Journal Pre-proof Joumnnc.

SHOULDER ave
EvLsow

SURGERY

3D evaluation of the scapular morphology in primary glenohumeral arthritis, rotator
cuff arthropathy and asymptomatic shoulders

Michiel Van Parys, MD, Osama Alkiar, MD, Nerissa Naidoo, MD PhD, Alexander Van
Tongel, MD PhD, Lieven De Wilde, MD PhD

PII: S1058-2746(20)30901-0

DOI: https://doi.org/10.1016/j.jse.2020.10.027

Reference: YMSE 5442

To appearin:  Journal of Shoulder and Elbow Surgery

Received Date: 20 April 2020
Revised Date: 14 October 2020
Accepted Date: 21 October 2020

Please cite this article as: Van Parys M, Alkiar O, Naidoo N, Van Tongel A, De Wilde L, 3D evaluation
of the scapular morphology in primary glenohumeral arthritis, rotator cuff arthropathy and asymptomatic
shoulders, Journal of Shoulder and Elbow Surgery (2020), doi: https://doi.org/10.1016/j.jse.2020.10.027.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Inc. on behalf of Journal of Shoulder and Elbow Surgery Board of
Trustees.


https://doi.org/10.1016/j.jse.2020.10.027
https://doi.org/10.1016/j.jse.2020.10.027

Title: 3D evaluation of the scapular morphology in primary glenohumeral arthritis, rotator

cuff arthropathy and asymptomatic shoulders

Running Title: 3D evaluation of the scapular morphology

Authors:

1. Michiél Van Parys, MD*

2. OsamaAlkiar, MD*

3. NerissaNaidoo, MD PhD

4. Alexander Van Tongel, MD PhD

5. Lieven De Wilde, MD PhD

*These authors share first authorship.

1, 2, 4 and 5: Department of Orthopaedic Surgery and Traumatology, Ghent University
Hospital, Gent, Belgium

3: Department of Basic Medical Sciences, Mohammed Bin Rashid University, Dubai,
United Arab Emirates

Fundings:

The author(s) received no specific funding for this work

Correspondence:

Michiel Van Parys, MD
Cornedl Heymanslaan 10
9000 Gent, Belgium

mi chiel.vanparys@uzgent.be




Conflicts of Interest: None

Funding: None

Institutional review board approval was received from the Commissie voor Medische

Ethiek Universitair Ziekenhuis Gent (Medical Ethics Committee University Hospital
Ghent).



10

11

12

13

14

15

16

17

18

19

20

21

22

3D Evaluation of the scapular morphology

3D evaluation of the scapular morpholoqgy in primary glenohumeral arthritis, rotator

cuff arthropathy and asymptomatic shoulders

Abstract
Aim and background

Recently, the 3D morphology of the coracoacrom@hplex in non-pathologic shoulders
have been described. The aim of this study wavdtuate and compare the coracoacromial
complex in pathological shoulders (glenohumeraleastthritis (GHOA) and cuff tear

arthropathy (CTA)) with non-pathological shouldéxd.).
Methods

A 3D CT-reconstruction of 205 scapulae was perfarf@HOA (49), CTA (48), NL (108)).
Subsequently, the center of the glenoid circle seweeral points at the coracoid, acromion and
glenoid were determined. The distances betweenetlpesnts and the rotation of the

coracoacromial complex were calculated and thenaiogienoidal angle was measured.
Results

Our study showed the acromial overhang to be sagmifly different in the NL group (37
mm) versus CTA (35 mm) (p=0.045), and CTA versusG&H(33mm) (p=0.010). The
acromioglenoidal angle showed a significant diffee between NL (mean 50°) and GHOA
(mean 42°) (p<0.001) and between CTA (mean 50°) @HDA (p<0.001). Furthermore a
significant difference was found in the acromiaighé which was larger in the GHOA group

(36mm) than the CTA group (30mm) (p<0.001) or theg¥oup (30mm) (p<0.001).

Conclusion
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3D Evaluation of the scapular morphology

This 3D morphologic study showed that the acromat of the complex was turned more
posteriorly in both pathologic groups. Furthermave, found the coracoacromial complex to
be more cranial to the glenoid center in the GH®dug. Finally, a significant difference in
lateral overhang of the coracoacromial complex wlzserved between the three groups. The
NL group was found to have a larger overhang thaA,Gand CTA in turn had a larger

overhang than GHOA.

Level of evidence: Anatomy Study; Imaging

Keywords: 3D evaluation; coracoacromial complexgusdtier; scapula; acromion; primary

glenohumeral arthritis; rotator cuff arthropathy

Over the last few years, several articles have dsitnated a possible correlation between the
individual anatomy of the scapula and its acromamd the development of cuff tear

arthropathy or osteoarthritis of the glenohumewaitf®*2

Nyffeler et al postulated the association betwédenahanges in the force’s orientations and
the lateral extension of the acromion using themal index. This is defined on a true AP

radiograph as the ratio of the distance from thengld plane to the lateral border of the

acromion to the distance from the glenoid planthéolateral aspect of the humeral head. The
larger lateral extension of the acromion leadsntwréased ascending oriented forces of the
deltoid muscle, which is associated with degenezatotator cuff tears and is assumed to
contribute to cuff degeneration and tears. Conyrashorter lateral extension results in more

horizontal oriented forces (compression force),t tfevors degenerative change on the
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3D Evaluation of the scapular morphology

glenohumeral joint. Moreover, taking into considena the glenoid inclination, Moor et al,
identified ‘the critical shoulder angle’ (CSA) aspawerful radiographic predictor of the
occurrence of cuff tears. The CSA was observedetdabger in CTA and less in GHOA
compared to the asymptomatic shoulders. Miswan letadapted the CSA to the
acromioglenoid angle (AGA) placing its vertex ag ttenter of the glenoid fossa, revealing
similar results’. However all these studies focus on the scaputaphology based on 2D
radiographic evaluatién®, omitting the third dimension of the depicted sdapumeral
joint.

Thanks to novel techniques, the shape of the aomind the scapula can now be evaluated
and described in three dimensions by means of navengeters (the rotation of the
coracoacromial complex, acromial shape and acroovathang) that have been described in

non-pathologic shouldets However, these parameters have not yet been atedluin

pathologic shoulders, nor have they been comparedn-pathologic shoulders.

The aim of this study was to evaluate the 3D moaiqaio of the scapula in patients with
primary glenohumeral arthritis and rotator cuff mdbgy and to compare it to the non-

pathologic shoulders.

M aterials and methods

Ethical approval was obtained by the Medical Etl@icsnmittee of the University Hospital
Ghent. CT-scans of 205 patients were used, 48 afhagresented with cuff tear arthropathy
(CTA), 49 with primary glenohumeral osteoarthrifg&HOA) and 108 asymptomatic
shoulders (NL). In the NL group 59% were males dd&o were females. In the GHOA
group, 41% were males and 59% females. In the OQBAm 29% were males and 71% were

females (Table 1).
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3D Evaluation of the scapular morphology

All data pertaining to the CT-scans were obtainebugh a Biograph mCT 20 Excel
(Siemens Healthineers, Erlangen, Germany; incremieB5mm; slice thickness, 1mm). The
axial plane resolution was 512 by 512 pixels, tasglin a pixel size of between 0.7 and 0.9
mm. The data was imported into MIMICS (Materialideguven, Belgium) and semi-

automatic 3D segmentation was created.

Next, a three-dimensional right-handed Euclidiaordmate system was constructed to define
every point in space unambiguously in referencehw origin. The inferior glenoid was
chosen as representation of the glenoid, havindeidst retroversion variability The center
point of the inferior glenoid circle (Ce) was usad the origin. The best-fitting inferior
glenoid circle was created according to the vatidanethod of Jacxsehsn the CTA group,
the rim of both inferior quadrants could alwaysused, whereas in the eroded glenoids, the
premorbid native glenoid version was reconstrudtgdnarking the non-eroded zone of the
native anterior glenoid rim. This technique hasrbealidated as a method to predict the
premorbid glenoid version out of a posteriorly exddylenoid fossa, with good to excellent
intra- and inter-observer agreenterfthe scapular plane was aside from the point @éhédr
defined by the most medial point of the trigonuramdae (M) and by the most inferior point

of the scapula (I).
Next, several other points on the scapula werenddf(Figure 1):

» C: the most lateral point of the coracoid procesdsch was defined by a tangent plane
(tpl) parallel to the inferior glenoidal circle.

» L: the most lateral point of the acromion proceskjch was defined by a tangent
plane (tp2) parallel to the inferior glenoidal é&c

* P: the most posterior point of the acromion proceglsich was defined by the

intersection of (tp1) and the posterior part ofdlkeomion process.
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3D Evaluation of the scapular morphology

» A: the most anterior point of the acromion procesgsich was defined by a tangent

plane (tp3) parallel to the scapular plane.

The following measurements were performed (TabigHd radius of the glenoid circle, the
width of the scapula (Ce-M), the acromial overhé&hg distance between L and the plane of
the infraglenoidal circle), the glenoid versiontb&é native glenoid, and finally the distance

from Ce to C, P and L were measured.

Next, the coracoacromial complex was evaluated.chnacoacromial complex is the triangle
defined by bony landmarks C, P and L (Figure 2k Tihe between C and P is defined as the

fulcrum axis of the deltoid muscle and was alsosuezd*

After measurement of distances, angles were mea#isllyeAGA (the angle between the line
L-Ce and the plane through the inferior glenoictlely (Figure 3); 2) three angles of the

coracoacromial complex (angles CPL, CLP, LCP).

The rotation of the coracoacromial complex (Figdjewas defined as the angles between
different planes. We define the coracoid plane M), and scapular plane (Ce-M-I), the
anterior acromial plane (A-Ce-M) and scapular pléDe-M-I), the posterior acromial plane
(P-Ce-M) and scapular plane (Ce-M-I) and lastly ¢beacoid plane (C-Ce-M), and posterior

acromial plane (P-Ce-M).

All right shoulders were transformed into their rared left equivalent. Angles located
anterior to the scapular plane were expressedcpwsdive value, and angles located posterior

to the scapular plane were expressed in a negailue.

The Shapiro-Wilk test was used to assess the llision of the values around the mean
(SPSS version 26; IBM, Armonk, NY, USA). A value sifnificance that was less than 0.05

indicated a non-normal distribution.
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3D Evaluation of the scapular morphology

Statistical analysis was performed using the Kru$Kallis test. Only if this test showed a
significant result, a Dunn Bonferroni posthoc tesis performed. P-values of less than 0.05

were considered to be statistically significant.

Results

The descriptive statistics for measured distandeshe coracoacromial complex in the
GHOA, CTA and NL groups are outlined in Table 2eTdescriptive statistics describing the
rotation of the coracoacromial complex in all grewgve found in Table 3. All these data are

summarized and depicted in Figure 4.

There was no significant difference in the radifighe glenoid circle between the groups.
Concerning the width of the scapulae (M-Ce), théy mignificant difference found was

between the CTA group being smaller than the NLugr@p=0.004). Moreover, all distances
measured between points C, P, L and Ce were foute tsignificantly smaller in the CTA

group than in the NL group, except for C-L. Thissistent difference could possibly be
explained by the CTA group having a larger portdriemale patients (71%) versus the NL
group (41%) and GHOA group (59%). Our results destrate that women have a smaller
scapular width (102 mm) than men (114 mm) (p<0.00i)order to address this possible
confounder, a rescaling along the scapular widtls parformed. Adjusted distances were
determined by division by their proper scapulartividnd summarized in Table 4. Angles did

not suffer from this rescaling and were unchanged.

We found the version of native glenoid plane did diéfer significantly between the three
groups (p=0.289). Specifically, for the CTA, GHOAdaNL groups we measured -3.9°

+ 3.5°% -4.2° + 3.0° and -4.5° + 3.6° of versiospectively.
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3D Evaluation of the scapular morphology

The acromioglenoidal angle was seen to be diffdsetween both NL (mean 50°) and GHOA
(mean 42°) (p<0.001) and between CTA (mean 50°) @R®DA (p<0.001). The acromial

overhang was significantly larger in the NL grod® (mm) versus both pathological groups
(GHOA (35mm), CTA (37 mm)) (p<0.001 and p=0.001)d aeven became statistically
significant between the two pathologic groups afieljustment for the scapular width.
(p=0.045). Although the overhang in the normal stag was thus larger than the CTA

group, it did not influence the AGA significantlg<£0.832). (Figure 5).

Furthermore, we calculated the height of the acoonfiiom the center of the inferior glenoid
using trigonometrics and the measured AGA and Q#istance. We found the acromial
height to be larger for the GHOA group (36mm) thlhe CTA group (30mm) and the NL

group (30mm) (p<0.001). No difference was foundueein the latter two groups (p=0.684).

Observing the coracoacromial complex in the lateialv, the rotation of the coracoacromial
complex can be evaluated. There was a significdfdareince in the mean coracoid-glenoid
center-posterior acromial angle between CTA (1080% and GHOA (99° + 11°) (p<0.001)
and also between NL (107° + 9°) and GHOA (p<0.0049reover, a significant difference
was found in the fulcrum axis length, only betwaédn (mean 69 mm) and CTA (mean 66
mm) (p=0.018). However, after adjustment, no défere could be identified in the length of

the fulcrum axis (63 mm) between all three groyp=0(374).

Moreover, we found a more posterior rotated pasitio the acromial part of the
coracoacromial complex for the GHOA and CTA grodpghe NL shoulder group, the angle
between the anterior acromial and scapular plareea7°. In contrast to the NL group, in
both pathologic shoulders the most anterior poiss Yound posterior to the scapular plane. A
significant difference was demonstrated between Ne group versus the CTA group
(p<0.001) and GHOA (p<0.001). However, between GTIR + 12°) and GHOA (-5° £ 7°)

both angles did not differ (p=0.995). Similar resulvere found for the angle between the
7
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3D Evaluation of the scapular morphology

scapular plane and the lateral acromial plane. Wasored a mean angle in CTA, GHOA and
NL of respectively -20° + 11°, -17° £8° and -12°7% Significant differences were only

demonstrated between the NL group versus the C¥8.091) and GHOA group (p=0.001).

Discussion

To our knowledge, this is the first original bas@ence study to evaluate the 3D morphology
of the entire scapula including its coracoacroms@hplex in degenerative pathological and
normal cases. Our CT-based findings in pathologses, confirmed those of previous X-ray-
based studies with CTA scapulae having a largardatacromial overhang, resulting in
higher CSA, and vice versa for GHOA, which resuitetower CSA® 1 13 1> Moreover,
we were able to observe a more posterior rotatibrthe coracoacromial complex in
pathologic scapulae compared with normal casess Tactor could possibly play an

additional role in the degenerative pathway.

In glenohumeral biomechanics, bony anatomy deliagpsimordial stabilizing function. The

glenoid is fundamental to joint kinematics becaiiserves as the surface for humeral head
rolling, gliding and spinning. It is therefore exaed first. In the transverse plane we could
not find a significant difference in its version.elgh versions were observed ranging from
3.8° to 4.5° of retroversion. Neither was the gldnmadius seen to differ in the three observed

groups.

Secondly, in the coronal plane, a significant iasexl height of the coracoacromial roof was
observed for the GHOA versus both other group&TA and NL groups there was a
significant enlargement of C-Ce-P angle compargdH®A. Because this study could not
measure a difference in the length of the fulcrus Between all groups, the only

explanation for this is that the basis of the coemtomial roof is situated more cranial to the

8
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3D Evaluation of the scapular morphology

glenoid center in the GHOA group in comparisoni® WL and CTA groups. This conclusion
does correlate with the calculated height of themwn. The higher acromial roof in GHOA
results in more subacromial space, and less con&aih Hence, we assume less support to
the humeral head and rotator cuff as it glides utig®acromial roof during glenohumeral
motion. We hypothesize this craniocaudal instabititbe well compensated by the rotator
cuff by exerting higher glenohumeral compressiveds. This in turn leads to a larger joint

reaction force and finally osteoarthritic changes.

Next to the static stabilization, we assume thatadyic factors play a role. From a lateral
point of view, the most anterior part of the acromi(A) and most lateral point of the
acromion (L) were situated more anteriorly in thie $houlder group, closer to the scapular
plane. We consider point L, the most lateral poirthe deltofulcral triangle, to be the turning
point of the anterior and posterior fibers of tledtaid. Therefore, in both pathologic groups,
the deltoid muscle, and thus its vector, will beented more posteriorly, unlike the NL group
where it is closer to the scapular plane. We asghatemechanism potentially contributes to
a dynamic posterior disbalance in the pathologaupgs. However, to inspect the true vector
of the deltoid, a sum of all deltoid muscle fibensapping up the humeral head, should be
considered. This pathologic posterior directed meceinforces the physiological one. The
latter is a result of the dominating presence efitliernal rotating muscles outweighing the

external rotator cuff musclés

We did observe morphological differences betweeh pathologies in the anterior view. Our
study found the acromial roof in CTA to be posigdnlower and to have a larger lateral
acromial extension than the GHOA group, implyingrger AGA or CSA. Gerber et al could
demonstrate an increased strain on the supraspit@talion in scapulae with larger CSA.
They further hypothesized the theory of parallelibetween the CSA and the ratio of

glenohumeral joint shear versus compression firdgse resultant, more laterally oriented,

9
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3D Evaluation of the scapular morphology

deltoid force probably partially neutralizes thenttgpetal compressive force exerted by the
rotator cuff. These resulting ‘decompressing’ farcesuperimposed to the ‘pathologic’
posterior deltoid forces could lessen the concasttynpression principle and increase shear
forces and strain of the rotator cuff. This the@sems a reasonable explanation for the
development of atraumatic cuff tears, finally leadiup to the development of eccentric
glenoid weaF. In the GHOA group, a smaller lateral acromial esten results in a smaller
lateral vector of the deltoid generated ascendorgef Hence, a relatively more preserved
compression force and lower shear force on theawotaff could be expected, and this will in

turn lead to concentric glenohumeral joint degetiend.

Our AGA measurements confirm the findings of thdical shoulder angle in previous
studied' '  where higher CSA are associated with atraumatictiickness rotator cuff
tears. In 3D imaging, we estimate the AGA to be emmnsistently determined in contrary to
the CSA. First, we assume the AGA to better accémmthe complex 3D morphology. The
CSA, however, was developed for radiographic evalna potentially suffering from
positional bias. It was demonstrated that CSA nreasents showed significant differences
from a true AP radiograph with only 5° of malpasiti®. Furthermore, we presume the center
of the inferior glenoid circle to be biomechanigathore relevant than the inferior border of
the glenoid. First, because of the vector directibthe rotator cuff muscles, it is the point on
the glenoid where the humeral head is held the ratadile. Additionally, throughout the
range of motion, it is the point towards which thkenohumeral joint reaction force is
centered”. The resulting force, through Hueter Volkmann anolffs law'®, shapes the
glenoid and its inferior circle, turning the centdrthis circle into a more relevant point than

its lowest point.

This study confirms the association of differerdamdar shape with either the CTA or GHOA

shoulders in a three-dimensional manner. Basechemagssumption that pathology follows

10
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3D Evaluation of the scapular morphology

shape, changing the scapular shape could havevanpiree role on the development of cuff
tears and cuff tear arthropathy in the long termt Nnly decreasing the lateral acromial
overhang but also anteriorizing the rotation of ¢dbeacoacromial complex could diminish the
cuff tear rate. Gerber et al demonstrated thatinfpilto reduce the CSA by lateral
acromionectomy is associated with a higher cuaetaté To our knowledge no evidence
exists with long-term outcomes. Neither is thererditure concerning the relationship
between coracoacromial rotation and the incideficaifb tears. Further research is needed to

reveal any causal relationship of different scapoiarphologies and its clinical relevance.

We acknowledge that our study has some weakndsssisof all, we had a disbalance in the
gender ratio for the CTA group compared to the GHa&® NL groups. Because of the
greater number of females having smaller scapalaescaling of all scapulae was performed
in order to adjust for this bias. On the other handasured angles will not be affected by this

adjustment.

Secondly, we considered a parallelism between uleuim axis and the native glenoid to
determine the posterior point of the coracoacronsiainplex, which can be discuséed
Nevertheless, we chose this point because it wsisreand more accurate to determine than

the reflection point.

Finally, we made assumptions on biomechanics of glenohumeral joint based on
morphologic descriptive data. Our primary purposaswo examine the morphologic
variations between NL, CTA and GHOA scapulae. T\estigate the true kinematics in the
glenohumeral joint, the exact muscular origins ars@rtions also need to be considered, on

the humeral as well as on the scapular side, whiachbeyond the scope of this paper.

11
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261 Conclusion

262 To conclude, this 3D morphological study is thstfio examine the coracoacromial complex
263 in a reproducible reference system of the shoul@be acromial part of the complex was
264 turned more posteriorly in both pathologic groupstthermore, we found the coracoacromial
265 complex to be more cranial to the glenoid centethen GHOA group. Finally, a significant
266 difference in lateral overhang of the coracoacrbiomplex was observed between the three
267 groups. The NL group was found to have a largerlaugg than CTA, and CTA in turn had a

268 larger overhang than GHOA.

269
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Legends

Figure 1: The scapular 3D model with determined points dades.
Figure 2 : Lateral (A) and inferior view (B) of the coracoagrial complex.
Figure 3: Measurement of the acromioglenoidal angle (AGA).

Figure 4: Rotation of coracoacromial complex around the gjigrin GHOA, CTA and NL

group

Figure5: The acromioglenoidal angle (AGA) in GHOA, CTA and Nroup

Table 1: Distribution of patients in GHOA, CTA and NL group
Table 2: Descriptive statistics of scapular measuremen@HO®A, CTA and NL group

Table 3: Descriptive statistics of rotation of the coracamaial complex in GHOA, CTA and

NL group
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352 Table 4: Descriptive statistics of scapular measurement&HOA, CTA and NL group,
353 adjusted for scapular width
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GHOA group according | CTA group according to Hamada’s | NL Total
Patient | to Walch’s classification classification group
distribut
ion
Al A2 Bl B2 C| I I 1 v
Male |5 1 4 7 3|1 3 4 6 64 | 8
(48%)
107
Female | 7 7 8 5 2| - 4 8 17 41 sam)
Total 49 48 108 205
(24%) (23%) (53%) | (100%)




Parameter Mean + Std deviation P-value
NL 134+18 NL-GHOA NS
Radius GHOA 142 +19 GHOA-CTA NS
(mm)
CTA 133412 CTA-NL NS
NL 109.1 +8.1 NL-GHOA 0.372
Width O(fn,frrf)scap“'a GHOA 107.6 + 8.0 GHOA-CTA 0.093
CTA 104.7 + 8.6 CTA-NL 0.004
' NL 30.7 + 4.4 NL-GHOA <0.001
Acrom'(";‘]'qr?]‘)’erhang GHOA 348 +5.4 GHOA-CTA 0.108
CTA 37.0+55 CTA-NL 0.001
L 44436 N— NS
Glenoid version (°) GHOA -42+£3.0 GHOA-CTA NS
e 38+35 AL NS
NL 429+4.2 NL-GHOA 0.922
DiStar(‘rffm(;:’Ce) GHOA 43.0+43 GHOA-CTA 0.002
CTA 403+31 CTA-NL <0.001
L 51.6 +3.8 N— 0.766
D'Sta?r%em()"‘ce) GHOA 52.1+4.9 GHOA-CTA  <0.001
CTA 48.9+ 4.4 CTA-NL <0.001
N 46.9+ 45 NL-GHOA 0.355
DiSta?;‘arT]()F’ ce) GHOA 479+ 4.9 GHOA-CTA 0.001
CTA 445+3.7 CTA-NL 0.002
NL 110.0 + 7.2 NL-GHOA NS
CLP () GHOA 111.7+78 GHOA-CTA NS
CTA 109.5 + 7.3 CTA-NL NS
NL 314450 NL-GHOA 0.036
LCP () GHOA 203+7.1 GHOA-CTA 0.917
CTA 207+6.3 CTA-NL 0.050
NL 38.6+4.3 NL-GHOA 0.725
CPL (°) GHOA 30.0+4.3 GHOA-CTA 0.021
CTA 41+ 45 CTA-NL 0.002

Statistical analysis was performed using the Kruskal Wallis test. Only if this test showed a
significant result, a Dunn Bonferroni posthoc test was performed. GHOA: glenohumeral

osteoarthritis, CTA: cuff tear arthropathy, NL: normal shoulders.



Angles between planes

Mean + Std

) deviation P-value
NL 51+7.1 NL-GHOA  <0.001
Coracoid — scapular GHOA 42 +£9.7 GHOA-CTA 0.578
CTA 45117 CTA-NL <0.001
NL 1+7.2 NL-GHOA  <0.001
Anterior acromial — scapular GHOA Sx7.4 GHOA-CTA 0.995
CTA 1+12.24 CTA-NL <0.001
NL -12+7.1 NL-GHOA 0.001
Lateral acromial — scapular GHOA -17+76 GHOA-CTA 0.289
CTA -20+11.0 CTA-NL <0.001
NL -56 + 8.2 NL-GHOA 0.893
Posterior acromial — scapular GHOA -57+£9.46 GHOA-CTA 0.003
CTA -63+£10.7 CTA-NL <0.001
NL 107 £9.4 NL-GHOA <0.001
Coracoidal — posterior GHOA 99 + 10.4 GHOA-CTA  <0.001
acromial
CTA 108 +10.0 CTA-NL 0.892
NL 50 + 5.4 NL-GHOA  <0.001
Acromioglenoidal angle GHOA 42 £5.75 GHOA-CTA <0.001
CTA 50+6.43 CTA-NL 0.832

Statistical analysis was performed using the Kruskal Wallis test. Only if this test showed a
significant result, a Dunn Bonferroni posthoc test was performed. GHOA: glenohumeral

osteoarthritis, CTA: cuff tear arthropathy, NL: normal shoulders.



Parameter (width correction) Mean + Std deviation P-value
NL 123+1.1 NL-GHOA 0.001
Radius GHOA 13.2+1.6 GHOA-CTA 0.501
CTA 128+14 CTA-NL 0.185
NL 36.5+3.8 NL-GHOA <0.001
Acromial overhang GHOA 326+5.8 GHOA-CTA 0.010
CTA 355+£5.6 CTA-NL 0.045
NL 63.3+44 NL-GHOA NS
Distance (C-P) GHOA 62.3+54 GHOA-CTA NS
CTA 63.5+6.2 CTA-NL NS
NL 39.3+3.0 NL-GHOA NS
Distance (C-Ce) GHOA 40.1+4.4 GHOA-CTA NS
CTA 38.6 £3.7 CTA-NL NS
NL 474 +£2.8 NL-GHOA 0.478
Distance (L-Ce) GHOA 48.7+5.4 GHOA-CTA 0.004
CTA 47.0£53 CTA-NL 0.009
NL 43.1£2.9 NL-GHOA 0.101
Distance (P-Ce) GHOA 44.7+438 GHOA-CTA 0.005
CTA 428+4.9 CTA-NL 0.092

Statistical analysis was performed using the Kruskal Wallis test. Only if this test showed a
significant result, a Dunn Bonferroni posthoc test was performed. GHOA: glenohumeral

osteoarthritis, CTA: cuff tear arthropathy, NL: normal shoulders.





