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arthroplasty avoid scapular notching? Clinical and radiological
review of one hundred and forty cases with forty five months
of follow-up
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Abstract
Purpose Our purpose was to evaluate the influence of
metallic lateralisation of the centre of rotation (COR)
in reverse shoulder arthroplasty (RSA) on the incidence of
scapular notching and its eventual clinical and radiological
consequences.
Methods We analysed 140 RSAs with a lateralised design
(Arrow, FH Orthopedics, Mulhouse, France) implanted for
massive rotator cuff tear with/without arthritis. Mean follow-
up was 45 months (range 24–120, standard deviation 20).
Patients were evaluated clinically using the Constant and
Murley (Clin Orthop Relat Res 214:160–164, 1987) score
and active range of motion (ROM) and radiologically using
standard anteroposterior and axillary view. Scapular notching
was assessed according to Sirveaux classification Simovitch
et al. (J Bone Joint Surg Am, 89:588–600, 2007), and patients
were separated into two groups (scapular notch/no scapular
notch) and compared.
Results Forty-one notches (29 %) were found: 20 grade 1, 18
grade 2, and three grade 3. The latter three patients had a
follow-up of 44, 70 and 84months, respectively, and the scap-
ular notch did not evolve in the final two years. Better pre-
operative function was significantly associated with scapular
notching (p<0,05 for flexion and abduction), but no final
clinical differences in ROM and Constant score were found
between groups. A body mass index (BMI) <30 increased the
risk of scapular notching, which was observed in 43 % of
patients with a BMI<30 and 30 % of patients with a BMI>
30 p=0,048). Pre-operative narrowing of the subacromial

space increased the risk of scapular notching, but age or gen-
der showed no influence. However, there was a significantly
greater number of scapular notches in patients operated on the
dominant side (p=0,04). No significant difference in lateral
offset was found between groups (p=0,99). Glenoid implan-
tation in an excessively high position (p=0,033) and absence
of inferior tilt (p=0,0029) were significantly associated with
scapular notching.
Conclusions In this series, metallic lateralisation of the COR
in RSA did not impair clinical results, with patients achieving
good flexion recovery ROM increase in rotations. Metallic
lateralisation of the COR in RSA leads to a lower incidence
of scapular notching (29 %) compared with previously report-
ed results using other arthroplastic systems with a more
medialised COR. However, although scapular notching was
not totally eliminated, those that were found did not evolve
over time. Several factors increased the incidence of scapular
notching: BMI <30, better preoperative ROM, an excessively
high glenoid implant and absence of inferior tilt.

Keywords Reverse shoulder arthroplasty . Scapular
notching . Clinical outcome . Rotator cuff tear . Arthritis .

Cuff-tear arthropathy

Introduction

In the last 30 years of orthopaedic shoulder surgery, one of the
most impressive technical improvements is the ability to re-
store good function to patients with massive irreparable cuff
tears associated or not with arthritis. [20, 21] Grammont in-
troduced the original concept of implanting the sphere on the
glenoid side [19]. This approach induces medialisation of the
centre of rotation (COR) and a lowering of the humerus, lead-
ing to an increase of the deltoid-moment arm, which restored
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good elevation in pseudoparalytic shoulders. This Grammont
design yields satisfactory functional results, but numerous
publications demonstrated that this improvement in elevation
comes at a price [2, 13, 27, 29, 30, 33, 38, 40, 43, 44, 48]: loss
of medial and lateral rotation [23, 25], loss of shoulder con-
tour, risk of instability and a high percentage of scapular
notching. The latter complication is reported in around 75 %
of cases [2, 15, 43] and up to 96 % in some series [48], and it
can be observed as early as three to six months post-
operatively [34, 40, 43]. It has been demonstrated that this
notching is due to friction between the polyethylene humeral
bearing and the pillar of the scapula [11], leading to the addi-
tional risk of creating a foreign body reaction due to polyeth-
ylene debris [34]. Half of the scapular notches are evolutive
and are responsible for decreased function and greater risk of
glenoid loosening [37]. To avoid this complication, many so-
lutions have been proposed: bony lateralisation [3]; different
techniques of baseplate implantation, such as a lower implan-
tation, flush to the inferior rim of the glenoid cavity [4, 38]
and/or applying an inferior tilt [22, 23, 26, 31]; modification
of the shape of the glenosphere (eccentric [49] or oversized
[10, 49]); modification of the humeral-neck-shaft angle [33].
Some authors chose metallic lateralisation of the COR, which
keeps the humeral bearing away from the pillar of the scapula.
Several implants were designed according to this concept: the
RSP (DJO Surgical, Austin, TX, USA) [16], the SMR (Lima,
Udine, Italy) [5–7] and the Arrow RSA (FH Orthopedics,
Mulhouse, France) [28, 42]. In the latter, the design of the
glenosphere and metal baseplate allows COR lateralisation
of 8.5 mm. The metaphyseal part of the humeral stem has a
fixed angle of 135°, and the polyethylene cup increases this
angle to a final 155°. This creates an extra lateralisation of
4 mm of the humerus when compared with a Delta-type hu-
meral stem [27]. Moreover, the polyethylene humeral bearing
is deeper, thus decreasing the risk of instability, and has a
predesigned medial notch. We hypothesised that this
lateralised design would lead to a decreased incidence of scap-
ular notching.

The goal of this study was to analyse a series of Arrow
RSAs to determine the incidence of scapular notching, poten-
tial risk factors for scapular notching and associated outcomes.

Materials and methods

Patient selection

No ethical approval was required from the different institu-
tions involved in this continuous series.

A retrospective review was conducted of a computerised
database that contains files of all patients who had shoulder
arthroplasty performed by a surgeon in our group. All patients
who underwent primary RSA between October 2003 and

October 2012 for pseudoparalytic shoulder due to massive
irreparable rotator cuff tear (associated or not with arthritis)
were included. Patients were excluded if they had post-
traumatic arthritis, primary osteoarthritis with no rotator cuff
tear, rheumatoid arthritis, chronic dislocation, a tumor or had
undergone revision surgery. Minimum follow-up was two
years, and all patients were retrospectively reviewed by their
surgeon, or by the first author (DK) specifically, for this study
during 2014. Patients who were not available for follow-up in
2014 were excluded.

One hundred and thirty four patients (100 women, 34 men)
underwent 140 RSAs for massive irreparable rotator cuff tear
and a pseudoparalytic shoulder.Mean patient age was 72 years
[range 52–90, standard deviation (SD) 6,91]. One hundred
patients also had arthritis with upward migration of the hu-
meral head (cuff-tear arthropathy), except for two patients
who presented with arthritis without any narrowing of the
subacromial space. Thirty-eight patients presented an upward
migration of the humeral head but no arthritis. Twenty-six
patients had already undergone surgical rotator cuff repair.
The right shoulder was involved one in 94 cases and the left
in 46 cases. In 97 cases, the operated arm was dominant.

Pre-operative clinical evaluation

All patients had a pre-operative examination to evaluate level
of pain, function and physical findings including range of
motion (ROM). Pain was evaluated using the Constant–
Murley score [9]; the Simple Shoulder Test (SST) [32],
Subjective Shoulder Value (SSV) [17] and body mass index
(BMI) were recorded. Pain was rated as severe, with a mean of
3/15 (range 0–12). Activities of daily living were impaired (6,
7/20, range 1–16, SD 2,9) and active ROMwas limited. Mean
active flexion was 73°(range 10–160, SD 32), mean external
rotation at 90° shoulder abduction was 30° (range 0–90, SD
26), mean Constant–Murley score 26 and mean weighted
Constant score 36 %.

Pre-operative radiological evaluation

Radiologic evaluation included standard anteroposterior, lat-
eral and axillary views of the shoulder joint and an arthro-
computed tomography (CT) scan to assess glenoid bone stock,
deltoid muscle and remaining cuff quality, rotator cuff-tear
size and extent of its retraction according to the Patte classifi-
cation [35]. Fatty degeneration was assessed according to the
Goutallier classification [18]. Pre-operative radiographic ex-
amination revealed six Hamada grade 2, 33 grade 3, 73 grade
4 (51 type 4a, 22 type 4b) and three grade 5. For 23 patients,
the Hamada classification was not available; the Walch clas-
sification [46] was available for 64 cases. Fifty-five (86 %)
were type A, 42 type A1 (66 %) and 13 type A2. Nine were
classified as type B (5 B1, 4 B2) and two as type C.
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All patients had complete rupture of the supraspinatus:
Patte classification stage 1 in one, stage 2 in seven and stage
3 in 111. The proximal stump of the tendon was more medial
than the glenoid in 11 (n=130). Fatty degeneration of the
supraspinatus was grade 1 in one patient, grade 2 in seven,
grade 3 in 70 and grade 4 in 38 (n=116). The infraspinatus
tendon was not torn in five patients. When it was torn, the
tendon was retracted to the bony insertion in nine, to the level
of the humeral head in 23 and to the glenoid in 84; it was more
medial than the glenoid border in ten (n=131). Fatty degen-
eration of the infraspinatus was grade 1 in seven patients,
grade 2 in 17, grade 3 in 68 and grade 4 in 24 (n=116).
Nighty-nine patients had a subscapularis tendon tear, mostly
at the level of its superior third (n=47); the tendon was
retracted to at least half of the humeral head in 44 (n=132).
Fourteen cases had no fatty degeneration of the subscapularis
tendon, 38 hade grade 1, 25 had grade 2, 33 had grade 3 and
five had grade 4. Data for fatty infiltration of the subscapularis
was not available for 24 patients. The Favard classification
was not available for this study.

Operative data

All patients were operated using the Arrow universal shoulder
arthroplasty (FH Orthopedics) by one of the four senior au-
thors (DK, JK, PV, KE) in four different centres. Modification
of the implant design occurred during this ten year study.
Because there were some cases of dissociation between the
humeral polyethylene bearing and the humeral stem, a metal-
lic tray was added to the humeral bearing in 2007.
Arthroplasties were performed through a superior approach
in 115 cases and a deltopectoral approach in 25. The biceps
tendon was intact in three cases, dislocated in 15, degenerative
in 49 and torn in 59 (n=128). Tenodesis of the long head of the
biceps was systematically performed in the bicipital grove in
the 67 cases in which the tendon was not already disrupted.
After extensive resection of the subacromial bursa and degen-
erative fibrous tissues, sectioning the superior third of the
subscapularis allowed lowering of the humeral head when
the joint was stiff. Particular attention was paid to expose the
glenoid with a circumferential periglenoidal capsulectomy,
especially when a superior approach was used. This allowed
good inferior and posterior translation of the humerus. The
humeral head was cut with 10–20° of retroversion. Fixation
of the humeral stemwas ensured either by cementing or with a
press-fit technique depending on surgeon discretion. The stem
was press-fitted in 106 cases (76 %), in which the metaphysis
was meticulously grafted with cancellous bone from the hu-
meral head before implant impaction; 34 cases were
cemented. We attempted to place the metal-backed glenoid
implant flush to the inferior border of the glenoid cavity with
a slight inferior tilt.

The shoulder was tested intra-operatively, especially
in axial rotations, to detect any eventual impingement
between the humeral bearing and the pillar of the scap-
ula. Because of implant lateralisation, an acromioplasty
and/or a tuberoplasty was often necessary to avoid any
impingement between the greater tuberosity and the
acromion during anterior flexion. The humeral stem
was size 8 in 26 cases, 10 in 68 cases, 12 in 41 cases
and 14 in three cases. The size of glenoid metal-backed
baseplate was 44 in 110 cases (79 %) and 46 in 30
cases; glenosphere size was 36 in 83 % of cases.
Humeral bearing thickness was always 0; 54 bearings
were full polyethylene (first-generation design before
2007), and the remaining 86 had a metallic tray.

Post-operative clinical and radiographic evaluation

Patients were systematically reviewed every year by their sur-
geon. Those who had no clinical evaluation in 2014 were
asked to return for clinical assessment by one of the senior
authors (DK). At the latest consultation, patients were evalu-
ated to assess level of pain, function and ROM using the
Constant–Murley score, SST, visual analogue scale (VAS)
and SSV. Subjective satisfaction was assessed by asking pa-
tients at follow-up how they felt compared with before surgery
and was graded using a 4-point scale: 1 = much better; 2 = bet-
ter; 3= same; 4 = worse.

Three standardised views of the shoulder were used
for post-operative radiographic analysis in standard
anteroposterior, lateral and axillary views. These were
analysed to determine the presence of scapular notching
according to the Nerot–Sirveaux classification system;
to measure baseplate position (low, centre, high) and tilt
(superior, inferior, none); ratio between lateral offset of
the operated and healthy control side; and importance of
arm lengthening by measuring the distance between the
top of the humeral head and the inferior cortex of the
acromion.

Statistical analysis

Student’s t test was used for statistical analysis when two
groups were compared: e.g. group 1 with no scapular notch
vs group 2 with scapular notch. When comparison involved
more than two groups, analysis of variance (ANOVA) was
used. The level of significance was set at p = 0.05.

Results

Clinical and radiological results of a patient in this study
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Clinical results

At a mean follow-up of 45 months (range 24–120, SD 20),
pain, function and satisfactionwere all significantly improved.
Pain levels improved from 3 (range 0–12) to 13,7 (range 5–15,
p<0.0001). Evaluation of the activities of daily living im-
proved from 6.7 (range;1–16) to 15,5 (range 5–20, p<
0.0001). ROM was significantly improved in a clinically im-
portant and statistically significant fashion. Mean active flex-
ion increased from 73° (range 10–160°) to 132° (range 40–
180°, p<0.0001). Mean active abduction increased from 61°
(range 20–150°) to 108° (range 40–170°, p<0.0001). Mean
external elbow rotation improved from 20° (range 0–70°) to
29° (range 0–70°, p=0.0003). Mean external rotation at 90°
shoulder abduction improved from 30° (range 0–90°) to 54°
(range 0-100°, p<0.0001). Strength increased from 1,4 (range
0–10) to 6 (range 0–16, p<0.0001). The Constant score im-
proved from 26 (range 11–53) to 64 (range 26–85, p<0.0001),
and the weighted Constant improved from 36 % (range 15–
75) to 92 % (range 41–123, p=0.0001).

At the time of latest follow-up, mean SSTwas 8.66 yes (n=
114).; 91 % of patients felt they were better or much better
than pre-operatively, and seven (5 %) felt they were worse. In
the latter seven, an obvious cause could be found in five, two
had deltoid palsy, one had polyarticular osteoarthritis (spine,
hips, knees), one had an intraoperative glenoid fracture and
one had glenoid loosening).

Radiographic analysis

At the time of latest follow-up, 41 patients (29 %) presented
with a scapular notch: 20 grade 1, 18 grade 2 and three grade
3. The latter three had a follow-up of 44, 70 and 84 months,
respectively. During the final two years of follow-up, notching
did not evoluate, and there was no clinical consequence for
two of them. The third one had humeral stem subsidence,
which has not been revised so far.

Complications

Complications occurred in 30 patients (22%). One patient had
an intra-operative fracture of the humeral shaft, which was
treated with open reduction and internal fixation (ORIF) and
healed uneventfully. Two patients had an intra-operative
glenoid fracture. The glenoid baseplate of the implant has an
anterior winglet, which was sufficient to stabilise the fracture.
Both fractures healed uneventfully. One patient had a traumat-
ic fracture of the greater tuberosity at three months, which was
treated non-operatively and healed uneventfully. One patient
had an acromial fracture, which was successfully managed
non-operatively. Four patients had transient brachial plexus
or axillary nerve palsy. Six cases of dissociation of the humer-
al bearing occurred with the first-generation implant, which

ultimately led to design modification in 2007. Those six cases
were revised by simply changing the polyethylene humeral
bearing. as the implants were well fixed. Two patients had
wear of the humeral bearing: one necessitated revision with
a simple change of the bearing. Three patients had loosening
and subsidence of the uncemented humeral; one had to be
revised, and another one had progressive varus of the stem
with no clinical impact (130° of active elevation, no pain,
Constant score 63). Four patients had glenoid implant loosen-
ing, one of which had to undergo revision. There were three
cases of stiffness and three of post-operative infection, which
were all revised.

Revision operations

Twelve patients in whom the device failed required revision
(8.9 %). Seven shoulders required only a simple change of the
humeral bearing (6 for dissociation, 1 for wear). One patient with
glenoid loosening and another with humeral loosening were
both revised successfully to another RSA. Three infections re-
quired revision: two underwent a one-stage procedure with im-
mediate reimplantation followed by three months of
antibiotherapy (1 Propionibacter acnes and one
Staphylococcus aureus); the third underwent simple debride-
ment and cleaning followed by antibiotherapy (P. acnes).
Excluding cases of dissociation due to an old implant design,
the complication rate was 17.7 % and the revision rate 4.4 %.

Analysis of occurrence of scapular notch

The cohort was divided in two groups: group 1, who did not
develop a scapular notch; and group 2, who presented a scap-
ular notch at the last follow-up.

Group 1: 99 arthroplasties in 95 patients (70 women,
25 men).
Group 2: 41 arthroplasties in 40 patients (30 women,
10 men).

Pre-operative results in the two groups are summarised in
Table 1. Patients in group 2 had a greater pre-operative active
ROM and higher Constant–Murley score. This, however, only
reached statistical significance for active flexion (p=0,01) and
abduction (p=0,003).

There were no differences between groups regarding gen-
der, operated side, underlying diagnosis, Walch classification
or type of humeral stem fixation. There was a significantly
greater number of scapular notches in patients operated on
the dominant side: 64 % in group 1 versus 83 % in group 2
(p=0,04). Patients in group 2 presented preoperatively with
significantly more-advanced cuff-tear arthropathy according
to the Hamada classification, with 74% of shoulders classified
as 4a and 4b in group 2 versus 58 % in group 1 (p=0,004).
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There were more shoulders classified 4b in group 2 than in
group 1 (p=0,001): 46 % type 4a and 12 % type 4b in group 1
versus 35 % and 39 % in group 2. Moreover, 36 % in group 1
were classified type 3 versus 0 % in group 2. Patients in both
groups were significantly improved after surgery, and there
was no significant difference in pain, ROM or Constant score
between groups at the last follow-up. These results are
summarised in Table 2.

We attempted to determine whether cases with final flexion
<110 ° were more frequent in group 2 and, if so, then why.
There were 17 cases (17 %) in group 1 at the last follow-up
and we found an explanation for ten: one intra-operative hu-
meral shaft fracture, one infection, one Parkinson’s disease,
one pre-operative ankylosis, one humeral loosening, one
glenoid loosening, one axillary palsy and one acromial frac-
ture. In group 2 there were five cases (12 %) and an explana-
tion was found in two: one humeral loosening with humeral
stem subsidence, and one glenoid loosening. The difference
between groups did not reach significance. The ratio between
baseplate and glenosphere size was compared to determine
whether the association of a small glenosphere with a large
baseplate could lead to mechanical impingement with the hu-
meral bearing, which could increase the risk of scapular
notching. This ratio was not found to be significantly different
between groups. Nine cases had a bony scapular spur at the
last follow-up: three (3 %) in group 1 and six (14,6 %) in
group 2. A spur occurred significantly more frequently in
group 2 (p=0,003). Obesity was found to decrease the risk
of developing a scapular notch, with incidence increasing
when BMI was <30. BMI values were available for 59

patients (35/99 in group 1; 27/41 in group 2): 49 had a BMI
<30, of whom 21 presented a scapular notch (43 %); three of
ten patients with a BMI>30 had a scapular notch (30 %).
However, this difference did not reach statistical significance
(p=0,09). Glenoid baseplate position had a significant influ-
ence on the development of a scapular notch. This criteria was
analysed in 123 cases: 108 baseplates (87,80 %) were classi-
fied as being centred or implanted in a low position. Among
them, 32,5 % developed a scapular notch. Fifteen (12,20 %)
were implanted high, and nine of them (60 %) presented a
scapular notch. This difference was significant (p=0,0033).
In relation to baseplate tilt, the rate of scapular notching was
be significantly higher (p=0.0029) when tilted superiorly than
when tilted inferiorly (100 % vs 26 %). There was no differ-
ence (p=0,91) in lateral offset between groups: in group 2, the
difference between the operated and healthy control side was
−0,41 cm (n=28) versus −0,44 cm in group 1 (n=65). No
statistical difference was found in the degree of humeral low-
ering between groups, and mean subacromial space was 4 cm
in group 2 (n=27) versus 3,85 cm in group 1 (n=65). Glenoid
baseplate implantation for the three cases with grade 3 scapu-
lar notch was centred in two and low in one (Fig. 1). Two
cases had good functional results despite a superior tilt in
one with a VAS=0, an SSVat 90 % and 100 %, respectively,
and a weighted Constant–Murley score > 90 %: 63 (91 %) for
the first and 65 (94 %) for the second. The case with a grade 3
scapular notch had a centred glenoid baseplate with a superior
tilt. Clinically, the patient had no pain but a poor ROM and a
weighted Constant score of 41 %. This was the patient with
unrevised humeral subsidence who refused revision surgery.

Table 1 Pre-operative clinical findings in the two groups: no significant difference except for active flexion (p=0,016) and abduction (p=0,003)

Preop Pain ADL Active flexion Active abduction ER1 ER2 IR cst Strength Cst score

Group 1: no notch 3.2
(0–15)
SD 3.7

6.5
(1–14)
SD 2.7

68°
(10–160)
SD 32

56°
(20–120)
SD 25

21°
(0–70)
SD 14

31°
(0–90)
SD 26

4,9
(0–10)
SD 2.7

1.3
(0–10)
SD 2.2

25.2(36 %)
(2–50)
SD 9.3

Group 2: notch 2,8
(0–10)
SD 3.4

7.2
(2–16)
SD 3.3

83°
(30–140)
SD 28

73°
(30–150)
SD 29

16°
(0–50)
SD 12

27°
(0–90)
SD 25

4.7
(0–10)
SD 2.6

1.5
(0–8)
SD 2.2

27,9(38 %)
9–53
SD 12.5

Preop pre-operative, SD standard deviation, ADL activities of daily living, ER , IR , Cst

Table 2 Post-operative clinical findings: no significant differences between groups

Postop Pain ADL Active flexion Active abduction ER1 ER2 IR
cst

Strength Cst
score

Group 1: no notch 13,7
(5–15)
SD 2.8

15.1
(6–20)
SD 3.5

132°
(40–180)
SD 27

108°
(40–170)
SD 25

30°
(0–70)
SD 17

54°
(0–95)
SD 24

6.4
(2–10)
SD 2,1

6.4
(0–16)
SD 3.5

64(92 %)
(35–83)
SD 9.8

Group 2: Notch 13.7
(10–15)
SD 2.1

16.2
(5–20)
SD 3.8

130°
(40–160)
SD 25

109°
(80–160)
SD 25

27°
(0–70)
SD 17

54°
(10–100)
SD 23

7.0
(2–10)
SD 2.4

5.6
(0–13)
SD 3.0

64(93 %)
(26–85)
SD 10.5
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Discussion

In a previous study, we published a preliminary report regard-
ing our results with the Arrow RSA, which creates a metallic
lateralisation of the COR, particularly concerning scapular
notching [42]. In that study, no scapular notching was found.
The study reported here, using the same implant with an ex-
tended follow-up and a greater number of patients, found a
higher incidence of scapular notching, which reached 29 %.

The incidence of scapular notching has previously been
reported with Grammont-type implants (Delta III, DePuy,
Warsaw, IN, USA). This implant has a more medialised de-
sign, with a COR at the bone–implant interface. Rates of
scapular notching varied between 40 % and 74 % [2, 12, 13,
15, 36, 40, 43, 44], with a maximum of 96 % [48]. In most
publications, the rate of scapular notching continued to in-
crease over time.

We identified several risk factors for scapular notching. In
our series, patients who had a better pre-operative ROM and
therefore a greater post-operative ROM were more at risk for
developing a scapular notch [30]. This was also true for pa-
tients with a BMI <30, which is in agreement with previous
studies [14, 29]. Except for a lower risk of notching in obese
patients, BMI did not influence the rate of complications in
our series as opposed to results reported by Gupta et al. [21].
However, as opposed to reports in previous publications [30,
38, 40], we found no influence of scapular notching on post-
operative active ROM or on complication rates; however, as
with Favard et al. [15], our results confirmed the deleterious
effect of superior tilt.

Lateralisation of the COR leads to a theoretical risk of
increasing the shear forces applied on the glenoid [3]. This,
however, did not lead to an increase in glenoid loosening in

our study. Two of the four glenoid loosenings observed in our
series were traumatic, occurring as a result of a fall in the early
post-operative period. Radiographic analysis of a third case of
loosening, which occurred at two years from the index proce-
dure, showed that primary fixation had never been achieved.
Therefore, it seems that—as opposed to some literature reports
[1, 3, 36]—glenoid loosenings in our series were not due to
scapular notching and subsequent progressive glenoid
destabilisation. Special attention must be paid to primary fix-
ation of the glenoid baseplate, eventually adding a bone graft
and/or using a long-peg glenoid implant. Frankle et al. [16]
reported 12 % of glenoid loosening of a first-generation
Encore RSA. This implant glenosphere is two thirds of a
sphere, whereas that of the Arrow RSA is only half a sphere.
This probably contributes to the low rate of glenoid loosening
found in our study. As with Harman et al. [24], we believe that
good primary fixation and meticulous preparation of the
glenoid bone reduces the risk of loosening, even with a
lateralised COR.

This new study confirmed that the use of a lateralised im-
plant provided better results in axial rotation (Fig. 2) than
those previously reported with a Grammont-type RSA, with
a mean improvement in external rotation of 20° versus <10°
[2, 40, 47, 48]. This allows better activities of daily leaving [2,
31]. Two main theories have been proposed to explain the
improvement in external rotation: lateralised design of the
implant, and position of the glenoid baseplate. Indeed, an in-
crease in lateral offset with a lateralised implant could restore
external rotator tension. On the other hand, an inferior tilt,
implantation of the baseplate flush with the inferior glenoid
rim [4] or the use of a larger glenosphere can limit friction
between the humeral cup and the scapular pillar. The absence
of friction between humerus and pillar could also reduce

Fig. 1 Grade 3 scapular notch. a
Standard anteroposterior
radiograph of the left/right
shoulder at 12 months. b At
55 months, the scapular notch has
not evolved. Densification at the
bottom of the notch it is not going
to evolve. Despite a superior tilt of
the baseplate, this patient had
good functional result at the latest
follow-up, with a Constant–
Murley score of 63 (90 %), no
pain, and a satisfactory active
range of motion. Active flexion
was 130°, active external rotation
90°, shoulder abduction 60° and
internal rotation to the level of T12
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scapular notching [50]. Edwards et al. [13], in a randomised
study, found that inferior glenoid tilt did not decrease scapular
notching. Moreover, it has also been suggested that too much
inferior tilt can increase scapular notching [31, 39] because of
the induced humeral bearing medialisation. However, our
findings showed that the risk of scapular notching was signif-
icantly higher when the glenoid was not inferiorly tilted.

It has been advocated in the litterature [6, 7] that with
increased lateralisation, the final active elevation would be
decreased. This was not confirmed in our study, in which
active elevation was comparable with the DELTA-type RSA.
Lateralisation can be obtained by lateralising the COR and
also by lateralising the humerus and increasing the distance
between the humeral bearing and the scapular pillar. Several

authors [33, 45], such as the designers of the Trabecular Metal
Reverse Shoulder System (Zimmer, Warsaw, IN, USa) sug-
gested decreasing the humeral cut angle from the 155° of the
Grammont implant in order to lateralise the humerus; this is
known to increase the risk of instability [16]. Rates of post-
operative instability after Grammont-type RSA vary between
3 % and 9 % [2, 47, 48]. No post-operative instability was
found in our series, probably partly due to the fact that the
humeral cup of the Arrow is deeper. Clark et al. [8], in a study
of 120 lateralised RSA (RSP, DonJoy Surgical, Austin, TX,
USA) emphasised the stabilising effect of lateralisation due to
an increase in compressive forces.

An option other than metallic for lateralising the COR in
order to reduce scapular notching has been proposed by
Boileau et al. [3]: the bony increased-offset RSA (BIO-
RSA). By adding a bone graft between the glenoid and base-
plate, a long-necked scapula is created that lateralises the COR
while maintaining it at the bone–implant interface. This was
supposed to provide the advantages of lateralisation, including
a lower risk of scapular notching, while decreasing the shear
forces applied on the glenoid component. However, the latest
reports still show grade 3 or 4 evolutive scapular notches [3,
41]. Another way to avoid mechanical impingement between
the polyethylene humeral bearing and the scapular pillar is to
predesign a notch on the humeral bearing, as in the Arrow
RSA [4].

This study has several limitations. Firstly, we were not able
to provide accurate measurement of glenoid baseplate tilt. We
believe, as do Favard et al. [15], that it is very difficult to
reproduce good radiographs in a standardised manner that
allows precise measurements, such as the glenoscapular angle.
Secondly, as with Boileau et al. [3], we were unable to mea-
sure posterior notching, which seems to be more frequent than
commonly described (Fig. 3).

The best way to avoid posterior impingement between the
polyethylene humeral bearing and the pillar is probably intra-
operative testing. When de-coaptation of the joint occurs in
external rotation, care must be taken to check for the presence
of posterior osteophytes on the glenoid or to increase
glenosphere retroversion or size. Boughrebi et al. [4] sug-
gested a more posterior predesigned notch. Another bias in
studies of scapular notching is that different classifications
of scapular notches are imprecise due to the variable direction
of inferior screws among different prosthetic designs, or even
in the same arthroplastic design where nonlocking screws can
have different directions [50]. This changes the distance be-
tween the inferior screw and the scapular pillar; therefore, we
feel that the best way to determine whether a notch is benign
and nonevolutive is the presence of densification at the bottom
of the notch.

Although this was a multicentric study, which implies it has
the limitations of a multicentric study, all surgeons are de-
signers of the RSA used, and all patients were operated

Fig. 2 Clinical and radiological results for a 79-year-old patient at final
follow-up of 60 months. Active range of motion was very satisfactory,
especially in axial rotation. Position of the glenoid baseplate is ideal. a–d
Active range of motion. e Final anteroposterior shoulder radiograph
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following a standardised technique with a standardised reha-
bilitation protocol. The study was also retrospective, with a
follow-up from 24 to 120 months. During this lengthy period,
operative technique changed, taking into account the most
recent recommendations such as low glenoid implantation
and inferior tilt. To date, we have found no statistically signif-
icant difference between the rate of scapular notching during
this entire study period.

Conclusion

In conclusion, the Arrow RSA still has a 29 % rate of scapular
notching, with no evolutive notches at >two years of follow-up.
This rate is less than with more medialised implants. We iden-
tified several risk factors that can lead to the development of
scapular notching in RSA: patients with a good pre-operative
ROM and patients with a BMI<30 are more likely to develop

Fig. 3 Posterior notch not visible
on anteroposterior view. As in
Fig. 1, densification at the bottom
of the posterior notch can be
observed
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a scapular notch. A superior tilt and a high baseplate implanta-
tion are also significant risk factors for notching. However,
grades 1 and 2 notches in our study had no influence on
functional outcome.

The design of the arthoplastic system of course plays a role
in the incidence of scapular notching. It appears that a
lateralised implant with metallic lateralisation of the COR,
lateralisation in the humerus with a humeral cut at 135°, a
humeral bearing at 155° and a predesigned notch on the hu-
meral bearing—such as in the Arrow RSA—can provide a
low rate of scapular notching. The design must also ensure
good primary baseplate fixation.

Surgical technique is also of great importance, ensuring
low baseplate fixation and a slight inferior tilt. Great care must
be taken during intraoperative testing to detect any mechanical
impingement between humerus and scapular pillar, especially
in axial rotation and elevation.
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