Design Philosophy

The overriding design goal for the Kaufmann Total Elbow (KTE) arthroplasty was
to reproduce the normal anatomy and biomechanics of the human elbow while
maintaining secure fixation without employing bone cement.

The elbow is a hinge joint that is comprised of the distal humerus and the
proximal ulna. The KTE reproduces this joint with a humeral and an ulnar
component. The implant is pulled into its secure location by allowing the
intramedullary screw to pull the implant into place. The KTE advantage over
cemented implants is that intramedullary screws gain purchase in the threaded
intramedullary canal and pull the implant into the humerus and ulna, thereby
creating a stable intramedullary fixation based construct that distributes forces
over a sizeable number of threads. Because no cement is used during
implantation, intraoperative changes are possible if needed. Optimal bone
preservation occurs as only bone that is necessary to allow for the implant to be
seated is removed and no additional bone that would be needed for the cement
mantle is lost. After implantation, autograft that is derived from the resected
portions of the distal humerus and proximal ulna can be packed between the
implant and bone if needed. This design completely avoids thermal damage to
bone secondary to the cement curing process as well as bone cementation
implantation syndrome.



Multiple screws of different length and width have been designed and will
leverage the length of the humerus and ulna as well as the high cortical to
cancellous bone ratio within the shafts of these bones to achieve secure and
reproducible uncemented implant fixation.



{ Small, Medium,
Large sizes
accomodate
variable anatomy

We have created three different Implant sizes and a multitude of Intramedullary
(IM) screws to closely match the typical dimensions and architecture of the
elbow. The KTE derives bony stability through the interaction of a convex
metallic distal humerus and a concave polyethylene proximal ulna wear surface.



The humeral component is seen above and is available in three sizes. The spool
is made of Cobalt Chromium and the humeral body component is Titanium.

A custom designed washer and spool screw are employed to maintain secure
fixation between these components.



An opening through the spool allows for ligament reconstruction members to be
passed through with the help of a Cylindrical Ligament Retention Device (CLRD).

The Cylindrical Ligament Retention Device has openings to allow for the ligament
reconstruction limbs to be passed.

Here the CLRD is seen within the distal humerus body and spool components.



The ulnar component is shown with the posterior flange being tightened to
secure the polyethylene between the posterior flange and the ulnar body
component.



Trochlea (Spool)
component is 5.9 Deg
valgus relative to humeral
body component.

Ulnar body
component is
7 degrees
valgus
relative to
polyethylene

The carrying
angle decreases
as a function of
elbow flexion.

7 Deg} |

KTE Carrying angle is 12.9

Deg when the elbow in

extension. 5.9 Deg from rK
distal humerus and 7 Deg

L f from olecranon.

The KTE reproduces the valgus carrying angle of the human elbow. The
humeral and ulnar components are designed to both contribute with the humeral
component demonstrating a 5.9 degree valgus alignment between the long axis
of the humerus and the centerline of ulnohumeral rotation. The ulnar body
component has a 7 degree valgus alignment between the long axis of the ulna
and the centerline of ulnohumeral rotation. These angles were identified based
on radiographic and cadaver measurements.
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Ensuring this angle within the ulnar body component mandated that the
polyethylene component incorporate the 7 degree valgus angulation through a
helical groove. This groove is demonstrated in the polyethylene component that
can be inserted and later exchanged if needed.

The polyethylene wear component can be exchanged at a later time through a
limited posterior incision without removing the body component or disturbing the
ligament reconstruction.



varus valgus
laxity on
each side

Gentle snap fit
provides
proprioceptive
feedback when
components
are connected.

Snap fit hinge
creates loose
connection
between Humeral
and Ulnar
components.

In distinction to semiconstrained implants, this design does not exhibit a direct
mechanical pin linkage between the humeral and ulnar components. The hinge
is not mechanically linked and employs laxity that allows for varus and valgus
deviation. The hinge employs a snap fit that allows the humeral component to
shap into the polyethylene component. It is a loose connection that provides
proprioceptive feedback to the surgeon when implanting the components. The
gentle snap fit is designed to mimic the capsule that surrounds the elbow by
supplying some stability and maintaining ulnohumeral alignment, particularly
during implantation. The varus valgus laxity of this implant is 7 degrees with 3.5
degrees in both varus and valgus directions.

The primary stability, however, is derived from the elbow ligament reconstruction,
which is designed to transmit forces between the humerus and ulna and aims to
mimic the primary static stabilizers of the elbow. The medial and lateral collateral
ligaments are considered essential stabilizers of both mechanically linked and
non mechanically linked implants.
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Particularly in abduction and adduction, the elbow experiences substantial varus
and valgus forces, which make the collateral ligament integrity vital for proper
elbow function.

CLRD can be
used with KTE or
in isolation when
jointis unstable
but nonarthritic.
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A ligament reconstruction is mandated and may be better than a repair because
the native ligaments are elevated off of the humerus during surgery and a repair
may not adequately restore their biomechanical integrity. Our design mandates
the reconstruction of these ligaments through a novel method of graft placement
and ligament fixation. A cylindrical ligament retention device is placed within the



distal humerus component and allows the ligament not be “wasted” within the
center of the distal humerus replacement. The native ligaments may be repaired
if desired but are not essential to the stability of this construct.

Cylindrical
ligament retention
device avoids
placing graft
within implant.
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Cross locking screws are
tightened while tension in
graft limbs is maintained.

80 N force is
imparted to all four
tendon graft limbs.
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symmetrical 40N Qk
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The ligaments are tensioned with a substantial pull on all four tendon limbs.
Equal tension is applied by pulling on both medial and lateral ligament grafts to
prevent eccentric loading. Three different implant sizes ensure that the distal
humerus has sufficient medial and lateral bone for the ligament reconstruction to
heal. Graft tension is maintained by tightening the cross locking screws, which

creates compression between cross locking plates and the olecranon thus
securing the ligament grafts to bone.




Medial and lateral tension is 40 N, which is maintained by tightening the cross
locking screws that apply compression between the graft and the bone.
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During implantation, the radial head is maintained, which improves varus and
valgus laxity in total elbow arthroplasty. The articulation between the radial head
and the distal humerus is also a substantial contributor to elbow biomechanics.
During implantation, it is encouraged to maintain the radial head even if it's
appearance shows slight arthritic damage and yet overall dimensional
preservation. As such, the radial head anatomy influences the position of the
humeral and ulnar components.

Uncemented elbow replacements require osseointegration for the bone to secure
the implant. Because this arthroplasty design is stabilized with a ligament
reconstruction, ligament incorporation into bone is also required. While both of
these processes happen, elbow replacements will face biomechanical challenges
while osseointegration and ligament incorporation is occurring. We believe that
substantial ligament healing will occur in three months and that bone
incorporation will occur before that. A canine model demonstrated that the failure
mode was graft pullout at 8 weeks, whereas at 12 and 26 weeks, no pull out
failures were noted. At 12 weeks, the ligament to bone connection is considered
as strong or stronger than the ligament itself.

The stability of the implant is most vulnerable, between the index surgery and
when the ligament and implant have healed to bone. For two weeks after
surgery, a rigid postoperative splint is applied and then, for ten weeks, the patient
will be in a hinged brace and must maintain a 1 Ib lifting restriction. By twelve
weeks, it is assumed that bone ingrowth has occurred and ligaments have
healed sufficiently to allow for unprotected motion.



Use smallest drill
bit to find IM canal.

Fixation is achieved after finding the intramedullary canal.

Rotary Broach

Recreate centerline
of rotation.

A rotary broaches may be employed to assist in implantation.



Use custom linear broaches that
correspond to chosen implant
size.

Use handheld rasp to
remove bone.

Custom linear broaches are used to remove bone to conform to the implant size.

Tap IM canal with
hand held tap
that corresponds 1 X
to IM drill.

The intramedullary canal is tapped by hand.

Screw advancement pulls
implant into ulna.



Drill K-Wires
through guide
then near cortex
then implant then
far cortex.

Tighten cross
locking screws from
different sides.

Crosslocking plate.

Once the implant body component is seated, cross locking screws are placed to
add additional stability. The cross locking screws secure cross locking plates
against bone and maintain connectivity for the ligament reconstruction.



