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Abstract

There has been increased focus on understanding risk
factors for scapular notching in reverse shoulder ar-
throplasty (RSA). We conducted a study to evaluate the
scapular notching index and other factors associated
with the occurrence of scapular notching.

Ninety-one patients treated with primary RSA were
followed for a minimum of 24 months. Patients’ radio-
graphic assessments were grouped by Nerot grade of
scapular notching (group 1, grades 0 and 1; group 2,
grades 2, 3, 4). Group mean differences were compared
for preoperative scapular neck angle (SNA), prosthesis—
scapular neck angle (PSNA), peg glenoid rim distance
(PGRD), notching index, and clinical outcomes.

There was no significant difference in mean (SD)
notching index between group 1, 31.8 (4.4), and group
2,33.1 (7.3), and there were no significant differences in
SNA (102.8° vs 105.4°; P = .3), PSNA (125.8° vs 125.4°;
P = .82), PGRD (15.4 vs 16.8 mm; P = .47), or clinical
outcomes between the groups.

Our results suggest that Grammont-style prosthe-
ses have a higher rate of notching regardless of optimal
PGRD and variations in PSNA. Perhaps with certain
scapular morphology, prosthetic design may be a more
significant contributor to notching.

everse shoulder arthroplasty (RSA) is a treatment op-
R tion for a spectrum of diseases in shoulders with rotator

cuff deficiency. There are distinct morphologic changes
in the scapular and glenoid anatomy in patients with chronic
rotator cuff tears." A muscular imbalance that occurs in the
joint as a result of rotator cuff deficiency leads to morphologic
changes that eliminate the compressive forces that hold the
humeral head against the glenoid.” RSA effectively stabilizes the
glenohumeral joint in shoulders with deficient rotator cuffs.>*
In early work, Grammont proposed that the glenosphere center

of rotation should be medialized (concentric to the central
axis of the metaglene or baseplate) and lowered.® Although
the medialized center of rotation in Grammont prostheses
decreases shear forces and improves the deltoid lever arm, it
also tends to result in mechanical impingement between the
superomedial aspect of the humeral polyethylene insert and
the scapular neck—so-called inferior scapular notching.*®

Notching, which has been reported in 50% to 96% of pa-
tients who receive a Delta ITI prosthesis, typically appears with-
in the first few months after surgery but may be seen as late as
14 months after surgery.>'*"* Postmortem studies have shown
that notching corresponds with erosion of the inferior pole
of the glenoid and scapular neck, thought to be caused by the
polyethylene cup of the implant.” Although some studies have
found that notching stabilizes after 1 year, others have shown
notching progressing for up to 4 years after surgery.""'>'* The
clinical relevance of notching continues to be controversial,
but notching has been associated with poorer clinical out-
comes, polyethylene wear, and local osteolysis. Component
loosening has also been reported with notching of grade 3 or
more.*'® Ultimately, there is concern that scapular notching
could progress, ultimately leading to late glenoid loosening
and potentially catastrophic failure.

Scapular anatomy has become an area of increased focus
in rotator cuff disorders and in effects on RSA biomechanics.’
Recent reports have described important scapular morphology
variations that suggest more individualized adjustments are
needed during RSA.>"® In addition, some investigators have
reported that development of notching appears to depend on
the height and inclination of the implanted glenoid compo-
nent, where an inferior position of the glenosphere leads to
less impingement and better range of motion.*'® Simovitch
and colleagues® found the angle between the glenosphere and
scapular neck and the craniocaudal position of the glenosphere
to be highly correlated with inferior notching. They combined
these 2 parameters into a predictive algorithm that provides a
guideline (notching index, <35) for prevention of notching.

We conducted a study to evaluate the scapular notching
index as a predictive tool and to consider other factors that
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may be associated with scapular notching occurring with use
of Grammont reverse replacement systems. We hypothesized
that patients with a notching index of less than 35 would not
develop notching and that patients with an index of more than
35 would have increased incidence and severity of notching.

Materials and Methods

Patients treated with RSA for painful cuff tear arthropathy
or irreparable rotator cuff tear with pseudoparesis (inability
to actively elevate shoulder >90° in presence of free passive
anterior elevation) were included in this retrospective review.
All patients were treated between 2006 and 2010 by 1 of 2
established senior shoulder subspecialty surgeons. Patients
treated with a Delta (DePuy Orthopaedics, Warsaw, Indiana)
or an Aequalis (Tornier, Edina, Minnesota) reverse shoulder
implant were included in the study. A standard polyethylene
liner was used for all patients. These prostheses have the same
neck shaft angle, 155°, as they have similar geometric designs,
both based on the Grammont design—semiconstrained in-
verted with a fixed, lowered, medialized center of rotation.
Standard instrumentation was used for all procedures. Patients
were excluded if any nonstandard techniques or components
were used (constrained or high-mobility liner, glenoid bone

~
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Figure 1. lllustration of how scapular neck angle (SNA), prosthe-
sis—scapular neck angle (PSNA), and peg glenoid rim distance
(PGRD) were measured. Reprinted with permission from The Journal of
Bone and Joint Surgery, American Edition, vol. 89, Simovitch RW, Zumstein
MA, Lohri E, Helmy N, Gerber C, “Predictors of scapular notching in pa-
tients managed with the Delta Ill reverse total shoulder replacement,” pages
588-600, Copyright 2007 The Journal of Bone and Joint Surgery, Inc.
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grafting). Patients who underwent revision for a previous
reverse total arthroplasty, a total shoulder arthroplasty, or a
hemiarthroplasty, or for treatment of acute fracture, posttrau-
matic deformity, or posttraumatic arthritis, were also excluded
from our analyses. Minimum follow-up for study inclusion
was 24 months.

All procedures were performed with the patient in the
semi-beach-chair position and with use of a deltopectoral ap-
proach. The glenoid was prepared such that minimal reaming
was needed to preserve the subchondral plate. The glenoid
baseplate was positioned in the recommended inferior position
to minimize notching and optimize functional outcomes."
After surgery, all patients were managed with a simple soft
immobilizer with or without a pillow with the arm at the pa-
tient’s side in internal rotation. Immediate passive mobilization
was begun under the direction of physical therapists. Passive
and active-assisted exercises were continued with gradual pro-
gression to independent activities of daily living at 6 weeks.
Clinical evaluations were performed before and after surgery
by the operating surgeon or independent research nurse. Active
forward flexion, passive external rotation, strength, and visual
analog scale (VAS) pain scores were reviewed and recorded.
Case-specific complications were also reviewed.

Preoperative and postoperative anteroposterior radiographs
were evaluated by 2 independent observers (attending sur-
geon, junior resident). Per standard technique, each radiograph
was positioned horizontal to the scapular plane. Of the 91 pa-
tients, 66 had preoperative shoulder radiographs of acceptable
quality, with complete visualization of scapular morphology.
Radiographs were reviewed to measure the scapular neck angle
(SNA), inferior scapular notching, prosthesis—scapular neck
angle (PSNA), and peg glenoid rim distance (PGRD) (Figure 1).
For the 66 patients with acceptable preoperative radiographs,
SNA was determined by subtracting preoperative SNA from
postoperative PSNA. Postoperative anteroposterior radiographs
were used to classify degree of inferior scapular notching based
on the Nerot grading scale (0-4). In addition, glenosphere
overhang and glenosphere inclination were measured on post-
operative radiographs.

The 91 shoulders were sorted into 2 groups based on de-
gree of scapular notching: group 1, Nerot grade 0 (no inferior
notching) and grade 1, and group 2, Nerot grades 2, 3, and 4.

Table 1. Comparison of Group 1 and Group 2 Means (SDs) With Significance of Group Differences

PGRD, SNA A Notching New Notching
Group PSNA mm (n = 66) (n = 66) Index? Index AFF PER
Overall (n = 91) 125.6° (16° 161 (5.4)  103.6° (15°) 24 (21) 32.4 (6) 0.44 (0.1) 120° (30°) 18° (19°)
Group1(1=48)  1258°(18°)  154(4 1028 (15)  23(22  818@4) 043008 118 @) 1@V
Group2n=43  1254°(13% 168(65 1054°(147)  20(13)  331(73)  046(019  104°@4) 18 (15)
Significance of 925 23 455 55 298 252 136 279

group difference

aNotching index used in our study was based on previously reported formula ([PSNA X 0.13] + PGRD).2
Abbreviations: PSNA, prosthesis—scapular neck angle; PGRD, peg glenoid rim distance; SNA, scapular neck angle; A, difference between PSNA and SNA; AFF, active forward flexion;

PER, passive external rotation.
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Group 1 had 37 patients with a size 36 glenosphere, 3 patients
with size 38, and 8 patients with size 42; group 2 had 34 pa-
tients with a size 36 glenosphere, 1 patient with size 38, and
8 patients with size 42. All measurements were normalized
to account for differences in glenosphere size. Groups 1 and
2 were compared on each radiographic parameter (inferior
scapular notching, PSNA, PGRD, SNA).

Notching indexes were calculated ([PSNA X 0.13] + PGRD)
and compared with the suggested index of 35.® Simovitch and
colleagues® demonstrated that a notching index of more than
35 had 91% sensitivity and 88% specificity in predicting infe-
rior notching, whereas a notching index of 35 or less avoided
inferior notching 91% of the time. In this study, notching index
was calculated for each patient, and then the mean values of
groups 1 and 2 were compared (Table 1).

The effect of scapular notching and other individual radio-
graphic parameters on outcomes was also evaluated with respect
to forward flexion, external rotation, VAS pain score, complica-
tions, and external rotation lag sign. Mann-
Whitney U test was used to test these vari-
ables; Spearman rank test was performed to
determine correlation between each variable
and scapular notching; logistic regression was
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Figure 2. No correlation between Nerot notching grade and
notching index, suggesting notching index may not be used as
universal tool in describing inferior notching.

Table 2. Comparison of Prosthesis—-Scapular Neck Angle (PSNA)
and Peg Glenoid Rim Distance (PGRD) in 2 Cohorts: Present
Study and Simovitch et al®

used to explore the relationship of variables
(PGRD, PSNA) as predictors of Nerot degree of
inferior scapular notching, and postoperative

complications; and independent-samples t test
was used to determine group differences for

each variable. For each investigation, the level
of significance was set at P < .05. A biostatisti-
cian performed all statistical analyses using
SPSS Version 19 (IBM, Armonk, New York).

Results

Our study cohort consisted of 91 shoulders. Mean follow-up
was 41.8 months (range, 24.0-80.8 months). Seventy-five (82%)
of the 91 shoulders developed scapular notching. Mean (SD)
SNA on preoperative radiographs, used to assess preoperative
scapular morphology, was 103.9° (14.5°). For all 91 shoulders,
mean (SD) PSNA was 125.6° (16°), and mean (SD) PGRD was
16 (5.4) mm (Table 1). Inclination measurements were avail-
able for 86 patients. Mean (SD) inclination from 90° was 2.5°
(10.3°) (range, 21°-30°). Mean (SD) SNA (postoperative PSNA

PSNA PGRD, mm
Cohort Mean SD Range Mean SD Range
Present study 125.6° 16° 78°-158° 16 5.4 6-30
Simovitch et al® 106° 23° 67°-156° 22 4 12.9-30
60
50
NS
A 4
x A
o 40 Ax g
2 N T
= *.AAA* )
2 30 % 24 0
£ A
AA
S A4
§ 20 A
10
@ No Notching
A Notching
0 0 5 10 15 20 25 30 35
Peg Glenoid Rim Distance, mm

minus preoperative SNA) for the 66 patients with acceptable
preoperative radiographs was 24.3° (21.3°) (Table 1). Forty-
eight of the 91 shoulders were placed in scapular notching
group 1 (16 grade-0 shoulders, 32 grade-1 shoulders); the other
43 shoulders were placed in group 2 (33 grade-2 shoulders, 9
grade-3 shoulders, 1 grade-4 shoulder). Mean follow-up was
40 months for group 1 and 43 months for group 2.

There were no significant differences between groups 1
and 2 in SNA (102.8° vs 105.4% P = .3), PGRD (15.4 vs 16.8
mm; P = . 47), or PSNA (125.8° vs 125.4°% P = .82) (Table 1).
In addition, groups 1 and 2 had no significant differences
(P > .05) in glenoid overhang and glenosphere inclination
(other possible factors influencing notching).
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Figure 3. Direct relationship between peg glenoid rim distance
and notching index. As distance increased, corresponding index
increased but there was no correlation with notching.

Mean (SD) notching index was 31.8 (4.4) for group 1 and
33.1 (7.2) for group 2. These values were not significantly
different (P = .29) (Table 1, Figure 2).® Each was below the
recommended threshold of 35 for prevention of notching
(Table 1, Figure 2).

To try to understand why mean scapular notching index
was low for both groups, we examined the contributing
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Figure 4. Scatterplot shows relationship between notching index and
prosthesis—scapular neck angle for patients with and without notch-
ing. Notching was determined using Nerot classification system.
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Figure 5. Scatterplot shows relationship between peg glenoid rim
distance and prosthesis—scapular neck angle in shoulders with
notching and without notching. Notching was determined using
Nerot classification system.

factors individually. Our cohort’s mean PGRD of 16.1 mm
(15.4 and 16.8 mm for groups 1 and 2, respectively) was
significantly lower than the cohort mean reported by Simo-
vitch and colleagues® (Table 2). Given that PGRD is more
strongly weighted in the originally described notching index
([PSNA X 0.13] + PGRD),? it was the primary driver for our
notching index results, even though on average our results
demonstrated a PSNA higher than that found by Simovitch and
colleagues® (Table 2; Figures 3, 4). Analyzing PGRD and PSNA
together, we found no relationship between these variables and
increased severity of inferior notching (Figure 5).

Regarding the effects of notching severity on outcomes in
our study cohort, there were no significant differences be-
tween groups 1 and 2 in postoperative function, including
forward flexion (123° vs 112.4°% P = .11), external rotation
(18.8°vs 16.7° P = .76), positive lag sign (P = .2), and VAS pain
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scores (1.2 vs 2.1; P = .15). There were also no significant dif-
ferences between groups in the rate of complications (P = .92).
Regression analysis determined that PSNA, PGRD, glenosphere
inclination, glenosphere overhang, and implant manufacturer
were not significant predictors of complications.

Discussion

RSA has provided good pain relief and restored function in
patients with irreparable rotator cuff disease associated with
arthritis.>'>'"'"® Scapular notching is a complex, multifactorial
process. Nevertheless, surgeons remain cautious about the im-
plications of inferior scapular notching, which is being reported
by a significant number of patients. Our cohort’s high incidence
of scapular notching (82%) in the early postoperative period
clearly highlights the importance of predictive models, such as
the notching index.® Although concerns about consequences of
notching have been expressed, notching severity did not affect
outcomes or increase complications in this cohort.*#!11217-12

We conducted this study to examine use of a predictive tool
for scapular notching, the notching index, in a large cohort
of patients who underwent primary RSA. This index com-
bines 2 well-established factors that contribute to notching—
craniocaudal position and PSNA—into a predictive formula
based on statistical analyses performed in a prospective cohort
study.**#>18 In their clinical study, Simovitch and colleagues®
found that both craniocaudal position and PSNA were tightly
coupled with inferior scapular notching, and they developed
a notching index that accounts for this relationship. We hy-
pothesized that patients with a notching index of less than
the recommended 35 would not develop notching and that
patients with a notching index of more than 35 would have
increased incidence and severity of notching. With our co-
hort, the recommended index of 35 was not an appropriate
threshold predictive of notching. Furthermore, the 35 thresh-
old applied to our cohort had 89% sensitivity and 21% speci-
ficity in predicting notching. Although the sensitivity is high,
and correctly predicted true instances of notching, the low
specificity compromises the precision of the notching formula
([PSNA X 0.13] + PGRD).

From the formula, it can be inferred that higher PSNA values
can be compensated for by decreasing PGRD and inferioriz-
ing the glenosphere. However, this recommendation appears
limited based on increasing PSNA values, as in our cohort. The
previously described notching formula cannot be universally
applied to all patients treated with RSA because of the complex-
ity of this relationship and patient-specific anatomy.

We assessed other possible anatomical and surgical fac-
tors, specific to scapular morphology, that could contribute to
scapular notching. In other studies, reaming that produced an
inferior tilt of the glenoid increased the likelihood of inferior
notching ®**?' Furthermore, we expected less inferior glenoid
overhang and smaller glenosphere would predispose patients
to more notching.®'*'” In our cohort, notching grade was not
correlated with inferior tilt, glenoid overhang, or glenosphere
size, which may be attributed to minimal variability in gleno-
sphere size and a small range of glenosphere overhang.
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There were limitations to this study. We examined only
2 types of RSA systems, and they had very similar Grammont
designs. Other RSA designs might not have similar shortcom-
ings with respect to inferior notching. In addition, we exam-
ined patient cases at a single time point and did not evaluate
the effect of notching over time.

Overall, our results suggest that PGRD and PSNA have little
effect on development of higher grade notching, particular-
ly with use of Grammont prostheses. With newer surgical
techniques, the recommendation is for inferior craniocaudal
placement of the glenosphere, but this may not prevent notch-
ing with some types of patient-specific scapular morphology.
Clearer surgical guidelines and techniques may help delineate
the contribution of each parameter causing inferior scapular
notching. Surgeons must weigh the evidence to determine
how to correct patient-specific glenoid pathology and orient
the glenosphere. Recent studies on bony increased-offset re-
verse shoulder arthroplasty (bio-RSA) techniques or newer
prosthetic designs that considerably alter PSNA and the cen-
ter of rotation may prevent inferior notching and provide a
promising alternative to Grammont designs. Ultimately, longer
follow-up is also needed to understand the clinical relevance
of increased scapular notching.
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