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Abstract

Background: Placement of the glenoid baseplate is of paramount importance for the outcome of anatomical and
reverse total shoulder arthroplasty. However, the database around glenoid size is poor, particularly regarding small
scapulae, for example, in women and smaller individuals, and is derived from different methodological approaches.
In this multimodality cadaver study, we systematically examined the glenoid using morphological and 3D-CT
measurements.

Methods: Measurements of the glenoid and drill hole tunnel length for superior baseplate screw placement were
recorded to define size of the glenoid and the distance to the scapular notch on cadaveric specimens. Glenoid
angles were determined on both, 3D-CT-scans of the thoraxes using the Friedman method and on subsequently
isolated scapulae from 18 male and female donors (average 84 years, range 60-98 years).

Results: Mean glenoid height was 36.6 mm + 3.6, and width 27.8 mm + 3.1 with a significant sex dimorphism
(p <0.001): in males, glenoid height 39.5 mm + 3.5, and width 30.3 mm + 3.3, and in females, glenoid height
348 mm+ 22, and width 26.2 mm + 1.6. The average distance from the superior screw entry to its exit in the
scapular notch measured by calliper was 27.2 mm + 6.0 with a sex difference: in males, 294 mm +5.7, and in
females, 25.8 mm £ 5.9 mm with a minimum recorded distance of 15 mm. Measured by CT, the mean inclination angle
for male and female donors combined was 13.0° + 7.0, and the ante-/retroversion angle —1.0° +4.0°.

Conclusion: This study is one of the first to combine dissection, including drill holes, with anatomical measurements
and radiological data. In some women and smaller individuals, smaller baseplates should be selected. The published
safe zone of 20 mm is generally feasible for superior screw placement, however, in small patients this distance may be
substantially shorter than expected and start as of 13 and 15 mm, respectively. No correlation between glenoid height
or width with the length of our drilling canal towards the scapular notch was found. Preoperative CT-based treatment
planning to determine version and inclination angles is recommended.
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Background

Anatomical (TSA) and reverse total shoulder arthroplasty
(RTSA) are effective treatment options for multiple disor-
ders of the shoulder [1-4]. For long-term successful man-
agement, optimal positioning of the components is crucial
[2, 5]. Implanting the glenoid component in an anatomical
position is a challenge, which may explain the high rates of
glenoid component loosening. This has been ascribed to
limited bone stock of the available glenoid, the lack of reli-
able landmarks to determine the position of the blade of
the scapula intra-operatively, and the poor understanding
of the anatomical position, which shows great patient-
specific variability. Surgeons may tend to aim for a ‘stand-
ard’ position of so-called neutral orientation of the glenoid
component [6, 7].

Thus, orthopaedic surgeons emphasize a need for better
understanding of the glenoid morphology to ensure proper
sizing and correct placement of prosthetic components [8].
In particular, the consideration of glenoid size is of high
relevance for long-term osseous integration [2, 9, 10]. Re-
cent findings showed that small baseplates improve primary
stability of the glenoid component in small glenoids [9], but
published data for small glenoids for example in women
are limited.

Furthermore, choice of inclination, version and rota-
tion of the prosthetic glenoid component is mandatory
for stability, a painless range of motion and to prevent
impingement [5, 6, 11]. Thus, preoperative CT-based in-
vestigation is increasingly used to optimize pre-operative
planning [12—15], but may not be easily accessible in all
instances.

Nerve injury after RTSA has been reported with an in-
cidence of 0.5-2.9% depending on the surgical approach
[1, 16]. For implanting the glenoid component, there is a
specific concern for the suprascapular nerve as it travels
through the suprascapular notch where it is vulnerable
to damage by the superior baseplate screw [17, 18].
Functional consequences of suprascapular nerve injury
may be considered as minor since patients undergoing
RTSA reportedly already have little function of the rotator
cuff [19], but chronic pain and weakness may necessitate
further medical intervention [18, 20, 21]. Furthermore, in
patients with an intact rotator cuff, favourable influence of
the rotator cuff has been reported for the range of motion
and dynamic stabilisation of the anatomic and reverse
total shoulder prosthesis [22, 23].

Data from human cadavers and/or scapular bones are
essential to enhance knowledge of the glenoid anatomy
in a representative elderly male and female population.
Some studies have been conducted using isolated scapu-
lar bones [24—32], and anatomical studies are excellent
tools to investigate safe drilling distances. However, such
studies have been mainly directed to the posterior aspect
of the scapula to optimise interventions such as the
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Bankart and Latarjet procedures and rotator cuff repair
[2, 27, 33-40].

In a recent study on the Latarjet procedure [2], a safe
zone for placement of graft-fixing screws was proposed
as an approximately 2 cm-wide area medial to the glen-
oid rim, similar to previous suggestions for a safe zone
of 2 c¢cm in the posterior glenoid neck at the level of the
supraglenoid tubercle [37]. In another study, injuries to
the suprascapular nerve of up to 6% have been reported
during surgery for shoulder instability, such as rotator
cuff repair, [39, 40]. The median distance between glenoid
and suprascapular nerve in the spinoglenoid region, mea-
sured on anatomic shoulder specimens, was 12 mm (range
6-15 mm) and 19 mm (range 11-23 mm) depending on
shoulder rotation [34].

Even less data are available with regard to safe screw
placement for (reverse) total shoulder arthroplasty [7],
and only a few and methodologically divergent studies
have used human cadavers to address the issue of safe
screw placement for total or reverse shoulder arthro-
plasty so far [16, 17, 19, 39, 41, 42].

Furthermore, whilst a few anatomical studies have per-
formed drill hole experiments, they did not take into ac-
count the sex dimorphism of the scapula [17, 19, 42],
particularly as many patients undergoing total shoulder
arthroplasty are women [4, 43]. In another study, mor-
phological and radiological data were combined with
drill hole experiments for screw placement, however the
study was based on a historical bone collection, which
may not accurately represent the anatomy of patients
being treated today [41]. Thus, in the present study, we
provide further data on the anatomical dimensions and
inclination of the glenoid using an elderly cohort of body
donors with a mixed sex ratio representative of patients
undergoing total shoulder arthroplasty.

In our study we hypothesized that glenoid height and
width might predict the distance to the scapular notch
to facilitate and increase the safety of intraoperative drill
hole placement. To allow comparison of the morpho-
logical measurements with routine preoperative treat-
ment planning, 3D-CT measurements of version and
inclination angles were additionally performed. To the
best of our knowledge, this is one of the first studies
using such a comprehensive approach.

Methods

Design of the study

Glenoid height and width were determined in a cadaver
dissection study searching for potential predictors for
the distance from the glenoid to the scapular notch. To
gather further information relevant to anatomical and
reverse total arthroplasty, the glenoid angles were also
measured. To allow comparison with published data,
which are predominantly recorded on isolated bones
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from anthropological and forensic collections (e.g.,
[26, 44]), the scapulae were subsequently extracted
and orientated in a fixation device (similar to a previous
method, [26]). In the present study, both anthropologists
and anatomists measured glenoid angles and additional
distances to broaden the database in the published litera-
ture. A radiologist experienced in orthopaedics performed
3D-CT measurements of version and inclination angles
using the method of Friedman [45].

Body donors

The study was performed on formalin-embalmed ca-
davers from the institutional body donation programme
at the University of Zurich (http://www.anatomy.uzh.ch/
de/koerperspende.html) subsequent to the 2nd year cur-
ricular dissection course for medical bachelor students.
Prior to dissection, cadavers were routinely CT-scanned
at the Institute of Forensic Medicine for teaching pur-
poses, as is increasingly becoming established practice in
anatomy courses (e.g., [46]). The study was approved by
the Zurich Cantonal Ethics Committee (KEK ZH-Nr.
2014—-0303). The study included the thoraces from 11
female and 7 male body donors, with an average age of
84 years (range: 60—98 years). All body donors gave in-
formed consent for research, which the authors herewith
gratefully acknowledge.

Cadaver dissection and in situ measurements of distances
After exposure of the glenohumeral joint by the delto-
pectoral approach, maximal length and width of the
glenoid were determined after Martin and Saller [47] as
is commonly used intraoperatively (see: Fig. 1). In brief,
a line (height) was drawn from the most cranial point of
the glenoid cavity (Point A, Fig. 1) to the most caudal
point (Point B, Fig. 1), and another line (width) from the
most dorsal point of the glenoid rim (Point C, Fig. 1) to
the most ventral point (Point D, Fig. 1). In a next step,
the metal back glenoid L1 (SMR reverse shoulder
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prosthesis Systema Multiplana Randelli, provided by
Lima Corporate SA, Italy) was selected according to the
glenoid size (Small-R: 7 =14 in 7 female donors, Stand-
ard: #n =22 in 11 donors, 7 males, 4 females). The central
peg hole (Point F, Fig. 1) was designated at the appropri-
ate position according to the recommendations by the
manufacturer [48] for clinical practice. During surgery,
special instruments are used to determine the correct
position of the central K-wire, which is positioned before
drilling the central peg hole of the metal back after pre-
operative determination of the center of the glenoid by
CT scan. By analogy in our study, the intersection of the
two lines (height and width) was constructed to deter-
mine the position of the central peg hole (Point F, Fig. 1).
For the baseplate superior screw drilling procedure,
the corresponding position of the superior screw
entry point was designated 1 cm above the central
peg hole at the 12-o'clock position (Point E, Fig. 1)
for use as the origin of the drilling canal for the su-
perior screw towards the suprascapular notch (Point
H, Fig. 2a). All drillings were performed by the same
two investigators (K.L, M.B.) according to instructions
of an experienced shoulder surgeon (H.R.B.). Relevant
distances between the glenoid and the scapular notch
(see Fig. 2a,b) as well as the distance of the supragle-
noid tubercle to the screw entry (Fig. 1a,b) were re-
corded with a calliper (Fig. 2c) to the nearest 1 mm.
All measurements were taken repeatedly and recorded
by the same three investigators (K.L., M.B., S.M.) as
described [49]. The suprascapular notch was dissected
to identify the suprascapular nerve and blood vessels
(Fig. 1b).

Measurements of glenoid angles on isolated scapular
bones

After disarticulation, extraction and removal of soft tissue,
the scapulae were orientated in a fixation device. The in-
clination angle « (Fig. 3a) and the ante-/retroversion angle

hole entry. F Central peg hole

Fig. 1 Schematic a and photographic b depictions of landmarks for measurements in a right scapula, lateral view. A Most cranial point of the
glenoid cavity. B Most caudal point of the glenoid cavity. C Most dorsal point of the glenoid rim. D Most ventral point of the glenoid rim. £ Drill
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Fig. 2 Schematic a and photographic b depictions of landmarks for measurements in a right scapula from a cranial view. a Dotted violet line
designates the drilling canal. b Drill hole as depicted with a probe. € Photograph from a ventral view showing drill hole measurements using a
calliper. £ Drill hole entry. I Drill hole exit. G Supraglenoid tubercle. Ac Acromion. CP Coracoid process. N Suprascapular nerve. AV Suprascapular artery and
vein. Lig Superior transverse scapular ligament. Green line designates the ante-/retroversion angle perpendicular to the glenoid inclination (black fline)

A\

[ (Fig. 3b) were measured by experienced anthropologists
(S.M., N.F.) assisted by an experienced gross anatomist
(K.L.) and the average result was taken as described previ-
ously [50]. In brief, a geometrical triangle was adjusted on
the dorsal side below the spine from the root of the spine
(], see Fig. 3a) to the most posterior point at the glenoid
rim (C). Another geometrical triangle was placed from the
supraglenoid (A) to the infraglenoid (B) tubercle. The
angle y between these 2 axes was measured (Fig. 3a) and
from this, the inclination angle a was calculated by the
formula: a=y - 90°. The ante-/retroversion angle
(Fig. 3c) was determined perpendicular to glenoid inclin-
ation, and the angles were recorded as (-) for retroversion
and (+) for anteversion similar to 3D-CT-reconstructed
measurements [51]. A probe was adjusted from root of
the spine (]) along the supraspinous fossa towards the
supraglenoid tubercle (A). A geometrical triangle was used
to designate the intersecting point between the perpendic-
ulars from the supraglenoid tubercle (A) to the middle of
the line traversing the glenoid (C to D). From this, the
angle pu was measured between the axes of these two lines.
To allow comparison with the CT scan, the ante-/retro-
version angle  had to be calculated: in a first step, the

angle & was calculated by the formula: § = 180°- y, and in
a next step, the ante-/retroversion angle B was converted
by the formula: =& - 90°.

Measurements of glenoid angles by CT scan analysis

The CT scans of the cadavers were performed on a 128-
slice CT scanner (Somatom Definition Flash, Siemens
Medical Solutions, Forchheim, Germany). The recon-
struction parameters were 120 kV, 500 reference mAs
dose modulation (CAREdose4D™, Siemens Medical Solu-
tions), and 0.6 mm slice thickness with 0.4 mm incre-
ments with a hard kernel in the osseous windows.
Reconstructions were made in a small field of view
adapted to the shoulder. The DICOM files were trans-
ferred to OSIRIX™ (Pixmeo SARL, Bernex, Switzerland).
In the 3D multiplanar reconstruction mode, a plane of
the scapula was defined by the midpoint of the root of
the scapular spine (], Fig. 3b), the centre of the glenoid
(F) and the most distal point of the inferior scapula
angle (K) as previously described [52]. Measurements
were performed by a radiologist experienced in ortho-
paedics (F.M.B.) using established techniques [15, 53].
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Fig. 3 Measurements of glenoid angles using bones (a, €) and 3D-CT-reconstructions (b, d). a For determination of the inclination angle a, a geometrical
triangle was adjusted on the dorsal side below the spine running from root of the spine (J) to the most posterior point at the glenoid rim (C). Another
geometrical triangle was placed running from the supraglenoid (A) to the infraglenoid (B) tubercle. The angle y (green) between these 2 axes was
measured and from this, the inclination angle a (red) calculated by the formula: a=y - 90°. b On the CT scan, the inclination angle a
was determined in the coronal plane. A line was drawn from the root of the spine (J) to the midpoint of the glenoid cavity (F). A second
line was drawn through the most cranial (A) and caudal (B) points of the glenoid rim. Angle y (green) was measured between the axes
of these two lines in the caudal direction. From this, the glenoid angle a (red) was calculated by the formula a=y - 90°. ¢ A geometrical
triangle was used to designate the intersecting point between the perpendicular starting at A (extrapolation of the dotted line) to the
middle of the line between C to D. From this, the angle u (green) was measured between the axes of these two lines. In a next step, the angle & was
calculated by the formula: & = 180°- i and then the ante-/retroversion angle {3 (red) was converted by the formula: 3 =& - 90°. d On the CT scan, the
ante-/retroversion angle 3 was determined in the transversal plane according to Friedman [45]. A line was drawn through the root of the spine (J) to
the midpoint of the glenoid cavity (F). A second line was drawn through the most posterior (C) and anterior (D) points of the glenoid rim. Angle 6
(green) was measured between the axes of these two lines in the sagittal direction and from this, angle B (red) was calculated by the formula:
B=056-90° Ac Acromion, CP coracoid process

A\

The inclination angle a was determined in the coronal  glenoid cavity (F). A second line was drawn through the
plane (Fig. 3b). In brief, a line was drawn through the most cranial (A, see Fig. 3b) and caudal (B) points of the
root of the scapular spine (J) to the midpoint of the glenoid rim. Angle y was measured between the axes of
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these two lines in the caudal direction. For comparison
of the CT data with the angle a in the extracted scapulae
(Fig. 3a) and with published data, the angle y was con-
verted by the formula a =y - 90°.

The ante-/retroversion angle p was determined in the
transversal plane (Fig. 3d) according to the method by
Friedman et al. [45]. In brief, a line was drawn through
the root of the scapular spine (J) to the midpoint of the
glenoid cavity (F). A second line was drawn through the
most posterior (C) and anterior (D) points of the glenoid
rim. Angle & was measured between the axes of these
two lines in the sagittal direction (Fig. 3d). For compari-
son with the angle P in the extracted scapulae (Fig. 3c)
and published data, the angle p had to be calculated by
the formula: =3 - 90°. Negative values indicate retro-
version, positive values indicate an anteversion of the
glenoid.

Statistics

For statistical calculations, Microsoft Excel and IBM SPSS
23 were used. Data were examined by Shapiro-Wilk test
to check for normal distribution and calculating Pearson's
correlation coefficient (r). Significances were calculated
with 2-tailed Student’s ¢-test. A significance level p < 0.05
was considered statistically significant.

Results

Measurements of the glenoid cavity

For both, male and female samples combined (Table 1),
the average maximum height of the glenoid (A-B,
Fig. 1a,b) was 36.6 mm + 3.6 mm (range 31.0-43.6 mm),
and width (C-D, Fig. 1a,b) was 27.8 mm + 3.1 mm (range
23.5-34.7 mm) with a significant sex dimorphism (p <
0.001). In males (Table 2), the glenoid height was
39.5 mm+3.5 mm (range 33.5-43.6 mm) and width
30.3 mm + 3.3 mm (range 24.5-34.7 mm), and in females
(Table 2), the glenoid height was 34.8 mm+2.2 mm
(range 31.0-38.3 mm) and width 26.2 mm +1.6 mm
(range 23.5-29.3 mm). Glenoid height and width corre-
lated with each other (correlation r = 0.90).
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Measurement of the distances

For both, male and female samples combined, the length
of the drilling canal (E-I, Fig. 2a, b) measured externally
via calliper (Fig. 2c) was 27.2 mm + 6.0 mm (range 15.0-
37.5 mm). In detail, in males, the distance from the entry
point of the superior screw to its exit in the scapular
notch (E-I, Fig. 2a, b) was 29.4 mm+5.7 mm (range
18.4-37.5 mm), and in females 25.8 mm + 5.9 mm (range
15.0-33.9 mm) however, these distances were not sig-
nificantly different from each other. The distance
from the supraglenoid tubercle to the superior screw
exit in the scapular notch (G-I, Fig. 2a, b) was
26.8 mm+ 6.5 mm (range 14.0-37.0 mm) with a sig-
nificant sex difference (p <0.05). In detail, in males,
the distance from the supraglenoid tubercle to the
screw exit in the scapular notch (E-I, Fig. 2a, b) was
29.6 mm +5.9 mm (range 19.3-37.0 mm), and in fe-
males 25.0 mm + 6.3 mm (range 14.0-32.8 mm). Fur-
ther distances are summarized in Tables 1 and 2. The
distance from the entry point of the superior screw to
its exit in the scapular notch (E-I) did not significantly
correlate with the glenoid height (correlation r = 0.31) and
width (correlation r = 0.28).

Measurements of glenoid angles

The average inclination angle (Fig. 3a, b) from male and
female donors combined was 13.0° £ 7.0° (range -3.0° -
26.0°) as determined by 3D-CT (Fig. 3b). When mea-
sured on orientated fixed skeletal specimens (Fig. 3a), it
was 5.0°+3.0° (range 0.5° - 13.5°). The average ante-/
retroversion angle (Fig. 3c,d) from male and female do-
nors combined was —1.0° +4.0° (range —10.0° - 10.0°) as
determined by 3D-CT (Fig. 3d). When measured on ori-
entated fixed skeletal specimens (Fig. 3c), it was -3.5° +
4.0° (range -13.5 - 3.5). Data separated by sex are listed
in Table 2. For measurements on the extracted scapulae,
no significant interobserver error was found, but signifi-
cant differences were observed between CT and mor-
phological measurements: p<0.001 for inclination
angles, and p <0.01 and p <0.001, respectively, for the
ante-/retroversion angles.

Table 1 Measurements in cadaveric specimens from male and female donors combined

Measurement Landmarks (from-to) Average (mm) SD (mm) Range (mm)
Glenoid height A-B 36.6 36 31.0-436
Glenoid width C-D 27.8 3.1 23.5-34.7
Supraglenoid tubercle to superior screw (entrance) GE 13.2 34 7.0-203
Supraglenoid tubercle to scapular notch (centre caudal) G-H 327 28 26.0-39.0
Superior screw entrance and exit Bl 27.2 6.0 15.0-37.5
Supraglenoid tubercle to superior screw exit in suprascapular notch G- 26.8 6.5 14.0-37.0

SD standard deviation
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Table 2 Measurements of scapulae and scapula angles sorted by sex

Sex N Mean SD Range (mm)
(mm) (mm)
Glenoid height*** m 14 395 35 33.5-436
f 22 34.8 22 31.0-383
Glenoid width*** m 14 303 33 24.5-34.7
f 22 26.2 1.6 23.5-29.3
Supraglenoid tubercle to superior screw (entrance)* m 14 149 36 8.0-203
f 22 12.1 2.8 70-171
Supraglenoid tubercle to scapular notch (centre caudal)* m 14 339 32 27.5-390
f 22 320 23 26.0-350
Superior screw entrance and exit m 14 294 57 184-37.5
f 22 25.8 59 15.0-339
Supraglenoid tubercle to superior screw exit in suprascapular notch* m 14 296 59 19.3-37.0
f 22 250 6.3 14.0-32.8
Inclination CT m 14 15.0 8.0 —3-26.0
f 22 120 6.0 1.0-26.0
Inclination scapular bone m 14 50 30 1.5-135
f 22 40 30 0.5-9.0
Ante-/retroversion angle CT m 14 0 30 -5.0-6.0
f 22 =10 50 -10.0-10.0
Ante-/retroversion angle scapular bone m 14 -35 45 —13.5-35
f 22 -4.0 4.0 -10.5-35

SD standard deviation
***indicates a P value < 0.001
**indicates a P value <0.01

*indicates a P value < 0.05 as statistically calculated with t-test and Pearson correlation

Discussion

In this multimodality approach, we measured the glen-
oid fossa and its distance from the scapular notch. A few
studies on human cadavers have addressed the issue of
safe screw placement for total shoulder arthroplasty so
far (Table 3) using baseplates with 3 [41] or 4 screws
[9, 17, 19, 42] with different orientations of the baseplate
and drilling canal, respectively. Although 4 screw holes
offer the advantage of good fixation, the required drilling

procedures may cause further bone loss and thus weaken
the construct even more [19, 41].

In the present study, we used a 2-screw system and
laid special emphasis on the superior screw. In all cases,
we used standard or small glenosphere baseplates to de-
termine the drilling hole. The origin of the drilling canal
for the superior screw towards the suprascapular notch
was designated at the 12-o'clock position in a centrally
orientated peg glenosphere as recommended by the

Table 3 Comparison of distances from the present study in male and female donors combined (for further details see Tables 1 and
2) with published data using drilling experiments on human cadaver specimens. Please note that the respective distances can be
estimated only very roughly due to the different approaches of the published data. BP: baseplate

Study

Glenoid height
(mm)

Glenoid width
(mm)

Superior screw entrance and exit (drilling canal, mm)

Present study

DiStefano et al. [19]

Molony et al. [17]

Hart et al. [42]

Chae et al. [9]

36.6 (range 31-43.6)
395426

No data

No data

25 mm BP:326+25
29 mm BP:321+24

27.8 (range 23.5-34.7)
31+£25

No data

No data

25 mm BP: 233420
29 mm BP: 233+ 1.7

27.2 (range 15-37.5)

Optimal screw length 35 + 8 depending on angulation,

inferior BP inclination

Screw length 36.6
(range 32-42)

29.3 (13-43)
1-o'clock position

25 mm BP: 32+ 64
29 mm BP: 254+58
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manufacturer. In our study, length of the drilling canal
showed an average for both sexes combined of 27.2 mm
(29.4 mm in males, 25.8 mm in females) with a calliper
adjusted to the probe within the drilling canal (Fig. 2c).
These results are shorter than reported by other groups
(see Table 3), but resemble more the proposed optimal
length of 29 mm (range 18-29 mm) for the ideal screw
position as calculated from CT-simulations [41], and
correlate for female to the published mean length of
254 mm in the female subgroup of 29 mm baseplate
(see Table 3) in another study [9].

To allow comparison with other studies from different
countries, we expanded our measurements to the dis-
tance from the supraglenoid tubercle to the center of
the scapular notch. Our data from Switzerland had an
average of 32.7 mm, which is similar to that of 31 mm
from Italy [27], 33 mm from Turkey [54] and Germany
[2] and of 30 mm [37] and 34.2 mm [39], from the USA.
Slightly shorter distances of 28.7-29.1 mm were found in
a study from India [32] and Kenya with a range of 27.3-
30.1 mm depending on the scapular notch type [55] and
of 29 mm (23-35 mm) from Japan [38].

In a study on the Latarjet procedure [2], distances of
33 mm (range 31-35 mm) between the suprascapular
nerve and 3 reference points along the glenoid rim were
measured, including the supraglenoid tubercle, of which
the latter could be used for comparison with our average
of 32.7 mm. Nevertheless, it has to be noted that in our
investigated Middle European population, the distance
between screw entry and suprascapular notch was little
as 15 mm in females. To the best of our knowledge a
similar short distance of 13 mm has only been previously
reported in a single study [42], but without providing fur-
ther data regarding the specimens used. Also a recent clin-
ical study has emphasised the increasing use of small
baseplates [56]. This would mean that the proposed safe
distance of 20 mm described above might entail a poten-
tial risk in some smaller individuals, or individuals from
other populations, or particularly in women. Thus, more
studies are needed to investigate the sex dimorphism of
scapular size in males and females.

Integration of CT and/or MRI scans in planning shoul-
der arthroplasty is therefore generally recommended.

In the present study, glenoid size showed an average
height of 39.5 mm and width of 30.3 mm for males, and
height of 34.8 mm and width of 26.2 mm for females.
We had hypothesized that glenoid height and width
should correlate with each other, which we herewith
confirm. However, no correlation was found between
glenoid height or width, and the length of the drilling
canal towards the scapular notch.

The glenoids measured in the present study affirm the
described sex difference [25]. Similar data from Middle
Europe showed a glenoid height of 40 mm and width of
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29 mm for males and height of 36.1 mm and width of
25.7 mm for females [57] as well as height of 31.7 +
3.7 mm and width of 24.7 + 3.5 mm for both sexes com-
bined [58]. However, our data on glenoid size was
smaller than the glenoid height of 45.7 mm in a USA
study on 4 men and 4 women [59]. On the other hand,
our results are larger than in men with a height of
37.5 mm and width of 27.8 mm, and in women, a height
of 32.6 mm and width of 23.6 mm. The smaller data
from this historical bone collection as compared to more
recent data may support the assumption that this may
not reflect the patients undergoing surgery today [26].
For a contemporary Mexican population, the need for
better knowledge on sex dimorphism of glenoid size and
the importance of population-specific discriminants for
scapulae was highlighted for forensic scenes [44]. Fur-
ther, a recent study postulated that larger sample sizes
for ethnic groups should be explored. This study identified
sex as the strongest independent predictor of glenoid size.
Men exhibited a larger glenoid, however, patient height
was found to be predictive only in patients of the same
sex. The authors further observed variations in glenoid
size and version also among ethnicities [58].

In the present study, on isolated scapulae a mean glen-
oid inclination angle of 5° in males and 4° in females were
measured, which are rather similar to findings of 4° in
male donors (range -7° - 15.8°), and 4.5° (range -1.5° -
15.3°) in female donors [26] and of 7.1°+1.7° in 4 men
and 4 women [59]. In another study, a mean inclination
angle of 12° (range -21° - 50°) was determined by postop-
erative CT-scanning of predominantly female patients,
from which the authors concluded there was frequent
malpositioning of the baseplate [6]. Nevertheless, the
mean value of 13° for the inclination angle measured by
CT was higher as compared to our findings in bone, and
to the CT-data of 1° in male and 4° in female normal gle-
noids from another study, which reported no significant
difference to osteoarthritic type B2 glenoids [51].

Using historical scapulae with a mean age of 25.6 years,
Churchill and co-workers [26] measured mean glenoid
version angles of 0.35° in black and 3.49° in white men,
and 0.79° in black and 2.8° in white women. Recently,
using CT scans, a mean version of 0.05 + 9.05 was mea-
sured from which the authors proposed that males are
expected to exhibit 8.4° more retroversion than females,
and Hispanics demonstrate 6.4° more anteversion com-
pared to African-Americans [58]. Retroversion of 4° - 8°
has been described as normal, while higher retroversion
angles predispose for dorsal shoulder luxation and glen-
oid loosening secondary to abnormal forces across the
implant and the cement-bone interface [12, 30].

We attribute our own retroversion angles of -3.5°
on bones (range -13.5°- 4.5°) and of -1° on CT scans
(range —-10° - 10°) to the pronouncedly higher age of
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the population we investigated. Our data were com-
paratively similar to findings of —4° (range — 18° - 5°)
measured in a stable control group of a clinical study
[14] by MRI according to Friedman [45] and of - 8.5°
+5.2° by 3D-CT-reconstruction [19]. In a study com-
paring a new 2D measurement method, retroversion
angle of -19°+3° were measured in the control
group, whilst the method by Friedman [45] revealed a
retroversion of —1°+6° [13]. We attribute the discrep-
ancies between bone and CT-measurements in our
study to the complex morphology of the scapula,
which in a minority of cases was difficult to orientate
due to pronounced deformations in 6 samples from 4
individuals aged 81-94 years. Furthermore, remnants
of cartilage present on the extracted scapulae may account
for these observed differences. Nevertheless, the difference
between our morphological and radiological measure-
ments was within a similar order of magnitude as reported
for 2D- and 3D-CT measurements, with a range for the
glenoid version angle of 0.1°-23°, and for the inclination
angle of 0.2°-4.5° [12-15, 52, 60, 61].

To summarise, proper sizing and correct placement of
prosthetic components are mandatory. 3D-imaging and
patient specific instrumentation will have to be based on
a profound knowledge of glenoid morphology [8, 61].
We hereby add a new systematic dataset regarding glen-
oid size, version and inclination angles and scapular
distances to the literature. The glenoid angles measured
by morphological and 3D-CT reflect the differences in
elderly male and female patients undergoing total shoul-
der arthroplasty.

However, there are some limitations in this study: First
of all, measurements by 3D-CT differed from those on
the isolated scapulae, which may, as outlined above, be
expected from published differences in the literature.
Secondly, drillings were performed using a 2-screw sys-
tem with a clear focus on the superior screw and the
danger to the suprascapular nerve. Thirdly, central posi-
tioning of the baseplate was applied as used in previous
work [17, 42], but differed for another study [19], which
used inferior inclination of the baseplate. Nevertheless,
to the best of our knowledge, this is one of the first stud-
ies to comprehensively present such a broad spectrum
of morphological data in a mixed elderly population.

Conclusions

As also indicated in the literature, in some women and
smaller individuals, smaller baseplates should be se-
lected. The published safe zone of 20 mm is generally
feasible also for superior screw placement. However, in
small patients careful consideration is necessary that the
distance between the glenoid and the scapular notch
may be shorter than expected and be as little as 13 and
15 mm, respectively. While glenoid height and width
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correlated with each other in the present data set, no
correlation between glenoid height or width with the
length of the drilling canal towards the scapular notch
was found. Preoperative CT-based treatment planning to
determine version and inclination angles as well as the
distance between the glenoid and the scapular notch is
recommended.
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