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ABSTRACT
EXAMINER RELIABILITY OF THE LOAD AND SHIFT TEST: A PRELIMINARY
STUDY
By Patrick S. Jenkins
Preliminary studies with open magnetic resonance imaging scanners are

promising for evaluating passive and active glenohumeral joint movements. However,
no studies have addressed examiner reliability. This study sought to determine examiner
reliability using the load and shift test when measuring anterior glenohumeral joint
translation using an open magnetic resonance scanner to determine millimeters of
translation. Four asymptomatic male subjects (8 shoulders) were evaluated using the
load and shift stress test while seated upright in the open magnetic resonance scanner.
Four examiners performed repeated posteroanterior stress tests on each shoulder.
Repeated stress tests were performed one month later. Intraclass correlation found inter-
examiner reliability to be (.76) and (.49) on dominant and non-dominant shoulders
respectively. Intra-examiner reliability demonstrated a wider variance in statistical
findings between the four different examiners, (-.04 to .72, and -.50 to.42) on dominant
and non-dominant shouiders respectively. Results from this study suggest the Load and

Shift test alone to be unreliable for assessing anterior glenohumeral translation.
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ABSTRACT

Preliminary studies with open magnetic resonance 1maging scanners are
promising for evaluating passive and active glenohumeral joint movements. However,
examiner reliability has yet to be addressed. This study sought to determine examiner
reliability using the load and shift test when measuring anterior glenohumeral joint
translation using an open magnetic resonance scanner to determine millimeters of
translation. Four asymptomatic male subjects (8 shoulders) were evaluated using the
load and shift stress test while seated upright in the open magnetic resonance scanner.
Four examiners performed repeated posteroanterior stress tests on each shoulder.
Repeated stress tests were performed one month later. Intraclass correlation found inter-
examiner reliability to be (.76) and (.49) on dominant and non-dominant shoulders
respectively. Intra-examiner reliability demonstrated a wider variance in statistical
findings between the four different examiners, (-.04 to .72, and -.50 to0.42) on dominant
and non-dominant shoulders respectively. Results from this study suggest the Load and

Shift test alone, to be unreliable for assessing anterior glenohumeral translation.



INTRODUCTION

The glenohumeral joint has been described as the most mobile and potentially
unstable joint in the body. *%'* %% Normal glenohumeral joint mechanics require an
intricate relationship between the rotator cuff muscles, glenohumeral joint capsule, and
the capsule’s associated ligaments to maintain stability of the joint when in motion. 3.7
10.15. 18.22:25.27.29.30 pye 1o the complex nature of normal glenohumeral mechanics, an
accurate manual evaluation is often challenging, and has demonstrated poor
reproducibility. 2A subjective patient history, dynamic manual examination, and static
radiographs are standard for clinical evaluation of the glenohumeral joim.” Manual
laxity examination techniques targeting the capsuloligamentous structures of the
glenohumeral joint require the examiner to recognize the amount of force applied on the
joint, estimate the movement occurring at the joint, and consciously compare the
expected joint response in a non-impaired shoulder. '’ This can be a difficult and
misleading comparison since side-to-side differences have been demonstrated in healthy
shoulders. #

The “load and shift” test is a standard manual special test used to evaluate
glenohumeral translation. The load and shift test requires the examiner to stabilize the
scapula and subjectively center the humeral head on the glenoid and apply anterior and
posterior directed forces on the humeral head to evaluate the amount of translation. Due
to the subjective amounts of force and perceived translation, this clinical test is
potentially unreliable and susceptible to variations within and between examiners. 26

The ability to accurately assess translation may prove useful in assessment, approach,

treatment, and/or operative procedure. "> Therefore a quantitative measure of joint



translation would be ideal for accurate and reliable assessment of glenohumeral
wranslation, '2 222

Advances in diagnostic imaging have provided examiners the unique and
increasingly valuable tools that may be applied to studies of joint anatomy and motion.
Recent developments in magnetic resonance imaging include the development of open
magnetic resonance imaging (OMRI), which enables examiners to perform stress testing
on an array of joints while displayed in a cross-sectional manner with high quality
imaging. Potentially the greatest advantage to using OMRI to evaluate an injury is the
examiner’s ability to be present and conduct a manual examination of the joint. OMRI
allows for a more in depth joint evaluation, such as the glenohumeral joint because of the
open configuration and real time image tracking.

Currently minimal research exists pertaining to the use of OMRI in the
assessment of anterior glenohumeral translation. Beaulieu et al. ? performed preliminary
studies regarding stress testing of the glenohumeral joint which identified that anteriorly
directed forces on the humeral head resulted in as much 6-millimeters of anterior
translation in asymptomatic subjects, demonstrating the ability to quantify glenohumeral
translation in vivo.> In addition, glenohumeral alignment was assessed using OMRI
examination under anesthesia. OMRI was found to accurately assess instability using the

'Y While these separate studies are ground

“load and shift” test in 6 of 11 shoulders.
breaking in regards to the use of OMRI scanners to evaluate glenohumeral joints, further
research is needed to establish reliability of the load and shift stress test using the OMRL

In order to generalize results to a broader group of examiners and subjects, an

understanding of the variations in test results due to examiner differences is necessary.



Accordingly, the purpose of this study was to determine intra-examiner and inter-
examiner reliability of the load and shift test using an OMRI scanner to measure
millimeters of anterior translation.

MATERIALS AND METHODS

Data were collected on both dominant and non-dominant shoulders of four
asymptomatic males (range 24-33 years old; m = 29 years) with no recent history of
shoulder pain or evidence of glenohumeral instability. In total eight shoulders were
examined. Subjects with previous shoulder injury requiring immobilization or surgery
within the past 5 years were excluded from the study. The examiners were two
physicians (Examiners | & 3), one physical therapist/athletic trainer (Examiner 4) and
one athletic trainer (Examiner 3). All the examiners had previous experience with
OMRY], but only examiners 1,2, and 3 had evaluation experience with the OMRI and
glenohumeral joints prior to the study. Informed consent was obtained from all subjects
prior to examination. The project was approved by the Human Subjects Review Board of
associated universities/institutions prior to testing.

Subjects were examined in a seated upright position in a vertically-open
configuration, 0.5ST MR scanner (Signa SP, GE Medical Systems, Milwaukee, WI). A
flexible transmit-receive RF coil (single loop large crown coil) was placed around the
shoulder. Fast gradient-echo imaging sequences were used with the following
parameters: TR 19.8 msec, TE 7.2 msec, flip angle 30-40 degrees, 256 x 128 matrix,
FOV 24-30 cm, slice thickness 7-mm, | NEX. Sequential, transaxial, single slice images

were acquired at a rate of approximately 2.5 seconds per image. Imaging parameters



were selected to provide the fastest possible image acquisition, yielding images that
produce consistent measurements.'*

Subjects were examined in a seated upright position with the humerus slightly
abducted and in neutral rotation using the load and shift test. The load and shift test
requires the examiner to center the humeral head on the glenoid, and then apply an
anteriorly directed force to the posterior aspect of the humeral head resulting in an
anterior shift of the humeral head on the glenoid (Figure 2). Three separate
posteroanterior stress tests were performed for each shoulder by each examiner, in
random order. Images were taken at the point of maximal anterior translation,
subjectively determined when the examiner could not elicit further glenohumeral
translation. Examiners were instructed to hold the position of maximal excursion for at
least one-second while images were taken. To provide a baseline for glenohumeral
alignment, a neutral, non-stress, image was taken prior to measuring anterior
glenohumeral translation with the load and shift test examination technique (Figure 1).
The neutral image allowed examiners to view centering of the humeral head on the
glenoid and assured the scanning plane included the labrum and the humeral head prior to
producing maximal anterior translation. Once all four examiners evaluated the first
shoulder, an identical seated upright position was used on the contralateral shoulder for
examination using the exact same protocol. After one month had elapsed from initial
testing, the same four examiners performed repeated testing on the same subjects, but in a
different, random order.

A total of 24 images (12 images on days 1 and 2) were evaluated for both the

dominant and non-dominant shoulders (8 shoulders total) on each of the four subjects.



Images for measurement consisted of the baseline (non-stress) image and images
representing the maximum degree of glenohumeral translation for each of the stress tests.
Since imaging was continuous, these images were selected from a set of approximately
20 images for each examiner, subject, and shoulder. Images at maximal passive
translation in the anterior direction were used for assessment. Images were individually
analyzed to assess millimeters of anterior translation. The center of the humeral head
was determined by prescribing a circle around the humeral articular surface on the OMRI
images. The center of the circle then defined the center of the humeral head.> Margins of
the glenoid were used to construct a line parallel to the glenoid fossa. The geometric
center of this line indicated the center of the glenoid fossa.” Once millimeters of
translation were determined the results were analyzed using an intra-class correlation
coefficient within SPSS 10.1 for Windows (SPSS Inc., Chicago, IL).

RESULTS

Inter-examiner reliability was calculated using an intra-class correlation (ICC).
Examiners demonstrated good reliability (.76) on dominant shoulders, and fair reliability
(.49) on non-dominant shoulders. Overall intra-examiner reliability for dominant
shoulders was (.28) and (.36) for non-dominant shoulders (Table 1).

Dominant shoulder anterior translation mean values were 5.33mm and 7.39mm on
days one and two respectively. Non-dominant shoulder anterior translation mean values
were 2.64mm and S5.18mm on days one and two respectively. Examiner 4 demonstrated
the largest translation values for dominant shoulders (15.48mm) and non-dominant
shoulders (13.30mm) alike (Table 2). Tables 3 and 3.1 contain examiner means and

standard deviations on dominant and non-dominant shoulders.



DISCUSSION
The importance of quantifying glenohumeral translation has been identified in
previous studies as a measurement tool for test-to-test ﬁndings.lz'zo‘ £.28.29 Normal

16. 2

glenohumeral translation values have not been clearly defined, 7 and manual exams

have reported poor reproducibility.’ Recent studies examining the use of OMRI to
evaluate glenohumeral translation during active and passive range of motions, as well as
glenohumeral joint stress testing, have expressed a need to further research the reliability
of measurement, particularly with asymptomatic data. 214 Normative data values would
be advantageous in the determination of the extent of injury and whether surgical
intervention is warranted.

Inconsistent with previous findings, which suggest greater amounts of translation

>-8.13. 14.16.20. 26 gyhyiect | demonstrated greater amounts of

in dominant shoulders,
glenohumeral translation on the non-dominant shoulder (4.37mm) as compared to the
dominant shoulder (4.21mm). Inter examiner findings demonstrate good reliability on
both dominant and non-dominant shoulders. An examination of Table 2 reveals
similarities between mean amounts of translation from one examiner to another where
dominant and non-dominant shoulders are concerned. However, there were increases in
amounts of translation. On average dominant shoulders increased 2.06mm, and non-
dominant shoulders increased 2.54mm, measured from exam day one to exam day two
respectively. The average increase of 2.30mm between dominant shoulders and non-

dominant shoulders from day one to day two could be a function of several factors,

including an inability to standardize manually generated force amounts during stress
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testing, examiner and subject comfort levels within the OMRI scanner, glenoid fossa
anteversion, and the practice effect from using the scanner on multiple occasions.

Pizzari, Remedios, and Kolt, *® and Sauers et al ** were able to measure exact
amounts of force in vivo during glenohumeral examination. In the present study manual
examiner forces when performing the load and shift test were not measured on the
glenohumeral joint. A lack of accurate force measurements, and having to rely on
examiner sensitivity for force production with each test, could potentially increase the
variability between examiner translation values. Pizzari, Remedios, and Kolt®® used 67N
(151bs), and Sauers et al ° used 67N, 89N, 111N, and 134N when performing anterior-to-
posterior, and posterior-to-anterior stress evaluations on the glenohumeral joint with a
KT-1000 knee joint arthrometer. Wuelker, Korell, and Thren® identified in a dynamic
shoulder model that 27.8 +/- 11.9N is necessary to sublux the humeral head half the
distance across the glenoid diameter. The capability to consistently produce exact
amount of force in an otherwise subjective stress test evaluation would allow for more
reliable test-to-test comparisons. In vivo assessment is theoretically an optimal setting
for evaluation, since asymptomatic shoulders examined under anesthesia may
demonstrate “‘perceived” hyper-translation. Anesthesia may present large amounts of
glenohumeral translation that would clinically be determined as asymptomatic instability.
Test-to-test differences in amounts of force may explain the variability within examiners
and the differences from day one to day two in millimeters of anterior translation. Ina
daily clinical practice it is highly likely that varying amounts of force exist when

performing the load and shift test, from examiner to examiner and from test to test,
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similar to the present study. Determining manually applied force amounts would provide
greater accuracy of the current results.

Another potential factor with regards to variability may have been subject and
examiner comfort level with the OMRI unit and the load and shift test within the unit.
For many of the examiners this was their first and second exposures to performing stress
tests inside the OMRI scanner. Being comfortable with positioning of the subject, hand
placement, and force application could have influenced the outcome of results in this
study. Intra examiner reliability results demonstrate a wider variance in both dominant
and non-dominant shoulders, which supports the comfort of examination in the OMRI
unit.

The glenoid is described as facing superiorly, anteriorly, and laterally.>
However, the glenoid fossa is not always situated in a perpendicular plane with the
scapular body, this structural arrangement is referred to as version.*> This structural
variation would mean manual forces being applied to the joint must be in the same plane
as the glenoid fossa to ensure accurate force angles, something that cannot be determined
without aid of radiographic investigation. Due to this fact and that the current study did
not account for this structural possibility, some of the manual forces may have been
“misdirected,” resulting in inaccurate findings of anterior translation. Without a baseline
radiograph to predetermine what degree of anteversion the subject has, every manual
shoulder test may demonstrate inaccurate findings.

Several methods have been used to quantify glenohumeral translation, 2891113,
14.16.20.26.29 \ hich use subjective rating scales, > *° two groups used knee arthrometers,

1626 one group used a modified chair with force applicator, 2% where the others use a post



28.11.3.1% The shoulder has a wide range

evaluation quantification similar to this study.
of motion that an evaluation device should accommodate this range of motion. The
ability to provide simultaneously visual feedback with a manual examination being can
potentially aid in an accurate diagnosis and course of treatment. The development of
OMRI technology allows a superior level of examination for multidirectional joints such
as the shoulder. Enhancing a standard glenohumeral stress test with OMRI technology
could provide more conclusive results and information with regards to glenohumeral
injuries.

While manual examination of the glenohumeral joint has been the standard
clinical test of glenohumeral instability, and is clearly going to remain the primary
evaluation technique, the interpreted results are subjective and difficult to quantify, yet
important for assessing internal injury. Manual examination techniques need to be
established as reliable or unreliable in order to assure accuracy of exams within the
clinical setting.

Based on current findings, OMRI technology allows examiners to account for soft
tissue depths and movements which can not be seen via plain X-ray films, OMRI also
provides accurate measurements of passive humeral head translation on the glenoid.
OMRI provides examination of glenohumeral stability and integrity in detail in a non-
invasive manner. Using an objective measuring device to assess results from a subjective
manual exam will help determine the reliability of the manual exam, and therefore that
exam’s clinical relevance.

Assessing anterior glenohumeral translation with OMRI can provide objective

information regarding the extent of a subject’s shoulder injury. Past studies have
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. . . . 4.16.26
attempted to examine anterior and posterior glenohumeral translation, *° ' 13.14.1

and more recently, dynamic evaluation of glenohumeral movements have been performed
using an OMRL?> '""* Until this study, current research had yet to investigate the
reliability of manual anterior glenchumeral translation examination while using OMRI to
objectify millimeters of translation. Several studies have assessed the load and shift

%-13.20 two of which used subjective measurement values (grades 0-3) of

stress test,
anterior translation,” 2° where the other study used stress radiographs to evaluate anterior
glenohumeral translation."> However, none of the measurement techniques share the in
vivo, real time capabilities of the OMRI scanner. Hawkins et al, '* found patients with
clinical anterior instability translated anteriorly 29% further than normal patients. Faber,
Homa, and Hawkins ° used a subjective grading scale for anterior glenohumeral
translation and demonstrated significantly reliable values on the affected shoulder under
anesthesia and while awake when compared to the unaffected shoulder. Levy et al, 0
evaluated intraobserver and interobserver reliability using a subjective rating scale and
found intraobserver reproducibility ranged from 33-46% for anterior translation, where
interobserver reproducibility ranged from 43-47%.  In the same study, when the
evaluation grades 0 and 1 were equalized (grouped together) overall intraobserver
reliability went up to 54-78%, and interobserver reliability went up to 65-67%.2° By
demonstrating less than desirable reliability results these studies help to demonstrate the
need for a more reliable and quantifiable method to assess anterior glenohumeral
translation.

The complexity of the glenohumeral joint and its synchronous movements are

necessary for normal shoulder activities to occur. The large range of motion inherent to
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the shoulder creates an environment that exposes the joint to possible laxity, instability,
and secondary injuries. Glenohumeral instability is a common cause for shoulder pain
and dysfunction " '3 2. The ability to evaluate a shoulder throughout a large range of
motion, and in painful positions that target structures of interest is important. Until the
development of OMRI, manual glenohumeral assessment was the initial observation,
followed by a static image of the shoulder, and potentially surgical examination and
repair. The ability to evaluate the glenohumeral joint in any position and obtain
quantifiable MRI-like images, make the OMRI unit appealing for evaluative purposes.
However, manual examination will remain the initial and most cost effective means to
evaluate glenohumeral injuries. Therefore it is important to establish routinely used
manual exam techniques as reliable, and to establish normative translation values.
Quantifying glenohumeral translation values will help establish normative data for
asymptomatic subjects and provide a basis for comparison in the future. The ability to
quantify translation values allows a basis for measurement from which reliability can be
determined. Determining the reliability of the load and shift test as a manual exam is
necessary to justify its use in the clinical setting.
CONCLUSION

This study demonstrated moderate amounts of inter examiner reliability (.76 for
dominant shoulders & .49 for non-dominant shoulders), and poor amounts of intra
examiner reliability (.28 for dominant shoulders & .36 for non-dominant shoulders) when
measuring anterior glenochumeral translation using the load and shift test in asymptomatic
shoulders. OMRI is on the forefront of diagnostic evaluation technology, and using such

an objective measuring device to evaluate a manual stress test is important to ensure
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manual exam accuracy. Further research with manual exams and OMRI should include a
larger sample of shoulders, heterogenous populations, symptomatic shoulders, and more
repetitions of exam trials on each glenohumeral joint to more accurately assess reliability
of the load and shift using OMRI. A means to measure standardized amounts of
manually applied forces needs to be developed to provide more quantifiable assessment
of glenohumeral translation. Future studies need to be conducted to help further develop
confidence in examiner reliability and comfort if OMRI to be used in conjunction with
manual glenohumeral evaluation. Overall, the load and shift test using OMRI
demonstrated modest reliability when measuring anterior glenohumeral translation, and
should be considered as a less than reliable method for glenohumeral evaluation. Authors
from this study would suggest multiple glenohumeral examination techniques for a more
accurate interpretation of glenohumeral instability when assessing anterior glenohumeral

translation.
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Tablel. Intra tester reliability scores for dominant and non-dominant shoulders (n=48)

(p=105).
Examiner # Dominant Shoulder Non-Dominant Shoulder
Examiner | -04 24
Examiner 2 12 -50
Examiner 3 41 .29
Examiner 4 -04 42
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Table 2. Mean and standard deviation values (mm) for subject’s dominant (D) and non-
dominant (ND) shoulders.

Subject #/ Shoulder Mean Standard Deviation

1 Dominant 4.21 2.12
1 Non-Dominant 4.37 2.30
2 Dominant 741 3.35
2 Non-Dominant 3.85 2.64
3 Dominant 8.62 2.42
3 Non-Dominant 3.29 2.28
4 Dominant 5.08 2.70
4 Non-Dominant 4.11 291
Overall Dominant (n=96) 6.33 3.18
Overall Non-Dominant 391 2.54
(n-96)




Table 3. Examiner means and standard deviations with regards to Dominant and Non-
dominant shoulders (n=48).

Examiner Number & Mean Standard Deviation
Shoulder Examined
Examiner 1/Dominant 6.75mm 2.40mm
Examiner 1/Non-Dominant 3.72mm 2.32mm
Examiner 2/Dominant 6.46mm 3.74mm
Examiner 2/Non-Dominant 4.11mm 2.16mm
Examiner 3/Dominant 5.81mm 2.97mm
Examiner 3/Non-Dominant 3.72mm 2.37mm
Examiner 4/Dominant 6.43mm 3.58mm

Examiner 4/Non-Dominant 4.10mm 3.29mm




Table 3.1: Examiner Translation Amounts in millimeters for Dominant (n=48) and Non-Dominant (n=48)
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Figure 1. Neutral image demonstrating humeral head centering on the glenoid prior to
the load and shift.




Figure 2. Anterior shift image, notice examiner’s thumb and evidence of posterior-to-
anterior force (arrow) on the posterior musculature.
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Chapter 1
INTRODUCTION

The glenohumeral joint has been described as the most mobile and potentially
unstable joint in the body (Chan, Maffulli, Nobuhara, & Wu, 1996, Kwak, Brown,
Trudell, & Resnick, 1998). The wide range of motion characteristic to the shoulder, and
its dependence on the rotator cuff muscles for dynamic stability, exposes the joint to both
unidirectional and multidirectional instability. Instability can be defined as unwanted
translation of the humeral head on the glenoid fossa causing pain, functional disability,
and potential long term injury (Matsen, Harryman, & Sidles, 1991). Laxity is another
term frequently used to describe shoulder stability characteristics. Glenchumeral laxity is
defined as the ability of the humeral head to passively translate on the glenoid fossa
(Matsen, Harryman, & Sidles, 1991). Laxity is the objective component of interest to
clinicians when examining the integrity of glenohumeral ligaments. The clinician
determines the extent of injury to the shoulder using subjective history gathering and
partially objective manual examination techniques. While this method of evaluating
shoulders has sufficed in the past, and remains standard procedure across the board,
manual examination is subjective in nature since the amount of shoulder movement
detected is often not highly discriminating (Pizzari, Kolt, & Remedios, 1999). Thorough
evaluation of glenohumeral joint injuries requires an easily applicable and reproducible
method for objective assessment of shoulder instability (Jorgensen & Bak, 1995).

Pizzari, Kolt and Remedios (1999) stated that “the measurement of shoulder

laxity is subjective and unreliable. ...and that standard manual examination techniques,



while adequate for assessing general instability ideas, are clearly not practical for
quantifying glenohumeral laxity in a clinical environment” (p. 602-603). Pizzari, Kolt,
and Remedios (1999) modified a KT-1000 (MedMetric Corporation, San Diego, CA)
knee ligament tester in an effort to objectively measure anterior and posterior
glenohumeral translation, where they had “good” and “moderate” test-retest reliability
using the KT-1000. Jorgensen and Bak (1995) reported highly reproducible results
testing anterior glenohumeral translation using the DonJoy Knee Laxity Tester, however
deltoid thickness and subcutaneous tissue movement which are potential limitations, were
not considered (Jorgensen & Bak, 1995). Another considerable limitation to the research
of Pizzari, Kolt, and Remedios (1999), and Jorgensen and Bak (1995) is that knee
ligament arthrometers were designed for knee ligament testing. Glenohumeral ligaments
have been proven to have diminished tensile strength when compared to knee ligaments
(Bigliani, Pollock, Soslowsky, Flatow, Pawluk, & Mow, 1992), thus the use of the KT-
1000, DonJoy Knee Laxity Tester, or similar arthrometers on shoulder laxity may be an
inaccurate assessment of shoulder joint stability. While Pizzari, Kolt, and Remedios
(1999), and Jorgensen and Bak (1995) search for an external glenohumeral arthrometer,
or the adaptation of a pre-existing knee ligament arthrometer, to measure shoulder
instability, a newly developed method of magnetic resonance imaging (MRI), open
magnectic resonance (OMR) imaging may prove to be the method of choice for assessing
glenohumeral laxity. OMR technology accounts for soft tissue depths and allows
accurate, if not exact measurements of active and passive humeral head translation on the

glenoid.
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The ability to visualize internal derangement and movement within a joint has
become increasingly more accurate and available as recent technology, like open
magnetic resonance (OMR) imaging, has been developed. Image evaluation of the
glenohumeral joint should include images of the rotator cuff muscles, glenoid labrum,
glenohumeral capsular ligament mechanism, long head of the biceps, articular cartilage,
and bony shoulder girdle structures (Vellet, Munk, & Marks, 1991). OMR makes
viewing the aforementioned anatomic structures possible, and provides examination of
glenohumeral stability in detail using a non-invasive manner. It also allows sequential
images to be taken simultaneously as the subject performs active movements and as the
examiner applies clinical stress tests to the subject. As stress testing is being performed,
the clinician’s subjective shoulder evaluation of glenohumeral translation can be
compared against objective OMR images making a more concise and objective
determination of injury. OMR is a relatively new diagnostic tool. Reliability of this new
evaluation technique in providing accurate anatomic information while stress testing and
examining the glenohumeral joint has yet to be assessed. Beaulieu, Hodge, Bergman,
Butts, Daniel, Napper, Darrow, Dumoulin, and Herfkens (1999) have conducted
preliminary OMR studies on range of motion (ROM) and stress testing of the
glenohumeral joint depicting humeral head centering on the glenoid through most
movements and quantitative amounts of humeral head transiation in uninjured shoulders.
Recently, Hodge, Beaulieu, Thabit, Gold, Bergman, Butts, Dillingham, and Herfkens (in
press) have compared OMR imaging versus examination under anesthesia (EUA) to
determine glenohumeral stability, and expressed a need to further study the reliability of

OMR in glenohumeral examination to determine shoulder assessment accuracy.
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In an anatomically unstable joint such as the shoulder adapting a uni-planar
arthrometer such as the KT-1000 or DonJoy Knee Ligament Tester may be difficult,
because the device was originally designed to evaluate the unidirectional knee, to
accurately measure multi-planar glenohumeral joint translation. The shoulder has such a
wide range of motion that an evaluation device should accommodate this ROM while
simultaneously providing visual feedback regarding all possible lesions and excessive
joint movement to make accurate decisions for rehabilitation and/or operative
intervention. The advent of open magnetic resonance (OMR) technology allows a level
and method of examination for multidirectional joints such as the shoulder which include
visualization of soft tissue structures as well as the bony anatomy involved while clinical
manual examinations are being performed.

Purpose of this Project

The purpose of this project is to examine the reliability of open magnetic
resonance (OMR) imaging in measuring anterior glenohumeral translation in normal
shoulders. Intratester and intertester reliability examining anterior glenohumeral
translation will be measured using OMR images for objective accuracy.

Significance of the Study

Recent studies (Beaulieu et al., 1999; Hodge et al., in press) have suggested the
need to further investigate the reliability of OMR imaging for measuring glenohumeral
translation. Results may establish OMR imaging as a valuable and reliable non-invasive
evaluation device to assess levels of glenohumeral translation which will aid in

diagnosing glenohumeral instability. This study may also lead to further investigation to



determine normal glenohumeral movement compared to abnormal glenohumeral
movement studies.
Delimitations

This study is delimited by the number of subjects (5), the age (18 to 35) of the
subjects, the exclusion of injured shoulders, the number of testers, the evaluation tool
(open magnetic resonance tracking device, GE Systems), and the manual examination
stress test (load and shift).

Limitations

A major limitation of this study was the number of subjects that could be tested in
the amount of time available in the open magnetic resonance imaging unit. This study is
also limited by the number of testers utilized. The small number of subjects and testers
may limit the generalizability of the outcome but may establish president for future
evaluation of this technique.

Statement of Hypothesis

The hypothesis of this study is that open magnetic resonance imaging technology
will prove to be reliable when measuring anterior glenohumeral translation, and that
using one manual examination stress test, testers will have good reproducibility of
measurements.

Definition of Terms

Accessory movement: Movements within a joint that cannot be voluntarily

performed by the individual such as glides and joint mobilizations.
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Dynamic stabilizers: The four muscles, supraspinatus, subscapularis, teres minor,
and infraspinatus, that are responsible for holding the humeral head centered on the
glenoid fossa during active movements.

Glenohumeral joint: The articulation between the glenoid fossa of the scapula and
the head of the humerus.

Internal derangement: Disruption of the normal structures within a joint that
causes injury.

Laxity: The ability of the humeral head to passively translate on the glenoid fossa
(Matsen, Harryman, & Sidles, 1991)

Load and shift test: A joint stress test where the examiner places one hand over
the clavicle and scapula to stabilize the scapula while the other hand with the thumb
located posteriorly on the humeral head and the index and middle fingers on the anterior
aspect of the humeral head. The head of the humerus is then centered (“load”) on the
glenoid fossa. From here an anterior or posterior force is applied and translation is
graded on a scale of zero to three (“shift”) (Magee, 1997).

Open magnetic resonance imaging: Open configuration MRI unit that allows
image tracking while range of motion and stress tests are performed on joints.

Static stabilizers: The glenohumeral joint capsule, comprised of the superior,
middle, and inferior glenohumeral ligaments which are thickenings of the joint capsule
(Anderson & Hall, 1995).

Translation: Gliding of the head of the humerus on the glenoid fossa.
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Summary

Assessing anterior glenchumeral translation with OMR can provide objective
information regarding the extent of a subject’s shoulder injury, since manual examination
of anterior glenchumeral translation is purely subjective (Pizzari, Kolt, & Remedios,
1999). Past studies have attempted to examine anterior and posterior glenohumeral
translation (Ellenbecker, Mattalino, Elam, & Caplinger, 2000; Faber, Homa, & Hawkins,
1999; Hawkins, Schutte, Janda, & Huckell, 1996; Jorgensen & Bak, 1995; Pizzari, Kolt,
& Remedios, 1999), and more recently, dynamic evaluation of glenohumeral movements
have been performed using open magnetic resonance imaging (Beaulieu et al., 1999;
Graichen, Stammberger, Bonel, Englmeier. Reiser, & Eckstein, 2000; Hodge et al., in
press). Currently research has yet to investigate the reliability of open magnetic
resonance (OMR) imaging in the evaluation of anterior glenohumeral translation. The
purpose of this study is to determine whether OMR imaging demonstrates intratester and
intertester reliability in evaluating anterior glenohumeral translation. Data from this
study will be compiled into a journal article for The American Journal of Sports

Medicine, and written according to the author’s notes see (Appendix A).
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Chapter 2
REVIEW OF LITERATURE

The purpose of this study is to examine the reliability of open magnetic resonance
(OMR) imaging in measuring anterior glenohumeral translation. Intratester and
intertester reliability of objective OMR images examining anterior glenohumeral
translation will be assessed for accuracy. The review of literature will be divided into the
following four sections: 1) glenohumeral joint musculoskeletal anatomy, 2) static
stabilizer mechanics, 3) dynamic stabilizer mechanics, and 4) glenohumeral examination
techniques.

Glenohumeral Joint Musculoskeletal Anatomy

To accurately assess a joint, such as the glenohumeral joint, an understanding of
the involved anatomy is imperative. The glenohumeral joint is composed of bony, soft
tissue, and connective tissue structures which play an integral role in the dynamic and
static stability of the shoulder.

The underlying anatomy of the glenohumeral joint begins with the bony structures
of the scapula and humerus, in particular the glenoid fossa of the scapula and the head of
the humerus. The glenoid fossa is the concave surface on the most lateral portion of the
scapula or shoulder blade, and the humeral head is the most proximal and superior aspect
of the humerus or upper arm bone. (See Figure 1). The medial aspect of the humeral
head articulates with the glenoid fossa to form the multi-axial ball-and-socket joint the
shoulder is described as. However, the glenohumeral joint is not a classic ball-and-socket

joint. At any one time the humeral head, which has approximately 3 to 4 times the
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surface area as the glenoid, has no more than 25 to 30 percent of its surface area in

contact with the glenoid (Peat & Culham, 1994). This lack of bony

Anato

Figure 1. Bony Shoulder Anatomy
Note: (http://www.scoi.com/sholanat.htm), public domain.

contact allows the shoulder its large range of motion. Since only a portion of the humeral
head in contact with the glenoid fossa during movements, the glenohumeral joint relies
heavily upon ligaments and muscles (rotator cuff) to provide stability to the joint. Thus,
due to minimal bony support, the shoulder is considered the most unstable joint in the
body.

The glenohumeral joint is unstable from a bony standpoint, thus the static and
dynamic stabilizers of the joint play an integral role in maintaining stability through all
movements. The static stabilizers are comprised of the glenoid labrum, and the
glenohumeral joint capsule and its integrated ligaments, which are considered thickened
parts of the joint capsule (Chen, Simonian, Wickiewicz, Otis, & Warren, 1999; Peat &
Culham, 1994, Vellet, Munk, &Marks, 1991). (See Figure 2). The dynamic stabilizers
are the rotator cuff muscles; the supraspinatus, infraspinatus, teres minor, and

subscapularis muscles (Chen et al., 1999; Peat & Culham, 1994; Vellet, Munk, & Marks,
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1991). (See Figure 3). Soft tissue structures allow for movements to occur at the
glenohumeral joint, including deleterious movements that may cause injury, such as
excessive joint translation in any direction which over time detracts from the joint
capsule’s elasticity. Additional deleterious movements include the range of motion in an
action like overhand throwing where large amounts of external rotation are needed. With
high volumes of external rotation added stability expectations are placed on the anterior
stabilizing ligaments of the shoulder. During these types of motions unwanted amounts
of stress are placed on the soft tissue structures, causing an eventual failure of the
structures, which can lead to symptomatic joint instability. Instability of the
glenohumeral joint corresponds with accessory injuries such as secondary impingement
which occurs when the static stabilizers exhibit laxity forcing the dynamic stabilizers
into a compensatory role to maintain glenohumeral stability .
Static Stabilizer Mechanics

The glenoid labrum is a meniscal type piece of connective tissue composed of
fibrocartilage and fibrous tissue residing around the outer edge of the glenoid fossa and
deepens the glenoid cavity, to provide increased stability to the glenohumeral joint by
increasing the depth of socket the humeral head rests in (Peat & Culham, 1994). The
glenoid labrum provides a site for attachment for the long head of the biceps brachii and
triceps brachii muscles, as well as the glenohumeral ligaments (Peat & Culham, 1994).

The glenohumeral joint capsule can be divided into several separate thickenings
known as glenohumeral ligaments: the superior glenohumeral ligament, middle
glenohumeral ligament, inferior glenohumeral ligament complex (O’Brien, Pagnani,

Panariello, O’Flynn, & Fealy, 1994; Peat & Culham, 1994). These ligaments provide
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stability only when taut in the extreme ends of glenohumeral range of motion (Matsen,
Harryman, & Sidles, 1991). For example, when the humerus is abducted and externally
rotated the joint capsule twists, or winds up, centering the head of the humerus on the
glenoid (Terry & Chopp, 2000). The superior glenohumeral ligament traverses laterally
from the superior glenoid tubercle, upper glenoid labrum, and the base of the coracoid
process to the humerus between the lesser tuberosity and the anatomic neck (Peat &
Culham, 1994). Together with the superior joint capsule and rotator cuff muscles, the
superior glenchumeral ligament assists in preventing inferior translation of the humeral

head (Peat & Culham, 1994).

Shouider, Anterior View

Figure 2. Joint Capsule and Glenohumeral Ligaments
Note: (http://www.scoi.com/sholanat.htm), public domain.

The middle glenohumeral ligament is much broader than the superior
glenohumeral ligament and attaches similarly at the anterior glenoid fossa down to the
middle third of the glenoid rim (1994). Laterally the middle glenohumeral ligament
attaches to the anterior margin of the anatomic neck of the humerus and the lesser
tuberosity of the humerus (Peat & Culham, 1994). This particular ligament, along with

the subscapularis tendon, which it is attached to and lies beneath this structure, is
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responsible for limiting lateral rotation of the humerus in lower ranges of abduction (Peat
& Culham, 1994).

The inferior glenohumeral ligament complex consists of three different parts: the
anterior band, axillary pouch, and posterior band (Peat & Culham, 1994). The inferior
glenohumeral ligament complex arises from either the glenoid labrum or the glenoid neck
and inserts on the anatomic neck of the humerus (O’Brien, Pagnani, Panariello, O’Flynn,
& Fealy, 1994). The anterior inferior ligament has been described as the thickest and
strongest portion of the capsule due to the dense configuration of collagen fibers (Gohlke,
Essigkrug, & Schmitz, 1994). The anterior band of the inferior glenohumeral ligament
complex is the prime stabilizer against anterior humeral translation on the glenoid,
particularly in abduction and external rotation (Branch, Lawton, Iobst, Hutton, 1995
Cain, Mutschler, Fu, & Lee, 1987; Ellenbecker, Mattalino, Elam, & Caplinger, 2000;
Kvitne & Jobe, 1993; Kwak, Brown, Trudell, & Resnick, 1998; O’Brien, Pagnani,
Panariello, O’Flynn, & Fealy, 1994; Peat & Culham, 1994; Wilk, Arrigo, & Andrews,
1997). Tension in the inferior glenohumeral ligament is produced when rotation of the
humerus is present, creating a winding of the anterior joint capsule and a compressive
force that centers the humeral head on the glenoid (Goehlke, Essigkrug, & Schmitz,
1994). This mechanical centering of the humeral head makes the anterior band of the
inferior glenohumeral ligament complex the most important stabilizing structure of the
shoulder in the overhead athlete (Peat & Culham, 1994). Knowledge of glenohumeral
ligamentous support prompts utilization of a more specific stress test for the inferior
glenohumeral ligament complex in assessing anterior glenohumeral laxity. Use of OMR

technology may provide objective measurements that display the integrity of static
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stabilizers and quantify the amount of glenohumeral translation. The ligamentous
components of glenohumeral stability are necessary for proper function, yet the role of
the dynamic stabilizers is also a critical component for shoulder movement.
Dynamic Stabilizer Mechanics

The rotator cuff, comprised of the supraspinatus, infraspinatus, teres minor, and
subscapularis, are considered to be the dynamic stabilizers of the glenohumeral joint, and
originate from the scapula and insert on the humeral head at the greater and lesser
tuberosities (Kvitne & Jobe, 1993). (See Figure 3). The main function of the rotator cuff
muscles is to depress the humeral head to clear the acromion and to dynamically rotate
the humerus, as well as provide dynamic stability to the glenohumeral joint (Howell, &

Kraft, 1991; Starkey, & Ryan, 1996). Other muscles that

Figure 3. Rotator Cuff Muscles

Note: (http://sechrest.com/mmg/shoulder/graphics/rotcuf.jpg), public domain.

contribute to glenohumeral stability include the long head of the biceps, deltoid, teres
major, latissimus dorsi, and pectoralis muscles (Wilk, Amrigo, & Andrews, 1997). A

combined contraction of these muscles during active arm movements provides dynamic
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stability and centering of the humeral head on the glenoid fossa (Wilk, Amigo, &
Andrews, 1997).

Anterior glenohumeral stability is influenced by the muscles of the rotator cuff,
mainly the infraspinatus and teres minor. Cain et al (1987) demonstrated that the
infraspinatus and teres minor are important during the cocking phase of a throwing
motion by reducing the amount of external rotation of the humerus. Reducing the
amount of external rotation of the humerus reduces the amount of strain on the inferior
glenohumeral ligament thus reducing the potential for laxity. Normal glenohumeral
motion is affected if any of the rotator cuff muscles become fatigued transferring
increased amounts of rotational stress on the glenohumeral ligamentous structures. At
this point static stabilizers accept forces that would normally be controlled by dynamic
stabilizers, the glenohumeral joint experiences accessory movements and subsequent
injury (Chen et al., 1999; McCluskey & Getz, 2000; Wilk, Arrigo, & Andrews, 1997).
Abduction, external rotation, and extension (late cocking phase of throwing motion) of
the humerus places the joint in the most susceptible position for dislocation and
subluxation (Branch, Avilla, London, & Hutton, 1995). Posterior humeral head
translation occurs during the late cocking stages of a throwing motion in an
asymptomatic shoulder, demonstrating good rotator cuff control (Cain et al., 1987;
Kvitne & Jobe, 1993; Wilk, Arrigo, & Andrews, 1997). In contrast, a symptomatic
shoulder with anterior instability will not experience normal posterior translation (Cain et
al., 1987; Kvitne & Jobe, 1993; Wilk, Arrigo, & Andrews, 1997). Instead, the dynamic
stabilizers become fatigued by accommodating for the laxity in the static stabilizers, and

in an effort to hold the humeral head centered on the glenoid, excess translation then



occurs, (Cain et al., 1987; Kvitne & Jobe, 1993; Wilk, Arrigo, & Andrews, 1997) which
may lead to secondary impingement.

Proper function of the dynamic and static stabilizers of the glenohumeral joint is
necessary to provide joint stability. The function of the dynamic stabilizers serves to
safeguard the integrity of the static stabilizers (Cain et al., 1987). The glenohumeral joint
becomes unstable and experiences abnormal, unwanted movements without the integrity
of the static stabilizers and dynamic stability provided by the rotator cuff.

A multitude of injuries can occur due to inadequate glenohumeral joint stability.
These injuries may occur to any of the static stabilizers secondary to the dynamic
stabilizers lack of function. For example, if the infraspinatus and teres minor do not
function to prevent the humeral head from externally rotating into a range where the
anterior static stabilizers are unable to stabilize, the anterior static stabilizers may become
stretched and expose the joint to injury. When the static stabilizers do not function
properly to contain the humeral head within the glenoid fossa, the dynamic stabilizers are
required to work harder to compensate for the lack of static stability leading to secondary
impingement. Understanding the importance of the soft tissue structures that contribute to
glenohumeral joint stability provides necessary knowledge for evaluating and assessing
the glenohumeral joint. A thorough evaluation of glenohumeral injuries and laxity will
expedite the correct treatment plan and necessary rehabilitation to minimize time loss.

Glenohumeral Examination Techniques

Examination of the glenohumeral joint ranges from subjective manual

examination, examination under anesthesia (EUA), to objective kinematic X-ray, KT-

1000 arthrometer measurements, magnetic resonance (MR) arthrography and magnetic
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resonance imaging (MRI). The manual examination remains the standard examination
practice. The purpose of manual examination is to determine if abnormalities are
suspected, and request a more visually detailed investigation for accurate diagnosis.
Manual laxity examination techniques of the capsule and ligaments of the glenohumeral
joint require the examiner to recognize the amount of force applied on the joint, estimate
the movement occurring at the joint, and consciously compare the response of the joint
that would be expected in a non-impaired shoulder (Keating, Matyas, & Bach, 1993).
The “load and shift” test requires that the examiner subjectively center the humeral head
on the glenoid and apply subjective amounts of anteriorly and posteriorly directed forces
on the humeral head and evaluate the amount of translation present. The subjective
nature of this process makes it potentially unreliable and susceptible to error within and
between examiners (Pizzari, Kolt, & Remedios, 1999). Therefore quantitative measures
of joint translation are necessary for accurate and reliable assessment of glenohumeral
joint laxity (Harryman, Sidles, Harris, & Matsen, 1992).

The availability and clarity of radiographic devices such as X-ray and more
recently MRI, and MR arthrography, has allowed for more in depth and accurate results
in glenohumeral examination. Until OMR became available, all radiographic
examinations of the glenohumeral joint were in a static position or in static progressions
throughout a typical range of motion. OMR imaging enables examiners to perform stress
tests on the glenohumeral joint while providing MRI quality films of the movement
present or damaged structures within the joint. The closest comparison to open MR
imaging is MR arthrography. MR arthrography involves injecting the glenohumeral joint

with gadolinium to distend the joint for greater description and contrast of the internal



structures during MRI evaluation in a classic stationary position (Vellet, Munk, & Marks,
1991). The advantages of OMR over conventional examination techniques include the
facts that X-ray aids in the evaluation of bone. Standard MRI films allow static
examination only and is often uncomfortable for subjects. Kinematic MRI allows for
images in range of motion intervals, and examination under anesthesia requires life
support and anesthetic medication and an anesthesiologist for supervision. These
techniques do not provide the comfort and ability of OMR. OMR allows active and
passive ranges of motion to be examined, permits the examiner to apply stress tests (See
Figure 4), directly to the subject, and provides the same distinct quality inherent to MRI
(Beaulieu et al., 1999). With the ability to manipulate the subject passively or actively,
OMR imaging aliows a more in depth evaluation of the glenohumeral joint because of the
open configuration of the unit where a subject and examiner can be present during the

examination.

Figure 4. OMR Stress Test (Arrow indicates direction of force and examiner’s thumb)

Note: (http://radiology.rsnajnls.org/cgi/content/full/212/3/699), public domain.

Currently little research exists pertaining to the use of open magnetic resonance

imaging and anterior glenohumeral translation. Beaulieu et al (1999) examined normal
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glenohumeral relationships during physiologic ranges of motion and also performed
preliminary investigation on stress testing of the glenohumeral joint. Beaulieu et al
(1999) found that in the five subjects and ten shoulders, the humeral head remained
centered on the glenoid fossa during active movement via the combined contractions of
the dynamic stabilizers. Beaulieu et al (1999) also examined anteriorly directed forces on
the humeral head resulting in as much as 6-millimeters of anterior translation (1999).
This finding suggests OMR is useful in objectively evaluating anterior glenohumeral
translation in asymptomatic subjects.

In a follow up study Hodge et al (2001) investigated glenohumeral alignment in
asymptomatic and symptomatic shoulders using OMR and examination under anesthesia.
Open MR imaging was found to accurately assess instability using the “load and shift”
test in 6 of 11 shoulders, but underestimated the degree of instability in the remaining
five shoulders (Hodge et al, 2001). The load and shift test requires the examiner to
subjectively place the head of the humerus centered in the glenoid and then provide
anteriorly and posteriorly directed forces to subjectively determine the amount of
translation. Overall, OMR underestimated glenohumeral instability when compared to
examination under anesthesia in 7 of 10 post surgical shoulders (Hodge et al, 2001). In
theory, examination under anesthesia provides more conclusive results than open
magnetic resonance imaging. The inactivity of the dynamic stabilizers, which results
from general or local anesthesia, presumably provides more accurate results.
Anesthetizing an asymptomatic subject may demonstrate large amounts of laxity in an

otherwise normal shoulder, thus the stability of the glenohumeral joint should be
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examined in an awake state to accurately assess the integrity of all contributing factors,
including the integrity of supporting musculature.

Humeral head positioning is crucial during glenohumeral examination. A seated
load and shift test in 45 to 90 degrees of abduction and external rotation should be
performed to assess anterior capsular structures. The anterior band of the inferior
glenohumeral ligement complex is taut and provides the most stability against anterior
translation in 45 to 90 degrees of abduction (Baker & Merkley, 2000). Examination in a
position of abduction, external rotation, and extension is imperative. In this position the
anterior stabilizers are maximally stretched, compressing and centering the head of the
humerus on the glenoid. An examination in any other humeral position would not assess
all the involved structures in the position of optimal contribution to anterior glenohumeral
stability. Conventional MRI units do not allow this necessary abduction and external
rotation examination position to occur, but OMR imaging allows this position to be
applied and directed by the examiner while images are recorded. With OMR imaging
used to evaluate a dynamic joint such as the shoulder, choosing a test position relative to
the structures of interest is important. Evaluating a joint for ligamentous stability in a
position where the ligament is not providing support is not valid or advantageous to
injury assessment. Therefore, evaluation of anterior stability of the glenohumeral joint
should take place in the abducted and externally rotated position using an objective
device that allows for this range of motion. The OMR can accommodate the necessary
range of motion to evaluate a glenohumeral joint, however the reliability of the machine

has yet to be determined for assessing glenohumeral translation.
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Summary

The complexity of the glenohumeral joint and its synchronous movements are
necessary for normal shoulder activities to occur. The large range of motion inherent to
the shoulder creates an environment that exposes the joint to possible laxity, instability,
and secondary injuries. Understanding glenohumeral anatomy and functions of the joint
structures necessary to support the shoulder at rest and during activity provides the
clinician with a knowledgeable approach to evaluation. A myriad of injuries can occur at
this joint. Some shoulder injuries are undetectable by manual examination alone,
necessitating further means of evaluation, i.e. OMR. The clarity and definition of OMR
images provide optimal non-invasive evaluation techniques of anatomic structures.
Combine the fact that active and passive ranges of motion, and manual stress tests may be
applied to the glenohumeral joint while MR images are taken, and OMR imaging
becomes more attractive. Considering the detail OMR imaging provides, this method of
examination should be the choice for glenohumeral evaluation when manual examination
needs to be augmented. The use for this technology to assist in dynamic examination
procedures is visible, but the reliability of the equipment has yet to be proven
experimentally. This project will attempt to determine the reliability of anterior

glenohumeral translation using open MR imaging.
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Chapter 3
METHODS and PROCEDURES

The purpose of this study is to determine intratester and intertester reliability
using OMR in conjunction with manual glenohumeral stress testing while examining
anterior glenohumeral translation. This section will be divided into the following six
sections: subjects, open magnetic resonance configuration, testing procedures, data
collection, data analysis, and pilot study.

Subjects

Participants four volunteer male subjects (8 shoulders) with no previous history of
recent shoulder pathology. Shoulder pathology, i.e. shoulder pain or instability, were
determined by subjective reporting on a survey to be completed prior to examination.
Subjects were excluded if they report previous shoulder injury requiring immobilization
or surgery within the past 5 years. The participants varied in age from 24 to 33 years of
age. Informed consent was obtained from all participants prior to examination. The
project was approved by the Human Subjects Review board of San Jose State University
and Stanford University prior to testing. There were four testers, one athletic trainer, one
physical therapist, and two physicians, all with more than S years experience.

Open Magnetic Resonance Imaging Configuration

Subjects were examined in a seated upright position in a vertically-open
configuration, 0.5T MR scanner (Signa SP, GE Medical Systems, Milwaukee, WI). A
flexible transmit-receive RF coil (single loop large crown coil) was placed around the

shoulder. Fast gradient-echo imaging sequences were used under the following
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parameters: TR 19.8 msec, TE 7.2 msec, flip angle 30-40 degrees, 256 x 128 matrix,
FOV 24-30 cm, slice thickness 7-mm, | NEX. Sequential, single slice images were
acquired at a rate of approximately 1 image per second. The imaging parameters as listed
were chosen to provide the fastest possible image acquisition providing images of
diagnostic quality (Hodge et al., 2001).
Testing Procedures

The open magnetic resonance unit was calibrated prior to each subject evaluation.
Subjects were examined in the seated upright position with the scapula stabilized by the
examiner’s hand. The order in which subject’s shoulders were examined was previously
determined prior to examination. Three images were taken on each shoulder at the point
of maximal anterior translation by each examiner. To ensure accuracy, a neutral image
was taken prior to measuring anterior glenohumeral translation with the load and shift
examination technique. The “load and shift” test requires the examiner to center the
humeral head on the glenoid, then apply an anteriorly directed force on the posterior
aspect of the humeral head. After the first shoulder was examined by each tester, the
same seated upright position was used on the second shoulder for examination using the
exact same protocol. Once all the images were complete, a computer analysis of the
images was produced. The testing procedures were reproduced one month after the
initial OMR examination for intratester realiability determination. Several authors have
performed test retest evaluations at intervals of 2 to 8 days after initial evaluation (Brandy
& McLaughlin, 1993; Cross, Johnson, & Agre, 1991; Feiring, Ellenbecker, & Deischeid,

1990; Francis & Hoobler, 1987; Gross, Huffman, Phillips, Wray, 1991).



Data Collection

The center of the humeral head was determined by prescribing a circle around the
humeral articular surface on the images produced after all images have been collected.
The center of the circle was then be defined as the center of the humeral head (Beaulieu
et al., 1999). Margins of the glenoid were used to construct a line along and parallel to
the glenoid fossa. The geometric center of this line determined the center of the glenoid
fossa (1999). Centering of the humeral head will be determined by constructing a
perpendicular line from the humeral head center to the glenoid line (1999). Using this
method, the position of the humeral head was accurately determined in any shoulder
position by applying the prescribed circle, parallel and perpendicular lines to the humeral
head in comparison to the glenoid. Millimeters of translation were then be calculated and
serve as the determining measure of laxity.

Data Analysis

The data collected was analyzed using SPSS (Statistical Package for Social
Sciences). Intraclass correlation (ICC) was used to determine reliability within and
between examiners.

Pilot Study

A pilot study was performed to determine the most accurate and clinically
valuable test position of the subject in the OMR scanner. One male subject was
examined by two testers using the methods described above in the scanner and using the
seated upright test position in conjunction with the load and shift test. The testers were

one athletic trainer with 5 years experience and one physician with 15 years experience.
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