Administration Precautions
Admixing EXPAREL with other drugs prior to administration is not
recommended.

* Non-bupivacaine based local anesthetics, including lidocaine,
may cause an immediate release of bupivacaine from
EXPAREL if administered together locally. The administration
of EXPAREL may follow the administration of lidocaine after
a delay of 20 minutes or more.

Bupivacaine HCI, when injected immediately before EXPAREL,
may impact the pharmacokinetic and/or physicochemical
properties of the drugs if the milligram dose of bupivacaine

HCI solution exceeds 50% of the EXPAREL dose. The toxic
effects of these drugs are additive and their administration
should be used with caution including monitoring for
neurologic and cardiovascular effects related to toxicity.

* When a topical antiseptic such as povidone iodine
(e.g., Betadine®) is applied, the site should be allowed to
dry before EXPAREL is administered into the surgical site.
EXPAREL should not be allowed to come into contact with
antiseptics such as povidone iodine in solution.

Studies conducted with EXPAREL demonstrated that the most
common implantable materials (polypropylene, PTFE, silicone,
stainless steel, and titanium) are not affected by the presence of
EXPAREL any more than they are by saline. None of the materials
studied had an adverse effect on EXPAREL.

Non-Interchangeability with Other Formulations of Bupivacaine
Different formulations of bupivacaine are not bioequivalent even if the
milligram dosage is the same. Therefore, it is not possible to convert
dosing from any other formulations of bupivacaine to EXPAREL and
vice versa.

Dosing in Special Populations
EXPAREL has not been studied in patients younger than 18 years of
age, pregnant patients or patients who are nursing.

CLINICAL PHARMACOLOGY

Pharmacokinetics

Local infiltration of EXPAREL results in significant systemic plasma
levels of bupivacaine which can persist for 96 hours. Systemic
plasma levels of bupivacaine following administration of EXPAREL
are not correlated with local efficacy.

CLINICAL STUDIES

The efficacy of EXPAREL was compared to placebo in two
multicenter, randomized, double-blinded clinical trials. One trial
evaluated the treatments in patients undergoing bunionectomy;
the other trial evaluated the treatments in patients undergoing
hemorrhoidectomy. EXPAREL has not been demonstrated to be
safe and effective in other procedures.

Bunionectomy

A multicenter, randomized, double-blind, placebo-controlled, parallel-
group study evaluated the safety and efficacy of 106 mg EXPAREL in
193 patients undergoing bunionectomy. The mean age was 43 years
(range 18 to 72). Study medication was administered directly into the
wound at the conclusion of the surgery, prior to wound closure. Pain
intensity was rated by the patients on a 0 to 10 numeric rating scale
(NRS) out to 72 hours. Postoperatively, patients were allowed rescue
medication (5 mg oxycodone/325 mg acetaminophen orally every 4
to 6 hours as needed) or, if that was insufficient within the first 24
hours, ketorolac (15 to 30 mg IV). The primary outcome measure
was the area under the curve (AUC) of the NRS pain intensity scores
(cumulative pain scores) collected over the first 24 hour period. There
was a significant treatment effect for EXPAREL compared to placebo.

In this clinical study, EXPAREL demonstrated a significant
reduction in pain intensity compared to placebo for up to 24
hours. The difference in mean pain intensity between treatment
groups occurred only during the first 24 hours following study
drug administration. Between 24 and 72 hours after study drug
administration, there was minimal to no difference between
EXPAREL and placebo treatments on mean pain intensity.

Hemorrhoidectomy

A multicenter, randomized, double-blind, placebo-controlled,
parallel-group study evaluated the safety and efficacy of 266 mg
EXPAREL in 189 patients undergoing hemorrhoidectomy. The
mean age was 48 years (range 18 to 86). Study medication was
administered directly into the wound (greater than or equal to 3
cm) at the conclusion of the surgery. Pain intensity was rated
by the patients on a 0 to 10 NRS at multiple time points up to 72
hours. Postoperatively, patients were allowed rescue medication
(morphine sulfate 10 mg intramuscular every 4 hours as needed).
The primary outcome measure was the AUC of the NRS pain
intensity scores (cumulative pain scores) collected over the first 72
hour period. There was a significant treatment effect for EXPAREL
compared to placebo.

In this clinical study, EXPAREL demonstrated a significant
reduction in pain intensity compared to placebo for up to 24
hours. The difference in mean pain intensity between treatment
groups occurred only during the first 24 hours following study
drug administration. Between 24 and 72 hours after study drug
administration, there was minimal to no difference between
EXPAREL and placebo treatments on mean pain intensity; however,
there was an attendant decrease in opioid consumption, the clinical
benefit of which was not demonstrated.

Pacira Pharmaceuticals, Inc.
San Diego, CA 92121 USA

Patent Numbers:
6,132,766 5,891,467
5,766,627 8,182,835

Trademark of Pacira Pharmaceuticals, Inc.

PACIRA

PHARMACEUTICALS, INC

For additional information call
1-855-RX-EXPAREL (1-855-793-9727)

Rx only May 2015
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BIOLOX®

Beyond comparison since 1974

Excellent biological behavior*
No known risk of allergy*

No concerns about Co, Cr,
and Ni ion release*

Reduced risk for PJI revisions*

No known pathogenic reaction
to ceramic particles*

Significantly lower taper corrosion*

CeramTec

THE CERAMIC EXPERTS

BIOLOX®is aregistered trademark.

*References available on file at CeramTec GmbH on request. © 2015 CeramTec GmbH www.biolox.com
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VuMedi 1s a video education platform for Orthopaedic Surgeons.

Over 65,000 Surgeons use VuMedi to improve patient are and

grow their practice.

v New advances

v Challenging Treatments and Diagnostics

v Rare Pathologies and Complications

v Ask 1,000's of Other Doctors or Privately Message an Expert
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You are Invited to Experience
Exactech in Gainesville or in Surgery
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Our experts are eager to listen to your concerns,
learn about your clinical needs and respond with
Innovative solutions.

Arrange for surgery observation with one of your clinician colleagues
or come to Gainesville and

 Attend in-depth meetings with members of the leadership, product
development and engineering teams.

* Tour our research, manufacturing and testing laboratories.
* (Gain hands-on experience in our surgical training center.

For more information or to schedule your surgeon-to-surgeon training or
Exactech tour, please contact ) visits@exac.com.
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Sarraf TiN Coated
Cement Removal Forceps

Designed by Khaled M. Sarraf, MD

Ultra hard titanium nitride coating helps to extend forc
life by increasing surface hardness, prolonging sharpne
and resisting chemicals and corrosion, while helping tc
eliminate metal transfer and protect the implant surfa
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PRODUCT NO:

039
Overall Length: 6"
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PRODUCT NO’S:
3436 [1/2"]
Overall Length: 11"

3438 [1"]
Overall Length: 11"

Designed by Gary W. Bradley, MD

PRODUCT NO:

Ultra hard titanium nitri
helps to extend blade i
surface hardness, prolo}
and resisting chemicals

720
Overall Length: 11"
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Rivero Anti-Rotatio
Femoral Head Re

Designed to help prevent rota
engaging a femoral head for

The sharp-toothed sleeve can be
of the femoral head, then held to
threaded corkscrew is turned to el
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PRODUCT NO:

3705
Overall Length: 10" (25,4cm)

ISO 9001:2008 ¢ ISO 13485:2003

Dorr Hip Instruments

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

Dorr Narrow Bent Acetabular Retractors
Retracts the gluteus maximus off the trochanter and exposes the back of
the greater trochanter. The long version is used with larger patients.

Dorr Bent Hohmann Acetabular Retractor

Placed between the capsule and outer external oblique muscle to protect
medial circumflex vessels. The tip engages the condyloid notch bone
(teardrop). Helps retract soft tissues during acetabular exposure.
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Dorr Curved Blade Bent Hohmann Retractors
Used for both femoral exposure—placed around the femoral neck
or beneath the top of the femoral head—and acetubular exposure—
posterior superior of the acetabulum.

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

e '0 o 0
Dorr Posterior Capsule and Sciatic Nerve Protection Retractors

Sits on the outer rim of the posterior inferior ishium to retract the posterior
capsule for acetabular exposure and help to protect the sciatic nerve.
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Dorr Femoral Neck Elevators
Placed under the proximal femur to help expose the femoral head. The

wide version is useful with large patients, while the narrow is useful when
broaching or when the implant is in place.
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FREE TRIAL ON MOST INSTRUMENTS

PRODUCT NO’S:

D6105 [Dorr Curved Hohmann Acetabular]
Blade Width: 18.5mm
59 Overall Length: 14"
Depth from Handle: 4.5"
D6108 [Dorr Narrow Bent Acetabular—Long]
9 Overall Length: 14.75"
Depth from Handle: 6"
Blade Width: 12.6mm
D6110 [Dorr Narrow Bent Acetabular]
9 Overall Length: 15"
Depth from Handle: 4.75"
Blade Width at Widest: 12mm

D6112 [Dorr Bent Hohmann Acetabular]
Overall Length: 14.5"
? Depth from Handle: 6"

Blade Width: 21mm

PRODUCT NO’S:

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

D6107 [Dorr Curved Blade Double Bent
e Hohmann]
Overall Length: 8.5"
Depth from Handle: 5"
Blade Width: 25mm

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

PRODUCT NO’S:

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

D6109-L [Dorr Posterior Capsule and Sciatic
erve Protection Retractor—Left]

D6109-R [Dorr Posterior Capsule and Sciatic
Nerve Protection Retractor—Right]

PRODUCT NO’S:

D6111 [Dorr Wide Femoral Neck Elevator]
10 Overall Length: 15"

Depth from Handle: 2"

Blade Width at Widest: 45mm

D6113 [Dorr Narrow Femoral Neck Elevator]
Overall Length: 13.75"
Depth from Handle: 2.25"
Blade Width: 25mm
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www.innomed.net info@innomed.net

912.236.0000 Phone

Innomed-Europe Tel. +41 41 740 67 74
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