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MRI Protocel
POSItIGNINGE
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COMMON LENUONTOrIGINS:

EXtremity: surfaceicoil
FOVA10-16 cm, 3=4 mm image thiCKNESs, 256 X 256 matrix

Inreeimaging planesiwitn axesior coronal and sagittal Images
GENVEM ITom) a transaxial scout(paralleliand pErpenaicularto the
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ResnIck et. al., KIjoWSsKI et. al.
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MR Arthregrapny. (5 CC'S)

1. Hughes, MD



Trochoeginglymoid Joint

Ulnehumeraljoint Radiocapitellar and
flexion/extension proximal radiouinar
hinge or ginglymoid JOINtS
joint axial rotation
allows for ~150 trochoid joints
degrees of elbow.

allows for ~7.5 degrees
Off forearm! pronation
and ~85' degrees of
forearm supination

flexion

Kijowski et. al.



Basic OSSeous Anatomy.

Medial
epicondyle

Lateral — = Coronoid
epicondyle \ 3 ' fossa
Capitulum ; : : Trochlea
: Coronoid
process
Proximal

radioulnar
joint

Radial head

QOlecranon

Posterior
ulnohumeral
joint

Plancher et. al.



dpitelitm

Kijowski et. al., Chung et. al.



Inwarda taperng or the
LFOCNIEAIF GlOOVE OfF
the uinarat the
junction of the
COrONOId process and
e GIECanon

Rosenperg et. al., Chung et. al.



lrocnlear Ridge

Transverse trochlear ridge

Cortical notch

Rosenberg et. al.



t Pad Locations

UL
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Kljewski'et. al.



EIDOW Tirauma —
gus i=erce

Chung et. al.

Compression Of the
numereradial artictiation:

= @steochondralinjuny or the:
dpit ,eH,Jr SUrfidce

ddial nead/neck fracture

_,_! n

OpPENING OfF the medialjoint
SPace WIth pessible
RASUTfiICIENCY. Off the:medial
SUPPORUNG SERUCEURES

= (Eapsule

= Ulnar collateral ligamentous

COMpIex
= Common fiexor tendon



Olecranon Stress Fractures in the
mrowingr Athlete

U

EPELtVE microtralima caused by
Iecr:Jrurl IMpPINGEMment or;
EXCESSIVE! LHCEPS LENSIIE STIESS

-J

asenall players, javelin tnifeWers

1:_;-:
L’

POSLEremeaialipain mostSevere in
LE ACCEIErationN and 1olIow=
LArEUGNT PRAsEs of threwing

ireatment

= Conservative (one failed case
reguired subseguentbone
eJrzlitlnle))

E.A{CIJ]U”
Artnroscopically assisted fixation

i

Cain et. al., Kijjowski et. al:






1S YK old male Daseball gJ FWith
jaterallelnewW: paln

KIJowsKI'et. al.



Osteochondritis Dissecans

“Compressive forces during the throwing motion|are theorized to cause
adaptiverchangesiin the subchoendral bleod supplr ofi the humeral

capitellum, resulting injesteochondrallinjury and loese bodies from the
capitellum or radialthead. “— = vy

Emphasis placed onithevalgus stress during the cocking' phase offthrowing
withiresulting significant compressive load at the radiocapitellar joint

Definite relationship with' baseballfpitching and competitive gymnastics

Jireatment options:

Conservative withravoidance of: throwing (favered in the absence of Ioose bodies,
mechanical symptoms or failure of extended nenoperative treatment)

]g)perative With excision of Ioose bodies; capitellumidebridement or fragment
IXation

Autograft transplantation

Cain et. al., Stubbs et. al.,
Kijowski et. al.



OCD — competing tAEeorIES

Repetitive tratima— poorly: Vascllarized capitellum
(especially’ the anterolateral aspect)

Genetic factors

Biomechanicall properties in the artictlar cartilage
overlying the radial head and capitelltm = central portion
ofi the radial’head' s stiffer than the adjacent capitelitim
POSSIblY Ieading ter INcreased strainiin the lateral
capitellimiduring high' vValgus stress

Kijowski et. al.



OCD. - \/ariations

lakahara et. al.



Natural Course of OCD

A: Localized subchondral bone
flattening withithickening ofi the
ovenrlying cartilage

B: New bone formation

C: Union offnewly formed bone
withrunderlying bone

D Repetitive forces can make
fragments unstable

E: Unstable fragment failsito
unite and'is displacediintorthe
jont

Takahara et. al.



OCD— Roele of Imaging

Evaluate intergrity, of the overlying cartilage

Determine the stability/viability: of  the separated bone; fragment

Interface of therosteochondral lesion — presence of fitid/granulation
tissue (i'e:, increased 112 signal or nng off enhancement); signals
instability; role off MRA

Enhancement of: the fragment signals Viability; intact vasculatire

Note the presence ofintraarticular bodies
Role off MRA

SOME reports stuggest that'early: stages of the disease demonstrate
regions of: low i1 and noermal 2 signal

Chung et. al., Kijowski et. al.



OCD = Normal Healing

3

Takahara et. al:



Distinguishing firom Panners
@ISEase

Osteochondresis of the humeral capiteliim

Affects ages off 7/-12 (Vs. 12-15) 'during perod of active
OSSIfication off the capitellar eEphnysis

Eragmentation ofi the capitellar 0Ssification; CEnter With
IFregular areas ofi relative SClerosIs Intermixed With
rarefaction

Benign, seli-limiting conditioniwith osteochondral boedies
AEVeEr ferming

Kijowski et. al.
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http://www.worldortho.com/dev/index.php?page=shop.product_details&category_id=9&flypage=flypage.tpl&product_id=62&option=com_virtuemart&Itemid=2&vmcchk=1&Itemid=2
http://www.worldortho.com/dev/index.php?page=shop.product_details&category_id=9&flypage=flypage.tpl&product_id=62&option=com_virtuemart&Itemid=2&vmcchk=1&Itemid=2
http://www.worldortho.com/dev/index.php?page=shop.product_details&category_id=9&flypage=flypage.tpl&product_id=62&option=com_virtuemart&Itemid=2&vmcchk=1&Itemid=2

Capsular Anatomy: and Pathoelogy

2-layer capsule
IDEEp synoeyiallayer
SUpPErficial fibrous capsule

[Fat padsiare Interpesed beEtWeen the tWo' layers

Synovialifrnge — 1.e:., septal remnant or
Incomplete plicae

Chung et. al.



Synevial Eringe

I Synovialfeldis arremnant
Olf a' SEPLUMI WRICH dIVIGES
e JeINE durRng nermal
EMBRYONIC AEVEIOPMERT

- Foldsiin the humereradial
JoInt Classified Inte
dNLENION OF POSLENIOL BYPES
(lateral types being
Comparatvely rare)

Fukase et. al., Chung et. al.
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Painiiul Snapping Elbew
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Painfitll Snapping Elbow: -
Ieatment

f' \

Jireatment includes
OpPErative resection

Fukase et. al.
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Stabilizing Structures of: the: Eloow

Resnick et. al.



FOUK Colun Tiheory

Lateral cobumn
Packal head

Cagvhdom
Laterd cobatarsl
Iarment COmgdes

Resnick et. al.



Ulnar: Collaterall Ligament

QOriginates from' the central’65% of;
theranteroinferior surface of: the
medial epicondyle

3 bundles

Anterior bundle taut from full Anterior band
extension to 60'degrees of flexion;
strengest and stifiest with distal 8y K77
attachment on the sublime tubercle . 5 W Posterior band
Anterior band! (taut 0-60 degrees) = =55
Posterior band (taut 60-120 degrees)

Transverse

ligament

Posterior bundle taut from 60)to) 120 . of Gooper
degrees ofi flexioniattaching inia , e e
broad fashion along the medialiulna

Transverse bundle (aka, Cooper’s
ligament) bridging the bases of the
anterior and! posterior bands
Chung et. al., Mehta et. al.,
Kijowski et. al.



UCL in Throwing Athletes

Anterior bundle ofi the UCL isithe prmary.
restraint te valgus stress

Radial head IS a’'secondary. restraint

Iiransition from the latercocking phase to early.
dcceleration places extreme Valgusi stress on the
medial structures of the elbow

Hyman et. al.
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Jlnar collateral FECESS r)omnrul _),u,e DEN
Epiconayle medasuring ~smm in IEnguip;
dnterior bunaleoefithe UCL and the m—‘d
trecniea

DiStal POrtion I the anteror BUNAIEINSERtS WILHIN LMmMm C
drtiCllar SUrface off the CorenoIld PreCESS

KIJowsKI'et. al.
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Valgus extension everioad
Syhareme

Anterior bundle ofithe UCL isintact but
attentated;secondany; to repetitive
microtrauma sustained during overhead
throwing

Thistattenuation;allows the posteromedial
olecranon tip tofimpinge against the'medial
aspect of thelolecranon fossarduringithe
early and late acceleration phases of;
throwing

Impingement results inithe formation of:
olecranon tip (posteromedial) osteophytes
and/articular cartilage damagde everlyingithe
posteromedialltrochlea

[loese bodies may. form

Valgus laxity:may lead to excessive medial
tension and'subsequent pathology.

Kijowski et. al., Cain et. al.






Radial Collateral Ligament

Radial collateraltligament — tragular band that
extends fromithellateral epicondyle to;the

annular ligament and remains taut throughout W\ |\ Lateral (radial)

normal flexion/extention \\ collateral ligament

Annular ligament = circular in\shape extending B\ N Annular

around the radialfthead/neck junction; attaching EONC L ligament Accessory lateral

e theanterior and posterior margins ofi the G NS collateral ligament
radial notch ofi the ulhaj restrainingligament, N e AR
maintaining position of; the radial head

[lateral ulnar collateral ligament extends from
the lateral epicondyle posteriorly to cradle the
head/neck junction;of the radius before
inserting on' the supinator; crest offthe ulna; taut
Iniflexion’ /extension and one of; the primary,

stabilizers ofithe'elbow =l
A Lateral ulnar collateral ligament

Articular
capsule

Accessory. lateral ‘collateral ligament — extends
from the annular'ligament to'supinator crest;
not uniformly: present, but may: stabilize annular;
ligament injvarus' stress

Chung et. al., Mehta et. al.



MIEchanism: st ESS1e pPplied to
tAE medial siae of the
drticulation; resulting in
COMPrESSIoN N that side, With
OPENING offthe J:J'rr—*r l
drticulationandisubsequen
ASUTfICIENCY Of; rmH radial
collateral ligament

Tension

CU both REL anad A Y = l
dnpularligamentagiven |

MUSE IRSPE

AtiMmate asseciation

Chung et. al:



Cotton et. al., €hung et. al.



PosterolateraltRotary: Instability

“pest defined as al three-dimensional
Kinematic disturbance of joint motion in
WhHICh the radits and ulnarsubltuxate with
respect torthe distal’ part off the humerus;
such that the bones off the forearm
displace intera position: of external rotation
and Valgus during fiexion of the elbeow:

Resnick et. al.



PILRT - Mechanism

“fall on' out=stretched hand™

AXial caompressive force during flexion as the body, appreaches the
groun

Body. rotates internally on the elbew while the forearm rotates
externally;on the RUmEerus

AllFtherwhile supination; Isfeccurting at therelbow

Summation:
\Valgus
Supination
Axial compression

Chung et. al.



PILRI — Distinction from Radial
IHead/Elbew: Disiocation

Insufficient LUCIE allows' posterior subluxation; or
dislecation off the radial head with secondary. rotary.
subluxation off therulnehtumeral joint

Annular ligament remains intact, and thus the proximal
radius/ulna move as a unit

TINIS IS In' contradistinction to: radial head/elbow
dislecation where the annularligament Is'tern, allewing
the radial head and proximal ulna to diSsociate fiom one
anoether

Kijowski et. al.



PLRI - Additional Causes

[atregenic
Prior radialihead resectionor latéral ligamentous release

Chronic BVeruse (prolonged Use ofi Crutches)
Generalized ligament laxity.
ChroniC cCUbItus Varus defermity

|laterall epiconayiitis with refpeated corticesteroid
INjections inte the region of the lateral tendons

Resnick et. al.



PosterolateraltRotary: Instability

Iihree-stage circle-like soft-
tissue disruption (aka
HOKH CIrcle)

Stage 1: LUCL disruption

Stage 2: anterior and
POStEROK cCapsule
disruption

Stage 3¢ MCL disruption

Mehta et. al., Resnick et. al.



PLRI = Stage 1

Disruption of the LUEL
(proximal  portion) with
posterolateral subluxation
ofi the elbew

Resnick et. al., Kijowski et. al.



PRI — Stage 2

Tihe elbow dislocates
Incompletely:se that the
COronoId IS perched Under
the trochlea. The RCL,
and anterior and
POSLENION POrLiIoNS off the
capsule, are disrupted in
addition to the LUCL.

Chung et. al., Kaplan et. al



PLRI — Stage SA

Posterior band offthe
MCL Is injured; the
anterior band! off the
VICLL remalns Intact
with the elbow stable
0 valgus stress after
reduction

Resnick et. al., Chung et. al.,
Kaplan et. al.



PLRI — Stage 5B

ihe anterior band of the
MECL s disrupted with
an unstable elbew
URJer varus, Valgus,
and rotational stress

Resnick et. al., Chung et. al.,
Kaplan et. al.



PLRI — Stage 5C

Disruptionier remaining
SOt tisstie-stabilizing
structures (1.e.,
Orgins of the
common; flexoer and
EXLENSOr: tendoens)

Resnick et. al., Chung et. al.,
Kaplan et. al.



Inability termaintain iullfeEXteEnsion

PJ LEHIO SUBIUXation Off the radlal NEad WIth rESPECE to
ne capitelium

Kaplan et. al.



| ateral Pivot Shift Test

With the armiat the side In supination; arvalgus and axial
COMPrESSIoN forceNs placed on the elbow

As the elboew s flexed toer20-30 degrees, there Is
POSterior sublUuxation or dislocation off the radialthead
and secondary rotary subluxation'of: the tlnchumeral
joInt

FUrther flexion cause a sudden palpable and visible
reduction of the radiohumeral joint

O'Driscoll et. al.



-.Justrating/ pesterior subluxation o the radial
nead

Smith et. al.



PRI Repair

Anterior capsule
plicated

Repair of the LUCLE by,
Imbricationrand reattachment
. | T T o Its/insertion poeint en the
plcated R\ lateraliepicondyle along with
plication’ of: the redundant
posterolateral capsule

Anterior capsule
plicated Ve I’S U S

Tendon graft

Reconstruction of the ligament
vy withia free tendon graft and
Posterior capsule CapSU|al’ p||Cat|On

plicated

Smith et. al.



EIDOW: Disiocation

MEechanism: Jallfonitneout=stretcned nand
I€AdINg 1oIPOSLErior dIsplacementior the
OlECHANON BRIthE NUMErUS

EOMDINAtONIo1 Valgus; supination ana axial
jelfe=s)

DISFUPTION 0fja SOIt tISSUE HNg that |
PrOGrESSESHToNn ,)g_.c:*ruuc:*ul lAreugn the
dNLEFION ana POSLENIO Capsuleto the MEL

ESSENal IESION H0f dl COMPIELE aISIOCaALon
mustinvolve the M ELC

REIAtIONSNIP D
QESCHDEA as
distincuon

petween PLRITand disiecation
Gl

d ConunuUmMiratherrthan d
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In cCOMpIEXTAISIOCAUONS; GreaLEr amMOUNts Of axXial,
valgusiand rotationaliferces are applied

Fractures most commonly invoIve the Corenoid ana
radialinead with Iessirequentinvolvementortne
numeralfepiconayles

“ternible triad™
| Radlal Neaafracure
J Coroenoldiiracture:
m YICLE tear:

Inesmall Tiakefracture ol tie coronoidiis notan
avulsion fracture but rather-ashearfracture

With disruption ofi the ring of; sofittissues from
posterolateral toimedial, the capsules also.
disrupted allowingijointifiuid toidissect-througnithe
SOfttissuerplanesior tneforearnm:  Tnis negatesian
INAIFECt radiographic sign ofitraumarinithe elbew,
Lhat Of the jeint erusion

chung et. al., Plancher et. al.
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5 Anterior subpluxation o the
QUMERUS

s DiSruption offthe
dnd posterior capsule

Chung et. al.



lendon Anatemy.

ateral
SUpInator:
Bracnioradlalls
EXTENSONS O tNETNaNA ana WHISt

|_|_|_!_

Vieaial
% Prondtoef: teres
# Palmarisiongus
% EIEXOrS O Nand ana WHISt

ANLEFION:
s DBICEPS Drachll
x  DBracnialis

POSLENIOT:
= riceps
% Anconeus

Chung et. al., KijowsKi et. al.



[lateral Epiconayiitis

Patnologic condition of: the common extensor: tendon:at
ItS Origin; from thelateral epicondyle

Excessive use of the wrist extensor muscles

d.K.a. — tennis elbow  (afifecting up. ter 50% o tennis
playersiat seme point) althougnricondition far more
COMMORAI N NON-tENNIS; Players and nen-athietes fior that

matter

40-60 yrs of age with egual sex distribution

Kijowski et. al.



lateral Epicondylitis - Pathology

Incomplete healing response to aniinitial microSCopIC Of: »
MACrOSCOPIC avulsion injury, o the commOonIeEXtENSOr: tendon Brigin

dypically invelves the erigint of the extensor: canpi radialis brevis

Histelegic analysis reveals disruption; ofi collagen bundles, vascular
and fibroblast proliferation, andifocal nyalineldegeneration

Widespread mucopolysaccharide infiltration and new bene formation
noted at therbone-tendon junction

NG evidence of inflammatory, process Within the diseased tendon but
rather repair PrOCESS N FESPONSE to! tiSSUE damage

Kijowski et. al.



| ateral Epiconaylitis = Imaging

-1 Radiograpns:
= Ustallysnermal butmay Snow: == =
dyStrOPNIC CAICINCAtioN 'dajacent to the
lateraliepiconaylie

- MRIG
- INICKENING Ol the COmMOn EXtensor
LENAON OrigInfWIth ncreasedrsignal on
DOTNHIEL anali2
= ININNING GIFthetenaon orgin Wit
fluid=like signal enti2 representing
QISKUPTION 61 COlIagen TIDENS VErsus
dfieds O MUCOId degENEration dnd
NEOVascUldriZation Without riber
aISKuption
u Secondany findings:
"I Anconeus muscleredema
' Reriostitis of the lateral epiconayle
-1 Fluidiaccumulation in the radial head
bursae

KIJowsKI'et. al.



[lateral Epicondylitis — Important
ConsIderations

Tihickening andiabnermal signaliwithin the common extensor tendon
Orginrare seen intasymptomatic patients

Abnoermalisignalimay beseen iniand areund the Common eEXtensor:
tendon origin for up te' 1" moenthifellowing a corticosteroid InjeCtion

Must inspect the underlying LUEL, especially in patients:whofail
coOnservative:therapy; surgical therapy. for: lateral epicondylitis:with
debridement off the CommOon: EXteENsEr: tendon; erigin: can further;
destabilize a jeint inf patients withra combinedi njury.

Kijowski et. al.



Medial Epiconayiitis

Pathologic condition of: the commonifiexor tendon erigin
Elexor carpi radialis
Pronator: teres

Muchiless common that lateral epicondylitis

Mainly: seeniin athletes and associated withirepetitive valgus and flexion forces
Golfers
Racquetball'anditennis: players
SWIMMErs
Baseball pitchers
Javelin throwers

May: be associated with ulnar neuropathy and injuries to the!MCL
Histologically similar to'lateralfepicondylitis

Imaging also similar with'a continuum: from|tendinoesis topartial or: full-thickness tear:

Kijowski et. al.



Meaial Epiconayiits = Imaging

Chung et. al.
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BICEPS TEendon = Anatom)

2'NEads —longand snort neads

IIhese join to form a commonitendon 6=7cm above
LhE elbowioIntiine.

Common tenaon traverses the antecubital T0ssa to!
dIVE Lo itsiattachment enithe radial tuberosity.

BICIpItal’ apONEUrasis Or Iacertus Tibrosus

s ANSESHTOM thEIMUSCUIOtENdINOUSH URCLION:

dSSES aCrOSSItNE brachialianteny.

YIenges Withithe rasciatiidL COVErSItNEIPronatorLeres
dndsuperfiGial TiEXors ol theTorearnm

L

Distal DICEPS TENAONGOES NOLNAVE @ tenaon sheatn
UL TAther d bursa (Cubital bursa)intmately.
dSSOCIated WItH LS attaChmenttothe radial
LUDEroSIty:

®
-
=

=
O

(D
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Biceps llendon

Distal rupture relatively rare (<5% of: all'biceps
tendoeniinjuries)

Partialivs. complete

Result offalsingle traumatic eventwith or. without
underlying preexisting changes

Mechanismi: forceful hyperextension on a fiexed
and supinated forearm

Most tears occur at the insertion site on the radial
tuberosity.

Intrasubstance tears and tears at the
musculotenonous junctioniare rare

Iff the'aponeurosis isidisrupted) the tendon will
retract proximally inte'the arm

Classic history ofimass in the atecubital fossa

Kijowski et. al., Teh et. al.

IRjury
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Biceps lienaon Injury = MRI

AXIdlImdaging plane allows optimal
VisUalization

Evallate rnor;rulogy signal
NLENSILY dnd Integrity’ofattaching
[IDENS Lo dl:rmg,us'r g a WEen
r#ndlru_m, partial tears and
COMPIELE teArs

EValUate INtegrity Or tie Iacentus
[IDFESUS

SECONEary SIgns INclude:

BONE mMarrew: edema witnin the
radial tuberosity.

= Eluid with the cubital bursa

L

Kijowski et. al., Chung et. al.



KIJowsKI'et. al.



Bracnialissliendon Injury.

Ean alserbe Injureawich

'EPELILIVE PUIIEUPS;
YPEFEXLENSION OF

(>
O
(U
al
L=
(DS
)
l|—il.1r
O —
M
)
(>
=1
=

EJE‘:) ViStalized InFthe
Xial Imaging plane

( BoKking g fior the

myotendinoeus junction)

Chung et. al:



liriceps liendon Anatomy

3 muscle bellies:
longhead
[.ateral head
Medial'head

long head arises friom thelnfraglenoid tubercle ofithe scapula’and descends inte'the
armibetween the teres major and minor MUSCIES

[‘ateral headloriginates from' the posterior andilateral surfaces ofi the humerusiand
from the lateral intermuscular septum

Medial head arises from' the posterior surface of: the humerus, medialiand!below:the
radial groeve, and from the medial and lower part of; thellaterallintermuscular septum

Combined tendon descends torattach to the upper surface ofi the olecranon: Process
ofithe ulna and to the antebrachial fascia near the anceneus muscle/tendon

Chung et. al.



Triceps llendon Injury

RUPtUre s rare

Mechanisms:
Direct blow to'the trceps INSertion

Deceleration force applied to the extended arm with contraction; ofithe triceps
(ire:, fall’on anroutstretched hand)

VMOSt rUPLURES OccUr at the Insertion site rather than the musculotendinous
junction/muscle belly

Complete ruptures are more common than partial tears

Secondany findings:
@lecranon bUrsitis
Subluxation ofithe ulnar nerve
Fracture ofi the radial head

Chung et. al., Kijowski et. al.



Kijowski et. al., Chtung et. al.



Summary

WWiderspectrim' off pathoelegy: affects the
elpow. inrthe athlete — particulary in the
throwing athlete

Petalled knowledge off anatemy: and

patholegy: facilitatesiaccuracy, o imaging
dIagnosIS
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