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Abstract

Introduction

Distal bicepstendon (DBT) tear or ruptureis an acute injury in middle-aged men usually
resultingfrom heavylifting activitiesor whenthe armis usedto breako n efail.sConservative
and surgicaltreatmentof full and partial tearsoften resultsin diminished elbow flexion and
supination(rotation)strength.This deficiencymay be attributedto treatingthe DBT asa singular
unit. Recentanatomicstudieshaveshownthatthe DBT is comprisedof two distincttendonsa
shorthead(SH) anda long head(LH), with eachhaving discrete attachment®n the radius The
individual contributionof eachof the two heads and hencetheir importanceto elbow function
has not been well defined There were two major objecives of this study Firstly, to
experimentallymeasurehe intact contributionmadeby eachof the headsto elbow flexion and
supinationand secondly, to assesdhe effect of anatomicand non-anatomicrepair following
ruptureof theintacttendons.

Methods

Eight freshfrozen cadavericarmswere mountedon an in-vitro elbow simulatordevelopedfor
this project,while controlledstaticloadswereappliedto theindividual bicepstendonslsometric
supinationtorque and flexion force were individually recordedwith the forearmin 45 degrees
supination,neutralrotationand 45 degreegronation.This was donewith the tendonsintact to
assesgheir native contributionand then repeatedafter a completerupture was simulatedand
repairedbothanatomicallyandnonanatomically

Results

In the intact biceps the SH contributed 14% more than the LH to flexion for all forearm
positions. In pronationand neutral positionsthe SH contributel 11% more than the LH to
supinationtorque In the supinatedorearm,the LH contributel 2% morethanSH to supination
torque When comparinganatomicand non-anatomicrepairs, there was no differencein the
supinationtorque when the forearmwas in pronation. With the arm in neutraland supinaed
rotation,the nonanatomicrepairgeneratedesssupinationtorque(15%and40% lessthanintact,
respectively).Anatomic repair reliably reproducedntact level supinationtorquein all forearm
positions.

Discussionand Conclusion

This studydemonstratethat the SH of the bicepsis an especiallyimportantflexor, contributing
14% moreto flexion force for the sameload. The SH is also animportantforearmrotatorof the
armwhenit is in pronationandneutralrotation,with the LH playing a slightly largerrole when
the arm is in supination. Anatomic repair reliably restoresdistal biceps tendons function
throughoutthe forearmrangeof rotation. If the tendonis repairednon-anatomically,the biceps
will not beableto generatats full supinatiorntorquein neutralandsupinatedositions.
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Glossary

Avulsion 7 An injury in which a body structure(in this context tendon)is forcibly detached

from its normalpoint of insertion(bone),usuallyasaresultof traumaor severeoverloading.

Contralateral 7 A referenceto the side of the body oppositeto that on which a particular

structureor conditionoccurs.

Distal i Fartherawayfrom a point of referencesuchasthe midline of the body, a joint or point

of attachment.

Eccentric loading i Muscle elongationwhile undertensiondue to an opposingforce greater

thanthe muscleforce generatede.g.loweringa dumbbellin a controlledmanner).

Extension i The oppositeof flexion, movementthat straightensand increaseshe joint angle

betweeranytwo parts.In theelbowit involvesmovingthe forearmawayfrom the shoulder

Flexion T The bendingmovementhatdecreaesthe joint anglebetweertwo parts.In the elbow

it involvesmovingthe forearmtowardsthe shoulder.

Frontal plane i A planethatis parallelto the long axis of the body and perpendiculato the

sagittalplane;it separatethe bodyinto front andbackportions.

Insertion T Distal attachmentsite of a muscle,tendonor ligamentthat it "inserts" into after

spanninghejoint andwhich moveswhenthe musclecontracts.

Isokinetic loading 1 Variableresistancéo a musclecontractionor elongationso that movement

takesplaceat aconstanspeedegardles®f muscleforce generated.



Isometric loading i Loading of the musclessuchthat musclelength doesnot changeduring

tensioningthe musce force is generatedvhile the muscleandjoint arein a staticposition.

Joint Stability T The Ability of ajoint to withstandmechanicaloadingand movementsvithout
becomingdislocated displacedor injured. Stability is providedby the bonesof the joint andthe

softtissuessurroundingt.

Origin T The proximal, static attachmentsite of a muscle,tendonor ligamentfrom which it

"originates"onthebone.

Pronation 7 The oppositeof supination,internal rotation of the forearmresultingin the palm

turning backwardor downward.

Proximal i Nearerto a point of reference suchasthe midline of the body, a joint, or point of

attachment.

Rupture /Tear 1 Refersto afull tearor separatiorof the soft tissuesuchasmuscleor tendon.A

tearcanalsobea partialdiscontinuityratherthana completeseparatiorof the tissue
Supination T Externalrotationof the forearmturningthe palmforwardor upward.

Sagittal plane i A planethatis parallelto the long axis of the body and perpendiculato the

frontalplane it separatethe bodyinto left andright portions.

Tuberosity T A large prominenceor outcroppingon a bone, serving for the attachmentof
muscle,tendonor ligament. A tuberosityactsas camwhich improvesmechanicaleverageby

increasinghe musclemomentarmarounda joint.

Valgus 1 Oblique displacemenbr outwardangulationof a limb awayfrom the midline of the
body.

Varus i Obliquedisplacemenor inwardangulationof a limb towardthe midline of the body.



1. Introduction and Obijectives

Distal bicepstendon(DBT) rupture and avulsion are traumatic but uncommoninjuries They
have a relatively low incidencerate of 1.24 per 100,000populationper year. However,they
primarily affects active middle agedmenwho eitherusetheir armsfor physicallabor (suchas
carpentersind mechanicy or thosefrequentlyengagingin athleticactivity." The ruptureor tear
is usually a result of forceful eccentricloading extendingthe elbow, asdoneduring a "biceps
curl" or whenbreakinga fall with thearms? Thetraumamostoftenresultsin eitherafull rupture
or avulsionof the tendonat the insertion with partialtearingof the tendonbeing lesscommon.

In all caseselbowfunction in the form of flexion andsupinatiorstrength s impaired®

1.1 The Distal BicepsTendon

The reasonthat the anatomyand mechanicsof the DBT is not well understoods due to the

lower occurrenceof rupturebasedinjuries when comparedto the proximal tendonsinjuries of

the biceps.Until recently it hasbeensuggestedhatthe muscleoriginatesastwo proximal heads
that mergebelow the shoulder forming a singledistal musclebelly. This musclebelly produces
a single distal tendonthat twists from a predominantlyfrontal planeto a sagittalplane before
inserting into the radial tuberosity on the proximal radius* The radial tuberosity protrudes
medially from the radial shaft creatinga camthat extendsthe attachmentof the bicepsaway
from the forearm rotation axis. The rotation axis begins at the center of the radial head
proximally; shifting the attachmensite awayfrom the centerof the radiusincreaseghe biceps

momentarm(Figurel).



Figure 1. AT Anterior view of proximal radius highlighting the location of the radial tuberosity. B i Axial

view of the proximal radius with the bicepstendonintact.’

Recentanatomicstudieshaveindicatedthat the distalanatomyis more nuancedhan previously
understoodindthatthe DBT mayactuallyremainastwo distinctanatomicandfunctionaltendon
bundlesat the level of insertioninto the bone®® Thesestudieshavecharacterizeénd quantified
the individual headlocationsand insertionareason the radial tuberosity. The short head(SH)

usually hasa more distal andradial attachmentThe long head(LH) crossesunderthe SH and

hasa slightly more proximalandantefor insertiononthetuberosity(Figure 2).
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Figure 2. AT Anatomy of the bicepsbrachii indicating the continuousseparationof the LH and SH. B i Close

up of the insertion footprints of the LH and SH of the bicepsonto the radial tuberosity.’

1.2DBT Repair

DBT rupturesare treatedin either a conservativemannerwith rehalilitation and rest or by
surgicalrepair that reattacheghe tendon.Non-operativetreatmentoften resultsin diminished
functionand weaknes®f the elbow. Elbow flexion and forearmrotationare both affected,with
reportsof 30-50% lossof supinationstrengthand20% lossin flexion strengthwhencomparedo

the contralateralimb asmeasuredhroughin-vivo isokinetictesting’

The primary goal of surgeryis to resbre normal strengthto the elbow. One of two surgical
approachess typically usedto repairthe compromisedBT: a 1-incision (non-anatomic)or a 2-
incisiontechnique(anatomic) With the non-anatomicrepairtechnique the tendonis re-attached

to the anterioraspecof the radialtuberosity.In the anatomictechniquethe tendonis re-attached

3



morecloselyto its original anatomicalnsertion,on the posterioraspecbf the tuberosity(Figure
3). Eachrepairtechniquehasspecific advanagesin termsof surgicalexposure gaseof tendon
reattachmentand rates of complication To date, only one study has soughtto assessand
comparethe functional resultsof the two techniquesdirectly.® ** Henry et al. did not find a
significant differencebetweenthe repairs.Howeverthe investigatorsdid not studythe DBT as
the two headedcomplexthat the recentstudiesindicateit is. Rather,the distal attachmentas

treateda assingularunit with no distinctionbetweerthetwo heads

Anterior

Lateral Medial

Posterior

Figure 3. Axial view of the radial tuberosity and insertion of the DBT. A i Non-anatomic attachment of the

DBT anterior to the tuberosity apex.B i Anatomic reattachment of the DBT, posterior to the apex?

It is suspectedhat failure to surgicallyrestorethe discreteattachment®f the LH and SH of the

distalbicepsmayaccountfor reducedoostoperativesupinationstrengthassociatedvith the 50%

4



partial rupture surgical recommendatiof? In light of the new characterizatiorof the DBT,
understandingind restoringthe anatomyof the distal bicepsinsertionis essentiato optimizing

patientfunctionaloutcomes?

1.3 Clinical Relevanceand Rationale

Basedon anatomicstudies,it appearshatthe SHandLH havediscret distalattachmententhe
radial tuberosity. The SH attachesdistally and thereforemay function as a strongerflexor,
whereasthe LH attachesmore proximal and ulnar, and may have a greatercontribution to
supination.Theindividual contributionof eachof the two headdo flexion andsupinationhasnot
beendefined. Therefore the aim of this studyis to directly measurehe contributon of the SH
and LH of the bicepsto elbow flexion and forearm supination and provide biomechanical
evidencefor what is inferred in recentanatomicalstudies.This project has severalpoints of
clinical relevancelt will help determinethe amountof we&nessexpectedfollowing a partial
bicepstearaffectingonly oneof the distaltendonsandif repairof a partial bicepstendonrupture
(SH or LH) is indicated.The studywill also help clarify the importanceof an anatomicrepair

footprint.

The currentunderstandingf the function of the SH andLH of the bicepsat the elbow is based
purely on anatomic location. At the time of starting this project there were no existing
biomechanicaktudiesquantifying the contributionof the SH and LH of the bicepstendonto
supinationandflexion strength Reviewof the literatureindicatel that all relevantbiomechanical
studieshaveapproachedhe distal bicepstendonasa singular,homogenousinit.** 2° While the

projectwasunderwayJarrettet al. publisheda studyinvestigatingthe SH andLH contributions



to elbow function as proposedin this study. ?* Both studieswere conductedin a parallel and

blindedmanner The Jarrettresultswill be usedin comparisorwith the currentstudyfindings.

1.4 Objectives

Therearethreeprimaryobjectives of this project

a) To quantify the contribution of short and long headsof the bicep tendonto total biceps
flexion force This is measuredat the level of the wrist while the forearmis in pronation,at

neutralandin supination.

b) To quantify the contribution of short and long headsof the bicep tendonto total biceps
supinationtorque This is measuredt the level of the wrist while the forearmis in pronation,at

neutralandin supination.

c) To comparethe anatomicandthe nonanatomicrepairof individual distal bicepstendonsand
their ability to restoe normalelbow flexion and forearmsupinationtorque An anatomicrepair
hasa footprint which is re-establishegosteriorto the apexof the radial tuberositywhile a non

anatomiaepairapproximateshe tendonanteriorto the apex.



2. Background

The relevantelbow anatomyas a whole is describedin this chapter followed by the typical
rangeof motion and discussionof relevant biomechanicabnd kinematic considerationsThis
will drive the experimentand elbow loading design.In orderto preciselydescribethe anatomy

andposition,the anatomiccoordinatesystemwill be usedthroughoutthis thesis.Figure4 below

is providedasreferenceo this convention.
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Figure 4. Anatomic definitions and coordinate system®
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2.1 Elbow Joint Anatomy

Flexion and rotation of the elbow are a result of the bone geometryas well as soft tissue
interactions.n orderto load the bicepsandstudythe effectsof the contributionsof the SH and
LH andcomparethe repairsof DBT rupture,elbow anatomyandkinematicsarereviewedin the
subsequenthaptersThis wasdonein orderto identify the necessargonstraintaandcriteria that

will helpdrive the designof the experiment.

2.1.1 Bonesof the elbow

The elbow joint is comprisedof threebones The humerusulna andradius.The humerusis the
longestboneof thearm(Figure5). It hasa largeball-like headat its proximalendthatarticulates
with the glenoid of scapula(shoulderblade) The distal articulatingsurfacesof the humerusare
thetrochleaandcapitulum.Thetrochlearesembésa pulley onto which fits the trochlearnotchof
the ulnawhich swingswhenthe elbow is flexed. The capitulumis a ball of bonethat is lateral
and adjacentto the trochleaon which the radial headarticulatesduring elbow rotation. The
trochleaand captulum are boundedon either side by boney processesalled the medial and
lateralepicondylegespectively Slightly superiorto the trochleaare depressionsn the anterior
side and posteriorside called fossae.Anteriorly, the coronoidand radial fossaeallow for deep
flexion of the elbow, while posteriorly the olecranonfossaallows for near full extensionby
accommodatinghe olecranonof the coronoid. The fossaecontributeto the stabilizationof the
elbow by providing boneyconstraintso elbow motion at the extremerangesof motion (Figure

5).22
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Figure 5. Anterior and posterior views of the humerus.??

The ulnais shapedike a fipipe wrenchb. The olecranonjocatedat the proximalend of the ulna
is a prominentboney processthat forms the fupper jawo of the wrench while the coronoid
procesdormsthe flower jawo (Figure6). Thesejaws claspthe trochleaon the humerusforming
thevery stablehingedelbowjoint. The proximalulnahastwo articularsurfacestheradialnotch
which articulateswith the proximal radius and the trochlear notch which articulateswith the
trochleaon the distal humerus.The ulna is thicker at its proximal end becomingslenderand
smallertowardsto the distal roundedulnar head.Lateralto ulnar headis a prominentprocess

calledthe ulnar styloid 22



Figure 6. Ai Anterior view of the ulna and radius, B i Posterior view of the ulna and radius.??

The radiusis the shorterbone of the forearm. The proximal end of the radiushasa circular,
slightly concavesurface resemblinga shallowdishthat is congruentto and articulateswith the
capitulum on the humerus.Slightly distal to the radial head is the radial tubercle, a bony
outcroppingwhich servesasthe insertionof the bicepstendon,as a resultthe radial, or bicipital
tuberosity,is of particularimportancethis study. The tuberosityextendsthe bicepsattachment
awayfrom the long axis of the radiusmakingthe tuberositya fican® that increagsthe moment
arm and muscleefficiency of the bicepsas previouslydiscussedFigure 3). Distally the radius

broadensand increasesn size. It hasa medial notchthat articulateswith the headof the ulna.
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