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Abstract

Introduction Incidences of scapular notching (SN) in reverse shoulder arthroplasty (RSA) range between 0% and 96%, and
controversy remain as to its relevance for patient outcome. We assessed the reliability of scapular notching (SN) grading
based on the Sirveaux classification system using anteroposterior radiographs.

Materials and methods 206 RSA procedures with 5-year postoperative anteroposterior shoulder radiographs were classified
independently by seven assessors according to Sirveaux (session 1). After a review meeting, three assessors re-classified
the radiographs along with quality criteria (session 2). SN grading by the majority of assessors was taken as the reference.
Classification interobserver reliability was analyzed using Kappa statistics.

Results The incidence of SN was estimated at 53% and 37% at the first and second sessions, respectively. Interobserver
reliability Kappa coefficients resulting from the first and second sessions were 0.27 and 0.43, respectively. Case selection
based on radiographic quality criteria did not improve SN grading reliability in the second session.

Conclusion Agreement between individual surgeons was low when grading SN in RSA according to Sirveaux using anter-

oposterior radiographs. Consensus among several assessors may increase reliability in research settings.

Keywords Scapular notching - Sirveaux classification - Reverse shoulder arthroplasty - Anteroposterior radiographs -

Reliability - Agreement

Introduction

Reverse shoulder arthroplasty (RSA) is effective for treating
rotator cuff tear arthropathy, fracture sequelae or failed ana-
tomic total shoulder replacement [1-4]. Scapular notching
(SN) is a common observation after RSA resulting in erosion
of the inferior scapular neck during adduction, and is caused
by a mechanical conflict with the humeral RSA component
[3, 5-9]. Erosion of the posterior part of the scapula dur-
ing rotation may also occur [7, 10]. The incidence of SN is
between 0% and 96% [11-15]. While the effect of SN on the
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outcome after RSA remains controversial, SN is believed
to influence loosening and therefore long-term prosthesis
survival [3, 4, 9, 16-18]. Inferior placement and less medi-
alization of the baseplate is thought to reduce the amount
of SN [11, 12].

The Sirveaux classification system comprises four grades
describing the extent of SN on anteroposterior and lateral
radiographs (Fig. 1) [9, 18]. Its reliability has not been thor-
oughly evaluated. In a series of 60 shoulders, Sadoghi et al.
reported excellent interobserver reliability between two
assessors, although quality testing of this system was not
their primary focus [19].

Our primary study aim was to assess the reliability of SN
grading based on the Sirveaux classification system using
anteroposterior radiographs. In addition, we explored the
effect of radiographic quality criteria on SN assessment.
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Fig. 1 Scapular notching classification according to the Sirveaux
classification system (Reproduced with permission and copyright ©
of the British Editorial Society of Bone and Joint Surgery from Sir-
veaux F, Favard L, Oudet D, Huquet D, Walch G, Molé D. Grammont
inverted total shoulder arthroplasty in the treatment of glenohumeral
osteoarthritis with massive rupture of the cuff: results of a multicenter
study of 80 shoulders. [9]). A defect contained within the pillar cor-
responds to a Grade 1 notch. A Grade 2 notch is in contact with the
lower screw, Grade 3 notch is localized over the lower screw, and a
Grade 4 notch extends under the base plate

Fig.2 a Five-year postopera-
tive anteroposterior radiograph
in internal rotation highlight-
ing extrascapular, inferior
screw placement. b Five-year
postoperative anteroposterior
radiograph in internal rota-
tion highlighting the lack of
visibility of the scapular neck
for the classification of scapular
notching
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Materials and methods

We identified a total of 237 consecutive patients who had
undergone RSA between July 2006 and May 2010 with a
5-year follow-up clinical examination. The sample size was
limited by the size of our register. The use of our register
data to assess specific clinically relevant factors such as SN,
in conjunction with functional outcome parameters (e.g.,
Constant-Murley score [20] and patient-reported Shoulder
Pain and Disability Index [21]) was approved by the local
ethics committee. Anteroposterior radiographs in internal
and external rotation of the humerus within the scapular
plane made at 5 years or, when missing, at 2 years were
selected. Any radiographs with poor visibility of the scapu-
lar neck due to an insufficient X-ray beam, superpositions
or extracapsular inferior screw placement (Fig. 2) that were
clearly insufficient for SN grading were excluded.

First classification session

Available postoperative radiographs [anteroposterior in
(a) internal and (b) external rotation] were anonymized,
consecutively numbered and given to 7 assessors (i.e., 3
experienced fellowship-trained orthopedic surgeons with
shoulder expertise of more than 3 years, 1 orthopedic fellow
without special shoulder expertise, 2 fourth-year residents
with shoulder experience of more than 12 months, and 1
third-year resident without shoulder expertise) for SN grad-
ing according to Sirveaux [9, 18]. All assessors received
a description of the classification system; SN grading was
independently completed without access to additional
information.
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Assessor review meeting

A review meeting attended by all seven assessors was held
after the first session. Any grading disagreements and issues
were discussed in an attempt to identify the main cause of
discrepancy. Radiograph quality was of major concern, and
it was suggested that SN grading would show higher reli-
ability when applied on radiographs meeting specific quality
criteria. The following quality parameters were defined: (1)
optimal tangential view, i.e., when the base plate is seen in
profile so that any gap between base plate and glenoid would
be clearly visible; (2) optimal horizontal view, i.e., when
the projection is horizontal, perpendicular and centered on
the central peg so that both superior and inferior base plate
screws are seen symmetrical and equidistant to the central
screw; and (3) optimal visibility of the scapular neck, i.e.,
the view onto the inferior scapular neck is not superimposed
by ribs, the humeral cup or clavicle (Fig. 3). The additional
use of preoperative anteroposterior radiographs in internal
and external rotation was suggested among the assessors to
more accurately assess individual scapular neck anatomies
and ultimately improve SN grading.

Second classification session

A second session was undertaken for the final radiograph
set analysis. All images were given to 3 of the original 7

Fig.3 5-year postoperative anteroposterior radiograph in external
rotation fulfilling the three quality criteria for optimal grading of
scapular notching according to the Sirveaux classification: (1) projec-
tion tangential to the base plate; (2) projection displaying an optimal
horizontal view; and (3) a clear view to the inferior scapular neck

assessors (2 experienced fellowship-trained orthopedic sur-
geons and 1 fourth-year resident) in a new and random order
for grading. The assessors were required to initially grade
the images only followed by a second assessment with the
preoperative (baseline) images. Radiograph quality was also
individually evaluated based on the previously defined qual-
ity parameters.

Data management and statistical analysis

Data were collected on Excel sheets and combined within
Stata 14.0 (StataCorp LP, College Station, TX) for statistical
analysis. Data analysis and reporting were made following
international guidelines [22]. From the first classification
session, a reference grading for each patient was derived
either from the grade provided by the majority of assessors
or the highest of the two grades when there was an equal
number of assessors with the same outcome. This reference
grade was described as the most likely SN grade distribution
for each patient within the cohort. Interobserver reliability
was evaluated by the overall as well as grade-specific Kappa
coefficients () and interpreted according to Landis and Koch
[23]. In addition, we calculated assessor pairwise k to evalu-
ate any potential differences in understanding or application
of the SN grading system among the assessors. Pairwise k
among assessors with expertise in shoulder surgery were
compared with other pairwise k involving assessors without
shoulder expertise using the Wilcoxon rank-sum test. Classi-
fication reliability was also assessed for the proposed French
Society of Orthopedic Surgery & Traumatology (SOFCOT)
classification adjustment (Grades 0-2), where the Sirveaux
Grades 2—4 were combined [7].

From the second classification session, the decision of
whether a criterion was fulfilled for any radiograph was
made by the majority of the three assessors. On this basis, a
quality subgroup was formed with radiographs meeting all
three quality criteria in one or both views. Combined data
were analyzed similar to that handled in the first session.
Reliability assessment was performed on all cases without
and with additional preoperative radiographs followed by a
further assessment only considering the quality subgroup.

Results

From 237 RSAs, 31 were excluded for the first session
because the radiographs were clearly insufficient for SN
grading due to a lack of scapular neck visibility or extras-
capular inferior screw placement (Fig. 4). The overall cohort
included 206 RSAs (7.3% had 2-year radiographs) in 200
patients, where 69% were female. Mean patient age at the
time of surgery was 71.5 years (SD 7.9). RSAs were per-
formed using either a Promos Reverse® (Smith & Nephew
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Local shoulder arthroplastic register (2006-2010)
237 reverse shoulder arthroplasty with 5-year follow-up

Patient selection | Exclusion due to clearly

insufficient radiographs (n = 31)
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Anonymization of AP radiographs in IR/ ER
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Fig.4 Flow chart outlining the patient and radiograph selection pro-
cess for the classification of scapular notching. AP anteroposterior,
IR/ER internal and external rotation

Orthopaedics AG, Aarau, Switzerland) (n=137) or SMR™
Reverse (Lima Switzerland SA, Rotkreuz, Switzerland) pros-
thesis (n=69).

According to the majority of first session assessors,
the SN incidence in our series was estimated at 53%; SN
Grades 3 and 4 were noted in 6 and 4 RSAs, respectively
(Table 1), and grading could not be achieved using avail-
able radiographs in an additional 16 RSAs. Interobserver
reliability of the first session showed a «k value of 0.27.
Pairwise assessor k (n=21) ranged from 0.05 to 0.51 with
a median of 0.31 (Table 2). In particular, one assessor

(ID 5) with a median pairwise x of 0.18 showed the most
disagreement with the rest of the assessor panel. The expe-
rience level of the assessors in shoulder surgery did not
influence the reliability of grading SN as measured by
pairwise « (p =0.89).

After the second session, the SN incidence was 37%, and
Grades 3 and 4 were noted in 3 and 6 RSAs, respectively
(Table 1; Fig. 5). Grading reliability improved to a moderate
level with a x of 0.43 compared to 0.32, which was estimated
from the same three assessors in the first classification ses-
sion. All 3 quality criteria were fulfilled in 98 of 190 cases
(52%). Restriction of the analysis to the radiograph quality
subgroup with similar x had no influence on grading reli-
ability. The use of preoperative radiographs had no relevant
influence on the assessment of SN grade; 2 of the 3 asses-
sors changed the grade after viewing the preoperative radio-
graph in only 3 and 15 cases, respectively (i.e., 1 case was
upgraded from Grade O to 1, 4 cases were downgraded from
Grade 2 to 0, and the remaining cases were downgraded
from Grade 1 to 0). The third assessor did not change any
SN grade at all. Kappa coefficients for classification reliabil-
ity of the proposed SOFCOT classification adjustment were
0.32 and 0.47 at the first and second sessions, respectively.

Discussion

This study assessed the reliability of SN grading according
to Sirveaux in clinical use. The incidence of SN was 37% for
the final classification of 190 cases made by 3 assessors with
shoulder expertise. Interobserver reliability was low with an
overall « value of 0.43, reaching only 0.46 after considering
three radiographic quality criteria.

Table 1 Distribution of

. SN grade All cases (Session 1) All cases (Session 2) All three quality criteria®
cases according to reference
scapular notching (SN) N % Kappa N % Kappa N % Kappa
grades and Kappa coefficients
resulting from two consecutive 0 (none) 97 47 0.30 124 65 0.51 63 64 0.51
classification sessions and 1 68 33 0.22 45 24 0.41 26 27 0.52
radiographic quality assessment ) 31 15 0.28 12 6 0.28 5 5 0.25
3 6 3 0.25 3 2 0.29 2 0.34
4 4 2 0.36 6 3 0.43 2 2 0.32
Overall 206 0.27 190 0.43 98 0.46

N=distribution of cases according to a reference grading derived by the majority of seven and three asses-
sors at the first and second grading sessions, respectively. After the second session, cases receiving three
different SN grades or at least one Grade 3 or 4 by the assessors were reviewed and graded by consensus

“Radiographic quality assessment groups based on the following criteria: (1) sagittal plane view, i.e., when
the projection is tangential to the base plate, was considered most essential; (2) transverse plane view, i.e.,
with both superior and inferior base plate screws symmetrical and equidistant to the central screw and the
anterior border aligned with the posterior border of the inferior scapular neck; and (3) optimal visibility of
the scapular neck, i.e., the view onto the inferior scapular neck is not superimposed by ribs, the humeral
cup or clavicle; all three quality criteria=only cases that met all three quality criteria in one or both views
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Table 2 Surgeon pairwise
Kappa coefficients of the first

Assessor ID

Assessor ID

classification session 2 3 4 5 6 7
1 0.32 0.47 0.34 0.10 0.37 0.34
2 0.37 0.22 0.28 0.23 0.31
3 0.34 0.13 0.51 0.38
4 0.17 0.32 0.30
5 0.05 0.20
6 0.30

Assessors 1, 3 and 4 =trained orthopedic shoulder fellows with expertise in shoulder surgery

Assessors 5 and 7=4th-year residents with shoulder expertise; assessor 5 showed overall lower agreement
compared with other assessors, which highlights a general misunderstanding of the SN grading process

Assessor 2 = orthopedic fellow without special shoulder expertise

Assessor 6 =3rd-year resident without shoulder expertise

Fig.5 a Five-year postopera-
tive anteroposterior radiographs
in external rotation showing
Grade 3 scapular notching as
graded by consensus among
three trained experienced asses-
sors according to the Sirveaux
classification. b Five-year
postoperative anteroposterior
radiographs in external rota-
tion showing Grade 4 scapular
notching as graded by consen-
sus among three trained experi-
enced assessors according to the
Sirveaux classification

Reported incidences of SN widely vary and may be
explained by the use of different prostheses and changes
of implant design with inferior or lateral placement of the
glenosphere as well as changes in scapular neck angle [24].
Our study did not focus on factors associated with SN, but
the reliability of its grading by clinicians independent of the
origin of SN. Sirveaux and co-workers initially established
this classification to grade scapular neck erosion caused
by the reverse shoulder prosthesis humeral component [9,
18]. Levigne et al. described a post-mortem analysis of a
shoulder specimen that highlighted the difficulty in assessing
SN according to Sirveaux with anteroposterior radiographs
[17]. The preserved specimen showed Grade 2 notching, yet
the resultant radiographs taken in various projections dis-
played either Grade 1 or 4 notching depending on the view.
Although the assessment of reliability was not a primary
aim, Sadoghi et al. reached an “almost perfect” interobserver
agreement with a « of 0.86 in their series of 60 RSA; the
classification was done by only two observers over two ses-
sions [19]. However, in view of our results, the controversial
influence of SN on clinical outcome in various studies might

be caused by the lack of grading reliability as well as the
grading cut-off used [1, 9, 13, 14, 17, 25, 26].

Based on investigations in fracture classification [27], we
conducted our study in a systematic way, whereby asses-
sors were required to meet after a classification session to
understand the reasons associated with any potential lack of
agreement. This approach provides the opportunity to make
recommendations on whether a classification system should
be revised or further applied under specific circumstances.
Any proposed revision in the grading definition or pro-
cess can be tested in successive sessions. In this study, our
assessors failed to understand the circumstances by which
SN grading can be performed reliably by single surgeons,
despite conducting a review meeting.

Our results suggest that an anteroposterior radiograph
with tangential projection of the glenosphere is not an ade-
quate source for reliably grading SN according to Sirveaux
or that this classification system has serious limitations.
Radiograph quality as well as the availability of preopera-
tive radiographs had no influence on interobserver reliabil-
ity. In most clinical settings, only one true anteroposterior

@ Springer



12

Archives of Orthopaedic and Trauma Surgery (2019) 139:7-13

radiograph is usually available to determine the presence
and degree of SN. Our assessors had access to two anter-
oposterior radiographs from which the best image could be
used for grading. Detailed instructions on how to grade SN,
which were fully explained during a review meeting, only
coincided with a slight increase in x of 0.32-0.43. Although
the « values of 0.27, 0.32 and 0.43 would be interpreted as
“fair” according to Landis and Koch [23], they remain well
below a x benchmark value of 0.60 that may be acceptable
as an indication of clinical usefulness [28].

The Sirveaux classification was initially established
for grading SN in patients treated with the Delta shoulder
prosthesis [9, 18]. Since then, it has been used for differ-
ent prostheses and implant designs. In comparison to the
Delta shoulder prosthesis, the spaces between the screws and
central peg of the Promos Reverse® and SMR™ Reverse
prostheses are smaller. This might complicate the ability to
differentiate between Grades 3 and 4 SN. Furthermore, with
increasingly inferior placement of the base plate and lower
screw, the incidence of bony erosion is reduced because the
humeral component touches the lower screw before signifi-
cant abrasion of the inferior scapular neck can occur.

We believe the radiological follow-up assessments in
our study adequately reflect standard clinical procedure and
5-year postoperative images represent an acceptable follow-
up time point considering the development of SN. Another
strength is the reflection of different levels of experience
of the observers, since the graduation of SN according to
Sirveaux should be reliable with any surgeons. However,
this work has limitations. Although image quality did not
influence the reliability of SN classification, only 52% of all
anteroposterior radiographs fulfilled all 3 quality criteria.
The quality evaluation remained subjective and could dif-
fer among assessors; therefore, we relied on assessments
made by at least two of the three assessors in the second
session. Moreover, other factors such as the formation of
heterotopic ossifications of the long head of the triceps
tendon may impair the radiograph quality and need to be
taken into account for correctly grading SN. Additionally,
we did not evaluate SN progression since only baseline and
5-year postoperative radiographs were evaluated. By exam-
ining the radiographs in sequence over time, the precision
of the Sirveaux classification system may increase. Never-
theless, the main issue of the two-dimensional perspective
remains, and our inclusion of preoperative radiographs did
not improve grading reliability. Another limitation to con-
sider may be that the grading according to Sirveaux was
done by clinicians and not radiologists. Yet clinicians tend
to rate radiographs themselves and our approach seems to be
very relevant for orthopedics in daily practice. The second
grading was performed by three of seven assessors because
these clinicians were the main investigators most motivated
to clarify the role of the Sirveaux classification in assessing
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SN. It was planned to involve the other assessors as well to
complete the second classification session, however, results
were below expectations and we believed the involvement of
the remaining four assessors in this second session was no
longer justified. The assessment of intraobserver reliability
was not relevant in this study.

Conclusion

Anteroposterior radiographs do not provide adequate infor-
mation for individual surgeons to reliably classify SN in
RSA according to Sirveaux. Radiograph quality for SN
grading does not seem to influence classification reliability.
When SN grading on anteroposterior radiographs is planned,
we suggest classifying by consensus among several asses-
sors. In light of our results, we suggest the SN grading sys-
tem be revisited by an international panel of expert shoul-
der surgeons. Assessment using alternative imaging such as
computer tomography may help to gain a better understand-
ing of this system.
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