Ligament reconstruction

CLRD can be
used with KTE or
in isolation when
joint is unstable

but nonarthritic.

Cylindrical Ligament
Reconstruction Device
(CLRD) connects
medial and lateral
ligament grafts.

44 Reconstruction
grafts can be
augmented
wth PDS
suture.

CLRD resides within
trochlea component
and promotes equal
graft tensioning

The KTE design reproduces how the native elbow is stabilized, which is through
the ligaments on both medial and lateral sides of the elbow. In particular, the
function of the Medial collateral ligament (AMCL) and the Lateral sided (LUCL)
ligaments is restored through a ligament reconstruction effort. The KTE dictates
the centerline of rotation, which ensures isometric motion. The medial and lateral
plates will create compression between the graft and bone and maintain this
force during the early rehabilitation while the ligament reconstruction heals.



Lateral Soft Tissue Stabilizers

Accessory Lateral
Collateral Ligament
assists in varus
stabilization.
Connects ulna to

8 Annular Ligament.

LUCL is not isometric.
Relatively loose in
extension.

Tightens with flexion as
its path courses around
lateral condyle.

“=,___| Annular Ligament
stabilizes Radial Head
during forearm

rotation.

RCL is more isometric. Radial collateral

~ Lateral Ulnar Collateral ligament (RCL)
Ligament (LUCL) is coalesces with the
primary stabilizer. annular ligament. A
Disruption leads to Stabilizes humeroulnar
Posterolateral Rotatory articulation.
Instability.

The Lateral Ulnar Collateral Ligament is the primary soft tissue stabilizer on the
lateral (outside) side of the elbow.
| Medial Ulnar Collateral

\ 1 Ligament
[ Posterior Bundle: ]
Small role in valgus

stability. 3 Anterior Bundle (AMCL):
Fan-like structure. Attaches to Sublime Tubercle
Originates from Medial : of Ulna and anterior inferior
Epicondyle and inserts aspect of Medial Epicondyle.
into medial posterior
Olecranon.

rK Transverse bundle:

Often indistinguishable from capsule.
Originates and inserts on Ulna
Provides little,functional support.

The Medial Collateral Ligament (AMCL) is the primary soft tissue stabilizer on the
medial side (inside) of the elbow. It may be injured during an elbow fracture or
an elbow dislocation. It receives substantial interest in orthopedic surgery when
it becomes damaged by the micro trauma associated with baseball pitching.



Pitching causes micro
trauma to AMCL
(Primary restraint to
Valgus force).

Rk Kinematic Coupling

trauma leads to valgus

Repetitive AMCL micro
laxity.

Increased AMCL
valgus laxity leads to
increased internal

rotation of ulna.

Internal rotation of Ulna
also increases the lever
arm on AMCL and results
in an even greater AMCL
force.

Internal rotation of
Ulna leads to greater
contact of lateral
portion of Olecranon.

Valgus
Force
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The damaged ligament stretches out and continued pitching leads to a series of
events known as kinematic coupling, which leads to further damage of the
anterior bundle of the medial collateral ligament. In certain instances, a ligament
reconstruction may be required in throwing athletes (Tommy John Surgery). This
surgery has become common and is performed mostly for baseball players.
Patients that have received an UCL reconstruction may expect their elbow to
have restored range of motion and biomechanics.

Fleisig, G. S., C. E. Leddon, W. A. Laughlin, M. G. Ciccotti, B. R. Mandelbaum, K. T. Aune, R. F. Escamilla, T. D. MacLeod and J. R.
Andrews (2015). "Biomechanical performance of baseball pitchers with a history of ulnar collateral ligament reconstruction." Am J
Sports Med 43(5): 1045-1050.

At a 10-year follow up of baseball players status post UCL reconstruction,
patients enjoyed excellent results during daily work and sporting activities
according to a standardized disability and outcome scale. Most of these athletes
were able to return to the same or higher level of competition in less than 1 year.

Osbahr, D. C., E. L. Cain, Jr., B. T. Raines, D. Fortenbaugh, J. R. Dugas and J. R. Andrews (2014). "Long-term Outcomes After
Ulnar Collateral Ligament Reconstruction in Competitive Baseball Players: Minimum 10-Year Follow-up." Am J Sports Med 42(6):
1333-1342.



A total elbow replacement surgery destabilizes the elbow. Once the KTE implant
is secured, the elbow would benefit from a stabilization effort that simultaneously
reconstructs ligaments on the inside and on the outside. So as to not to impart a
rotational moment about the elbow, ligaments would benefit from equal
intraoperative tensioning. The grafts would, furthermore, benefit from tightening
that imparts equal tension to all four graft limbs at one time. The graft tension
should be maintained by having a plate maintain graft tension. The current
design is an evolution of original methods that are shown in the subsequent
drawings.
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These original sketches demonstrate a hemiarthroplasty whereby the articular
surface of the ulna is not replaced.

In the original drawings, a drill guide was used to facilitate drilling of the ulna.



The ligaments are passed through bone and then pulled through holes that
represent the point of isometry. The centerline of the implant is dictated by the
placement of the humeral implant
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The Ligaments are secured with suture that is anchored with a washer to the
distal humerus.



[ AT
| 0]
'»—‘”:E_.,'f'-'
i’“’: L

o

\, -

\ 5 \1"\

%\

o) B

]_(_)"' . T
& B-0 i S = — AW

This Concept was also considered for a hemiarthroplasty. If no arthritic damage
to the ulnar side of the Ulnarhumeral joint is noted, then only the humeral side

needs to be replaced.

As this design evolved, much of the thought surrounded ensuring excellent
ligament stability that would allow the grafts to heal to bone.



This is the Ligament

Reconstruction being tensioned by

hand prior to tightening the Cross

locking screws. The Ligament

Reconstruction tension is 2 P " 4
maintained by tightening the plates i o A\,
against the bone. W ]

both sides of the Ligament

| This is a schematic showing
Reconstruction

As we have learned from the realm of ligament reconstruction for medial and
lateral collateral ligament deficient elbows, initial stability is of paramount
importance to ensure excellent graft function. The graft material will never
tighten over time and, if anything, only loosens. It is, therefore, imperative to
impart significant tension to the graft material and maintain this tension during the
healing process.

The exact time needed for adequate bone-tendon healing is not known and, yet,
likely occurs between 8 and 12 weeks. Several authors have conducted studies
to determine failure methods after ligaments reconstruction to answer this
question. Rodeo et al reported on a canine model that the failure mode was graft
pullout at 8 weeks, whereas at 12 and 26 weeks, no pullout failures were noted.
An initial layer of cellular, fibrous tissue occurs between the tendon and the bone.
This layer progressively matured and reorganized during the healing process.
For the first 8 weeks the ligament to bone connection was the weak link of the
biomechanical construct and yet, at 12 weeks, the ligament to bone connection is
considered as strong or stronger than the ligament itself.

Rodeo SA, Arnoczky SP, Torzilli PA, Hidaka C, Warren RF. Tendon-healing in a bone tunnel. A biomechanical and histological study in the dog.
J Bone Joint Surg Am. 1993 Dec;75(12):1795-803.

Wieler and colleagues showed in a sheep model that at time 0, the Achilles graft
failed by graft pullout, but at 6 and 9 weeks, failure was noted to be
intraligamentous.

Weiler A, Peine R, Pashmineh-Azar A, Abel C, Sudkamp NP, Hoffmann RF. Tendon healing in a bone tunnel, part I: biomechanical results after
biodegradable interference fit fixation in a model of anterior cruciate ligament reconstruction in sheep. Arthroscopy. 2002;18:113-123.



When performing the ligament reconstruction, it is of great importance to create
as much compression between the tendon and bone as is possible and, in doing
so, maximize graft incorporation and healing. It has been shown that minimizing
graft motion through secure stabilization between the graft and bone promotes
tendon-to-bone incorporation.

Andreas Weiler, M.D., Reinhard F. G. Hoffmann, M.D., Hermann J. Bail, M.D., Oliver Rehm, M.D., and Norbert P. Sudkamp, M.D. Tendon
Healing in a Bone Tunnel. Part II: Histologic Analysis After Biodegradable Interference Fit Fixation in a Model of Anterior Cruciate Ligament
Reconstruction in Sheep. Arthroscopy: The Journal of Arthroscopic and Related Surgery, Vol 18, No 2 (February), 2002: pp 124-135

Lateral ligament reconstruction
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Preoperative physical examination of the patient should demonstrate that enough
tendon graft material is present and easily harvested from the patient. Cadaver
testing has shown that various human tendons are suitable for ligamentous
reconstruction (Arnout)

Reasonable graft options are:

Palmaris Longus

Contralateral Palmaris Longus
Half of the Flexor Carpi Radialis
Half of the Flexor Carpi Ulnaris
Toe Extensors

Plantaris

Semitendinosusu

Gracilis

Strip of Triceps tendon
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A strategy to be used, if insufficient tendon material is present from the
aforementioned locations or, if the surgeon is uncomfortable harvesting tendon
from other locations, is to use an allograft tendon such as Achilles allograft.

Ligament reconstruction occurs after placement of the implants into the distal
humerus alone (hemi-arthroplasty) or both the distal humerus and proximal ulna
(total elbow arthroplasty).

It is hoped that the durability of this implant becomes greater over time as the
graft incorporates. Once the ligaments transfer the varus and valgus forces
away from the polyethylene joint surface, the medial and lateral epicondyle will
experience forces and will not be stress shielded. These forces will prevent bone
resorption over time that may occur if all of the forces are transferred through a
constrained hinge. An added benefit is that the polyethylene exhibits decreased
wear because the varus and valgus forces are transferred to the ligament
reconstruction and not to the polyethylene.



In an effort to ensure healing, the rehabilitation after KTE implantation will also
match that being used after ligament reconstruction so that the ligaments have
time to heal and become solid contributors to joint stability. In our postoperative
protocol, we will, therefore, protect the ligament reconstruction through the use of
a hinged brace for a total of three months after surgery. The hinged brace will be
employed to only allow 45 to 140 degrees of motion for the first month after the
sutures are removed and then full motion for the last six weeks of that initial three
month post-operative time period.



