
Western Institu

outcome study (

J Shoulder Elbow Surg (2019) 28, 2301–2307

1058-2746/$ - s

https://doi.org/10
www.elsevier.com/locate/ymse
Impact of scapular notching on reverse total
shoulder arthroplasty midterm outcomes: 5-year
minimum follow-up
Ryan Simovitch, MDa, Pierre-Henri Flurin, MDb, Thomas W. Wright, MDc,
Joseph D. Zuckerman, MDd,*, Christopher Roche, MSE, MBAe
aPalm Beach Orthopaedic Institute, Palm Beach Gardens, FL, USA
bBordeaux-Merignac Clinic, M�erignac, France
cDepartment of Orthopaedics, University of Florida, Gainesville, FL, USA
dNYU Langone Orthopedic Hospital, New York, NY, USA
eExactech, Gainesville, FL, USA
Background: The impact of scapula notching on reverse total shoulder arthroplasty (rTSA) clinical out-
comes is controversial. The purpose of this study was to conduct a sufficiently statistically powered anal-
ysis to quantify the impact of scapular notching on midterm rTSA outcomes.
Methods: There were 324 rTSA patients with 5 years of minimum follow-up evaluated. Patients were
stratified according to the presence of a scapular notch at latest follow-up; radiographs were also
assessed at each time point for patients with notching to determine the time for notch grade development.
A 2-tailed, unpaired t-test compared preoperative, postoperative, and preoperative to postoperative out-
comes between cohorts.
Results: There were 324 patients having an average follow-up of 75.1 months assessed; 47 (14.5%)
patients had scapular notching. For scapular notching patients, the average notching grade was 1.7 �
0.8 (24 grade 1, 15 grade 2, and 8 grade 3). The average time to notch development was 51.4 � 24.1
months; grade 1, grade 2, and grade 3 notches developed at 49.0 � 22.1 months, 57.5 � 22.6 months,
and 71.6 � 15.8 months, respectively. No preoperative differences were observed between cohorts. At
latest follow-up, scapular notching patients had significantly worse outcome scores and significantly
less active abduction, forward flexion, and strength. Finally, scapular notching patients had significantly
more complications, revisions, and humeral radiolucent lines.
Conclusions: Scapular notching patients had significantly worse clinical outcomes and less range of mo-
tion than patients without scapular notching; these differences exceeded the minimal clinically important
difference threshold for several outcome metrics. Based on these results, we recommend minimizing
scapular notching through patient and implant selection and technique modification.
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The indications of reverse total shoulder arthroplasty
(rTSA) have evolved substantially since Paul Grammont
introduced his medialized center of rotation design in the
1980s to treat patients with rotator cuff tear arthrop-
athy.3,5,31 Over the years, indications have grown to include
irreparable rotator cuff dysfunction,3,5,10 acute frac-
tures,1,19,39 fracture sequelae,5,39 tumors around the shoul-
der,6 inflammatory arthropathy with an irreparable rotator
cuff tear,24 and revision arthroplasty.5,31 Whereas clinical
results have been good, complications and survivorship
continue to be a concern. Favard et al8 reported on rTSA
survivorship and demonstrated survivorship (using removal
of the prosthesis or conversion to a hemiarthroplasty as an
end point) of 89% at 10 years with a break in the curve at 2
years and 9 years; however, 10-year survivorship was only
72% using a drop to a Constant-Murley score <30 points.
They also reported an 18% complication rate. Other studies
have cited complication rates between 3% and 22%.11,15

One rTSA complication that is documented throughout
the literature is scapular notching. This phenomenon is
unique to rTSA and results from the mechanical impinge-
ment of the polyethylene humeral liner against the inferior
glenoid and lateral scapula, causing bone loss and poly-
ethylene wear. Notching can be progressive and extend
beyond the most inferior screw, suggesting that an osteo-
lytic response can occur in addition to the mechanical
impingement. Previous studies have demonstrated that
prosthesis design parameters, patient attributes, and surgi-
cal technique predispose to scapular notching.7,16,23,25,26,33

As a result, surgeons often use specific implantation
methods, even employing glenoid bone grafting techniques
to minimize notching in designs that are prone to
notching.4,14

The precise effect of scapular notching is unclear. One
biomechanical study demonstrated that scapular notching
can impair baseplate fixation, which may limit glenoid
baseplate bone ingrowth.28 Another study raised concerns
about instability and failure due to notching of the poly-
ethylene.22 The clinical effect of scapular notching after
rTSA has been controversial; some studies identified a
negative clinical impact,18,21,29,33,34,37 whereas others
concluded that it has no effect on clinical outcomes.5,17,36,40

However, a study by Mollon et al21 demonstrated that the
majority of these studies were insufficiently powered to
detect the clinical impact of scapular notching. This study
builds on the work by Mollon et al,21 which analyzed the
impact of scapular notching in patients with 2 years of
minimum follow-up. This appropriately powered study
retrospectively reviewed the same database to determine
whether scapular notching negatively affects clinical out-
comes at 5 years of minimum follow-up.
Materials and methods

An international multicenter database composed of operations
performed by 9 shoulder fellowship–trained surgeons collected
from 2007 through the present time was used in this midterm
outcome study. The database records patient demographics,
indications, surgical technique and implant information,
preoperative and postoperative functional scores and other patient-
reported outcome measures, radiographic outcomes, and intra-
operative and postoperative complications. All patients within the
database had an rTSA using the same platform prosthesis (Equi-
noxe; Exactech, Inc., Gainesville, FL, USA). To limit this study to
patients with midterm (5-year minimum) follow-up, only patients
entered into the database before 2014 were included. Patients with
a revision arthroplasty, history of infection, acute fracture, and
fracture sequelae were excluded. Patients with a diagnosis of
osteoarthritis, osteoarthritis or inflammatory arthritis with rotator
cuff tear, and cuff tear arthropathy were included. These criteria
yielded 324 rTSA cases (67.6% [219/324] female patients and
32.4% [105/324] male patients), having a mean follow-up of 75.1
� 16.9 months (range, 60-132 months) and a mean age at the time
of surgery of 72.0 � 7.0 years (range, 38-89 years).

All operations were performed through a deltopectoral
approach. Intraoperatively, each surgeon made a decision to
cement or to press-fit the humerus, depending on preference and
evaluation of bone quality; 84.6% of humeral stems were press-fit
and 15.4% were cemented. Similarly, glenosphere size was
determined on the basis of preoperative templating and intra-
operative trialing. Specifically, 191 patients (170 women and 21
men) received a 38�21-mm glenosphere, 3 patients (3 women)
received a 38�25-mm glenosphere, 103 patients (37 women and
66 men) received a 42�23-mm glenosphere, 6 patients (2 women
and 4 men) received a 42�27-mm glenosphere, and 12 patients
(1 woman and 11 men) received a 46�25-mm glenosphere. Gle-
nosphere sizes for 9 patients were not documented. Standard
humeral polyethylene liners were implanted in 309 patients (205
women and 104 men), whereas 15 patients (14 women and 1 man)
received constrained liners. During implantation, each surgeon
placed the glenoid baseplate in an inferiorly biased position to
ensure that the lowest portion of the glenosphere was 2 to 3 mm
more inferior than the inferior glenoid rim. The authors did not
routinely palpate for mechanical impingement between the gle-
noid component and the inferior glenoid with the arm adducted.

All patients underwent assessment using the same metrics
preoperatively and at latest follow-up, which were administered
by the treating surgeon or the surgeon’s surrogate. These metrics
included the shoulder function score (0-10), American Shoulder
and Elbow Surgeons score, Constant score, Shoulder Pain and
Disability Index, Simple Shoulder Test (SST), and University of
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California–Los Angeles (UCLA) score. In addition, patients were
evaluated for active range of motion (ROM), including forward
flexion, abduction, external rotation, and internal rotation. For-
ward flexion, abduction, and external rotation were evaluated as
continuous variables in 1� increments. Internal rotation was
standardized by an 8-point numeric scale9 with the following
discrete assignments based on motion to vertebral segments: 0� ¼
0; hip ¼ 1; buttocks ¼ 2; sacrum ¼ 3; L5-L4 ¼ 4; L3-L1 ¼ 5;
T12-T8 ¼ 6; T7 or higher ¼ 7.

Radiographic assessment was performed at the time of latest
follow-up. Anteroposterior (AP), scapular Y, and axillary lateral
views were obtained for all patients. Each implanting surgeon
identified the presence or absence of a scapular notch and indi-
cated the grade of notching by the Nerot-Sirveaux classification34;
in addition, humeral radiolucency was scored according to the 8
zones described by Sperling et al.35 For patients with scapular
notching, radiographic data from every postoperative visit were
assessed to identify the time of scapular notch development and
also to quantify the follow-up duration associated with each
scapular notch grade. Statistical analysis was conducted using a 2-
tailed unpaired t-test to identify differences in preoperative and
postoperative outcomes and preoperative to postoperative
improvement between cohorts; a P value of < .05 was deemed
significant. A post hoc power analysis was also conducted for this
midterm comparative outcome study.
Results

At midterm follow-up, scapular notching was observed in
14.5% (47/324) of rTSA patients. Notching was more
likely in patients with a lower body weight (notching, 69 �
14 kg; no notching, 77 � 16 kg; P ¼ .0013), shorter height
(notching, 160 � 11 cm; no notching, 164 � 10 cm; P ¼
.0234), and lower body mass index (BMI; notching, 26.7 �
4.3 kg/m2; no notching, 28.5 � 5.3 kg/m2; P ¼ .0250). No
difference was observed between patient age (notching,
72.2 � 6.2 years; no notching, 72.0 � 7.1 years; P ¼
.8367), length of follow-up (notching, 77.0 � 16.2 months;
no notching, 74.8 � 17.1 months; P ¼ .3999), or sex ratio
(notching, 23% male/77% female; no notching, 34% male/
66% female; P ¼ .1547).

At latest follow-up, 51% (24/47) of patients with scap-
ular notching had a Nerot-Sirveaux grade 1 notch, 32% (15/
47) had a grade 2 notch, and 17% (8/47) had a grade 3
notch; no patients had a grade 4 notch. The average time to
notch development was 51.4 � 24.1 months; grade 1
notches developed at 49.0 � 22.1 months, grade 2 notches
developed at 57.5 � 22.6 months, and grade 3 notches
developed at 71.6 � 15.8 months. Despite an increase in
follow-up duration associated with notching grades, scap-
ular notching was observed to be progressive only in 9
patients; by comparison, scapular notching grade did not
progress in 21 patients, and the scapular notch was
observed for the first time on the latest follow-up radio-
graph in 17 patients. Female and male patients were
observed to have a similar notching rate (female patients,
36/219 [16.4%]; male patients, 11/105 [10.5%]; P ¼ .1547).
However, female patients were observed to have a higher
scapular notching grade than male patients (female pa-
tients, 0.30; male patients, 0.11; P ¼ .0154). Sex use dif-
ferences were observed with implant size; 81.2% of female
patients received a 38-mm glenosphere and 79.4% of male
patients received a 42-mm glenosphere or larger. Despite
these differences in sex use, scapular notching rates were
similar across glenosphere sizes. Specifically, 14.7% (28/
191 patients; 26/170 women [15.3%]; 2/21 men [9.5%])
who received a 38�21-mm glenosphere notched, 33.3% (1/
3 patients; 1/3 women) who received a 38�25-mm gleno-
sphere notched, 16.5% (17/103 patients; 9/37 women
[24.3%]; 8/66 men [12.1%]) who received a 42�23-mm
glenosphere notched, 0% (0/6 patients; 2 women and 4
men) who received a 42�27-mm glenosphere notched, and
8.3% (1/12 patients; 1/11 men [9.1%]) who received a
46�25-mm glenosphere notched.

No preoperative differences were observed in any
outcome metric or ROM measurement between patients
who would or would not go on to develop scapular
notching (Table I). Analysis of the entire cohort of patients
demonstrated that rTSA provided significant mean im-
provements in every ROM measurement and functional
outcome score, regardless of the presence of a scapular
notch. However, at latest follow-up, patients with scapular
notching had significantly worse outcomes according to 4
of 6 metric scores and significantly less active abduction,
forward flexion, and strength compared with patients
without scapular notching (Table II). Furthermore, at latest
follow-up, patients with scapular notching had signifi-
cantly less mean improvement in preoperative to post-
operative outcomes in the Constant score and strength
(Table III).

There were 37 complications (11.4%) reported; 26
complications occurred in patients without scapular
notching, and 11 complications occurred in patients with
scapular notching. Seven of the 11 complications occurred
in patients with a grade 2 or grade 3 notch, whereas only 4
occurred in patients with a grade 1 notch. In addition, 9
patients required revision (2.8%); 4 revisions occurred in
patients without scapular notching, and 5 revisions
occurred in patients with scapular notching. Of the re-
visions that occurred in the notching cohort, 4 of the 5
revisions occurred in patients with grade 2 or grade 3
notching, whereas only 1 occurred in a patient with grade 1
notching (Table IV). Patients with scapular notching had a
significantly higher complication rate (23.4% vs 9.4%; P ¼
.0051) and a significantly higher revision rate (10.6
vs 1.4%; P ¼ .0004) compared with patients without
scapular notching. Finally, 51 patients had radiolucent hu-
meral lines; 38 radiolucent humeral lines were reported for
patients without scapular notching and 13 were reported for
patients with scapular notching; patients with scapular
notching had a significantly higher radiolucent humeral line
rate compared with patients without notching (13.8%
vs 27.7%; P ¼ .0157).



Table I Comparison of overall perative outcomes for reverse total shoulder art lasty patients who would and would not go on to develop scapular notching

Preoperative
outcomes

Shoulder
function

ASES e Constant score New SPADI SST score A score Active
abduction (�)

Active forward
flexion (�)

Active external
rotation (�)

Internal
rotation score

Strength (lb)

No notching 3.8 � 2.2 36.4 .2 35.1 � 14.5 82.5 � 25.0 3.6 � 3.0 7 � 4.4 77 � 36 90 � 42 21 � 24 3.4 � 1.8 1.5 � 2.7
Notching 3.5 � 1.8 33.6 .9 34.2 � 14.7 81.4 � 20.1 3.0 � 2.0 2 � 4.2 70 � 31 90 � 43 16 � 19 3.3 � 1.9 1.3 � 2.8
P value .4505 .3530 .7397 .8107 .2890 98 .2555 .9378 .2328 .6036 .7472

ASES, American Shoulder and Elbow eons; SPADI, Shoulder Pain and Disability Index; SST, ple Shoulder Test; UCLA, University of California Los Angeles.

Table II Comparison of overal toperative outcomes at midterm follow-up after erse total shoulder arthroplasty for shoulders with and without scapular notching

Postoperative
outcomes

Shoulder
function

ASES re Constant score New SPADI SST score A score Active
abduction (�)

Active forward
flexion (�)

Active external
rotation (�)

Internal
rotation score

Strength (lb)

No notching 7.9 � 2.1 79.0 0.6 66.8 � 14.7 28.5 � 29.7 9.5 � 2.8 2 � 5.8 116 � 29 132 � 27 33 � 20 4.5 � 1.7 6.5 � 4.8
Notching 6.9 � 2.5 72.6 5.6 58.8 � 18.2 38.0 � 37.9 8.4 � 3.7 4 � 7.7 96 � 30 122 � 39 34 � 20 4.6 � 1.8 4.7 � 4.5
P value .0049 .062 .0012 .0584 .0249 41 <.0001 .0403 .6563 0.6856 .0198

ASES, American Shoulder and Elbow eons; SPADI, Shoulder Pain and Disability Index; SST, ple Shoulder Test; UCLA, University of California Los Angeles.

Bold values indicate a significant d ence denoted by a P value < .05.

Table III Comparison of midte linical improvements after reverse total shoulde throplasty for shoulders with and without scapular notching

Preoperative
to postoperative
improvement

Shoulder
function

A score Constant score New SPADI SST sc UCLA score Active
abduction (�)

Active
forward
flexion (�)

Active
external
rotation (�)

Internal
rotation score

Strength (lb)

No notching þ3.9 � 2.8 þ 9 � 22.2 þ31.6 � 17.4 -52.9 � 31.2 þ6.1 .6 þ15.2 � 6.4 þ37 � 41 þ40 � 44 þ10 � 27 þ1.1 � 2.1 þ4.8 � 4.4
Notching þ3.5 � 2.8 þ 1 � 23.6 þ24.9 � 16.9 -49.5 � 33.8 þ5.8 .6 þ13.5 � 6.8 þ26 � 40 þ32 � 42 þ17 � 22 þ1.5 � 1.9 þ2.9 � 3.4
P value .3490 . .0466 .5536 .6257 .1319 .0935 .2644 .1205 .2272 .0204

ASES, American Shoulder and Elbow eons; SPADI, Shoulder Pain and Disability Index; SST, ple Shoulder Test; UCLA, University of California Los Angeles.

Bold values indicate a significant d ence denoted by a P value < .05.
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Table IV Comparison of complications for shoulders with
and without scapular notching

Complication No scapular
notching, No. (%)

Scapular
notching, No. (%)

Humeral fracture/
periprosthetic
fracture

9 (3.2) 2 (4.3)

Fractured scapula/
stress fracture

6 (2.2) 2 (4.3)

Infection 3 (1.1) 1 (2.1)
Persistent pain 3 (1.1) 1 (2.1)
Aseptic glenoid
loosening

2 (0.7) 3 (6.4)

Dislocation/
instability

2 (0.7) 1 (2.1)

Aseptic humeral
loosening

1 (0.4) 1 (2.1)

Complication rate 9.4% 23.4%

Impact of notching on midterm outcomes 2305
Discussion

This retrospective clinical study represents the largest
midterm analysis evaluating the impact of scapular notch-
ing on rTSA clinical outcomes. Our results demonstrate
several factors associated with a statistically significant
increase in scapular notching, including shorter stature,
lower body weight, and lower BMI; sex and glenosphere
size did not influence the rate of notching. Scapular
notching was associated with significantly worse post-
operative outcomes as it relates to shoulder function score,
Constant score, SST score, UCLA score, active abduction,
forward flexion, and strength. However, scapular notching
was associated with significantly less improvement only in
the Constant score and strength. Scapular notching was also
associated with a significantly increased rate of complica-
tions, revisions, and humeral radiolucent lines compared
with patients without notching at midterm follow-up.

The scapular notching rate in this series was 14.5% after
a mean follow-up of 75.1 months. This rate is a departure
from the 35%-96%3,5,12,13,17,18,29,33,34,36,37,40 range of
notching rates reported for other rTSA designs with a
medialized center of rotation; however, this rate at midterm
is consistent with other studies reporting the notching rates
of this particular prosthesis.20,21,26,27 This low notching rate
is probably due to a combination of specific surgical
techniques (ie, inferiorly shifting the glenosphere position
to obtain inferior overhang) and prosthesis design attri-
butes, as described previously by Roche et al.25-28

Scapular notching has been previously reported to be
progressive and radiographically observable as early as 6
weeks after surgery with the Grammont reverse shoulder.18

Our radiographic analysis demonstrated the average time
for scapular notch development to be 51.4 � 24.1 months.
We also observed that larger grade notches took longer on
average to develop (grade 1, 49.0 � 22.1 months; grade 2,
57.5 � 22.6 months; and grade 3, 71.6 � 15.8 months),
although only one-third of scapular notching patients
experienced notching that was progressive in grade. Just as
different reverse shoulder prosthesis designs have different
inherent scapular notching rates,25 our findings relative to
Levigne18 suggest that the time for scapular notch forma-
tion also varies between prosthesis designs, where pros-
theses with lower scapular notching rates are also
associated with longer follow-up duration for notch
development.

Shorter body stature, lower body weight, and lower BMI
were associated with a significant increase in notching rate.
A possible explanation for the increased notching rate is
that patients with a lower body weight and BMI are
generally more active, and this activity may result in more
frequent mechanical impingement during adduction,
coupled with smaller stature and lower body weight pre-
disposing to more neutral adduction angles with the arm
at the side. A previous study by L�evigne et al18 also
documented higher notching rates in more active in-
dividuals, which would lend some credence and corrobo-
ration to this theory. Previous studies of the effect of BMI
on notching rate and clinical outcomes after rTSA2,20,30,38

have been variable in their conclusions. However, these
studies have grouped patients into 3 BMI subgroups instead
of analyzing BMI as a continuous variable as we did.
Future works should compare notching rate of different
rTSA designs and account for differences in patients’
weight and height as these variables can influence the rate
of notching.

Based on the analysis of 324 rTSA patients with 5 years
of minimum follow-up, we found that patients with scap-
ular notching had significantly lower postoperative patient-
reported outcome measures, significantly less strength and
ROM, and significantly higher complication and revision
rates compared with patients without scapular notching.
Whereas these statistical differences were small, the
observed mean differences met or exceeded the
minimal clinically important difference (MCID) thresholds
previously established by Simovitch et al32 for rTSA for the
Constant score (MCID threshold, �0.3; observed mean
difference, 8.0), global shoulder function score (MCID
threshold, 1.0; observed mean difference, 1.0), active
abduction (MCID threshold, �1.9�; observed mean differ-
ence, 20.0�), and active forward flexion (MCID threshold,
�2.9�; observed mean difference, 10.0�),
thereby objectively demonstrating that these outcome dif-
ferences are clinically meaningful.

The negative impact of scapular notching on clinical
outcomes is corroborated by previous studies.18,21,29,33,34,37

Specifically, these studies have reported a negative effect of
scapular notching on the Constant score,21,29,33,34 global
function score,21 American Shoulder and Elbow Surgeons
score,21 Shoulder Pain and Disability Index,21 SST
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score,21 UCLA score,21 ROM,18,21,29,33,34,37 strength,18,21,33

and pain.21 Other studies5,36,40 have failed to demonstrate
any effect of scapular notching on clinical outcomes;
however, these studies by Boileau et al,5 Stechel et al,36 and
Werner et al40 reported a study power of only 41.6%,
37.1%, and 17%, respectively, according to Mollon
et al.21 The study power for this study was calculated to be
89%. The low study power of the studies5,36,40 that failed to
show an effect was due to the small number of patients in
the overall cohort coupled with the high overall notching
rate, leaving an insufficiently small ‘‘no notching’’ cohort
for comparison. By comparison, our midterm outcome
study relied on a large sample of patients with a low overall
notching rate; this permitted a high study power with suf-
ficient numbers in each cohort, thereby improving our
ability to detect an effect of scapular notching on midterm
clinical outcomes.

There are several limitations to this study. First, this is a
database study composed of 9 surgeons. Therefore, by
definition, there are differences between subsets of patients
enrolled by different surgeons, including differences in
characteristics of the patient population, subtly different
implantation methods, and differences in data acquisition
(ie, who interacts with the patient for data collection).
However, these acquisition concerns were mitigated by
standardizing format of data acquisition with use of the
same forms between study sites. Second, the identification
of scapular notching is the cornerstone of this study;
whereas every attempt was made to standardize the iden-
tification of notching and properly grade each notch, a
single AP radiograph was used and fluoroscopy was not
employed. This could allow some inaccuracy in
identification as L�evigne et al18 reported that only 89% of
the scapular notches were observable in an AP radiograph
because of imprecision in positioning of the patient. Also,
the implanting surgeons reviewed their own radiographs to
evaluate notching; this introduced a potential for bias.
Finally, this database did not record preoperative glenoid
erosion or version and did not identify humeral version.
Previous studies have demonstrated that glenoid
erosion18,34 and version16 can predispose to notching.
Future studies should attempt to record preoperative
radiographic attributes that may predispose to notching and
also affect clinical results.
Conclusion
This midterm clinical outcome study demonstrates that
patients with scapular notching had significantly worse
clinical outcomes and significantly greater complication
and revision rates compared with patients without
scapular notching. These statistical differences are
demonstrated to be clinically meaningful as they
exceeded the MCID threshold for the Constant and
global shoulder function outcome metrics and also for
active abduction and forward flexion. Based on these
midterm clinical outcome results, we recommend that
surgeons minimize the risk of scapular notching through
appropriate patient and implant selection and technique
modification.
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