
No Cement

At this time, all commercially available implants are cemented in place.  Bone
cement fills the free space between the humeral and ulnar body components and
bone.  Bone cement chemically is Plexiglas Poly (methyl methacrylate) or
PMMA.  It was used clinically in the 1940s in plastic surgery to close gaps in the
skull.  Bone cement has been used for anchorage of prostheses since the 1950s.
This mandate has been put in place since 1973 and represents the only method
of elbow implantation allowed for over fifty years. Even though this offers a quick
and, in the near term, reliable bone-to-implant fixation, there are significant
limitations.

Cost of bone cement

The cost of cement is not overly steep even when it involves the possible
addition of antibiotics and methylene blue dye to allow for easier identification
once it needs to be removed. There is also the cost of an ultrasonic cement
removal system that is often employed in revision settings. These costs are then
repeated during each revision surgery.

Cement takes up space thereby making the cemented implant smaller

For any given elbow that is being considered for an elbow replacement, the KTE
is bigger and stronger because it does not need to share the IM canal with
cement.



Cement does not promote osseointegration

The Kaufmann total elbow replacement aims to gain enduring stability through
osseointegration, which is defined as: "the formation of a direct interface between
an implant and bone, without intervening soft tissue".

It is imperative that the bone heals around the titanium implant creating
cross-linkages, which will then allow for successful force transmission and inhibit
detrimental micro-motion and shear force creation. The IM screws are charged
with pulling the implant into the humerus and ulna. As the implant is advanced
by tightening the IM screw, it will assume a snug fit, which serves to increase
primary implant stability and allow for durable bone healing.
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Cemented implants do not derive stability through osseointegration rather the
PMMA acts mostly like a grout located between the bone and the implant.



Cement curing causes an exothermic reaction

The use of cement has the potential added drawback of causing thermal
osteonecrosis. The cement is inserted at room temperature into the
intramedullary canal to secure an implant and employs an exothermic reaction to
become hard.  This high temperature may damage the surrounding bone and
potentially compromise its ability to heal after implant installation.  It may also
hinder new bone growth advantageous to helping secure the implant after
installation.

The exothermic reaction that occurs is remarkable and the heat emitted from the
PMMA that extrudes from the IM canal during implantation would cause third
degree burns in the gloved surgeon’s hand if not quickly dropped.  Not using
cement has multiple advantages beyond avoiding this possibly deleterious
exothermic reaction.



Cement offers no intraoperative flexibility once it has cured

Once the cement has been introduced, it is very difficult to remove even mere
minutes upon injection.  Intraoperative change in implant position is, therefore,
very difficult to accomplish if that were to be required. The screw fixation afforded
by KTE allows for intraoperative change if needed.



Cement is hard to remove

A substantial limitation is that the implant and cement mantle is difficult to remove
if this is required such as in the face of an infection or peri-prosthetic fracture.  If
the implant is merely loose and improved fixation is required, then the cement
can be removed where it is loose and left in place where it is often quite
inaccessible.

Removing PMMA cement within the very small Intramedullary canal of the
humerus and ulna is one of the most challenging endeavors that exist.  Normally,
cement is simply left behind because it is too dangerous to eliminate.

The most common ultrasound cement extraction system is the OSCAR 3
(Orthosonics, Berkshire, UK) and I will provide an excerpt from their website:



OSCAR for Cement Removal

The task of removing PMMA bone cement during revision arthroplasty has
always posed a challenge to the surgical team. Difficulty with visualization,
ambiguity in discriminating between cement and bone and unpredictable
scheduling all add to unnecessary complications and in the worst cases severely
compromised bone stock and the need for expensive prosthetics and other
reconstructive materials.

Removing these unpredictable problems requires a device that can be relied
upon to restore a planned schedule and outcome. Ultrasound when applied
correctly can make the cement removal part of the operation predictable, safe
and by definition more efficient and quicker.

PMMA bone cement responds instantly to a vibrating wave-guide. The putty-like
consistency of the cement following contact with the wave guide (probe) allows it
to be easily removed from the endosteum through the novel design of the
probes, the softened cement being transferred as the probe moves. Cortical
bone does not absorb ultrasound as readily as the cement and therefore the
surgeon will have awareness of the position of the probe within the bone through
both audible and tactile feedback.  By always transferring the softened cement as
the probe moves, heat build-up is not an issue.

The OSCAR system has been designed to provide even more opportunity for the
surgeon to check the quality of the bone through an optional dedicated
endoscope, camera and flat screen monitor. The surgeon can observe the
cement removal process to ensure all cement is removed.

Although this ultrasound removal effort facilitates this difficult process, avoiding
all this by removing cement from the equation will add a layer of patient safety
and decrease the cost of healthcare that is substantial. Cement fixation may
disappear from every surgeon’s upper extremity armamentarium as soon as a
competing non cemented option is available.



Cement must be removed in face of infection

Total elbow replacements may become infected and the causative organism is usually
Staph. Aureus or Epidermidis.  Staph. Epidermidis is considered more virulent due to its
ability to form biofilms.  In most infected patients, the time span between index
arthroplasty and revision is more than three weeks and spontaneous drainage after ten
days may be indicative of deep bacterial colonization. Infections after total elbow
arthroplasty should be managed aggressively.  In order for the infection to be
eradicated, the cement must be removed in addition to the implant.  Once this has
occurred, the likelihood of having reasonable bone stock remaining after the implant
and bone cement has been removed is low.

Resistant infections are managed by hardware removal and debridement of all affected
structures including bone, soft tissues and bone cement. Because of the significant
recurrence rate, re-implantation should only be performed cautiously given that
prosthesis survival is significantly diminished in those cases (77% 3-year, 48% 8-year
survival).
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Realizing the low survival rate of the second implant, the decision to re-implant a new
arthroplasty is often met with significant resistance. Most patients do not want to
undergo a re-implantation effort.  Having an implant system that contains no cement
and can be removed much more easily when compared to its cemented brethren would
minimize the bone loss associated with implant removal and increase the likelihood of
subsequent re-implantation.

It is when eradicating an infection, however, that all of the cement must be removed.
The surgical effort of identifying and eliminating all of this cement becomes quite
involved.  Damage to the soft tissues as well as neurovascular structures can occur
and, even in the best of circumstances, significant bone stock is removed along with the
cement.  If cement removal is not possible then patients are placed on lifelong
suppressive antibiotics, which represents an opportunity for the selection of resistant
organisms.



Cement must be used again for revision surgery

Because all commercially available implants are cemented in place, more
cement is needed in revision settings.  Another exothermic reaction that may
cause thermal osteonecrosis is required and, now, a longer stem is needed to
secure fixation in bone that is farther removed from the elbow itself. The longer
implant causes stress shielding over a greater region, which leads to more bone
withering away.
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To address the subsequent bone loss, Zimmer (Warsaw, IN, USA) markets a
method whereby new bone is introduced through impaction grafting around a
repeat cement mantle when a second implant is placed in a revision arthroplasty
setting.



Bone cement implantation syndrome (BCIS)

Bone cement implantation syndrome (BCIS) is a unique problem associated with
cement fixation of an implant. It occurs primarily in association with cemented
total hip arthroplasty.  It is characterized by hypoxia, hypotension or both and/or
unexpected loss of consciousness occurring around the time of cementation,
prosthesis insertion, reduction of the joint or, occasionally, limb tourniquet
deflation in a patient undergoing cemented bone surgery. Bone cement
implantation syndrome (BCIS) is poorly understood and yet is an important cause
of intraoperative mortality and morbidity in patients undergoing cemented hip
arthroplasty and may also be seen in the postoperative period in a milder form
causing hypoxia and confusion.  Currently, when preparing for cementation, the
anesthesiologist is informed that the cementation process is being started so as
to closely monitor any adverse intra-operative effect. Our design does not
include cement fixation at all and, thereby, eliminates this risk. In my practice, I
have had one patient develop this syndrome and almost die on the surgical table.
He required ECMO (Extra Corporeal Membrane Oxygenation), which is where a
machine artificially oxygenates blood and, had he not had excellent and
immediate Cardio Thoracic surgery and anesthesia care, he would have expired.
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KTE design

KTE is different in that it does not rely on cementation of humeral and ulnar
stems to ensure stability.  It will not cause heat-induced osteonecrosis and will
not cause Bone Cementation Syndrome.  There will not be the need to add
methylene blue dye to cement so that it can be seen more easily in the face of an
infection when cement removal becomes a many hour, fantastically difficult
procedure.  There will never be a conversation where it is explained that
removing all of the cement from areas quite removed from the elbow, represents
a danger to the patient’s life that makes complete cement removal and thereby
infection eradication impossible.  Lifelong suppressive antibiotics should never be
required if an implant can be completely removed, something that should always
be the case with KTE.


