
KTE reproduces normal anatomy by
maintaining radial head
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.  In keeping with the
philosophy of reproducing normal anatomy, the radial head, which is an important
secondary elbow stabilizer and of substantial biomechanical importance, is
maintained.

The articulation between the radial head and the distal humerus facilitates
flexion/extension around a coronal axis as well as rotation around a longitudinal
axis as guided by the proximal radioulnar joint. The radial head serves two
important biomechanical roles, namely transmitting forces across the
radiocapitellar joint while also tensioning the lateral ulnar collateral ligament
(LUCL).  Depending on joint position, up to 60% of comprehensive loads are
transferred between the radial head and the distal humerus.
Morrey BF, An KN, Stormont TJ. Force transmission through the radial head. J Bone Joint Surg Am. 1988;70:250-6.



The radial head is also a secondary restraint to valgus elbow stability with the
medial ulnar collateral ligament (MUCL) being the primary stabilizer.

Hotchkiss RN, W.A., Valgus stability of the elbow. J Orthop Re, 1987. 5: p. 372-377.

Morrey Bf, Ianoka S, An KN. Valgus stability of the elbow a definition of primary and secondary constraints. Clin Orthop 1991,265
187-95

When implanting the Kaufmann Total Elbow Replacement, it is ideal to keep the
native radial head even if the appearance shows slight arthritic damage and yet
the overall dimensions are preserved.  As such, the radial head influences the
placement of the humeral and ulnar components.  Both the humeral and ulnar
body components are placed so that the radial head is able to articulate as
normally as possible with the capitellum portion of the distal humerus as well as
the proximal articulation with the olecranon.



In distinction to semiconstrained implants, the KTE design does not exhibit a
direct mechanical pin linkage between the humeral and ulnar components and
employs laxity that allows for varus and valgus deviation. The hinge employs a
loose snap fit that allows the humeral component to snap into the polyethylene
component and 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. The KTE relies on the
ligament reconstruction (primary stabilizers) and the radial head (secondary
stabilizers) as well the proper functioning of the humeral and forearm originating
dynamic stabilizers to ensure adequate and durable stability over the course of
the elbow replacement’s time of use.

The biomechanical importance of the radial head in the native elbow has been shown.
It’s role in load transmission was demonstrated when neck lengthening and shortening
of as little as 2.5 mm affected ulnohumeral kinematics and radiocapitellar pressures.

Van Glabbeek F, Van Riet RP, Baumfeld JA, Neale PG, O’Driscoll SW, Morrey BF, An KN. Effects of Overstuffing or Understuffing
with a Radial Head Replacement in the MCL-Deficient Elbow.  JBJS 86-A · No 12 · Dec 2004.



In a cadaver study, elbow kinematics were altered and varus-valgus laxity was
increased after radial head excision and both were corrected after radial head
arthroplasty.

Beingessner DM1, Dunning CE, Gordon KD, Johnson JA, King GJ. The effect of radial head excision and arthroplasty on elbow
kinematics and stability. J Bone Joint Surg Am. 2004 Aug;86-A(8):1730-9

Over the course of total elbow arthroplasty design, multiple prostheses have
replaced the radial head. The Latitude (Stryker, NJ), Ewald =Capitellocondylar
(Johnson & Johnson, NJ) , Sorbie Questor (Wright Medical, TX), Prichard
(DePuy, NJ) and Souter Strathclyde (Stryker Howmedica, NJ)  have all included
radial head components.  The only elbow system that is still commercially
available from that list, however, is the Latitude (Stryker, NJ).



Latitude elbow replacement

Pritchard elbow replacement

The biomechanical role of the radial head in the Latitude elbow replacement
(unlinked version) and the unconstrained Pritchard elbow replacement has
demonstrated that the radial head is either left in place or replaced given that
absence of the radial head leads to abnormal kinematics and marked instability.

Ramsey M, Neale PG, Morrey BF, O’Driscoll S. An Kai-Nan, Kinematics and functional characteristics of the Pritchard ERS unlinked
total elbow arthroplasty. J Shoulder Elbow Surg 2003;12:385-90.

Wagenera ML, De Vosb MJ, Hendriksc JCM, Eygendaald D, Verdonschota N. Stability of the unlinked Latitude total elbow
prosthesis: A biomechanical in vitro analysis Clinical Biomechanics, Volume 28, Issue 5, June 2013, Pages 502–508.



Similar findings were obtained in a study of the kinematics of the unconstrained
Sorbie-Questor total elbow arthroplasty in 10 cadaveric elbows.  The motion
patterns of the intact elbows and the  total elbow prostheses with a radial head
component were similar.  Without the radial head component, however,
significant kinematic disturbances and instabilities were seen.  Dynamic stability
was only present in those elbows in which the radial head component had been
implanted.  The article suggests that the radial head component is an important
stabilizer, particularly in extension for unlinked total elbow prostheses.  A radial
head component balances the load distribution across the elbow, which could
decrease stress on the ulnohumeral articulation and, therefore, possibly reduce
polyethylene wear, osteolysis, and loosening.

Inagaki K, O'Driscoll SW, Neale PG, Uchiyama E, Morrey BF, An KN. Importance of a radial head component in Sorbie unlinked total
elbow arthroplasty. Clin Orthop Relat Res. 2002 Jul;(400):123-31.

The role of the radial head was emphasized even when the Latitude components
were linked thereby making it a semiconstrained and mechanically linked total
elbow replacement. The valgus elbow stability of this implant was improved with
either the native radial head or a radial head replacement.

De Vos MJ, Wagener, MLb, Hendriks, JCM, Eygendaal D, Verdonschot N. Linking of total elbow prosthesis during surgery; a
biomechanical analysis. Journal of Shoulder and Elbow Surgery Volume 22, Issue 9, September 2013, Pages 1236–1241.



In analyzing the failure of the Pritchard unconstrained total elbow replacement,
the role of the radial head implants was discussed. The article discussed the
difficulty in restoring the biomechanics of the radial head replacement and noted
that a congruous radiocapitellar articulation was paramount given that severe
polyethylene wear of the radial head component or even dissociation of the
polyethylene was observed at the time of revision if this was not accomplished.
The value of restoring the biomechanics of this secondary stabilizer was
underscored.

van Riet, Roger P. et al.The Pritchard ERS total elbow prosthesis: Lessons to be learned from failure. Journal of Shoulder and
Elbow Surgery, Volume 18, Issue 5, 791 - 795.

The articulation of the radiohumeral joint is, to a great extent, governed by the
kinematics of the ulno-humeral articulation.  It is of interest to note that a radial
component was inserted in the early experience of the Capitellocondylar (Ewald)
total elbow arthroplasty.  Unfortunately, early radiolucency of the radial stem was
observed, which led to the abandonment of this secondary stabilizer in many of
the implanted prostheses

Ewald FC, Jacobs MA. Total elbow arthroplasty. Clin Orthop 1984; 182:137-42.

It was anticipated that this radiolucency could lead to early loosening and failure
of the whole prosthesis and the radial head was, therefore, discontinued.
Interestingly, a subsequent study of the same patient population showed that the
lucencies did not lead to clinical failure. In fact, in retrospect, it is postulated that
the radial head did play a role in reducing the rate of dislocations and instability.

Trepman E, Vella IM, Ewald FC. Radial head replacement in capitellocondylar total elbow arthroplasty. 2- to 6-year follow-up
evaluation in rheumatoid arthritis. J Arthroplasty 1991;6:67-77.



This observation is consistent with findings of the GUEPAR (GUEPAR, Paris,
France) prosthesis, in which use of a radial component was reported to improve
stability of this unconstrained implant.

Duranthon LD, Augereau B, Alnot JY, Hardy P, Dreano T. [GUEPAR total elbow prosthesis in rheumatoid arthritis. A multicentric
retrospective study of 38 cases with an average 4-year follow-up]. Rev Chir Orthop Reparatrice Appar Mot 2001;87:437-42.

An elbow replacement without a radial head would have an unbalanced valgus
moment.  It has been demonstrated that proper joint alignment is critical to the
long term success of other arthroplasty designs such as the total knee
replacement.  Hence, one might hypothesize that if a radial head can be
successfully designed and reliably implanted, the indications for such an implant
would extend to the more demanding, non rheumatoid patient.

van Riet, Roger P. et al.The Pritchard ERS total elbow prosthesis: Lessons to be learned from failure. Journal of Shoulder and
Elbow Surgery, Volume 18, Issue 5, 791 - 795.


