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Abstract

There is a need for a device that aids in restoringfunction to partial tears of the ulnar
coll ater al Il igament (UCL) in overhead throwing at
implantable device to aid in the repair of damaged tissue and restore valgus stability. It will
provide an additional therapeutic optio n that better matches the extent of their UCL injury. The
scaffolds developed in this project may allow for return to pre -injury performance without

complete surgical reconstruction.
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1. Introduction

According to a 2013 study produced by Bleacher Report, nearly one third (34 %) of all
active Major League Baseball(MLB) players have undergoneUInar Collateral Ligament (UCL)
reconstructive surgery (Carroll, 2013). This translates to 124 out of a possible360 players who
fit the st(Cargld613)c Beiwken theyaars 19912016, there were292 major
league baseball playerghat underwent total UCL reconstruction (Zaremski, 2017). While
autografting techniques have demonstrated considerable success, there remain limitations
associated with tissue availability, surgical integration and the rate of functional tissue
regeneration. Additionally, the costof UCL reconstruction can be between $10,000-$26,000,
which will severely limit the access of treatment (MedRepublic, 2020). Patients with partial
tears of their UCL currently must choose between physical therapy or surgical reconstruction.
These methods were developed to addressigament stretching and complete tears, respectively.
As such, there remains a significant need to develop an offthe-shelf, minimally invasive
implantation system to facilitate UCL healing and tissue regeneration for partial tear injuries .

The UCL connects the humerus to the ulna. The ligament consists of three functional
divisions: the anterior, posterior, and intermediate bundles. These divisions work in tandem to
stabilize the arm when performing overhead motion s. There is a plethora of actions that cause
injury to the UCL ; however, most cases tend to becollegiate or professional pitchers. Injuries of
the UCL can be sorted into three categories or grades. Grade tonsist of mild structural injury,
such as sprains or stretches in the ligament. Grade Il consists of partial tears, which is when
there is structural damagewithout complete compromise of the ligament. Grade Il consists of
complete ruptures and compromise of ligament structure. Both Grade | and Il injuries can be
mild enough for a patient to continue their normal routines without major invas ive treatment.
However, they can also be painful and destabilizing enough to prevent normal function, leading

to more invasive treatments. These extremes can vary from patient to patient. Grade Il injuries



require full surgical reconstruction for patien ts to return to normal function. This report focuses
on the Grade Il injuries.

For Grade | & Il injuries, there is precedent and accepted procedure when addressing
UCL therapies. It is generally recommended that for Grade | injuries the patient regularly
utilizes physical therapy to promote proper healing (Zaremski, 2017). This form of injury does
not require a major operation to heal. Grade Il injuries are complete tears, and therefore
require reconstruction. This can be achieved using the widely acceptd Jobe Technique, or a
variation of it (Armstrong et al., 2005). Grade Il injuries do not have a universal treatment
approach. Current treatment for athletes with a partial tear begins with an often -
underwhelming course of physical therapy, as 58% of players never return to the previous level
of competition (Rettig, 2001). Subsequently, a player can opt for an aggressive ligament
reconstruction, such as Tommy John Surgery. This is done if physical therapy alone was deemed
insufficient. The currently available surgical options are intended for complete tears, a more
severe injury than the athlete has. Therefore, an athlete must choose between continuing to play
with an injured ligament (which causes pain, instability, and can easily prog ress to a more
serious full rupture), or to receive a surgery that comes with a yearlong recovery and other
potential complications (Clark, 2018).

Playing with sustained Grade Il injurie s can present a hagging problem forover-head
throwing athletes who are accustomedto a certain level of performance. The decrease in
strength and stability at the elbow caused by the partial tear, along with pain and other nerve
related symptoms can seriously hinder an athlete® ability. To achieverelief and eventually
return to a high level of play, many athletes opt for complete reconstruction when it is ultimately
not completely necessary ance, 2019. Though this allows the patients to return to play, they
must go through the lengthy rehabilitation processes related to complete reconstructions. This

approach does not attempt to regeneratethe native ligament at all. It treats the injury by



bypassing the injured ligament altogether and replacing it with a graft , relying on the structural
integrity of the graft and the graft anchoring system.

The goal of this project is to design and develop an approach to partial UCL repair that
allows patients to return to their pre -injury conditions without undergoing complete
reconstruction. To fulfill this goal, a scaffold with structural and mechanical cues to promote
endogenous woundhealing was created.We anticipate that this design will promote healing of
the injured ligament and allow it to function analogously to the native tissue after a shorter
rehabilitation period . The designwill be evaluated through appropriate benchtop tests for
degradation, drug elution, and mechanical characterization to ensure the design meets the

intended obijectives.



2. Literature Review

To develop a letter understanding of the current climate surrounding UCL repair an d
reconstruction, the design team conducted an in-depth literature review. The following sections

contain a compilation of that research.
2.1. Clinical Need

Over the past 15 years, UCL reconstuction has become a common procedure among
both adolescent and elite-level athletes (Erickson, 2015). While autografting techniques have
demonstrated considerable success, there remain limitations associated with tissue availability,
surgical integration and the rate of functional tissue regeneration. As such, there remains a
significant need to develop an off-the-shelf, minimally invasive implantation system to facilitate
UCL healing and tissue regeneration. Patients with partial tears of their UCL curre ntly must

choose between often insufficient physical therapy or a drastic full, surgical reconstruction.
2.2. An Overview of Collagen and Ligaments

Collagen is used in many biomedical applications due to its biological and mechanical
properties. Collagen molecules have a tightly packed triple helix structure that provides it with
strong lateral properties (Shoulders & Raines, 2009). Ligament and tendon tissue are comprised

of high concentrations of this protein.



Ligaments follow a hierarchical structure as seen in figure 1below.

Figure 1 Schematic of ligament hierarchical structure , adapted from Weissand Gardiner , 2001

It begins with a collagenous fibril unit (1.5 nm in diameter) that aligns itself to build a bundle
called a microfibril (3.5 nm in diameter) . Similarly, microfibrils bundle to create a subfibral unit
(10-20 nm in diameter) . This same pattern builds the fibril (50-500 nm in diameter) , then
fascicle (50-300 um in diam eter), and finally the ligament (Kastelic et al., 1978) Theseunits are
arranged in parallel and follow a crimped pattern along their longitudinal axis . A visual
representation can be seen in Figure 1 above.

This arrangement allows for ligaments to be stretched a certain amount due to loading
without compromising its structural integr ity or the rigidity of the collagen . As these fibrils
become uncrimped, the entire collagen backbone is being stretched; simply, the greater the load
applied to the ligament, the stiffer it becomes. As individual fibrils within the ligament are
damaged, stiffness isreduced, and the ligament begins to fail. Thus, a key concept is that the
overall behavior of ligaments and tendons depends on the individual crimp structure and failure

of the collagen fibrils within the bundles .



2.3. An Overview of the UCL

The UCL is a complex structure consisting o three bundles: anterior, posterior, and
intermediate . The function of th e UCL s to support and stabilize the elbow during motion,
specifically over-head throwing motions (Fuss, 1991). The ligament has its origin at the surface

of the medial epicondyle of the humerus, and its insertion points on the sublime tubercle of the

ulna (Labott, Aibinder, Dines, & Camp, 2018). The posterior bundle is responsible for

constraining flexion, while the anterior bundle is responsible for extension constraints (Fuss,
1991). Theintermediate bundle seems to serve little to no function regarding the elbow joint
(Morrey & An, 1985). Itis the balance between theanterior and posterior bundles that allows

proper control and stability of the rotation of the elbow joint. This can be seen infigure 2 below.

Biceps Muscle

Anular Ligament

Radius Biceps Tendon SRt

>
‘!‘

Anterlor Band Posterior Band

/ Ulnar Nerve

Ulna
Interrmediate Band

Figure 2. Anatomy of the Elbow ( Adapted from Eygendaal & Safran, 2006)

Humerus
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2.4. UCL Injury

UCL injuries generally present in a very small patient population. From 2000 -2016 there
were only 136amateur (non-professional) athletes from ages 1122 with sports related UCL
injuries (Zaremski, 2017). In the past years the rate of surgeries performed onadolescents 15
19 years old has been steadily increasing by approximately 9% per year (Erickson et al., 2015).
The circumstances surrounding injuries are often specific to baseball players and other athletes
where a major component of their sport is an overhead throwing motion. Injuries may be
scarce, but they are still well characterized by orthopedic specialists. These injuries are

diagnosed by MRI, as well as physical exans and patient history (Chauhan et al., 2019.

2.4.1. How Injuries Occur

Many studies regarding UCL injuries primarily follow baseball players performing at
high levels, from high school to professional play. Baseball players, specifically pitchers, are
especially susceptible to UCL injuries when compared with any other demographic. The
biomechanics of throwing a baseball put the elbow under a unique stress, reproduced by very
little other than other overhead throwing motions. Throwing a baseball, or in fewer cases a
javelin or a football, can introduce a valgus stress to the elbow the magnitude of which the
anterior bundle of the UCL was not developed to withstand over time (Smith, 2019). Valgus
stress refers to the stress placed on a joint and connective tissue therein when the distal limb is
forced away from the midline of the proximal limb (Karbach & Elfar, 2017). For example, a
pitcher throwing a baseball at a high velocity will experience a high valgus stress on the

ligaments in the elbow at the top of the throwing arc, as demonstrated in figure 3 below.



Figure 3. Pitcher demonstrating valgus stress at the elbow, near the top of his pitching arc.

Ligament injuries to the UCL are often acute-on-chronic; patients will often have symptoms of
damage to the ligament and continue to use t over time until a more severe injury occurs. The

repeated exposure to valgus stress is a common pathway to UCL injury (Magit, 2019).
2.4.2. Where Injuries Occur

UCL injuries often occur at the anterior bundle of the ligament complex. This site is

exposed to the greatest effects of valgus stress. However, injury sites can occur throughout the

8



length of the bundle. Tears can occur proximally at the origin on the humerus, distally at the

insertion to the ulna, or somewhere in the middle of the ligament referred to as midsubstance.

The location of the injury on the ligament may play a key role in the outcomes of patients
(Ramkumar et al., 2018). One smallscalesudy descri bes distal tears as
management 0 at a rate near (Rabdamoreetd. 2&7.case of par
Comparatively, the same study determined proximal injuries do not fail non-surgical treatment

paths at roughly the same rate frangiamore et al., 2017). Though the literature regarding the

importance of injury location is scarce, it is an important consideration.

2.4.3. Gradation

Classifications of injur ies are vital to communicating detailed diagnoses. Physicians use
these when determining treatment pathways. An important step in diagnosing a UCL injury is
gradation. A common grading system for UCL injuries classifies the severity of the injury by
ascending numbers. In this system, Grade Irefer to a milder sprain or stretch of the ligament,
Grade 11 refers to a partial tear, and Grade |11
the El bow, o6 2017). In the realm of UCL injuries,
treated very differently. Where a Grade | sprain may be treated with a standard course of
physical therapy, a Grade Il full tear will likely be addressed with a surgical reconstruction

(Magit, 2019). This grading system can be seen irfigure 4 below.



Normal Grade 1 Grade 2 Grade 3

Stretching & Larger Tear Complete
Small Tears Rupture

Figure 4. lllustration of Ligament Injury Gradation (Adapted from i Sp r a i n e-dreafmemt, Rehabilitation &

Exer c 2E%.s, 0O

However, n0Ot all grading schemes are the same. Ramkumar et al uses a grading system
that details not only the severity, but the location of the injury as well ( Ramkumar et al., 2018).
In this system, grades are still distributed on a 1-3 scale, where 1 is a proximal injury, 2 is
midsubstance, and 3 is distal (Ramkumar et al., 2018). The gradation is also attributed either
an A or a B following the number to denote a partial tear or a full rupture respectively
(Ramkumar et al., 2018). The former grading system has been adopted by the design team and

is referred to repeatedly in this report.
2.5. Existing Solutions
Before a problem is solved existing solutions must first be considered. A close analysis of
them will show where they succeed, but more importantly address where they fail. This section

will give an overview of different options. Section 2. 6 will go into more detail regarding the

shortcomings of the current solutions, which will guide the entire design process.
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2.5.1. Nonoperative Therapies

Nonoperative therapies are common in treating UCL injury and are often the first step
before surgery is considered (Savoie, Trenhaile, Field, & Ramsey, 2008). Nonoperative
treatment consists of resting, bracing, the use of anti-inflammatory drugs, and physical therapy
(Chauhanet al., 2019). The literature had adearth of information about the efficacy of
nonoperative treatment. I n fact, an article publi
comparative studies have been performed on professional baseball players who have undergone
nonoperative treatmenté or U CL i(@hauhanetals 2019). That study went on to explain
that the rates of return to play are 54%, and this islower than athletes receiving operative
treatment. The averagetime until return to play is longer for nonoperative athletes (Chauhan et

al., 2019).

2.5.2. Modified Jobe Technique

Also known as Tommy John Surgery, the Jobe technique is widely held as the gold
standard in treating UCL injuries. First performed in 1974, the Jobe technique changed the way
both the medical community and sports enthusiasts viewed severe UCL injuries(Kaplan et al.,

2016). What was once a career ending injury in baseball pitchers could now be treated much
more effectively (Kaplan et al, 2016). The Jobe technique became a means for elite level athletes
to return to the field at the highest level of play. The original technique has since been refined
with more modern surgical practices, but the basic concepts remain the same.

This procedure utilizes either a cadaweric al/l
palmaris longus of the forearm. Sometimes other tissue, such as hamstring tendon, may be
harvested instead if the patientds palmaris | ongu
longus is not even present in roughly 14% of people (Thompson, Mockfod, & Cran, 2001). The
method for graft attachment involves multiple bone tunnels bored into both the distal

epicondyle of the humerus and the proximal epicondyle of the ulna. The graft is then passed
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through these bone tunnels in a figure 8 pattern, as sen in Figure 5 below (Langer, Fadale, &
Hulstyn, 2006) . The resulting connection is able to be pulled taught by the surgeon to a desired

tension, creating a strong, stable joint.

Figure 5. Graft configuration of Figure 8 pattern along with the required bone tunnel tracts in both the proximal

ulna and distal humerus ( Adapted from Langer, Fadale, & Hulstyn, 2006).

Recently, modified Jobe techniques have had positive outcomes. Though the surgery is
intricate and a bit drastic in some circumstances such as Grade | or Grade Il injuries, many
athletes experience postoperative return to play rates of up to 77% (Watson, McQueen, &
Hutchinson, 2014). Historically, the original Jobe technique has recorded players returnin g to
the field at a rate of about 67% as reported by Dr. Frank Jobe himself (Watson, McQueen, &

Hutchinson, 2014).
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2.5.3. Docking Technique

The Jobe technique was able to develop the initial model for UCL reconstruction, this
allowed for different approaches to evolve from it. The docking technique follows a similar
procedure to the Jobe technique; however, the anterior limb was passed into the humeral
tunnel, and the sutures from both limbs were tied over the bone bridge to secure the graft

(Kaplan et al., 2016). The result can be seen inFigure 6 below.

Figure 6. Graft configuration of docking technique ( Adapted from Armstrong et al., 2005)

It allows for better control around the ulnar nerve and reduces the risk of complications
by changing the approach when compared to the Jobe technigue (Armstrong et al., 2005).

Though it allows for easier control of the nerve, it does require an increased amount of
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