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Intr oduction: Instabiity of the shoulder is believed to be related to deformations of
the ligamentsard capsie, though the nature of thisreationship islargely unkrown.
In the critical instabiity position of 90° am abductn and externd huneral
rotation, the inferior glenohurmeral ligament (IGHL), locaed throughout the
anerainferior capsie (AIC), has leen stown to be an imprtant stallizer [1,2].
The presece of non-recovelgble grain in the AIC, while controversa, is geeraly
believed to exist andresut in inceasd potentid for glenohunera instabiity. In
fact, current sumgical procedures for instablity [eg., 3] ae aimed at educirg the
capstler length dwe to presuned permarent capslar stretching. Recently, non-
recoveralle uniaial strain has ben demonsrated in the IGHL due to cyclic tensie
testing [4], and otal stain fidds hae been measued in the AIC under
glenchuneral subuxation [5]. However, no stud/ has quantitatiely assssd non-
recoveralle srainfields dwe to subuxation. Quantfying the AIC strain fidd will aid
in understandiny one potential mechanismof glenohumera instablity, ard help
guide sugica reconstuctive techniques. The objective of the curent stud/ wasto
measuethetota and ron-recoveralde strain fidds in the AIC in an argroinferiorly
subuxed shoulder. We hypothesized thatglenoid side srainswould be greater than
hunera side stains, and that om-recoveralle strain would exist with increasing
subuxation.

Methods: Sevenshoulders (ave. age 554 yrs) weredisseted réaining anly the
scapla, hunerus, capsiar and oramhunmerd ligaments, andotator cuff tendons.
The extra-articdar AIC surfae was cagfully disected to expose the supficial
layer. Lead object makers of 50Qum diareter were attacled to this suface in a
5x5mmgrid patern with a smé anount of cyarp-aciylate. Markers were appied
from the most inferior portion of the capsie to the anerosuperior capsile. These
markers were usd o cdcuate AIC strainsvia a sereoradiogrammetric (SRG)
procedure.

Specimenswere mounted in 60° glenohumerd abducton (90« am abducion)
ard externd rotation set at 10 less than memum. Three musdes were modeed:
supaspinatus, subscdpis, and ifiraspinatus andxes minor (combined). Three
capsler positionswere used for stainfidd cdcuations a romind stag, a subuxed
stak, and a pstsubuxed stae For the nomind stag, the capsle was inflatied
(pressue=1.0kRa (0.15ps)) in neutra rotation and minimadistaction for removal
of capsier redundany. Radographswere taken at 30-40° intervas for SRG
andysis For the subuxed stag, 53\ rotator cuf loads were appied and the
humerus was externdly rotated and suluxed in an argroinferior direction.
Radographswere repeated. The postsubuxed staé was similar to the nomind,
performed within 5 minutes. Postsubux datawas #&so taken 1 hour dfter the
highest subuxation to investigate the potentid for additond viscodastic tissue
recovey.

The threedimensiond coordinats of 14 cdibration makers attacted to a
carbon-fiber-epoxy cdibration frame were obtaired usirg a coardinaie measuing
machire. Radographsof the stoulder object markers and frame cdibration markers
were digitized using an opticd-mechanicé digiti ze. Three-dimensiond coardinaes
of object marlers were reconstruced with a direct linear transbrm program [6].
Coardinais of nomind/subuxed and mind/postsubuxed capsie staes were
imported to FEM software to calalate total and non-recoverale drain fields,
respectively. For hypothesistesting, the glenoid and hurera sides were defined as
the tissue between the respective insertion zone and tie mid-portion of the ligarrent.
The peak and nsan maimum pincipd stain of each side wascompuid, ard data
andyzed with pared ttests and -tests. Cébration studes stowed positional
accurag of 35um and strainvaue repeatablity of 2.6 strain each a 95%
confidence
Results Strain fieldsof the AIC, induding total (Fig. 19 and on-recoverale (Fig.
1b) maximum gincipd strainswere obtaired in dl specimens. No tearing wasever
visible at ary object marler site.

Total maximum principal strains At 7mm suhuxation, mean stainson the
glenoid side of the glenohumeia cgpsule were greter than on the humer side
(p=-09. Peak stainswere greater on the glenoid side & al subuxations examired:
7mm(p=.05, 12mm(p=.04, and 16mnfp=.09.

Non-recoverable maximum principal straifi$ie mean strains onthe glenoid

side were greater thanon the hunerd side following subuxationsof 12mm(p=.07)
and 16mm (p=.06). Non-recoverale srains were greter than zero at all
subuxations (p<.09, with average stains of less than 5%following a 16mm
subuxation. Overall, the 1 hour deay to dlow for viscodastic recovery had no
effect on average strains (p=.96).
Discussion This sudy reports a geeral mehod for measring planar strans in a
threedimensiona membrarous stucture. Peak stain values were often higher than
those found in pevious unixial ligament tests [7]; tke finer grid size ard different
loadirg conditions in the curent stug are two potentia explanatons for these
differences. Generdly, stainswere not uniaxial, nor were they aigned with the
anabmicd ligarents.

This is trefirst stug to show the existence of pre-failure, non-recoverable strain
due to glenchunmera subuxation. After large subuxations, hgh ron-recoveralle
strainsoften existed in isolated regionsof the capsie, with remainirg regionsat low
stain (Fig. 1b. At lower subuxations, tke distibution was more uniform. The
largest total and ron-recoverable srainswere usudly seen on the glenoid side of the
AIC, consisent with injuries D this region. dinicaly, large subuxations may
produce non-recoverale, permarent, strain, which is likdy to aggavate joint
instablity.

Limitations of the stud/ indude measuing the suface strain field ard testing
guasistaticdly. Future studes will addessstrain fiddsof the glenohurreral capsle
androtator cuf tendonsover arargeof joint positions.

Acknowledgments Thiswork was supprted by Grace Hospitd (Detroit) andNIH
(AR-20557. The auttors thank M By, J Ra, G Ateshian S Hallister, R Zarecki,
D Kayner, and M Sick.

References1)Malicky et al.:J Orthop Res14282288, 1996. O'Brien et al.:J
Shoulder Elbow Surgd 298308, 1995. BNeer ard Foster: J Bone Joint Surg
[Am], 62897-908, 1980. YPollock et al.: Trans ORS 2346, 1998 5)Malicky et
al.: Trans ORS 231024, 1998. fAteshianet al.: J Biomech 24761776, 1991.
7)Bigliani et al.: JOrthop Res10187-97, 1992.

Figure la SUPERIOR

INFERIOR

Figure 1b SUPERIOR

B

ocoooo
RN

INFERIOR

Fig. 1: Max principal strains of the AIC in a typical speen 1a Total strains at
18mmsublux.1b: Nonrecoverable strains following b&n sublux.
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