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Abstract

Introduction Symptomatic glenoid erosion is one of the

most common causes of functional impairment after

shoulder hemiarthroplasty. A decrease in the critical

shoulder angle (CSA) has been associated with the devel-

opment of shoulder arthritis. The inter-observer reliability

of the CSA and the relationship between CSA and symp-

tomatic glenoid erosion after shoulder hemiarthroplasty

were investigated.

Materials and methods Twenty-eight patients with symp-

tomatic glenoid erosion after anatomic hemiarthroplasty

were compared to a control group of 30 patients with no

signs of symptomatic glenoid erosion. The CSA was

measured by two blinded shoulder surgeons at a mean

follow-up of 105.2 and 54.7 months, respectively. The

inter-observer reliability was calculated.

Results The mean CSA in the control group in neutral,

internal, and external rotations was 34�, 33�, and 33�,
respectively. The corresponding values in the study group

were 33�, 33�, and 33� (\0.01). The interclass correlation

coefficient between the two examiners was 0.917

(P\ 0.01), 0.924 (P\ 0.01), and 0.948 (P\ 0.01),

respectively. The Mann–Whitney test between the control

group and the study group were, respectively, 0.907, 0.932,

and 0.602.

Conclusion There were no significant differences of CSA

values between the two groups. Good inter-observer reli-

ability was found for the CSA method.

Keywords Critical shoulder angle � Shoulder
hemiarthroplasty � Glenoid erosion � Glenoid arthritis

Introduction

Neer published the first report on shoulder hemiarthroplasty in

1970 in patients with four-part proximal humerus fractures

[1]. The indications for hemiarthroplasty expanded to include

osteoarthritis (OA) [2], osteonecrosis [3], rheumatoid arthritis

[4], rotator cuff tear arthropathy [5], and fracture sequelae [6].

Optimal results after hemiarthroplasty require an intact rotator

cuff and minimal or no glenoid wear. However, glenoid ero-

sion can still develop over time causing pain, patient dissat-

isfaction, and the need for revision surgery [7–11].

Symptomatic glenoid erosion is an early cause of clinical

deterioration, with an incidence of 6–72% [12, 13]. The

association between the anatomic factors and the onset of

glenohumeral OA has been investigated. Moor et al. recently
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introduced the concept of the critical shoulder angle (CSA)

[14, 15]. The authors found significantly smaller angle values

(CSA of\30�) in patients with glenohumeral arthritis when

compared to asymptomatic controls. The first aim of the

present study was to compare the CSA values in a population

of patients with symptomatic glenoid erosion requiring revi-

sion surgery after shoulder hemiarthroplasty to a control group

with no symptomatic glenoid erosion after hemiarthroplasty.

The second aim was to measure the inter-observer reliability

of the CSA in patients following hemiarthroplasty. We

hypothesized that patients with symptomatic glenoid erosion

would have lower CSAvalues than the control group.We also

hypothesized that the CSAmeasurements would demonstrate

good inter-observer reliability.

Materials and methods

For this type of study, our ethics committee informed that

formal consent was not required.

Twenty-eight patients from a single surgeon (GW) con-

secutive series with symptomatic contained glenoid erosion

requiring revision surgery after primary anatomic hemi-

arthroplasty were enrolled as a study group. The diagnosis of

glenoiditis was set at FU according to the clinical symptoms

(painful restrictions of the arch of motion with negative cuff

tears tests), negative blood samples, and imaging showing

progressive narrowing of joint line. The X-ray evaluation

was carried out according to the methodology described by

Parsons et al. [7]. Patients had true AP view to avoid any

overlap between the humeral head and the glenoid. Seriate

X-rays revealed progressive reduction of the cartilage width

confirming the diagnosis of progressive glenoid erosion.

However, the indication for revision was mainly given on

clinical basis. In the same way, a group of 30 patients ran-

domly selected from the same consecutive series were

enrolled as a control group. They all had the same anatomic

hemiarthroplasty but did not show any clinical or imaging

signs of glenoid erosion. The indications for surgery in the

symptomatic group included glenohumeral OA (13

patients), proximal humeral fractures (14 patients), and

osteonecrosis of the humeral head (1 patient). Similarly, the

indications for surgery in the control group included

osteoarthritis (13 patients), proximal humeral fractures (13

patients), and osteonecrosis of the humeral head (4 patients).

Subjects with previous operations on the affected shoulder

were excluded from the study. The study population con-

sisted of 12 male and 16 female patients with a mean age at

the time of surgery of 58.9 years (range 32–76). The domi-

nant side was involved in 19 cases. The control group con-

sisted of 9male and 21 female patients with amean age at the

time of surgery of 63.9 years (range 45–81). The dominant

side was involved in 18 cases. All patients were evaluated

with plain antero-posterior radiographs of the glenohumeral

joint with the arm in neutral position, internal rotation, and

external rotation. Moor et al. demonstrated that small

degrees of scapular rotation did not affect the CSA [12, 13].

In the present investigation, three different arm rotations

were available, with a fixed scapular position. Any overlap

between the prosthetic head in the different rotations and the

glenoid fossa influencing the measure was recorded. The

CSA was calculated on the preoperative radiographs per-

formed just before revision surgery in the study group

(53.7 months after the primary procedure) and at the last

available follow-up (99.7 months after primary procedure)

in the control group.

Each antero-posterior radiograph was performed ensur-

ing visualization of the joint space with minimal overlap

between the anterior and posterior joint surfaces [12, 13].

The CSA was calculated according to the method described

by Moor et al. [14] with the OsiriX software [16]. The

angle was drawn between a line connecting the inferior and

the superior poles of the glenoid fossa and another line

connecting the inferior apex of the glenoid with the most

infero-lateral aspect of the acromion (Fig. 1). A decreased

CSA is a result of reduced acromial coverage and incli-

nation of the glenoid, theoretically causing an increase in

compressive loads on the articular cartilage [14]. The CSA

values were calculated in true glenoid antero-posterior

views with the arm in neutral rotation, 20� of external

rotation and 20� of internal rotation. The reproducibility

with different arm positions was calculated. Two blinded

shoulder surgeons completed the CSA measurements to

assess the inter-observer reliability of the method.

Statistical analysis was performed using SPSS 22 for

Windows. A sample size of 28 patients in each group was

required for a statistical power of 80% at a type I error

level of 0.05. Effect sizes calculated with G Power 3.1

calculator was 1.8. Exploratory data analysis was per-

formed to establish whether the data were normally dis-

tributed and whether any significant differences in

distribution existed across the groups using Q–Q plots and

the Kolmogorov–Smirnov test. Since the data were con-

sidered non-parametric, post hoc non-parametric tests were

used to assess significant differences between the values.

The reproducibility of the method was assessed with the

interclass correlation coefficient (ICC) and comparison

between the groups was performed with the Mann–Whit-

ney test. The significance level was set at P\ 0.05.

Results

The radiographs of the 30 patients of the control group

were evaluated at a mean follow-up of 105.2 months

(range 12–208). None of the patients reported
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glenohumeral joint pain, and no patient had radiographic

evidence of glenoid erosion. The CSA values are summa-

rized in Table 1. For the first examiner, the mean CSA

value for the AP view with the arm in neutral position was

34� (range 18–49), for the view with the arm in internal

rotation, it was 33� (range 19–48), and for the view with

the arm in external rotation, the mean CSA value was 33�
(range 19–48). The corresponding values for the second

examiner were 32� (range 19–49), 33� (range 18–45), and

33� (range 18–47), respectively. In the study group, all 28

patients were revised for symptoms and radiographic signs

of glenoid erosion at a mean follow-up of 53.7 months

(range 12–189). The radiographs performed before revision

surgery were measured. The mean CSA value for the AP

view with the arm in neutral position was 33� (range

27–43), for the view with the arm in internal rotation, it

was 33� (range 25–43), and for the view with the arm in

external rotation, it was 33� (range 24–42). The measure-

ments were performed using the same technique by a

second observer. The corresponding angles for the second

examiner were 32� (range 25–41), 31� (range 20–40), and

32� (range 24–42), respectively. The Kolmorogov–Smir-

nov test showed that all groups had similar distribution.

The same similar values emerged when the different aeti-

ologies (primary osteoarthiritis, head necrosis, and frac-

ture) in the two groups were compared.

The interclass coefficient is summarized in Table 1, and

the outcomes of the Mann–Whitney test are summarized in

Table 2. The interclass correlation coefficient between the

two examiners in neutral rotation was 0.917 (P\ 0.01), in

internal rotation, it was 0.924 (P\ 0.01), and in external

rotation, it was 0.948 (P\ 0.01). The Mann–Whitney test

between the control group and the study group in neutral

rotation was 0.907, in internal rotation, it was 0.932, and in

external rotation, it was 0.602. The interclass correlation

coefficient was highly significant for the two surgeons,

demonstrating that the data were reproducible. The neutral,

external, and internal grade measurements of patients with

glenoid erosion were not significantly different between

patients who underwent revision and patients who did not.

Discussion

The most important finding of the present study is the

absence of a significant difference between the CSA values

in patients with glenoid erosion following shoulder hemi-

arthroplasty and patients without glenoid erosion. In

addition, the measurements were reproducible, with a good

correlation coefficient between the two examiners in neu-

tral rotation, internal rotation, and external rotation. Gle-

noid erosion, which is one the recognized complications

Fig. 1 CSA was calculated according to the method described by

Moor

Table 1 Mean values for the

CSA in the two groups for the

two surgeons and the interclass

correlation coefficient

CSA neutral rotation CSA internal rotation CSA external rotation

Control group observer 1 34� ± 7.71 33� ± 7.40 33� ± 7.42

Study group observer 1 33� ± 4.28 33� ± 4.48 33� ± 4.57

Control group observer 2 32� ± 7.53 33� ± 7.13 33� ± 7.75

Study group observer 2 32 ± 3.66 31 ± 4.55 32� ± 4.48

Interclass correlation coefficient 0.917 0.924 0.948

P value \0.01 \0.01 \0.01

CSA critical shoulder angle
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after HA, is a source of concern after shoulder hemi-

arthroplasty [17]. It is a major cause of clinical deteriora-

tion at long-term follow-up and final conversion to reverse

arthroplasty [18]. A recent study reported a satisfaction rate

of 25% after hemiarthroplasty at 17 years follow-up [10].

Glenoid erosion has been described in up to 72% of cases

with first generation implants [13]; however, this rate has

decreased with more recent designs [11, 12]. However,

42% of patients with failed shoulder hemiarthroplasties had

substantial glenoid erosion [19]. According to these find-

ings and despite the improvement of surgical techniques

and implant designs, symptomatic glenoid erosion is still a

problem. Several recent studies have investigated the role

of anatomic factors in the development of shoulder

osteoarthritis (OA). Nyffeler et al. described the acromion

index as the lateral extension of the acromion [20]. Nyf-

feler et al. postulated that a short acromion would lead to a

predominance of the compressive component of the deltoid

with increased loads on joint and increased degenerative

wear and OA. Conversely, they reported no significant

correlation between a low index and glenohumeral joint

OA.

Recently, Moor et al. investigated the role of a new

parameter, namely, the critical shoulder angle (CSA) [14].

The CSA was drawn between the tangent to the inferior

and the superior poles of the glenoid fossa and the line

connecting the inferior apex of the glenoid with the most

infero-lateral aspect of the acromion. Moor et al. found that

CSA values were significantly smaller in patients with OA

than in normal subjects, and concluded that shoulders with

CSA values\30� are likely to be osteoarthritic. Patients

with decreased CSA values would have predominance of

compressive forces over superiorly directed forces result-

ing in an overload of the cartilage with further degenera-

tion. Their methodology is reliable, and the assessment of

the CSA yielded variability B2� for malrotations of the

scapular position of up to 20� of internal rotation or

extension and 20� of external rotation or flexion [14].

Recently, Suter et al. carried out a 3D CT scan study on

cadaver scapulae to assess the influence of scapular posi-

tion on the reproducibility of the CSA [21]. The measured

CSA in true AP views was compared with those calculated

with the scapulae in anteversion/retroversion and exten-

sion/flexion. In addition, the relationship between the CSA

and glenoid size, gender, and side was assessed. Antever-

sion and retroversion greatly influenced CSA values.

Conversely glenoid height, width, height/width ratio, ver-

sion, and side did not strongly influence CSA values.

Finally, good intra- and inter-observer reliability were

reported.

The present study is the first to investigate the rela-

tionship between CSA and symptomatic glenoid erosion

after shoulder hemiarthroplasty. Extrapolating the findings

by Moor et al. [14], we hypothesized that our 28 patients

who developed symptomatic glenoid erosion after shoulder

hemiarthroplasty would have lower CSA values than a

control group. The results, however, did not confirm our

hypothesis. No statistically significant difference emerged

in CSA values between the two groups. Nevertheless, the

methodology of CSA measurement was demonstrated to be

reproducible with a good interclass correlation coefficient

in neutral, internal, and external rotation views. Thus, CSA

can be used as a reliable tool in future studies, although its

clinical usefulness remains to be elucidated. Even though

the hypothesis was found to be not true and contradictory

to previous Moor et al. results, these new findings could

enhance further research in this subject.

The present investigation has some limitations. First, it

is a retrospective comparison of two groups with slight

differences in the initial etiologies. However, the unique-

ness of the study and the length of the follow-up did not

allow us to select perfectly matching populations. In any

case, these slight differences were not considered a source

of major bias and the CSA measures were carried out

according to the initial aetiologies in the two groups as

well. From one hand, this reduced the number of patients in

the different groups (osteoarthritis, necrosis, and fractures),

thus reducing the statistical significance of the outcomes.

However, the similar CSA values in the three groups

confirmed that the initial aetiology was not a factor

affecting the outcomes. Second, the power analysis showed

a minimum sample size of 28 patients in both groups to

detect a significant difference. Unfortunately, the strict

inclusion criteria (only patients with symptomatic glenoid

erosion requiring revision surgery) reduced the initial study

population. Third, the length of follow-up was different

between the two groups. Nonetheless, although the follow-

up in the control group was much longer than in the study

group, this would not have exerted an appreciable influence

on the parameters being evaluated.

Symptomatic glenoid erosion has been related to dete-

riorating outcomes after shoulder hemiarthroplasty, and is a

major cause for late revision. Preventing glenoid erosion

would be of a great interest in terms of costs and patients’

quality of life. Anatomic studies have demonstrated a

Table 2 Mann–Whitney test

Null hypothesis Sig. Decision

CSA (sg)/CSA (cg) NR 0.907 Retain the null hypothesis

CSA (sg)/CSA (cg) IR 0.932 Retain the null hypothesis

CSA (sg)/CSA (cg) ER 0.602 Retain the null hypothesis

Asymptotic significances are displayed. The significance is 0.05

CSA critical shoulder angle, Sg study group, Cg control group, NR

neutral rotation, IR internal rotation, ER external rotation
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significant association between low critical shoulder angle

values and degenerative changes in the glenohumeral joint,

postulating the prevalence of compressive forces. In a

similar way, we hypothesized a role of decreased critical

shoulder angle in the development of glenoid erosion after

shoulder hemiarthroplasty. We did not identify a significant

difference of CSA values between patients who did

develop symptomatic glenoid erosion and those who did

not.
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