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Abstract

Availability of data and material

Study data were retrospectively analyzed after
being captured and managed using REDCap
electronic data capture tools hosted at the
hospital [20]. REDCap (Research Electronic
Data Capture) is a secure, web-based software
platform designed to support data capture
for research studies, providing: (1) an intuitive
interface for validated data capture; (2) audit
trails for tracking data manipulation and export
procedures; (3) automated export procedures
for seamless data downloads to common
statistical packages;and (4) procedures for data
integration and interoperability with external
sources.
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Background: Reverse shoulder arthroplasty (RSA) is a valuable solution for patients
with shoulder pain or injury primarily due to a rotator cuff tear or secondary to
traumatic events. Nevertheless, several complications are known to appear, with the
most frequent being scapular notching (SN) on the inferior and posterior scapular neck.
Controversial data exist about the clinical relevance of SN. Since further consequences
are still not clearly understood, we aimed to provide more clarity on which factors,
especially external rotation (ER), contribute to the appearance and progress of
notching.

Methods: Constant Score (CS), Subjective Shoulder Value (SSV), flexion, abduction,
and ER were evaluated retrospectively in 153 shoulders of 147 patients (mean

age 79+7.7 years; 62% women) who underwent RSA between 2005 and 2010.
Anteroposterior radiographs were evaluated before and 1, 2, 3, and 5 years after RSA
for SN according to the Sirveaux classification. The evaluation was performed by two
independent surgeons. Spearman’s coefficient and t-test were used.

Results: CS, SSV, flexion, and abduction increased significantly 1 year after RSA
compared to before (all p < 0.0001). No improvement was shown for ER between

the same timepoints. Between 2 and 5 years of follow-up, only flexion decreased

by 5°(p=0.02) while CS, SSV, abduction, and ER remained constant. After RSA, notching
increases over time. There was no association between SN and CS, SSV, flexion,
abduction or ER at any of the measured timepoints. Higher flexion correlated with
higher abduction after RSA at every follow-up (1 year r=0.88, 2 years r=0.89, 3 years
r=0.86, 5 years r=0.86). The interrater correlation test showed a strong correlation
(r=0.7).

Conclusion: We verified the functional benefits of RSA for patients. Additionally, our
findings show that despite radiographic progression of notching and unchanged
limited ER, the postoperative improvements in CS, SSV, flexion, and abduction are
preserved over 5 years.
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Introduction

With the Grammont type of reverse pros-
thesis that was introduced in the late
1980s, a new biomechanical concept was
established by lowering and medializing
the center of rotation [6, 17]. Therefore,
a greater lever arm results in the deltoid
muscle leading to an improved shoulder
function, especially its efficacy for abduc-
tion and to a lesser extent also forward
elevation [10, 24]. Further biomechanical
advantages of the Grammont type reverse
shoulder arthroplasty (RSA) are a larger
ball that offers more stability and a greater
range of motion (ROM) and the neckless
placement of the center of rotation on
the glenoid surface, thereby reducing
the shear forces at the point of fixation
[6]. Shoulder function and autonomy of
daily activities are improved after RSA [7].
Some of these adaptations, compared to
the previous constrained implant models
(TSA), are able to partially compensate
the deficiency in the superior rotator cuff
muscles. Nevertheless, several authors
have reported that clinically internal and
external rotation (ER) do not necessarily
improve after RSA despite preservation
of the infraspinatus and subscapularis
muscle tendon unit [6, 9]. Explanations
for this are that the ROM is restrained as
a consequence of the limited lateral offset
of the prosthesis and that the lever arm
of the remaining rotator cuff is reduced
by medializing and lowering the center
of rotation. Additionally, the potential
damage of the suprascapular nerve with
the posterior screw during surgery may
affect active external rotation following
RSA [6].

A specific radiographic sign associated
with RSA implantation is called “scapu-
lar notching.” Scapular notching describes
a glenoid erosion that usually appears on
the inferior scapular pillar and was classi-
fied by Sirveaux—Nérot et al. [33, 38] into
four different stages:

- Grade 0 shows no defect

- Grade 1 defect corresponds to an
erosion within the inferior scapular
pillar

- Grade 2 defect erosion reaches the
inferior border of the lower screw

- Grade 3 defect extends further than
the lower screw

— Grade 4 defects are considered when
the notching progresses to contact
with the bottom of the baseplate

Several factors seem to be relevant in pre-
dicting inferior notching, the most com-
mon of which are: the anatomy of the
scapular neck, the base plate orientation,
the surgical approach, the patient’s rota-
tor cuff condition before and after surgery
and degenerative disorders. One of the
most important risk factors for this im-
pingement of the humeral polyethylene
cup seems to be the position of the base
plate[18,30, 37]. Lower positioning shows
less notching incidence [42] while the ab-
sence of the neck from the glenosphere [6]
in combination with superior tilt should be
avoided causing more likely an underlap
of the humeral cup [25, 29]. An additional
risk factor is a large scapular neck angle
which was shown by Simovitch ([37]: 9°
in shoulders without and 31° for shoul-
ders with inferior notching). The same au-
thor reported that a large peg-glenoid rim
distance also influences inferior notching
negatively (20.1 mm without and 24.7 mm
with notching). An anterosuperior surgi-
cal approach showed higher notching in-
cidence compared to a deltopectoral ap-
proach [28].

The goal of the present study was to
analyze the parameters of ROM, especially
ER, before and after RSA along with the in-
cidence and progression of scapular notch-
ing. We hypothesize that a poor shoulder
function, especially a decreased ER, is more
likely to correlate with a higher degree of
notching.

Patients and methods

Inclusion and exclusion criteria

For this retrospective study, patients with
implantation of an Anatomical Shoulder
Inverse System (Zimmer Inc., Warsaw, IN,
USA) and ages between 18 and 99 years
were included between 2005 and 2010
from our institutional database. The time
period was selected on the basis of the
implant that was mostly used at that time.
All patients who had surgery before the
RSA (except soft tissue intervention such as
subacromial debridement or repair of rota-
tor cuff tear), primary or secondary tendon

transfer (e.g., latissimus dorsi transfer), in-
complete clinical or radiological data, and
rejection of informed consent were ex-
cluded.

Surgical procedure

All surgeries were performed or super-
vised by two experienced shoulder sur-
geons. The deltopectoral approach was
mainly used, in rare cases the superolat-
eral approach was chosen. An Anatomical
Shoulder Inverse (Zimmer Biomet, War-
saw, IN, USA) was implanted in all patients
with a neck angle of 155°. Glenospheres
with 36 and 42 mm were used. The surgical
procedure is described in detail elsewhere
[16]. Repair of the subscapularis muscle
and tendon was performed routinely un-
lessanatomical circumstances (e.g., muscle
atrophy) did not allow it.

Postoperative care

Postoperative rehabilitation started on the
day after surgery with certain limitations
as follows: active assisted elevation in the
case of physical complaints, no internal ro-
tation against resistance, ER maximally up
to 0°, and activation of the deltoid muscle
for 6 weeks. After 6 weeks, patients were
allowed to increase ROM gradually accord-
ing to their symptoms. Physiotherapy was
prescribed for a duration of 6 weeks, fol-
lowed by strengthening. An arm sling was
given facultatively.

Clinical and radiological assessment

The Constant Score (CS), Subjective Shoul-
der Value (SSV), flexion, abduction, and ER
were clinically assessed before surgery and
atevery follow-up 1, 2, 3, and 5 years post-
operatively after RSA and analyzed retro-
spectively.

Radiographs in anteroposterior and
axillary view were taken according to
a standardized internal protocol before
surgery and at every follow-up. The
Sirveaux—-Nérot classification was used to
grade SN (grade 0: signs of notching ab-
sent—grade 4: notching up to the inferior
screw and glenoid peg; [33, 38]) using
the anteroposterior and axillary view.
Preoperatively, on the anteroposterior
radiograph we measured the acromio-
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Table 1 Baseline characteristics Table 2 Follow-up documentation and drop-outs
Characteristics N (%) Preoperatively | 1y 2y 3y 5y
Patients/shoulders 147/153 Total, N (%) 147 (100) 130(88) | 116(79) | 103(70) | 85(58)
Age (mean, SD) 79,7.7 Decease - 7 4 1 2
Gender Conversion to hemiprosthesis - 1 2 2 -
Women 91 (62) Poor general condition, frailty - 3 5 5 12
Men 56 (38) Other® - 119 105 95 71
Setting yyears
Elective 150 (98) ° Emigration, follow-up with other doctor/institution, missed appointments or not within regular time,
unknown
Emergency 3(2)
Diagnosis
Cufftear arthropathy | 110 (72) Table 3 Preoperative radiological parameters
Osteoarthritis 40) Radiological parameter Mean (SD) N (%)
Cuff deficiency/ 39 (25) AHD 54 36) ~
posttraumaticin- Hamada
jury Grade 1 - 50(33)
Side Grade 2 - 26 (17)
Dominant side 114 (75) Grade 3 - 21(14)
Contralateral side 38(24) Grade 4 a/b - 29 (19)
Unknown 1(<1) Grade 5 - 27 (17)
Surgical approach Walch classification
Deltopectoral 138 (90) Al - 93(61)
Superolateral 13(7) A2 - 46 (30)
Other 2(3) B1 - 9(6)
Glenosphere size B2 - 2(1)
36mm 107 (70) C - 3(2)
42mm 45(29) Ante-/retroversion
Unknown 1(<1) Anteversion 6.7 (6.0) 72 (47)
SD standard deviation Retroversion 5.4(5.0) 81(53)

humeral distance ([AHD], in millimeters;
[21]) and assessed Hamada stage (stage 1,
AHD >6 mm—stage 5, AHD <7 mm with
osteonecrosis of humeral head; [19]). Ret-
rospectively, anteversion of the glenoid
scapular angle was analyzed from CT scans
according to Friedmann (measured in de-
grees; [14]) in addition to the glenoid
type classification after Walch (grade
A1/A2: centered humeral head, concen-
tric wear, no subluxation of the humeral
head with minor/major erosion—grade
C: >25° retroversion, dysplastic or bicon-
cave glenoid, posterior translation of the
humeral head; [41]). Radiologic readout
was performed by two independent ortho-
pedic surgeons over a period of 3 months.
The PACS-Software Merlin (Phonix-PACS
GmbH, Freiburg in Breisgau, Germany)
was used to visualize radiographs.
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version form CT scans

AHD, Hamada and Walch classification were obtained from conventional radiographs; Ante- or retro-

AHD acromiohumeral distance, SD standard deviation

Statistical analysis

Pearson’s correlation coefficient was ap-
plied to test for correlation between the
radiological readouts, and Spearman’s
correlation coefficient was used to de-
termine correlations between parameters
and notching grading. Spearman’s corre-
lation coefficients range from -1.0 to 1.0,
indicating perfect inverse and direct cor-
relation, respectively, while values from
0.70to 0.89 were interpreted as strong and
0.90-1.00 as very strong correlation [35].
The two-tailed Wilcoxon signed rank test
was used for the comparisons between
the follow-up time points. To rule out
measurement error, minimal detectable
change (MDC) was assessed based on the
95% confidence interval [40]. The level of
significance was set at p < 0.05. Analysis
was conducted in R (R Core Team, 2017,

R Foundation for Statistical Computing,
Vienna, Austria).

Results

In total, 153 shoulders of 147 patients
were included in the study (@Table 1).
There were 38% men (58 shoulders) and
62% women (95 shoulders) with an av-
erage age of 79 years (SD+7.7). Overall,
110 patients were diagnosed with cuff tear
arthropathy, four with osteoarthritis and
39 with cuff deficiency or posttraumatic
injury. Three patients had surgery due to
an emergency, all others were planned in
advance for RSA. The surgical approach
chosen was deltopectoral in 90.3 and su-
perolateral in 7.3% of cases. The remaining
2.4% approaches were anterosuperior and
made using the already existing scar. A to-
tal of 70.3% of patients received a gleno-



Table 4 Clinical parameters preoperatively and at follow-up
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SD standard deviation, y year(s), preop preoperatively, A difference, MDC minimal detectable change (95% confidence interval)

Table 5 Radiological parameter for scapula notching at all follow-ups

Sirveaux

Mean
2.20
2.45
2.70
2.74

Grade 4

1"

10

Grade 3

18
12
15
13

Grade 2

31

31

22
21

Grade 1
65

57
43

30

Grade 0

33
21

12

1"

Year(s)

sphere of 36 mm in diameter, while 29.1%
received one of 42 mm (for one case there
were no data). The RSA was on the domi-
nant side in 114 cases, on the contralateral
side in 38, and for one case there was no
information about dominance.

For the 1-year follow-up we registered
130 patients, for the 2-year follow-up
116 patients showed up, for the 3-year
follow-up 103 patients, and for the 5-year
follow-up there were 85 patients. Rea-
sons for absence were surgical revisions
(e.g., fracture), emigration, bad general
condition, missed consultation (reason
not documented), or death (@ Table 2).
Interrater correlation for the radiological
reading of SN showed a strong correlation
with r=0.70 (p <0.001).

Preoperatively, AHD was measured
and calculated with a mean of 5.4mm
(SD + 3.6). According to the Hamada clas-
sification there were 50 shoulders with
grade 1, 26 with grade 2, 21 with grade 3,
29 with grade 4a/b, and 27 with grade 5. In
total, 53% of the scapulae showed a retro-
version according to Friedman [14] with
amean of 5.4°(SD + 5.0) and 47% an antev-
ersion with a mean of -6.7° (SD + 6.0). Our
cohort mostly presented with Walch A1
and A2 configuration (93 and 46 shoulders
respectively), whereas only nine shoul-
ders corresponded to B1, two to B2, and
three to C. A significant difference was
found in the posttraumatic group com-
pared with the others, with a lower mean
Hamada grade (2.6 and 3.4, respectively;
p=0.026) and a higher AHD (6.9 and 4.8,
respectively; p < 0.001).

The CS, SSV, flexion and abduction in-
creased significantly 1 year after RSA com-
pared to before (all p<0.0001; @ Tables 3
and 4, @Fig. 1). No improvement was
shown for ER after 1 year (p=0.79) com-
pared to the preoperative values. Between
the 2- and 5-year follow-up, only flexion
decreased by 3.5° (p=0.02; MDC of 7° was
not reached; @ Table 4) while CS, SSV, ab-
duction, and ER remained constant. The
posttraumatic group had a higher CS be-
fore surgery compared to the nontraumatic
group (32.4 and 28.8; p=10.006, data not
shown). After surgery, the former tended
to have better ER in every follow-up than
patients with arthropathy (mean +5.3°)
with the most distinct difference of +8.0°
(p=0.006) 2y after RSA. Patients suffering
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clinical parameters of flexion, abduction,

70 or ER (B Fig. 3).

Higher flexion correlated strongly with

60 higher abduction after RSA in every follow-

up (1 year r=0.88, 2 years r=0.89, 3 years

50 r=0.86, 5 years r=0.86). Equivalently, CS

W Sirveaux 0 showed strong a correlation with abduc-

40 Sirveaux 1 tion and flexion over 5 years (all r>0.72,

" B Sirveaux 2 data not shown).

m Sirveaux 3 . .
‘ Discussion
20 Sirveaux 4
i In this retrospective study of 147 patients
72% suffered from a cuff tear arthropathy
0 along with pain and impaired function re-

1 year 2 years

3 years

5 years

Fig. 2 A Overview of distribution for the severity of radiological Sirveaux gradings from Sirveaux
grade 0 (absent) to grade 4 (most severe, notching up to inferior screw and glenoid peg) over all
follow-ups from 1 year to 5 years afterimplantation of reverse shoulder arthroplasty. Vertical scale

depicts frequency number

from trauma showed no difference in SN
compared to patients with no trauma.
After RSA, notching showed an increas-
ing tendency with higher grades over time
in the mean, without statistical signifi-
cance (mean Sirveaux 1 year=2.20, mean
2 years=2.45, mean 3 years=2.70, mean
5 years=2.74, BTable 5 and @ Fig. 2).
While absent notching (grade 0) showed
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a clear decreasing tendency from 33
to 11 cases during the follow-ups over
5 years, the incidence of the most severe
notching grade 4 increased from one
to 10 cases (B Table 5). Despite this ra-
diographic tendency of notching toward
higher grades, no correlation was found at
any follow-up time point with any of the

sulting in therapeutic RSA. We showed
that 1 year after RSA the parameters SSV,
CS, flexion, and abduction all increased
significantly and remained constantly high
over all follow-ups, whereas ER did not im-
prove nor decrease. Improved CS and SSV
was summarized in the review by Petrillo
et al. with very similar pre- and postop-
erative values and a total increase for CS
(A + 31 points) and SSV (A + 54%; [32]).
Our results confirm findings in the lit-
erature with the congruent reported av-
erage postoperative flexion of 124° after
RSA from studies [26]. The slight decrease
of —3.5° that we measured at 5 years com-
pared to 2 years after surgery was inter-



0.3

0.2

0.1

Correlation coefficient R
o

-0.1

-0.2

-03

1year 2 years

preted as measuring error since an MDC
of 7° was not reached [40]. Improvement
in flexion from before surgery ranged, de-
pending on the study, from 43 to 106°[26]
encompassing our increase in motion after
5 years of 57°. The reason for this wider
variation can be explained by the differ-
ent follow-up time points and number of
patients as well as by interrater reliability
in measurement methods [12]. In active
flexion the glenohumeral and scapulotho-
racic joint are involved which makes it diffi-
cult to separate a potential compensatory
mechanism by the latter when measuring
the flexion during physical examination
[26], suggesting the lower values are more
strictly related to the improved gleno-
humeral function. The results reported
by Maier et al. are also in agreement with
our findings, without a change in ER after
RSA. However, other groups have found
significant improvement in ER. Compared
to our results, Petrillo et al. showed an im-
provement in ER after RSA of up to 27.7°in
their review (408 shoulders in total) with
the underlying diagnosis of either cuff tear

3 years

5 years

arthropathy or irreparable massive rotator
cuff tears. This might be explained by the
much lower preoperative mean of 17.1°
(compared to our pre- and postoperative
mean of 25.6 and 27.9°, respectively; [32]).
This highlights the fact that our study co-
hort already had a relatively acceptable
extent in ER before surgery. Knowing the
established method of a latissimus dorsi
transfer to improve ER after RSA due to
an atrophied teres minor muscle [2, 5, 15,
371, Berglund et al. compared a group
with transfer against one without transfer
finding no change in ER after surgery [1].
Another group examined 608 patients be-
fore and after RSA dividing patients into
three groups according to their preoper-
ative range of ER (stiff with a mean of
-4°, weak with a mean of 16°, and normal
with a mean of 44°), showing a signif-
icantly higher improvement for patients
with a stiff range compared to those with
a weak range (comparable to our cohort)
and normal range after surgery [8]. This
finding raises the issue that patients with
a stiff range might suffer from an addi-

—_— G5
——— S5V

== == Flexion
«essee Abduction
—ER Fig. 3 < Spearman correla-
tion coefficients for scapu-
lar notching depicted on
the vertical scale for cor-
relation with the clinical
parameters Constant Score
(CS), Subjective Shoulder
Values (SSV), flexion, ab-
duction, and external ro-
tation (ER) over all follow-
upsfrom 1yearto5yearsaf-
terimplantation of reverse
shoulder arthroplasty. Cor-
relation from 0 to +0.3 was
considered as “weak”

tional restriction (postoperative stiffness)
that causes only temporary impairment.

When comparing traumatic versus non-
traumatic cases, itis not surprising that the
latter have a higher Hamada score, lower
AHD and lower SSV since we know that
these patients already suffer from chronic
osteoarthritis and cuff tear arthropathy
[19, 21]. We believe that patients who
have a clear trauma history have better
ER postoperatively since they usually have
not suffered from chronic degenerative
changes of muscles and the joint, pre-
senting with a more robust preoperative
anatomical condition with higher poten-
tial for compensation.

We found a trend of notching show-
ing an increasing tendency over 5 years
after RSA from 2.20 up to 2.74. Overall,
33 patients did not show any radiological
sign after 1 year whereas after 5 years only
11 patients had no evidence of notching
(with a decreased follow-up cohort due
to the drop-outs). The reported incidence
of notching varies widely from 4 to 96%
[13]. The debate of whether SN is clinically
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relevant and related to poorer outcome
such as impaired ROM or higher incidence
of complications [27, 36] or whether it
is simply a radiological finding without
a harmful effect [6, 25, 39, 42] is still ongo-
ing. In 2019 Simovitch et al. summarized
in a retrospective study of 324 patients
with a 5-year follow-up that patients with-
out notching have a significantly increased
function in abduction, flexion, ER, and the
CS compared to those with notching [36].
It should be mentioned here that notch-
ing grades 1-4 were pooled for a binary
analysis and therefore higher power. Fur-
ther, the authors discovered that patients
with notching had a higher complication
rate. Several factors have been discussed
to influence the progress, e.g., implant
type, surgical technique with inferior tilt-
ing [11], or bony increased offset [4], BMI,
glenosphere size, or daily activity [11, 22,
30, 36]. We found no correlation at any
follow-up time point between notching
trend and any of the functional parame-
ters of flexion, abduction, or ER (B Fig. 3).
Based on biomechanical and clinical stud-
ies, several groups stated that primary ER
in adduction contributes to the progress
of inferior notching [22, 23, 31]. This leads
to the conclusion that a lack of sufficient
improvement in ER might be protective
for SN. However, our preoperative values
of ER were higher than in other patient
groups before RSA [32].

Overall, 75% of our older patient co-
hort were affected on their dominant side,
revealing how important improvement in
function for basic daily activity and there-
fore life quality can be. For future studies,
the essential requirements for everyday
living should be taken into account.

In summary, RSA is an established and
important therapy option in older patients
with cuff tear arthropathy, deficiency, and
osteoarthritis suffering from pain and con-
strained ROM [3, 6, 34]; although after
5 years we did not find any negative cor-
relation between the occurrence of SN and
impaired function, care should be taken
when the implant and surgical technique
are chosen to minimize therisk, since some
groups have found an association of an
increased complication rate in the long-
term period [27, 36].

A limitation of this study is the high
drop-out rate during the follow-up, which
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can be explained by the older population.
It was not uncommon to miss follow-ups
when they were content. Furthermore, the
patients’ physical activity was not evalu-
ated, which is why no statement can be
made about a potential impact on the
notching process from the postulated risk
of ER motion. We did not perform a stan-
dardized postoperative quality control for
implant positioning on the radiographs to
exclude other potential influencing factors.

A strength of this study is the dou-
ble reviewing process of Sirveaux grading
from the radiographs. Further, the follow-
up period of 5 years let us draw a firm con-
clusion about the outcome data regarding
the patient demands in this population.
Since two senior shoulder surgeons mainly
performed the operations with the same
implant, variations of different angle tech-
niques in the base plate can be ruled out.

Practical conclusion

= Reverse shoulder arthroplasty (RSA) is
an established therapy option in older
patients with cuff tear arthropathy, defi-
ciency, and osteoarthritis suffering from
pain and constrained range of motion.

- Significant functional benefits can be
achieved with RSA but several compli-
cations can occur, the most frequent be-
ing scapular notching of the inferior and
posterior scapular neck.

=~ Despite radiographic progression of notch-
ing over time, however, no negative clin-
ical association of external rotation and
other parameters including abduction,
flexion, Constant Score, and Subjective
Shoulder Value was observed after 5 years
of follow-up.
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Geht eine eingeschrankte AuBBenrotation nach inverser
Schulterendoprothetik mit glenoidalem Notching einher? Eine
Beobachtungsstudie

Hintergrund und Fragestellung: Die inverse Schulterendoprothetik (RSA) hat sich zu
einer wertvollen Losung entwickelt fiir Patienten mit Schmerzen sowie Verletzungen,
die auf einer Rotatorenmanschettenruptur oder sekundar traumatischen Ereignissen
basieren. Zu den haufigsten Komplikationen zahlt das Skapula-Notching (SN) am
inferoposterioren Skapulahals. Uber die damit zusammenhéngende klinische Relevanz
gibt es kontroverse Aussagen. Da die Konsequenz noch nicht abschlieBend geklart ist,
mochten die Autoren mehr Klarheit schaffen, welche klinischen Faktoren, insbesondere
die AuBBenrotation (AR), zum Auftreten und Fortschreiten des SN beitragen.

Methode: Constant Score (CS), subjektiver Schulterwert (SSV), Flexion, Abduktion
und AR wurden retrospektiv bei 153 Schultern von 147 Patienten (Durchschnittsalter
79 Jahre £7,7; 62 % Frauen) ausgewertet, die sich zwischen 2005 und 2010 einer

RSA unterzogen. Anteroposteriore Rontgenaufnahmen wurden vor und 1, 2, 3 und

5 Jahre nach der RSA gemdl3 der Sirveaux-Klassifikation ausgewertet. Die Auswertung
wurde von 2 unabhéangigen orthopédischen Chirurgen durchgefiihrt. Auerdem
wurden der Spearman-Koeffizient und der t-Test fiir die Vergleiche zwischen den
Zeitpunkten verwendet.

Ergebnisse: CS, SSV, Flexion und Abduktion nahmen ein Jahr nach RSA im Vergleich
zu vorher signifikant zu (alle p < 0,0001). Bei der AR wurde zwischen denselben
Zeitpunkten keine Verbesserung festgestellt. Zwischen 2 und 5 Jahren nahm die
Flexion um 5°ab (p =0,02), wahrend CS, SSV, Abduktion und AR konstant blieben. Nach
RSA zeigt das SN einen zunehmenden Trend im Verlauf. Kein Zusammenhang konnte
zwischen SN und CS, SSV, Flexion, Abduktion oder AR zu samtlichen Zeitpunkten
gefunden werden. Bessere Flexion korreliert mit besserer Abduktion nach RSA in jedem
Follow-up (1 Jahr: r=0,88; 2 Jahre: r=0,89; 3 Jahre: r=0,86; 5 Jahre: r=0,86). Die
Interrater-Reliabilitdt zeigte eine starke Korrelation (r=0,7).

Schlussfolgerung: Die Autoren konnten den funktionellen Nutzen der RSA fiir die
Patienten nachweisen. Dariiber hinaus zeigen die vorliegenden Ergebnisse, dass trotz
des fortschreitenden radiologischen Trends des SN und unverdndert eingeschrankter
AR postoperativ Verbesserungen in CS, SSV, Flexion und Abduktion tiber 5 Jahre
erhalten bleiben.
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