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Abstract

Moti on between thesbamelrascamhonly is described as gl
However, humer on®¢apwl accurs at two distinct sites. I n &
di arthrodial glenohumeral joint, movement ocacncdu rrse | baet tevde e
structures and the surrounding sleaceomi osntrdetl toeés, icum
coracoacr omi al |l i gament , antdot hbemuechesi dtt@abhedsite o
shoul der motion ishuméi oedaps| ahemoti on interface. Nona
motion camclhienent ed and measured using standard magneti c
techni ghlees . maxi mum average interfacial motion using axi
occurred at the | evel of the maxi mum di amanodri omf vtalhrd ehlu
depending on the site measured. | faghedbodbogisecondatyon
or surgery interfere withadr sohlleist eorfatse gtnhifs camdce | i di 1
shoul der motion wSutcobest umiteedat ment of shoulder stiff
humeroscapul ar icsedtikailyt ¢ o require restoration of the r
humeroscapul ar motion interface, in addithengltenoksoméwnwa
joint motion.

Humeroscapular motion osl|l yepentdleeatsmooth gliding betw
and scapul a at t heoidnita rstuhrrfoadcieasl, but also on the slidin:
undersurfaceooédcoder omi al arch, deltoid, coracoid proce
upper surface of the proxi mal humerus andicotatoobncubft
humeroscapul ar motion interfaceaenotDuwrmi,ng urbesrtmanlt i al o wll d dri

humeroscapul ar moti onobhsdrewdd cen arsatiesmi ¢ di ssection or
procedures on t he exhcauurlsdeorn. vlaree es depending on the sit:
perfor ntdi.f fness after shoulder surgery or tr autmear msu saf
potenti al pat hol ogic condition atnttehref ahcuemer oscapul ar mo
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The interfacial slndimgl mptoooutbatt the humeroscapul
be shown iunsivigvomagnetic resonance (MR) i maging. Magnet
ability to show a wide range of tissue contrast with ex
resol uwutboam.6,8,9,11, Theabst7zi,neti on of the various soft tis
interface oans MR einmages all ows the in vivo demonstration
interface and the ability to measure theup«rcfuirciialn damat
surfaces of the motion interface.

The first purpose ofdethise sandys waw, tion vivo, the hunm
interface using sMRbjiematgse swiotfh no history of shoulder di
of this watudy measure the interfacial moti onshbat deccut
motion using the MR images. Attention wa®adi mdcigec att ewa
excursion and the axi al boundmeortiieosn.of humer oscapul ar

MATERI ALS AND METHODS

Using MR imaging, the domifnaret vohawnlteéer s with no hist
trauma was i mpgetdiciApants were men ranging in age from
shoul damd one | eft shoulder were imaged. The MR study w
El ectric SI GNA scanner (Waukesha, W) operatusgdatol. 5 T
enhance signal to noise ratios. Thtehrdememghsgopadamat ac g u
after determination of i nsacgoeu tf ifenhihdmswiOtch@ ctohriocnkaness i n a
128 contiguous tshiei cdeesl tforiodm t uber osity to the superior s

repetiti onf t2i5Smems, echo time of° &5MksL 92X Imapt rainxg,| ea nodd t4o5t a
acquisition time of 10 minutes and 16 seconds for each

The volunteer was strnaoppediimtze pgloaad body motion dut

initial series obtamagdswwéhet he volunteer actively pos
maxi mal exntetratalon with the el bow extended. After each
volunteer was asked to actively internadtioglsfotoant ¢ htehe e
external rotation position. Oncesethendubpeceswats BmMmages
obtained This sequence of evfeot samcaauquiedi tsiixn tofmes§8 i
during 1.5 hours.

The axial i mages werseecroenvdi eMiRe dt eartmianal . Axi al i mages
represented t hedwsraimeg |leaeh series offi gumagleows gMR sd xii @lns
of a shoulder witihntexntrealnad otaamtdi on of the humerus. Four
chosen, mbasdede reliability of accurate identi fTihceati on ¢
structures were selected for their abiloift y hteo hruanemr esamt
motion interface and the simetiodnmaxitmaée coteefdacpradt oc
included the tip pprfodeises cotrtaec owiddest axi al section of t
aspectt hoef articular surface of the humerus, alnmagere | ev
were processed on film for anatomic drawings and measur
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Fig-BLLA (A) Mamgeaseomance i maging axial view of shoulder w

side,ctively held in maximal active external brotatitah wi

groove; C = center of humeral head i del atidnrt@aehart iGc

anterior glenoid. (B) Magnetic rods srmanec e uibmagitn gvi axi ara:
al
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anatomic structuglesnpoisdi,c hhamer the, coracoid proces
, andihti badelstoid bands, were traced onto tracing
al images) by an experienced reader ofd&MRei mamgicnsg
istently identifiable structUuhesd haragdoiurncltiheked n
of the glenoid, tihret eretdu lndr euwlger odr ddhwe, t he i nt
raphedebfottewith the motion interface, and the c
e of the humerus. At the most caudalkrhéveldgéedelft o
a was used as a reference for humeral rotation.

rately measuri ng tohcec uerxsc urnsiaonn atrhcati s chall enging
perfor med adinreeacstulryi nwi tdhevi ce or indirectly wusing
eyl es, and simple geometry. I'n the clioomaltbett
ion that occurs on the surfacassésthd hemdr bg. abBlo
rpose of improvingmedasrurnemnantas yf nrdmtthiee axi al MR
nce poidéestiwkered, the change in angle with motion
e mewetrse converted to arc |l engths.

center of rotatiamtiodultdr dwumcaae was deter mi ned

ercioensceonft ri ¢ circl es. Lines were drawn frometalde c
h reference point(anterior edge oifntgdrefnaod e ,i ndted rt s
edge of the intertubecpdacegsovel |l amadacwramentds
i xed scapufjmanpbbBytaooutately interfacial moti on
aaciccoympani es active glenohumer al positioning.

g the formula fotedgtésmi(arongleaength[excur s’ixon] =]
), thexdé¢éwteirem$ and the overall excursions betwee
ents of the motion interface were detai@minéadvel se
e, at the level of theteofacodoiad tmop, omheneasiualed v
n the deep dwriftaoded @afndt the coracoid process versi
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of themerus, specifically at the medial redge of the i

Fig-BRBA (A) Mamemeomance i maging axial view of shoulder w
sideAngul ar excursion at the humeroscapul ar motainaneriinotre |
gl enoid of the scapula as a referencHump®ri mscaful=anmnitmrté

motion is shown by differentiBalbinatpiionmnlb egtrweoevre )p cainndt sD
RESULTS

The widest axi al sectheamad ofiad hthdugneeatl est arc of mot
average, this dnottéromi wead t o Dah!)B8ll Temmeui si on at the | ev
deltoid insertion (Leveavddagias Tibe 4dvanmi &atnhi on in excurs
radius of the amsotpiroendiacrtceed from the formula for deter mi
i ssmall er at the metaphysis than at the proxi mal humer a
Axial Eutrli&ct Subject Subject Subject Subject Standard
Level 2 3 4 5 Average Deviation Range
1 36.2 213 259 368 208 30 76 213t0388
2 34.9 19.4 268 3a.7 396 31.1 B7 19410397
3 30,2 168 210 358 33 28.3 BB 16810358
4 22.4 0.3 11.2 224 15.7 16,4 5.8 10.3t0 223
TABLE 1. Humer &Ix cRiursfi ammes ( mm)

The motion that ocaodersdrédtcehef the deltoid is minir
to the deltondtbeigctnomion with tadbelar Mhat mbheonsi dec(at
deltoid insertion on the humher d$6.wasnmdetneramiemadiet d or t
Axial Subject Subject Subject Subject Subject Standard
Level 1 2 3 4 5 Average Deviation Range

1 2.4 a0 5.8 4.6 0.4 o4 27
g 36 0.8 22 9.9 ~4.4 2.1 5.4
3 B5 56 2.1 33 T 33 2.0 .

4 22,4 11.2 224 15.7 16,4 5 & 10310223

TABLE 2. De'ltoihoj mBEy cur si ons
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Because the scapula amd atthencerftdrheofhumer al articul at

referencesmefaosruraelment s, coracoid excur si onTawo).l3dT bies pr e
measurement servesfas @heoamdc¢cwdacy of the method of mea
excursion wasveéri2f ywmng the ability to | abel precisely p
Axial Subject Subject Subject Subject Subject Standard
Level 1 2 3 4 5 Average Deviation Range
1 0.5 0.9 20 09 0.4 0.2 1.2 2010-08
z —4.4 0.4 09 4.3 1.6 0.2 32 4310-44
3 1.3 2.8 0.4 0.5 -2.0 0.2 19 2B10-20
TABLE 3. Coracoi dmmlBxcursions
The differentilmennmdtsoapwirar iinterfacial motion that
undersurfaceelbfoittheand medi al edge of the bicipital gro
measur emeaablse. ¢ Humer osdapwlrdraci al motion averaged 29.1
l evel of thédeladmei &ah the arm at the side. Predictably,
of the deltoid inseTvabi@mmng)was 0.0 mm (
Axial Subject Subject Subject Subject Subject Standard
Level 1 2 3 4 5 Average Deviation Range
1 330 213 183 34.2 a2 276 734 1830347
26 202 247 298 44 201 4 fO2 o de D
i - 1 8.9 326 330 25 a7 11.210 330
4 ¥} [u] 0 ] 0 0
TABLE 4. Motiof mmnterface

Humeral Level Humeral Excursion Deltoid Excursion Interfacial Excursion

Coracoid tip
Head centar
Distal head
Deftqid insartion

076
311 287
28388
16.4 & 5.8

2427
21+£24
3329
164 +58

27673
£3.1 £ 9.0

250197

(ERA]

TABLE 5.

Humer ostepbtihae

Mot i on( mm)
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Fig 3 Humer dsndepulaacri al motion varied depending on the
averagaterfacial motion was 29.1 mm and occur rcidamdat drhe
of the humer al head.

DI SCUSSI ON

Humer oscapul ar moti odi cousmoerd yi n sterms of tih-eo,gilsenohu
15, 1Hdowever, movement between t heochcuunresr unsota nodn Isyc aaptu |l tah e
joint, but also at t he hiumeerofsaccaegp.ulTalre nporteéesoennce of t he
throughout much ofntéef moei Pmggests the i mportance of
articul Athemions or other pathologic conditi ooncsc urhsatatl i
the humeroscapular motion interf amet iadnw.er sely affect sh

The amount of decreasednmadthicomidepmorids he adhesi ons o1
conditions. For exampétweam nlidesdomowmacoi d and the proxinm
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