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Abstract

Background: The most effective method and modality for measuring glenoid version for different shoulder conditions is
uncertain. Computed tomography (CT) imaging exposes the patient to radiation, and standard magnetic resonance imaging
(MRI) does not consistently image the entire scapula. This study investigates the reliability of a new method for assessing
glenoid version using routine shoulder MRI.

Methods: MRI images of 20 patients undergoing arthroscopy for shoulder instability were independently assessed by
3 clinicians for osseous and chondrolabral glenoid version. To assess glenoid version, a line was drawn from medial
corner of the glenoid body to midpoint of the glenoid face. A line perpendicular to this was the reference against which
to measure glenoid version. Measurements were repeated after 3 months to assess intra- and interobserver reliability.
Reliability was determined using intraclass correlation coefficients (ICCs).

Results: Interclass correlation coefficients showed at least good reliability for most estimates of intraobserver reliability
(ICC > .66) and excellent reliability for most estimates of interobserver reliability (ICC > .84), with the exception of some
inferior glenoid measurements where ICC was poor (ICC <.A41).

Discussion: We propose that this new method of measuring glenoid on standard axial MRI can be used as a simple,
practical, and reliable method in shoulder instability patients, which will reduce the requirement for CT in this group.
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Introduction glenoid version on pathologies and when planning

shoulder arthroplasty to enable accurate implantation
of the glenoid prosthesis and augmentation.**"?
However, opinions differ regarding the most effective

Glenoid version has been implicated in various shoul- iﬁ%a_ging mod:ality aI_ld measurement teghnique for deter-
der pathologies including instability, glenoid labral mining glengld version. Different imaging and measure-
damage, rotator cuff injury, and joint degeneration.!™ ment techniques have produced different degrees of

5 version."”
For example, Kim et al. ° showed a positive correlation )
between both osseous and labral glenoid retroversion

The glenoid fossa of the scapula does not always lie in a
plane perpendicular to the axis of the scapular body.'
This variation in angle is known as glenoid version.

and patients with posterior instability. Glenoid version
is also an important factor in preoperative shoulder
arthroplasty planning.®” Tétreault et al.'’ and Tokgoz
et al.'' demonstrated a relationship between glenoid ver-
sion and rotator cuff pathology; however, this relation-
ship has not been found in all studies.'*"?

Taking valid and reliable measurements of glenoid
version is important when studying the influence of
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Friedman et al.' used computed tomography (CT)
images (single axial image per scan) to measure glenoid
version relative to a reference line drawn from midway
between the anterior and posterior margins of the gle-
noid fossa to the medial edge of the scapula at the mid
glenoid level; glenoid version was the angle of the gle-
noid face against this reference line. Friedman et al.’s
reference line was adopted by Kim et al.;> however,
they used magnetic resonance imaging (MRI) and the
plane of the scapula body as the reference line against
which to measure glenoid version. Randelli and
Gambrioli'* used the general axis of the scapula body
as the reference line against which to measure glenoid
version using CT, whereas Tétreault et al. used an axis
along the supraspinatus fossa at a superior glenoid level
as a similar reference point using MRI.'*!3

Compared with CT, MRI is increasingly used to visu-
alize shoulder pathology because of its superior ability to
visualize soft tissues which is particularly important
when assessing rotator cuff disorders and glenohumeral
instability. Improved visualization of soft tissues also
allows for chondrolabral glenoid versions to be deter-
mined, which is important given the glenoid labrum’s
contribution to glenohumeral stability. However, MRI
sequences for glenohumeral pathology do not routinely
include the entire scapula in the axial plane, which is
necessary for determining glenoid version using the
methods described by the above authors.!>'* Tétreault
et al.’s'® method allows the assessment of glenoid version
without visualization of the whole scapula; however, this
method, which uses CT, does not allow for the compar-
ison of glenoid version at different points along the gle-
noid, along which morphology can significantly vary, as
provided by Kim et al.’s” method.

The aim of this study was to describe a new method of
glenoid version measurement using MRI and assess its
test—retest reliability. The method is a modification of
Kim et al.’s” technique and is designed to allow osseous
and chondrolabral glenoid version to be determined
without needing the entire scapula to be imaged. The
relationship between osseous and chondral glenoid ver-
sion was also analyzed.

Materials and Methods

The study was approved by the institution’s Human
Research Ethics Committee (ref 13/65).

Participants

Preoperative MRIs of 20 patients undergoing arthro-
scopic surgery for symptomatic shoulder instability
and labral tear at arthroscopy were included. The
mean age was 26.9years (standard deviation 5.7,

range 16-36years). A total of 15 participants (75%)
were males.

Imaging

MR arthrography and conventional MRI were per-
formed on a 3 T system (Siemens Trio) using a dedicated
Siemens 4-channel shoulder coil. From the routine
shoulder protocol, the sequence used for the MR arthro-
gram analysis was the turbo-spin-echo (TSE)
T1-weighted axial fat-saturated (FS) images
(Repetition time/Echo time (TR/TE), 797/11; section
thickness, 3 mm; intersection gap, 0.4 mm; field of view
(FOV) 14 cm; matrix, 224 x 320). The sequence used for
the noncontrast MRI was TSE axial proton density FS
images (TR/TE, 3310/39; section thickness, 3 mm; inter-
section gap 0.4mm, FOV 14 cm; matrix, 192 x 320).

Images were taken with each participant supine, with
the arm beside the trunk, the shoulder in slight external
rotation, the elbow fully extended and the forearm
supinated.

Measuring Glenoid Version

Using the coronal image at mid glenoid as a reference,
images were obtained at 25%, 50%, and 75% points
along the long axis of the glenoid in the coronal view
(Figure 1). These images were used to measure the osse-
ous and chondrolabral glenoid versions. First, a refer-
ence line was drawn from the midpoint of the transverse
glenoid diameter at the level of the articular surface as
used by Kim et al.;> however, in contrast to Kim et al.,
the second reference point for this line was the medial
aspect of the glenoid body, which is the point at which

Figure 1. The three cuts shown in the sagittal plane at 25%, 50%,
and 75% of glenoid height.
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the glenoid body narrows to form the scapula body
(Figure 2, line N).

The angle between a line perpendicular to this refer-
ence line and a line drawn through the most lateral
prominence of the anterior and posterior aspects of the
glenoid labrum defined the chondrolabral glenoid ver-
sion (Figures 2 and 3, line L).

The angle between a line perpendicular to the refer-
ence line and a line drawn through the anterior and pos-
terior aspects of the osseous glenoid rim defined the
osseous glenoid version (Figures 2 and 3, line O).

Negative angles represented retroversion and positive
angles represented anteversion. Three observers indepen-
dently measured chondrolabral and osseous glenoid ver-
sions for all patients. Observers were junior medical
officers who were trained in the measurement technique
by the senior investigator, an orthopedic surgeon spe-
cializing in upper limb surgery.

To assess intraobserver reliability, the measurements
were repeated by each observer 3 months later on 9 ran-
domly selected participants. Observers could not access
or review their prior measurements when repeating the
measurements at 3 months.

All measurements were performed on the picture archiv-
ing and communications system monitor (BARCO
E-3621) with use of a mouse pointer (cursor) and automat-
ed computer calculation of the angle and length.

Statistical Analysis

Descriptive statistics were calculated for the osseous
and chondrolabral measurements of glenoid version.

Figure 2. A line is drawn from the medial corner of the glenoid
vault to the point half way along the glenoid face in the transverse
plane (line N). A line perpendicular to line N is neutral version.
Osseous (line O) and labral (line L) are then measured relative to
neutral version.

An Anderson—Darling test was used to assess data nor-
mality. Interobserver and intraobserver reliability were
assessed using intraclass correlation coefficients
(ICCs).'® Interobserver reliability was determined by
comparing the 3 observers’ scores for each chondrola-
bral and osseous measurement. Intraobserver reliability
was determined by comparing each observer’s first mea-
surement with their second measurement taken 3 months
later for each chondrolabral and osseous measurement.
ICCs were interpreted as <0.40 was poor reliability,
0.40-0.59 fair, 0.60-0.74 good, and >0.74 excellent reli-
ability.!”” We used ICCs because it measures concor-
dance between measurements, whereas correlation
coefficients such as Pearson’s r measure linear relation-
ship but not agreement. Statistical analysis was per-
formed using Statistical Package for the Social Sciences
(SPSS), IBM, version 17. Linear regression was con-
ducted to establish the relationship between osseous
(dependent variable) and labral version.

Results

Glenoid and chondrolabral versions were retroverted on
average 6.0° to 10.2°, respectively (Table 1). Average
measurements obtained between observers were similar,
with no more than 1.9° difference between average meas-
urements. Intraobserver reliability was good to excellent
for the glenoid osseous measurements (ICC: .66—.88,
P < .05; Table 2), and excellent for all chondrolabral
measurement (ICC>.78; Table 3) except for one

Glenoid version measurement on standard MRI

Figure 3. These measurements can then be simplified to be
represented by an isosceles triangle where the osseous (line O)
and labral (line L) version are independently measured relative to
the base of the triangle.
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Table I. Glenoid Version at Initial Measurement for Each Observer.

Osseous Version

Chondrolabral Version

Mean (SD) Mean (SD)
Superior Middle Inferior Superior Middle Inferior
Observer | -82(54) -9.5 (3.9) 7.9 (4.5) -8.6 (5.2) 9.9 (3.2) —9.3 (44)
Observer 2 -9.8 (5.2) -9.7 (4.0) 7.5 (5.8) -9.7 (5.3) -10.2 (3.7) -9.5 (4.8)
Observer 3 9.1 (5.3) -9.5 (4.2) —-6.0 (5.0) -9.3 (4.9) -9.9 (3.8 9.1 (5.2)

Superior, middle, and inferior represent 25%, 50%, and 75% along the long axis of the glenoid in the coronal view. A negative value indicates retroversion.

Table 2. Intraobserver Reliability: ICCs for Glenoid Osseous
Measurements.

Superior Glenoid Middle Glenoid Inferior Glenoid

(95% ClI) (95% Cl) (95% ClI)
Observer | 0.84 (0.77-0.88) 0.88 (0.82-0.91) 0.7 (0.57-0.84)
Observer 2 0.83 (0.74-0.88) 0.81 (0.71-0.88)  0.66 (0.48-0.81)
Observer 3 0.71 (0.61-0.79) 0.67 (0.58-0.77)  0.82 (0.75-0.86)

N =9 for all ICCs; P <.05 all ICCs; “superior,” “middle,” and “inferior”
represent 25%, 50%, and 75% along the long axis of the glenoid in the
coronal view.

Table 3. Intraobserver Reliability: ICCs for Chondrolabral
Measurements.

Superior Genoid Middle Glenoid Inferior Glenoid

(95% CI) (95% CI) (95% Cl)
Observer | 0.78 (0.69-0.84) 0.97 (0.93-0.98)  0.41* (0.19-0.79)
Observer 2 0.90 (0.86-0.91) 0.87 (0.79-0.89)  0.91 (0.87-0.92)
Observer 3 0.85 (0.79-0.87) 0.89 (0.82-0.92)  0.91 (0.87-0.93)

N =9 for all ICCs; P <.05 except *; “Superior,” “Middle,” and “Inferior”
represent 25%, 50%, and 75% along the long axis of the glenoid in the
coronal view.

which was poor (ICC: .41). Interobserver reliability for
both osseous and chondrolabral measurements were typ-
ically excellent (ICC > .84; Table 4); however, 1 ICC was
poor (ICC: .30).

Regression analysis of the relationship between osse-
ous and labral version, at all axial levels measured, indi-
cated that the measurements were highly correlated.
Each 1° change in labral version resulted in a 0.99°
change in osseous version.

Discussion

This study assessed the reliability of a new method of
assessing glenoid version using MRI. Results indicated
good to excellent interobserver and intraobserver reli-
ability for most measurements. Inferior glenoid measure-
ments were the most difficult to reliably measure as the
bony and chondral landmarks became less clear as
the glenoid began to narrow in the transverse plane.

Given the poor reliability of osseous inferior glenoid
measurements, greatest weight should be given to the
interpretation of superior and middle cuts. We propose
this method as an alternative to studying glenoid version
at multiple levels in instances where the whole spine of
the scapula cannot be visualized on MRI due to limita-
tion of the field of view.

In 2012, Poon and Ting® proposed another method
for measuring glenoid version on CT imaging. Similar to
our method, they did not use the plane of the scapula as
a reference point but rather a point at the junction at
which the medial angle of the glenoid endosteal vault
meets the body of the scapula in the axial plane.
Interobserver and intraobserver reliability was excellent
(ICC >.95), and average disagreement between observ-
ers was 1.6° and within observers 1.5°. Poon and Ting
opted not to use the traditional landmark of the glenoid
face midpoint as a reference citing concern about the
accuracy of this point in an osteoarthritic shoulder.
This was not a limitation in our young patient group,
none of whom had degenerative changes.

Matsumura et al.'® used a similar measurement tech-
nique to this study to assess osseous glenoid version for
preoperative planning in shoulder arthroplasty; howev-
er, they used only one measurement in the axial plane in
the middle of the glenoid cavity and used CT imaging
rather than MRI. Their findings were similar to our
results, demonstrating excellent intraobserver and inter-
observer reliability (ICC > .90). Matsumura et al. also
compared the glenoid vault method with the traditional
scapula body method and found good Ilevels of
agreement.

The glenoid labrum plays an important role in gleno-
humeral stability, and it is necessary to consider its con-
tribution to glenoid version.’ MRI allowed us to
compare osseous and chodrolabral versions and we iden-
tified high correlation between the two measurements
suggesting they could be used interchangeably in our
population.

The results of this study should be interpreted in light
of its limitations. First, it was not always possible to
identify a representative axial cut exactly at the glenoid
points of 25%, 50%, and 75% in the sagittal plane.
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Table 4. Interobserver Reliability: ICC for Osseous and Chondrolabral Measurements.

Superior Glenoid

Middle Glenoid

Inferior Glenoid

Osseous Chondrolabral

Osseous

Chondrolabral Osseous Chondrolabral

ICC (95% Cl)  0.84 (0.76-0.88)  0.88 (0.82-0.90)

0.86 (0.81-0.89)

0.86 (0.80-0.89)  0.30* (0.09-0.68)  0.90 (0.86-0.91)

N =20 for all ICCs; P <.05 except *; “Superior,” “middle,” and “inferior” represent 25%, 50%, and 75% along the long axis of the glenoid in the coronal view.

However, cuts should typically occurred 1.5mm either
side of the quartile marks. The sample size was relatively
small; despite this, 95% confidence intervals for most
ICCs were less than 0.1, suggesting that the point esti-
mate is an accurate measure. Participants were mostly
young males with shoulder instability, and further study
is required before the technique can be confidently used
with degenerative shoulders and preoperative arthro-
plasty planning. Three-dimensional CT reconstructions
have been proposed to help reduce error caused by scap-
ular positions such as rotation or inclination.'®'” This
reconstruction is not routinely available with MRI; this
remains a limitation when assessing glenoid version mea-
surement on current MRI. However, CT imaging is not
a universal standard of care in all cases of instability or
rotator cuff injury and our new method may have benefit
where MRI is the sole imaging modality. Finally, the
study investigates the reliability of a new method for
assessing glenoid version. Further work is required to
investigate its validity by comparing it to established
methods.

This new method is quick and simple to perform and
enables measurement of both osseous and chondral gle-
noid versions in the research setting but also on routine
MRI scans carried out in clinical practice. With a grow-
ing number of studies looking at the relationship
between glenoid version and nonosteoarthritic shoulder
pathology such as instability,>> rotator cuff patholo-
gy,'"!"" and labral damage,® and others correlating
other MRI bony measurements with shoulder patholo-
gy,”% ? this method aims to facilitate further research in
this area and will hopefully have positive implications
for the prognosis, surgical indication, and management
of this group of patients with shoulder pathology.

Conclusion

With MRI being an increasingly common imaging
modality in the assessment of shoulder instability and
rotator cuff disease, this method of measuring glenoid
version demonstrates good to excellent intra- and inter-
observer reliability, particularly in the middle and upper
glenoid. Future research is required to determine the
reliability of the technique in degenerative shoulder
conditions.
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