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Abstract

Purpose The main purpose of this study is to establish which
of two methods is more reliable in glenoid assessment for in-
stability in pre-operative planning. Accordingly, we have stud-
ied the intra- and inter-observer reliability of glenoid parameters
with the use of two-dimensional (2D) and three-dimensional
(3D) reconstructed computed tomography (CT) images.
Methods One hundred glenoids were measured with the use
of 2D-CT and 3D-CT (in 3D orientation) by two independent
observers (one experienced and one inexperienced).
Measurements were repeated after one week for 30 randomly
selected glenoids.

Results The intra-class correlation coefficient (ICC) for inter-
observer reliability was significantly greater for 3D-CT (0.811
to 0.915) than for 2D-CT (0.523 to 0.925). All intra-observer
reliability values for 3D-CT were near perfect (0.835 to
0.997), while those for 2D-CT were less reliable (0.704 to
0.960). A dependent #-test showed that, for both observers,
almost all glenoid parameters (except R and d) differed sig-
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nificantly (p <0.05) between 2D and 3D measurement
methods.

Conclusions Therefore, it can be concluded that 3D
glenoid reconstructions are more reliable for glenoid bone
loss assessment than 2D-CT. The results suggest that
quantifying a glenoid defect with the use of 2D image
only—even if performed by an experienced orthopaedic
surgeon—is prone to errors. Differences in measurements
between and within observers can be explained by plane
setting and identifying glenoid rim in 2D-CT.
Accordingly, we recommend that glenoid measurements
should be performed in 3D orientation using 3D recon-
struction obtained from CT images for pre-operative as-
sessments, which are crucial for surgical planning.
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Introduction

Accurate assessment of glenoid bone loss is important in pre-
operative decision making and planning. Significant glenoid
defects lead to increased risk of recurrence following arthro-
scopic shoulder stabilisation techniques [1, 2]. The choice of
operative procedure for shoulder instability is predominantly
based on the calculation of glenoid bone loss [3—5]. The bone
loss might also affect the selection of the treatment method in
other circumstances (posterior instability, osteoarthritis) [6—S8].
Accurate measurement of glenoid parameters is challenging,
and thus of great interest in clinical research [7]. The first
studies which focus on intra- and inter-reliability have shown
unsatisfactory precision of measurement of radiographic pa-
rameters used to quantify a glenoid retroversion [9, 10]. The
low reproducibility of X-ray evaluation results from great var-
iation in scapular positioning, which affects identification of
homological points on this bone [11, 12]. Nevertheless, radio-
graphic imaging is still widely used in shoulder instability to
assess the presence or absence of bony abnormalities, frac-
tures, Hill-Sachs lesion or any other pathologic changes in
the joint [13—16]. Additionally, roentgenographic examination
is used in the following: post-operative assessment of changes
in the implant position after total shoulder arthroplasty (TSA)
[7, 17, 18], measuring glenoid version [19], detection of scap-
ular fractures [20], or evaluation of reverse shoulder
arthroplasty (RSA) [21]. However, due to certain limitations
of this method several research projects focus on comparing
the reliability of radiographic imaging, two-dimensional (2D)
and three-dimensional (3D) computed tomography (CT).

Recent technological advancements allow for obtaining
better quality CT images, thus making it possible to receive
high-resolution three-dimensional reconstruction of the bone
which accurately reflects the anatomy of the glenoid [22].
Therefore, 3D reconstruction of the scapula allows accurate
prediction of the physiologic glenoid version [23]. According
to Hirschmann et al. [24] intra- and inter-observer reliability of
knee measurements were the lowest for radiographs, slightly
better for 2D-CT and highest for 3D-reconstructed images. In
turn, the study by Budge et al. [25] showed that 2D-CT and
3D-CT methods are characterised by a high degree of intra-
and inter-observer reliability. Nevertheless, correcting 2D
measurements by the 3D model of the bone might give better
accuracy of glenoid version assessment [12]. Additionally,
recent data have shown that 3D reconstruction could provide
reliable assessment of component position after TSA [7], re-
liable measurement of glenoid version [26] or adequately
quantified erosion in type B glenoids [27].

So far, research which quantified glenoid osseous defects
in patients with anterior instability has usually used 2D mea-
surement on 2D-CT, 3D-CT, MRI or photographs of the fresh
frozen scapulae [28-31]. However, using 2D measurement on
2D-CT or 3D-CT poses certain limitations. According to
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researchers, modern population display a diversity in glenoid
size and shape [32-35]. Moreover, flatness of the glenoid is
associated with increased retroversion [36, 37]; thus, 2D im-
ages of the articular surface may vary among patients with
different levels of shoulder instability. Additionally, setting
the scapula in en face plain might be problematic due to the
orientation of the glenoid fossa that might be variable and
difficult to assess [6, 27]. Even slight discrepancies in plane
setting can lead to different linear measurements [38].

These limitations might be solved by the 3D measurement
method, but only a few studies have used it to assess the size
of a glenoid defect so far [39—41] and only one of these
assessed the reliability of the new method [40]. Moreover, in
all of these studies reproducibility of the parameters was com-
pared to the 2D measurement method. Thus, the main purpose
of the research is to compare the reliability of 2D with 3D-CT
measurements commonly used to assess the size of glenoid
defect. We have hypothesised that for glenoid bone loss diag-
nosis 3D measurements are more reliable than 2D measure-
ments. To test this hypothesis, we have computed intra- and
inter-observer errors for each method and compared them with
each other.

Material and methods

The analysed material consisted of CT images of the shoulder
of 100 patients (39 females and 61 males), ranging in age
between 20 and 85 (mean age 43.4, SD 16.4). The study
was approved by the ethical committee of the University of
Medical Sciences (number of permission: 437/13). In order to
ensure the anonymity of the patients, all personal information
was removed from CT imaging and each patient received their
individual number.

From 2009 to 2011, a retrospective study was conducted.
Computed-tomography scans of the shoulders of 100 patients
were randomly selected and included in the study by an expe-
rienced orthopaedic surgeon who was not involved in further
analysis of the reliability of the two compared methods.
Subsequently, the diagnosis of each patient, consisting of three
stages, was carried out by the same experienced researcher.

The first was a physical examination in order to identify
deformities, rotator cuff atrophy, scapular dyskinesia or frac-
tures. Next, a basic radiographic view was obtained. However,
since radiographs may fail to detect and quantify glenoid bone
loss, a 3D CT scan was used [5]. According to these three
stages, each patient was diagnosed as having or not having
traumatic shoulder instability. Therefore 63 out of 100 exam-
ined shoulders displayed signs of traumatic shoulder instabil-
ity. The remaining shoulders (37 out of 100) came from pa-
tients without glenoid bone loss but with traumatic fractures of
the upper thorax (e.g. clavicle, first rib, humeral head).



International Orthopaedics (SICOT) (2016) 40:2581-2588

2583

This was a retrospective case—control because all CT im-
ages came from the database of the patients with shoulder CT
performed in the radiology department of our university hos-
pital. All CT images were taken with the use of 32-slice CT
(Siemens Somatom Sensation) with the same standard chest
protocol by the same technician (slice thickness: 0.6 mm; k'V:
120, mAS/ref: 114/150, TIL 1.0, ¢SL: 0.6). The CT images.

2D measurement method

All the collected CT images were analysed using OsiriX MD
v. 6.5 64-bit software (Pixmeo). Before measuring, each
glenoid was set in transverse, sagittal and coronal plane, as
shown in Fig. 1. Then, various parameters of glenoid fossa
were measured using the following methods: Gerber and
Nyffeler [39], Griffith et al. [29], Sugaya et al. [41],
Barchilon et al. [28], Magarelli et al. [42] (for description
and visualisation of measurements see Table | and Fig. 2).
All of the measurements were independently performed by
two independent observers. One observer was an orthopaedic
surgeon experienced in shoulder surgery, whereas the other
had no such experience and was a medical student in training.
In order to demonstrate reproducibility of the measurements,
the observers repeated the same measurement parameters for
30 randomly selected glenoids after one week. The observers
were unaware of each other’s results.

3D measurement method

All the scapulae were reconstructed in 3D using 3D Slicer
software (version 4.4). 3D bone reconstruction was conducted

Fig.1 aleft glenoid in sagittal plane with Z and Y axis, b left scapula and
humerus in transverse plane with X and Z axis, ¢ left scapula and humerus
in coronal plane with X and Y axis

by one observer. To avoid any errors associated with 3D re-
construction, 30 randomly selected CT images were again
reconstructed with a week’s interval. Therefore, the average
distance between two reconstructed scapulaec was computed
using GOM Inspect software (version V8). In each pair, one
scapula was chosen to be a reference model, thus was trans-
formed to CAD file. Then, the other scapula from each pair
was transformed to a Mesh file and compared to the CAD file.
None of the average distances within pairs was greater than
0.15 mm. Thus, 3D bone reconstruction of CT images was
reliable.

Next, the same measurements as in 2D reconstruction were
performed with the use of GOM Inspect software (V8). This
software enables rotation of the object during the measuring
process and acquisition of 3D measurements in order to
achieve better localisation of points in the glenoid cavity. All
3D bone reconstructions were assessed by the same two inde-
pendent observers. After one week both raters repeated the
measurements for the same 30 randomly selected scapulae
as in 2D measurement.

Statistical analysis

Statistical analyses were performed using SPSS software (ver-
sion: 22.0.0.1) and Microsoft Office Excel. In order to show
which two measurement methods (2D and 3D) were
characterised by better reliability, inter-observer error was cal-
culated for 100 glenoid by means of Intra-class Correlation
Coefficient (ICC). Intra-observer reliability was assessed
using ICC for the 30 glenoids selected for repeat examination.

Values of ICC can range from 0 to 1, where 1 indicates
perfect reliability. The strength of the agreement was classified
according to Walter et al. [43]: very good (ICC>0.81), good
(0.61 <ICC<0.80), moderate (0.41 <ICC<0.60) and poor
(ICC<0.40). In order to compare ICC-values between 2D
and 3D measurement methods Fisher’s z-values were calcu-
lated. The dependent #-test was also carried out to analyse
whether glenoid cavity measurements carried out by two ob-
servers significantly differed between 2D and 3D methods.
The level of significance for ICC, Fisher’s test and dependent
t-test was accepted as p <0.05.

Results

Inter-observer error for the 2D and 3D measurement
methods

Table 2 shows the values of inter-observer reliability for the
2D and 3D measurement methods. The coefficient value of
ICC for the 2D measurement method was significant
(p <0.05) for all glenoid parameters except eroded area and
erosion edge, whereas all ICC values obtained for the 3D
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Table 1 Description of glenoid

measurements Measurement

Description

References

Circle area

Area of best fitted circle in the inferior glenoid rim

Sugaya et al. [41], Magarelli

et al. [42]
Eroded area Area of the missing part of circle area Sugaya et al. [41], Magarelli
et al. [42]
AP width The longest distance between the most anterior and posterior ~ Gerber and Nyffeler [39],
points of the glenoid fossa Griffith et al. [29]
SI height The longest distance between the most superior and inferior  Griffith et al. [29]

points of the glenoid fossa

Erosion edge

R The radius of the inferior glenoid circle

d Perpendicular line from the erosion edge to the centre of the

inferior circle

Length of the glenoid rim defect

Gerber and Nyffeler [39],
Griffith et al. [29]

Barchilon et al. [28]
Barchilon et al. [28]

Circle area — area of inferior glenoid circle, Eroded area — eroded missing area in the glenoid, AP width — the
longest distance between the most anterior and posterior points of the glenoid, SI height — the longest distance
between the most superior and inferior points of the glenoid, Erosion edge — length of the erosion edge, R — radius
of inferior glenoid circle, d — distance from the centre to the erosion edge

measurement method were significant (p <0.05). ICC values
for repeated measurements between two observers were very
good (circle area, AP width, SI height), good (R, d) and mod-
erate (eroded area, erosion edge) for the 2D measurement
method, whereas all obtained inter-observer reliability values
for the 3D measurement method were very good and signifi-
cant (p <0.05). Fisher’s test showed that the 3D measurement
method is significantly (p <0.05) more reliable for eroded
area, erosion edge, R and d, but less reliable for AP width.

Intra-observer error for the 2D and 3D measurement
methods

Table 3 shows the results for ICC and Fisher’s test for an
experienced observer using the 2D and 3D measurement
methods. All ICC values obtained for both methods are
significant (p <0.05). Intra-observer ICC values for the
2D method were near perfect for the following measure

Fig. 2 a three-dimensional reconstruction of the scapula without glenoid
bone loss, b three-dimensional reconstruction of the scapula with glenoid
bone loss. Description of the following measurements: A — area of the

@ Springer

ments: circle area, eroded area, erosion edge and d. For
parameters such as AP width, SI height and R, ICC values
were good. All coefficients for an experienced observer
using the 3D method were near perfect, attaining accept-
able levels. Fisher’s test showed that almost all glenoid
parameters were more reliable when measured using the
3D rather than the 2D method.

Table 4 shows the results for ICC and Fisher’s test compar-
ing the accuracy of the 2D and 3D measurement methods for
an inexperienced rater. ICC values for repeated measurements
by the second observer using the 2D method were very good
for circle area, eroded area, AP width and SI height and good
for erosion edge, R and d, whereas all intra-observer ICC
values for the 3D method were very good and significant
(p <0.05). Fisher’s test showed that, for an inexperienced rat-
er, almost all 3D-CT measurements showed significantly
(p <0.05) higher intra-observer reliability than 2D-CT
measurements.

glenoid, B — superior-inferior height, C — anterior-posterior width, D —
perpendicular line from the anterior edge to the centre of the circle, E — the
radius of the glenoid circle, F — eroded area, G — erosion edge
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Table 2 Values of inter-observer
reliability for 2D and 3D N

Inter-observer reliability 2D

Inter-observer reliability 3D Fisher’s test

measurement methods

ICC P ICC P z-value  p
Circle area 100 0.865 0.000 0.889 0.000 0.56 0.157
Eroded area 63 0.532 0.066 0.820 0.000 3.12 <0.001
AP width 100 0.925 0.000 0.821 0.000 221 <0.001
ST height 100 0913 0.000 0915 0.000 0.13 0.327
Erosion edge 63 0.523 0.063 0.811 0.000 3.10 <0.001
R 100 0.620 0.000 0.831 0.000 3.14 <0.001
d 100 0.720 0.000 0.833 0.000 2.01 <0.001

Circle area — area of inferior glenoid circle, Eroded area — eroded missing area in the glenoid, AP width — the
longest distance between the most anterior and posterior points of the glenoid, SI height — the longest distance
between the most superior and inferior points of the glenoid, Erosion edge — length of the erosion edge, R — radius
of inferior glenoid circle, d — distance from the centre to the erosion edge, N — number of studies, p — value of ICC
test and Fisher’s test (p <0.05), bold indicates significant differences of ICC test and Fisher’s test

Differences in glenoid measurements between 2D and 3D
methods

Table 5 shows the average values for glenoid measurements
and results of the dependent #-test for 2D and 3D methods. The
dependent #-test showed that for both raters (experienced and
inexperienced) almost all glenoid parameters significantly dif-
fered (p <0.05) between 2D and 3D measurement methods.
Only two glenoid parameters (R and d) showed no significant
differences between the two analysed methods.

Discussion

3D bone reconstruction from CT images is becoming widely
used in pre- and post-operative assessment [24-27, 40, 44].
However, of all research focussing on assessing glenoid bone
loss (see a scoping review in [12]), only one study analysed
3D-CT in 3D orientation [45], in which the object could be

freely rotated during the measuring process. Thus, rotation of
the glenoid cavity may enable more accurate localisation of
the borders of the articular surface.

Given the above mentioned advantages of 3D measure-
ments, the main purpose of this study was to investigate
inter- and intra-observer reliability of two different measure-
ment methods (2D-CT and 3D-CT) used for glenoid bone loss
evaluation. However, it should be taken into account that in
this research 3D-CT was analysed in 3D orientation. Due to
our focus on methods of assessing potential bone loss, 63 of
100 examined glenoids displayed signs of shoulder instability.
ICC values for inter-observer reliability for the 3D measure-
ment method were superior to those obtained for the 2D mea-
surement method. For the 3D measurement method all ICC
values were near perfect whereas in the 2D measurement
method only three glenoid parameters (circle area, AP width
and ST height) reached an acceptable level. All the remaining
measurements in 2D-CT were good (R, d) or moderate (erod-
ed area, erosion edge). Slightly better results were obtained for

Table 3 Comparison of intra-

observer reliability of the N Intra-observer reliability 2D Intra-observer reliability 3D Fisher’s test

experienced researcher between

2D and 3D measurement methods IcC p ICC p z-value  p
Circle area 30 0908 0.000 0.962 0.000 3.18 <0.001
Eroded area 23 0.846 0.000 0.835 0.000 0.26 0.397
AP width 30  0.801 0.000 0.962 0.000 3.20 <0.001
ST height 30 0722 0.001 0.977 0.000 3.70 <0.001
Erosion edge 23  0.878 0.000 0.963 0.000 227 0.004
R 30 0.798 0.006 0.930 0.000 1.79 0.004
d 30 0933 0.000 0.965 0.000 1.05 0.147

Circle area — area of inferior glenoid circle, Eroded area — eroded missing area in the glenoid, AP width — the
longest distance between the most anterior and posterior points of the glenoid, SI height — the longest distance
between the most superior and inferior points of the glenoid, Erosion edge — length of the erosion edge, R — radius
of'inferior glenoid circle, d — distance from the centre to the erosion edge, N — number of studies, p — value of ICC
test and Fisher’s test (p <0.05), bold indicates significant differences of ICC test and Fisher’s test
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Table 4 Comparison of intra-

observer reliability of the N Intra-observer reliability 2D Intra-observer reliability 3D Fisher’s test

inexperienced researcher between

2D and 3D measurement methods IcC p ICC P z-value  p
Circle area 30 0.960 0.000 0.983 0.000 1.37 0.085
Eroded area 23 0920 0.000 0.962 0.000 1.21 0.113
AP width 30 0941 0.000 0.997 0.000 3.90 <0.001
ST height 30 0952 0.000 0.978 0.000 1.42 0.048
Erosion edge 23 0.748 0.002 0.932 0.000 2.23 <0.001
R 30 0.704 0.001 0.932 0.000 252 <0.001
d 30 0.749 0.000 0.936 0.000 2.32 <0.001

Circle area — area of inferior glenoid circle, Eroded area — eroded missing area in the glenoid, AP width — the
longest distance between the most anterior and posterior points of the glenoid, SI height — the longest distance
between the most superior and inferior points of the glenoid, Erosion edge — length of the erosion edge, R — radius
of inferior glenoid circle, d — distance from the centre to the erosion edge, N — number of studies, p — value of ICC
test and Fisher’s test (p <0.05), bold indicates significant differences of ICC test and Fisher’s test

intra-observer reliability in the 2D measurement method. For
the experienced and the inexperienced rater four glenoid pa-
rameters were highly reliable (experienced observer: circle
area, eroded area, erosion edge, d; inexperienced observer:
circle area, eroded area, AP width, SI height) and three were
good (experienced observer: AP width, SI height, R and inex-
perienced observer: erosion edge, R, d). In turn, much better
ICC values for intra-observer reliability were obtained for the
3D measurement method, where all ICC values were very
good for the experienced and the inexperienced rater. The
results of Fisher’s test showed that ICC values for 3D-CT were
higher than for 2D-CT but not all differences were significant.

The dependent #-test showed that, for both observers, al-
most all glenoid parameters (except measurements R and d)
differed significantly between 2D and 3D measurement
methods. Other studies [22, 24, 46] showed that improve-
ments in computer performance enable the acquisition of very
detailed 3D models. Thus, differences in glenoid cavity

parameters do not result from inaccurate 3D reconstruction,
since R and d measurements showed no significant differ-
ences between the two methods (2D and 3D).

Sugaya et al. [41] quantified glenoid osseous defects in
patients with anterior instability based on two glenoid param-
eters (circle area and eroded area) measured in the sagittal
view of the 2D-CT and 3D-CT glenoid reconstructions. The
same glenoid parameters were used in Magarelli et al.'s [42]
research. They analysed inter- and intra-observer reliability of
the method used for anterior gleno-humeral instability assess-
ment based only on 2D-CT images. Magarelli et al. [42]
showed that measurement of glenoid bone defect in anterior
shoulder instability could be assessed based on 2D-CT im-
ages, with a very good intra-observer and inter-observer reli-
ability. In turn, Sugaya and co-workers [41] concluded that
2D-CT is not adequate for quantification and surgical plan-
ning because it did not show details of the glenoid rim. This
conclusion was not confirmed by inter- and intra-observer

Table 5 Average values for the

glenoids and results of dependent N Experienced researcher Inexperienced researcher

t-test for 2D and 3D measurement

methods 2D-method 3D-method p 2D-method 3D-method P
Circle area 100 58.16 64.81 0.000 62.73 64.58 0.034
Eroded area 63 1.50 8.23 0.000 1.49 6.03 0.000
AP width 100 26.52 28.14 0.000 26.79 28.50 0.000
ST height 100 42.62 37.69 0.005 42.35 38.52 0.001
Erosion edge 63 11.34 15.01 0.029 12.95 14.94 0.031
R 100 14.78 13.38 0.604 14.56 14.34 0.276
d 100 11.72 11.92 0.620 13.07 12.95 0.601

Circle area — area of inferior glenoid circle (mm? ), Eroded area — eroded missing area in the glenoid (mm?), AP
width — the longest distance between the most anterior and posterior points of the glenoid (mm), SI height — the
longest distance between the most superior and inferior points of the glenoid (mm), Erosion edge — length of the
erosion edge (mm), R — radius of inferior glenoid circle (mm), d — distance from the centre to the erosion edge
(mm), N — number of studies, p — value of dependent #-test (p < 0.05), bold indicates significant differences of

dependent #-test
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reliability of the created method; however, our study has val-
idated their statement.

Huijsmans with co-workers [30] tested only the Sugaya
et al. [41] method, and suggested that glenoid defect could
be assessed using 3D-CT as well as 2D-MRI. In turn, our
inter- and intra-observer reliability of two measurements (cir-
cle area and eroded area) show that for glenoid defect assess-
ment the 3D measurement method is much more reliable than
the 2D one. These discrepancies might be associated with the
limitations of the research by Huijsmans et al. [30]. They used
the 2D measurement instead of the 3D measurement on the
3D glenoid reconstruction. Flatness of the glenoid varies
among patients with different levels of shoulder instability
[36, 37]. Moreover, different orientation of the glenoid fossa
changes the object’s shape and leads to discrepancies in linear
measurement [38]. Thus, 2D measurement may vary from 3D
measurement on the 3D reconstruction.

Another method for quantitative assessment of the missing
glenoid area has been created by Griffith et al. [29] who used
glenoid measurements (AP width, ST height and erosion edge)
on 2D CT images. They concluded that the best parameter for
glenoid defect assessment was the width of the glenoid and the
width to length ratio. The authors did not compute the reliabil-
ity of the method; however, our results show that measuring
the width and length on 2D-CT is not reliable because it is
difficult to determine the exact top of the glenoid. Similar
parameters (AP width and erosion edge) were analysed by
Gerber and Nyffeler [39], but the main aim of this study was
to create a classification of glenohumeral joint instability and
not to analyse the reliability of the created method.

In turn, the method created by Barchilon et al. [28], used for
glenoid bone loss diagnosis parameters (R, d, erosion edge),
measured on 2D-CT and 3D-CT. The best parameter to calculate
the amount of missing bone was depth to radius ratio obtained
from the 3D reconstruction combined with femoral head gauge.
The authors did not compute and compare the reliability of the
measurements, nevertheless, our findings confirmed that the 3D
measurements better reflect the true anatomy of the glenoid.

The described 3D measurement method has two weaknesses.
Measuring the 3D glenoid reconstruction is more time consum-
ing than quantifying a glenoid defect using 2D-CT because the
CT reconstruction needs to be cleaned from other bones and
structures. Moreover, the number of the details of the 3D bone
reconstructions depends on the slice thickness of the CT images
[46]. According to Ford and Decker [46] slice thickness should
not be greater than 1.25 mm in order to obtain representative
anatomy. Nevertheless, measuring 2D-CT is associated with the
orientation of the glenoid fossa in three planes (transverse, sag-
ittal, coronal), which may be difficult to assess—especially in
patients with increased retroversion [6, 27]. These limitations of
2D-CT cause different linear measurement [38].

Our study shows that methods based on 3D measurements
used for glenoid bone loss diagnosis are more reliable between

and within observers than 2D ones. Based on our findings we
recommend using 3D scapula reconstruction for quantifying a
glenoid defect because 2D-CT does not show detailed infor-
mation about the glenoid rim. This method provides reliable
and accurate glenoid assessment by both an experienced and
inexperienced surgeon, which may be helpful in the recon-
struction of the native glenoid plane and improve the planning
and the choice of the operative technique.
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