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Background: In our previous report, glenoid wear (GW) after humeral head replacement for cuff tear
arthropathy was classified with modified Goya’s classification (grade 0-3), and, among 3 subtypes of
grade 3 (glenoid bone erosion), grade 3B (superior eccentric erosion) showed significantly more pain and
limited active flexion postoperatively compared to grade 3C (concentric erosion). The purpose of this
study was to detect individual risk factors for the progression to grade 3B GW.
Methods: Seventy-nine shoulders in 70 patients who were followed up for a mean of 8.2 years
(range, 5.0-13.2 years), including 29 men and 41 women, with a mean age at the surgery of 71.1 years
(range, 54-87 years), were reviewed. Atrophy and fatty degeneration of torn cuff muscle, preoperative
humeral head displacement (superior translation ratio [STR], anterior translation ratio, and other several
parameters) on preoperative magnetic resonance imaging, and other individual factors were analyzed as
possible risk factors.
Results: GW at the final follow-up was grade 0: 5 shoulders, grade 1: 17, grade 2: 20, and grade 3: 37
(3A: 4, 3B: 22, and 3C: 11). Preoperative higher STR was defined as a risk factor for grade 3 GW (odds
ratio, 35.5; 95% confidence interval, 1.8-693.0; P ¼ .018). Comparison among the three subtypes of grade 3
showed that patients with grade 3B GW had larger STR than 3C (41.4 ± 14.2% vs. 23.5 ± 13.3 % P ¼ .006).
Conclusion: Patients with preoperative high STR are considered to have a risk for grade 3B GW, which
possibly relates to poor clinical outcome and future revision.

© 2022 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Despite the popularity of reverse shoulder arthroplasty (RSA) for
the treatment of cuff tear arthropathy (CTA), several long-term
follow-up studies after RSA have pointed out a gradual decline in
shoulder function, exacerbation of pain,8,23 high complication
rates,1,4,29 and the difficulty in revision surgery after failed RSA.1,12

Therefore, RSA must be considered as a final salvage surgery.
Humeral head replacement (HHR) using a small-diameter head

with rotator cuff reconstruction has been reported as a useful
treatment option for CTA in young and older selected patients,7,19,26

considering the lower complication and revision rates compared to
those associated with RSA.19 A previous multicenter study reported
that patients experienced satisfactory pain relief and recovery of
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reasonable shoulder function after revision RSA from failed HHR ;
therefore, RSA can be considered a salvage surgery after HHR.

Glenoid wear (GW) is a possible complication in the long-term
follow-up after HHR and has been reported as one of the major
reasons for revision surgery.5,9,15 However, we often encounter
cases with concentric erosion that have progressive pain but
maintain good range of motion (ROM) for flexion and with relief of
the pain later in the clinical course. On the other hand, some cases
show eccentric erosion and subsequently require revision surgery
due to continuous pain. Levine et al15 reported a cohort of patients
undergoing HHR for glenohumeral arthritis, classifying patients
into those with concentric GW and those with nonconcentric GW
and found that patients with posterior, nonconcentric glenoid
erosion had a 63% satisfaction rate compared with 86% in the
concentric glenoid erosion group, similar to grade 3C in our re-
sults.14 In a previous report, the pattern of GW that progressed to
glenoid bone erosion (grade 3 in our classification) after HHR in
detail,15 and grade 3 GW was classified into three subtypes (Fig. 1).
Investigation of grade 3 GW subtypes revealed that 3B had
ulder and Elbow Surgeons. This is an open access article under the CC BY-NC-ND
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significantly more pain and limited active flexion than 3C.14 This
result suggests that more careful follow-up is required for grade 3B
cases that tend to have severe pain and limited flexion ROM, as
compared to grade 3C cases, which may have less pain and main-
tain good ROM. However, the risk factors of 3B GW remain unclear.
Since the prevention of revision surgery is desirable, it is important
to identify the risk factors for the progression of 3B GW. If the
relationship between the clinical results and risk factors for GW is
clarified, HHRwill become amore useful therapeutic option for CTA
in patient selection and prognostic prediction.

The purpose of this study was to evaluate GW in patients with
CTA who were followed-up for 5 years or more after HHR using a
modified classification of GW and to detect individual risk factors
for progression to 3B GW.

Material and methods

This retrospective cohort study was conducted to assess GW in
patients after HHR for CTA. In all cases, surgeries had been per-
formed because of intractable pain and functional disability sec-
ondary to CTA. All patients agreed to participate, and ethical
approval was obtained from the institutional review board of
Hokushin Hospital (Study No. 1803). Between 2007 and 2016, 142
hemiarthroplasties were performed at our hospital and related
facilities. Of these, 79 shoulders in 70 patients were reviewed; 61
shoulders were excluded because they met one of the following
exclusion criteria: severe complications unrelated to shoulder
surgery, death, or follow-up <5 years. Two patients underwent
revision surgery during their clinical course. One patient with grade
3B GW14 underwent revision anatomical TSA 16 months post-
operatively because of pain and functional restriction due to pro-
gressive GW. Another patient with grade 1 GW also underwent
revision TSA 27 months postoperatively due to pain. These patients
were excluded from subsequent evaluations.

The 70 patients enrolled included 29 men and 41 womenwith a
mean age of 71.1 years (range, 54-87 years). The surgeries were
performed by three surgeons (N.S., N.O., and N.M.) who had at least
20 years of experience in shoulder surgery. Global Advantage
(DePuy, Raynham, MA, USA) was used in 54 shoulders, Compre-
hensive Shoulder System (AIMM34; Zimmer Biomet, Warsaw, IN,
USA) in 13, Trabecular Metal Shoulder System (Zimmer Biomet,
Warsaw, IN, USA) in 1, SMR (Lima, San Daniele, Italy) in 1, and
Global Unite (DePuy, Raynham, MA, USA) in 10. Rotator cuff
reconstruction using tendon transfers according to the cuff defect
was performed in all cases. Partial subscapularis transfer was added
in 74 shoulders, pectoralis major tendon transfer was performed in
5 shoulders of the anterosuperior cuff defect, anterior transfer of
the latissimus dorsi and teres major (LD/TMj) tendons were per-
formed in 2 shoulders of irrepairable subscapularis tendon tear, and
posterosuperior transfer of the LD/TMj tendons was performed in
14 shoulders of the posterior cuff defect with a positive external
rotation lag sign.

Surgical technique

All procedures were performed with the patients in the beach
chair position under general anesthesia and with an interscalene
brachial plexus block. A superior deltoid splitting approach and
deltopectoral approach, if necessary, were employed. The humeral
stem was inserted with 40� retroversion, which is larger than the
normal retroversion, to prevent the anterosuperior escape of the
humeral head. Typically, the size of the humeral headwas chosen to
be one size smaller and thinner than the original resected humeral
head. The final decision regarding the size of the prosthesis was
determined by checking the inferior and anteroposterior laxity of
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the glenohumeral joint and coverage of the resected surface of the
humeral neck during surgery.

Direct repair of the rotator cuff was impossible in all cases, even
when using a small HHR; hence, various tendon transfers were
performed to reconstruct the rotator cuff tendon based on the
tendon defect. In cases where the supraspinatus and infraspinatus
tendons were torn, and the subscapularis and teres minor tendons
remained intact, two-thirds of the superior aspect of the sub-
scapularis tendon was subperiosteally detached and transferred
anterosuperiorly to the cuff defect (modified Cofield's procedure).

If the anterior portion of the rotator cuff (including the sub-
scapularis tendon) was deficient, the LD/TMj tendon was trans-
ferred to the lesser tuberosity to cover the defect. If the
anterosuperior portion of the rotator cuff was deficient, a pectoralis
major tendon was transferred to cover the defect by passing the
pars sternocostalis of the pectoralis major tendon under the
conjoined tendon. If the posterosuperior portion of the rotator cuff
(including the teres minor) was deficient and external rotation
reconstruction was necessary, LD/TMj tendon transfers were per-
formed via the axillary approach by suturing the LD/TMj tendons to
the remaining tendons and the greater tuberosity. No biologic
resurfacing or glenoid reaming was performed in all patients.

Postoperative treatment

Each patient used an abduction pillow for 8 weeks post-
operatively. Active elevation in the sitting position was permitted
after 10 weeks, and isometric cuff exercises were initiated after 12
weeks. Patients were allowed to resume heavy work or sports if
sufficient muscle strength was evident 6 months postoperatively.26

Evaluation and analysis

Patients were regularly monitored for a mean of 8.2 years (range,
5.0-13.2 years). GW was evaluated by serial plane shoulder radiog-
raphy in true anteroposterior and axillary views at the early post-
operative period, at 2 years postoperatively, and at the final follow-
up. GW was classified using a modified Goya's classification7,14

(Fig. 1) as grade 0: absence of remarkable postoperative changes
compared with the preoperative glenoid, grade 1: postoperative
glenohumeral joint space narrower than the preoperative gleno-
humeral joint space because of glenoid cartilage wear, although with
no contact between the glenoid and humeral head prosthesis,
grade 2: contact between the glenoid and humeral head prosthesis
with no glenoid erosion, and grade 3: the presence of glenoid
erosion. Grade 3 cases were classified into three subtypes as reported
in a previous study14 as 3A: partial erosion of the anterior glenoid,
identified by wear located in the anterior one-third portion of the
glenoid in axial views, 3B: partial erosion of the superior part of
the glenoid, with wear located in the superior one-third portion of
the glenoid, and 3C: concentric erosion of the glenoid (Fig. 1).

Several factors were analyzed as possible risk factors for the
progression of GW to grade 3, including (1) age, (2) sex, (3) pre-
operative ROM (active flexion and external rotation), (4) preoper-
ative pain by Constant-Murley Score, (5) atrophy of torn cuff muscle
according to Yamaguchi's classification,28 (6) fatty degeneration of
cuff muscle according to Goutallier's classification (average grade
four rotator cuff), (7) addedmuscle tendon transfer (except anterior
translation of LD/TMj because of its small number of cases), (8)
degree of humeral head displacement by acromiohumeral inter-
val,3 Oizumi's classification20 (Fig. 2A), superior translation ratio
(STR), and anterior translation ratio (ATR), whichwere all measured
on preoperative magnetic resonance imaging (MRI) (Fig. 2B and C).
Acromiohumeral interval was measured as the narrowest part of
the subacromial space (Fig. 2B, length A). To measure STR in a



Figure 1 Modified Goya's classification, (A) Grade 0: absence of remarkable postoperative changes compared with the preoperative glenoid; (B) Grade 1: the postoperative gle-
nohumeral joint space was narrower than the preoperative glenohumeral joint space because of glenoid cartilage wear, although there was no contact between the glenoid and
humeral head prosthesis; (C) Grade 2: the presence of contact between the glenoid and humeral head prosthesis, although with no glenoid erosion; (D, E, F) Grade 3: the presence
of glenoid erosion. Grade 3 cases were classified into three subtypes: (D) 3A: partial erosion of the anterior glenoid; (E) 3B: partial erosion of the superior part of the glenoid; (F) 3C:
concentric erosion of the glenoid.
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coronal MRI image, length B was defined as the distance between
the superior and inferior edges of the glenoid. Length C was defined
as the distance between the inferior edges of the glenoid and the
inferior corner of the articular surface. STR was defined as the ratio
of C to B. To measure ATR in an axial MRI image, the length of line D
was defined as the distance between the anterior and posterior
edges of the glenoid. Reference line Gwas drawn vertically to line D
through the central point of D. Point H was at the center of the
humeral head. The length E was defined as the distance between
point H and line G. ATR was defined as the ratio of E to D (Fig. 2C).
ATR and STR were measured in the slice that showed the most
central point of the glenoid and humeral head. If their central
points were not shown in the same slice, each point was translated
to another slice, and the distances were measured correctly.
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Univariate and multivariate analyses of these factors between
groups 0-2 (including grades 0, 1, and 2 shoulders) and group 3
(grade 3 shoulders) were performed to detect individual risk factors
for grade 3 GW. Univariate analysis between the three grade 3
subtypes was also performed to detect risk factors for grade 3B GW,
previously described as related to poor clinical outcome.15

Statistics

The ManneWhitney U test was used to evaluate quantitative
data, and Fisher's exact probability test was used for categorical
data. Logistic regression analysis was used to compare groups 0-2
and 3 to identify the true association between individual factors.
Logistic regression analysis was performed using variables with



Figure 2 (A) Oizumi’s classification. The inferior half of the glenoid is divided into 3 zones. The grade is defined by the position of the inferior border of the articular surface of
the humeral head in the following zones: grade 0: the inferior border of the articular surface of the humeral head is below the lower glenoid rim; grades I, II, and III: the inferior
border of the articular surface of the humeral head is in each zone; and grade IV. (B) Length A was measured as the narrowest part of subacromial space (acromiohumeral
interval). In a coronal magnetic resonance imaging (MRI) image, length B was defined as the distance between superior and inferior edges of the glenoid. Length C was defined
as the distance between inferior edges of the glenoid and inferior corner of the articular surface. The superior translation ratio was defined as the ratio of C to B. (C) In an axial
MRI image, the length of line D was defined as the distance between the anterior and posterior edges of the glenoid. Reference line G was a line drawn vertically to line F through
the central point of B. Point H was a point at the center of the humeral head. The length E was defined as the distance between point H and line G. Anterior translation ratio was
defined as the ratio of E to D.

Table I
Progression of glenoid wear from two years postoperatively to the final follow-up.

2 years
postop

Final follow up

Grade
0

19 5

35 17

18 20

7 37

10

7

1

12

5

17

7

1

13

6

Grade
1

Grade
2

Grade
3

Data are expressed as the number of shoulders.
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P < .10 on univariate analysis. P < .05 was considered significant on
univariate and multivariate analysis. Multigroup comparisons and
Bonferroni correctionwereused for comparisonsof the results of the
three groups. All statistical analyses were performed using R soft-
ware (The R Foundation for Statistical Computing, Vienna, Austria).

Results

GWat 2 years postoperativewas grade 0 in 19 shoulders, grade 1
in 35, grade 2 in 18, and grade 3 in 7 shoulders. The final GW at the
last follow-up was grade 0 in 5 shoulders, grade 1 in 17, grade 2 in
20, and grade 3 in 37 shoulders (3A: 4, 3B: 22, and 3C: 11 shoulders,
respectively). Table I shows the progression of GW from 2 years
after surgery to the final observation. GW progressed in 56 shoul-
ders (70.9% of all shoulders) at 2 years postoperatively, with 30
shoulders (38.0%) progressing to grade 3 GW.

In univariate analysis of individual risk factors for progression of
GW to grade 3, grade 3 GW patients had a statistically significantly
smaller preoperative ROM of active flexion (72.5 ± 42.3� vs.
93.0 ± 48.0�, P ¼ .043) and higher STR (37.4 ± 17.0% vs. 27.9 ± 16.2%,
892
P ¼ .014). The two groups had significantly different grades in
Oizumi’s classification (P ¼ .02) (Table II). In multivariate analysis,
preoperative higher STR was defined as a risk factor for progression
of GW to grade 3 (odds ratio, 35.5; 95% confidence interval, 1.8-
693.0; P ¼ .018) (Table III).

A comparison of the univariate analysis of individual risk factors
among the three grade 3 subtypes is shown in Table IV. Comparison
between the three subtypes of grade 3 showed that patients with
grade 3B GW had higher STR than those with grade 3C GW
(41.4 ± 14.2% vs. 23.5 ± 13.3%, P ¼ .006). Grades 3B and 3C showed
significantly different grades in Oizumi’s classification (P ¼ .015)
(Table IV).

Discussion

HHR using a small-diameter head with rotator cuff recon-
struction is reported as one of the useful therapeutic option for
CTA,19,26 considering the lower complication and revision rates. In
HHR, GW is a possible complication affecting clinical results7,13,17

and has been reported as one of the major reasons for revision
surgery.5,9,15 A previous report investigated the pattern of GW
after HHR in detail14; grades 0-2 GW showed a maintained ROM
and less pain compared to grade 3 (glenoid bone erosion).7,14 In
other words, even if GW occurs, the clinical outcome is main-
tained and there is less possibility of revision surgery in cases that
do not progress to grade 3. Therefore, we investigated the risk
factor of grade 3 GW in this study to understand how to prevent
GW progression to grade 3.

Additionally, the pattern of GW that progresses to grade 3 and
differences in clinical courses among the three grade 3 GW sub-
types (classified according to the erosion pattern) have been
studied. In the investigation of grade 3 GW subtypes, 3B (superior
eccentric erosion) had more pain and limited active flexion than 3C
(concentric erosion).14 In the current study, GW in patients with
CTA who were followed-up for more than 5 years after HHR was
evaluated to detect individual risk factors for progression to 3B GW.

In cases of osteoarthritis, the incidence rate of GW reportedly
ranges from 42-100%.9,21,24,25 In a previous report of more than 8
years of follow-up after HHR in patients with CTA, GW progressed
in 70.6% of all shoulders from 2 years postoperatively, and 15
shoulders (44.1%) progressed to grade 3 GW.14 In the current study
with more subjects, GW progressed in 56 shoulders (70.9% of all
shoulders) from 2 years postoperatively, and 30 shoulders (38.0%)



Table II
Univariate analysis of epidemiological data (group 0-2 vs. group 3).

Variable Group 0-II
(n ¼ 42)

Group III
(n ¼ 37)

P Value

Age (yr) 70.1 ± 6.6 72.2 ± 7.9 .11
Sex (men/women) 16/26 20/17 .18
Constant pain score (points) 0.71 ± 1.8 0.27 ± 1.1 .19
Preoperative ROM (degree)
Active flexion 93.0 ± 48.0 72.5 ± 42.3 .043*

Active exr. 20.5 ± 19.9 12.8 ± 22.4 .13
Condition of rotator cuff
Yamaguchi’s classification (%)
Supraspinatus 27.9 ± 13.1 24.9 ± 10.9 .31
Infraspinatus 47.8 ± 30.7 38.8 ± 30.8 .07
Subscapularis 82.2 ± 19.3 70.7 ± 26.9 .10
Teres minor 93.7 ± 17.5 96.6 ± 9.1 .69

Goutallier’s classification 2.1 ± 0.5 2.3 ± 0.5 .09
Translation of humeral head
Oizumi’s classification (0/I/II/III/IV) 5/8/14/11/5 0/8/5/15/9 .02*

Superior translation ratio (%) 27.9 ± 16.2 37.4 ± 17.0 .014*

AHI 1.7 ± 2.0 1.9 ± 2.1 .73
Anterior translation ratio (%) 4.0 ± 9.3 0.2 ± 7.5 .23

Muscle tendon transfer
PM 2 (4.8%) 3 (8.1%) .66
LD & TMj 8 (19.0%) 6 (16.2%) .78

ROM, range of motion; exr., external rotation; AHI, acromiohumeral interval; PM, pectoralis major; LD & TMj, latissimus dorsi and teres major.
Data are expressed as the number of shoulders or as mean ± standard deviation.

*P < .05.

Table III
Multivariate analysis of epidermal data (group 0-2 vs. group 3).

Logistic regressive analysis with forward-backward stepwise selection method

Variable Group 0-2 (n ¼ 43) Group 3 (n ¼ 40) OR 95% CI P Value

Superior translation ratio (%) 27.9 ± 16.2 37.4 ± 17.0 35.5 1.8-693.0 .018*

ROM, range of motion; OR, odds ratio; CI, confidence interval.
Data are expressed as the mean ± standard deviation.

*P < .05.
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progressed to grade 3 GW. The current study had a mean follow-up
period of 8.2 years, similar to the aforementioned study and the GW
progression rate in both studies was similar.

Several reports have suggested that the risk factor for bone
erosion in the shoulder is the female sex,10 while younger age and
high physical activity levels have been demonstrated as risk factors
for bone erosion in the hip joint.2,22 Our results did not indicate that
age or sex were independent risk factors for GW progression. In the
current study, grade 3 GW patients had a limited preoperative ROM
of active flexion and a higher STR than grades 0-2 patients. A higher
preoperative STR (upper migration of the humeral head on supine
position) suggests the possibility of preoperative disruption of the
force couple of the rotator cuff, which leads to disruption of normal
glenohumeral motion and limited active flexion. The pathology may
resemble that in a previous report, where preoperative limitation of
active external rotation was identified as a risk factor for GW pro-
gression to grade 3.15 In these situations, the normal reactive force
was not loaded onto the glenoid, inducing low bone density of the
subchondral bone of the glenoid.16,27 When the STR value becomes
extremely high, it suggests insufficiency of the subacromial arch and
absence of dynamic joint stabilization; the final situation will be
described as Seebauer's classification type IIB (decentered unstable,
anterior superior escape). In cases with extremely high STR, active
flexion can be restricted because of the anterosuperior escape of the
humeral head. This pathology can explain why patients with grade
3B GW had significantly higher STR than those with grade 3C GW
and that grade 3B GW patients tended to be classified as grade 4 in
Oizumi's classification preoperatively. This is because, in grade 3B,
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the mechanical force of the humeral head in the superior direction is
suspected to be the cause of eccentric superior erosion.

It is intuitively plausible that an unbalanced action caused by
rotator cuff insufficiency might lead to uneven loading and, thus,
destruction of the glenoid cartilage.11,13,15 However, preoperative
conditions (muscle atrophy and fatty degeneration) of the rotator
cuff muscles were not statistically different between groups 0-2
and group 3 and between the grade 3 subtypes. It is possible that
rotator cuff reconstruction bymuscle tendon transfers restored cuff
function and prevented postoperative upper migration of the hu-
meral head inmany cases that did not progress to grade 3B GW. The
possibility that retear of the reconstructed rotator cuff causes grade
3B GW should be considered in cases that did not show severe
upper migrated humeral head preoperatively. From the results of
the current study, in HHR for CTA, patients who showed ante-
rosuperior escape of the humeral head due to failure of the cor-
acoacromial arch (ie, Seebauer’s classification type IIB) during
preoperative examination with plain radiography, computed to-
mography, and MRI should be carefully considered for this pro-
cedure and closely followed-up for possible progression to grade 3B
GW and need of revision in the future. In the preoperative evalu-
ation of CTA patients, "limited ROM" should be carefully assessed if
it reflects the absence of dynamic joint stabilization, in contrast to
"maintained ROM,”whichmay representmaintained dynamic joint
stabilization. Additionally, when evaluating the translation of the
humeral head preoperatively, it is important to use imaging tools in
standing and supine positions because the humeral head is lower in
a standing position due to gravity, especially in cases with a



Table IV
Univariate analysis of epidemiological data within each subtype of grade3.

Variable Grade3A
(n ¼ 4)

Grade3B
(n ¼ 22)

Grade3C
(n ¼ 11)

P Value

A vs B B vs C A vs C

Age (yr) 73.3 ± 7.7 73.3 ± 8.0 70.0 ± 8.0 1.00 .15 .47
Sex (men/women) 2/2 12/10 6/5 1.00 1.00 1.00
Constant pain score (points) 0.0 ± 0.0 0.5 ± 1.5 0.0 ± 0.0 .54 .31 -
Preoperative ROM (degree)
Active flexion 61.3 ± 42.5 67.7 ± 36.8 87.5 ± 53.3 .54 .24 .32
Active exr. 7.5 ± 26.3 10.2 ± 18.2 20.5 ± 29.4 1.00 .27 .67

Condition of rotator cuff
Yamaguchi’s classification (%)
Supraspinatus 16.2 ± 7.0 26.0 ± 9.8 25.6 ± 13.3 .05 .62 .12
Infraspinatus 19.8 ± 9.8 38.6 ± 31.4 46.0 ± 33.2 .27 .43 .19
Subscapularis 55.4 ± 22.4 69.0 ± 29.3 79.6 ± 22.0 .26 .35 .12
Teres minor 95.0 ± 10.0 95.0 ± 10.9 100.0 ± 0.0 .87 .13 .09

Goutallier’s classification 2.4 ± 0.6 2.3 ± 0.6 2.3 ± 0.4 .69 .76 .64
Translation of humeral head
Oizumi’s classification (0/I/II/III/IV) 0/0/0/2/2 0/2/4/9/7 0/6/1/4/0 1.00 .015* .05
Superior translation ratio (%) 53.5 ± 17.0 41.4 ± 14.2 23.5 ± 13.3 .24 .006* .019
AHI (mm) 2.2 ± 3.7 2.0 ± 2.1 1.6 ± 1.7 .47 .69 .74
Anterior translation ratio (%) 1.3 ± 1.7 �0.6 ± 5.9 0.3 ± 10.8 .19 .87 .40

Muscle tendon transfer
PM 1 (25%) 0 (0%) 2 (9.1%) .54 .41 .27
LD & TMj 2 (50%) 2 (18.2%) 2 (9.1%) .59 .10 .52

ROM, range of motion; exr., external rotation; AHI, acromiohumeral interval; PM, pectoralis major; LD & TMj, latissimus dorsi and teres major.
Data are expressed as the number of shoulders or as mean ± standard deviation.

*P < .0167 after Bonferroni correction.
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dynamic (not fixed) upper migrated humeral head. That is the
reason why MRI in a supine position was used to evaluate upper
migration of the humeral head in this study.

The number of grade 3A GW cases was small; however, the
preoperative condition of the subscapularis progressed to atrophy,
which may suggest anterior instability due to anterior cuff
dysfunction. More reliable results can be obtained using a larger
number of cases. As in a previous report,14 grade 3B GW has the
possibility of reoperation with poor clinical results; however, even
in those cases, RSA can be used as a salvage.18 Therefore, HHR with
cuff reconstruction remains an option for CTA not only for young
patients but also for older selected patients.

Limitations

The first limitation of this study was the follow-up ratio. A
medical examinationwas required of the patients once a year, and
an effort for contact to lost patients via telephone or direct mail
was made routinely. However, 61 patients had difficulty receiving
medical examinations due to proximity to the hospitals, systemic
complications, and dementia. Evaluating a larger number of cases
in each group will provide stronger statistical support, although
some of the results were statistically significant. More grade 3A
patients are needed to consider its pathology and risk factors.
Second, GW was only evaluated by plain radiography, which
might have been affected by differences in arm position at the
radiographic examination. However, plain radiographs were
repeated to increase reproducibility until they depicted the joint
space, and the most accurate depiction was selected after several
measurements. Third, although retear of the reconstructed rotator
cuff can be a cause of grade 3B GW in cases that did not show
severe upper migrated humeral head preoperatively, the post-
operative status of muscle-tendon-transfers was not able to be
evaluated because MRI is not applicable after inserting metal
implants.

In future studies, evaluating the bonequalityof the glenoid should
be considered an important parameter for predicting postoperative
GW.Dual-energyX-rayabsorptiometry or alternative screening tools,
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such as radiographic absorptiometry, quantitative ultrasound, and
conventional and quantitative computed tomography, have also been
introduced to assess peripheral bone mineral density.6

Conclusions

GWwas evaluated in patients whowere followed-up for 5 years
or more after HHR for CTA using a modified classification of GW.
The individual risk factors for progression to 3B GWwere detected.
Limited preoperative ROM of active flexion and a higher STR on
supine positionwere defined as risk factors for progression to grade
3 GW. Grade 3B GW patients had significantly higher STR than
grade 3C GW patients, and grade 3B GW patients tended to be
classified into Oizumi’s classification grade 4 preoperatively.

When considering the indication of HHR for CTA in patients
with severe uppermigration of the humeral head and limited active
flexion, careful consideration is necessary for progression to grade
3B GW and possible future revision.

Disclaimers:

Funding: No funding was disclosed by the authors.
Conflicts of interest: The authors, their immediate families, and any
research foundation with which they are affiliated have not
received any financial payments or other benefits from any com-
mercial entity related to the subject of this article.

References

1. Boileau P, Melis B, Duperron D, Moineau G, Rumian AP, Han Y. Revision surgery
of reverse shoulder arthroplasty. J Shoulder Elbow Surg 2013;22:1359-70.
https://doi.org/10.1016/j.jse.2013.02.004.

2. D'Arcy J, Devas M. Treatment of fractures of the femoral neck by replacement
with the Thompson prosthesis. J Bone Joint Surg Br 1976;58:279-86.

3. Ellman H, Hanker G, Bayer M. Repair of the rotator cuff. End-result study of
factors influencing reconstruction. J Bone Joint Surg Am 1986;68:1136-44.

4. Eugene T H Ek, Neukom L, Catanzaro S, Gerber C. Reverse total shoulder
arthroplasty for massive irreparable rotator cuff tears in patients younger than
65 years old: results after five to fifteen years. J Shoulder Elbow Surg 2013;22:
1199-208. https://doi.org/10.1016/j.jse.2012.11.016.

https://doi.org/10.1016/j.jse.2013.02.004
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref2
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref2
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref3
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref3
https://doi.org/10.1016/j.jse.2012.11.016


J. Kawamata, N. Suenaga, N. Oizumi et al. JSES International 6 (2022) 889e895
5. Favard L. Indications forHA. Presented at theNice shoulder course, July5-7. 2014.
6. Genant HK, Engelke K, Fuerst T, Gluer CC, Grampp S, Harris ST, et al. Nonin-

vasive assessment of bone mineral and structure: state of the art. J Bone Miner
Res 1996;11:707-30.

7. Goya I, Suenaga N, Oizumi N, Yoshioka C, Yamane S, Yamaguchi H, et al. Gle-
noid wear after Humeral head replacement with using a single implant in
patients with cuff tear arthropathy more than five years. J Orthop Sci 2022.
https://doi.org/10.1016/j.jos.2022.01.005.

8. Guery J, Favard L, Sirveaux F, Oudet D, Mole D, Walch G. Reverse total shoulder
arthroplasty. Survivorship analysis of eighty replacements followed for five to
ten years. J Bone Joint Surg Am 2006;88:1742-7. https://doi.org/10.2106/
JBJS.E.00851.

9. Hasan SS, Leith JM, Campbell B, Kapil R, Smith KL, Matsen FA 3rd. Character-
istics of unsatisfactory shoulder arthroplasties. J Shoulder Elbow Surg 2002;11:
431-41. https://doi.org/10.1067/mse.2002.125806.

10. Herschel R, Wieser K, Morrey ME, Ramos CH, Gerber C, Meyer DC. Risk factors
for glenoid erosion in patients with shoulder hemiarthroplasty: an analysis of
118 cases. J Shoulder Elbow Surg 2017;26:246-52. https://doi.org/10.1016/
j.jse.2016.06.004.

11. Hettrich CM, Weldon E, Boorman RS, Parsons IM, Matsen FA 3rd. Preoperative
factors associated with improvements in shoulder function after humeral
hemiarthroplasty. J Bone Joint Surg Am 2004;86-A:1446-51. https://doi.org/
10.2106/00004623-200407000-00012.

12. Holcomb JO, Cuff D, Petersen SA, Pupello DR, Frankle MA. Revision reverse
shoulder arthroplasty for glenoid baseplate failure after primary reverse
shoulder arthroplasty. J Shoulder Elbow Surg 2009;18:717-23. https://doi.org/
10.1016/j.jse.2008.11.017.

13. Iannotti JP, Norris TR. Influence of preoperative factors on outcome of shoulder
arthroplasty for glenohumeral osteoarthritis. J Bone Joint Surg Am 2003;85-A:
251-8. https://doi.org/10.2106/00004623-200302000-00011.

14. Kawamata J, Suenaga N, Oizumi N, Yoshioka C, Miyoshi N, Goya I.
Affection of glenoid wear on clinical results after humeral head replace-
ment using a single prosthesis in cuff tear arthropathy with more than 8
years follow-up. J Shoulder Elbow Surg 2022. https://doi.org/10.1016/
j.jse.2022.05.013.

15. Levine WN, Djurasovic M, Glasson JM, Pollock RG, Flatow EL, LU Bigliani.
Hemiarthroplasty for glenohumeral osteoarthritis: results correlated to degree
of glenoid wear. J Shoulder Elbow Surg 1997;6:449-54.

16. Lodberg A, Vegger JB, Jensen MV, Larsen CM, Thomsen JS, Brüel A. Immobili-
zation induced osteopenia is strain specific in mice. Bone Rep 2015;2:59-67.
https://doi.org/10.1016/j.bonr.2015.04.001.

17. Mercer DM, Gilmer BB, Saltzman MD, Bertelsen A, Warme WJ, Matsen FA 3rd.
A quantitative method for determining medial migration of the humeral head
after shoulder arthroplasty: preliminary results in assessing glenoid wear at a
minimum of two years after hemiarthroplasty with concentric glenoid
895
reaming. J Shoulder Elbow Surg 2011;20:301-7. https://doi.org/10.1016/j.jse.2
010.03.010.

18. Merolla G, Wagner E, Sperling JW, Paladini P, Fabbri E, Porcellini G. Revision of
failed shoulder hemiarthroplasty to reverse total arthroplasty: analysis of 157
revision implants. J Shoulder Elbow Surg 2018;27:75-81. https://doi.org/
10.1016/j.jse.2017.06.038.

19. Miyoshi N, Suenaga N, Oizumi N, Taniguchi N, Ito H. Rotator cuff reconstruction
and humeral head replacement using smaller humeral Prostheses in cuff tear
arthropathy patients under 70 Years of age. Open J Orthopedics 2014;4:263-72.
https://doi.org/10.4236/ojo.2014.410043.

20. Oizumi N, Suenaga N, Fukuda K, Minami A. Massive rotator cuff tears repaired
on top of humeral head by McLaughlin's procedure. J Shoulder Elbow Surg
2007;16:321-6. https://doi.org/10.1016/j.jse.2006.08.004.

21. Parsons IM, Millett PJ, Warner JJ. Glenoid wear after shoulder hemi-
arthroplasty: quantitative radiographic analysis. Clin Orthop Rel Res 2004;421:
120-5. https://doi.org/10.1097/01.blo.0000110249.61696.f1.

22. Phillips TW. Thompson hemiarthroplasty and acetabular erosion. J Bone Joint
Surg Am 1989;71:913-7.

23. Sirveaux F, Favard L, Oudet D, Huquet D, Walch G, Mole D. Grammont inverted
total shoulder arthroplasty in the treatment of glenohumeral osteoarthritis
with massive rupture of the cuff. Results of a multicentre study of 80 shoulders.
J Bone Joint Surg Br 2004;86:388-95. https://doi.org/10.1302/0301-
620x.86b3.14024.

24. Sperling JW, Cofield RH, Rowland CM. Minimum fifteen-year follow-up of Neer
hemiarthroplasty and total shoulder arthroplasty in patients age fifty years or
younger. J Shoulder Elbow Surg 2004;13:604-13. https://doi.org/10.1016/
j.jse.2004.03.013.

25. Sperling JW, Cofield RH, Rowland CM. Neer hemiarthroplasty and Neer total
shoulder arthroplasty in patients fifty years old or less. Long-term results.
J Bone Joint Surg Am 1998;80:464-73.

26. Urita A, Funakoshi T, Suenaga N, Oizumi N, Iwasaki N. A combination of sub-
scapularis tendon transfer and small-head hemiarthroplasty for cuff tear
arthropathy: a pilot study. Bone Joint J 2015;97-B:1090-5. https://doi.org/
10.1302/0301-620X.97B8.34029.

27. Weinreb M, Rodan GA, Thompson DD. Osteopenia in the immobilized rat hind
limb is associated with increased bone resorption and decreased bone for-
mation. Bone 1989;10:187-94.

28. Yamaguchi H, Suenaga N, Oizumi N, Hosokawa Y, Kanaya F. Will preoperative
atrophy and Fatty degeneration of the shoulder muscles improve after rotator
cuff repair in patients with massive rotator cuff tears? Adv Orthop 2012;2012:
195876. https://doi.org/10.1155/2012/195876.

29. Zumstein MA, Pinedo M, Old J, Boileau P. Problems, complications, reopera-
tions, and revisions in reverse total shoulder arthroplasty: a systematic review.
J Shoulder Elbow Surg 2011;20:146-57. https://doi.org/10.1016/j.jse.2010.08.
00130.

http://refhub.elsevier.com/S2666-6383(22)00175-X/sref5
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref6
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref6
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref6
https://doi.org/10.1016/j.jos.2022.01.005
https://doi.org/10.2106/JBJS.E.00851
https://doi.org/10.2106/JBJS.E.00851
https://doi.org/10.1067/mse.2002.125806
https://doi.org/10.1016/j.jse.2016.06.004
https://doi.org/10.1016/j.jse.2016.06.004
https://doi.org/10.2106/00004623-200407000-00012
https://doi.org/10.2106/00004623-200407000-00012
https://doi.org/10.1016/j.jse.2008.11.017
https://doi.org/10.1016/j.jse.2008.11.017
https://doi.org/10.2106/00004623-200302000-00011
https://doi.org/10.1016/j.jse.2022.05.013
https://doi.org/10.1016/j.jse.2022.05.013
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref15
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref15
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref15
https://doi.org/10.1016/j.bonr.2015.04.001
https://doi.org/10.1016/j.jse.2010.03.010
https://doi.org/10.1016/j.jse.2010.03.010
https://doi.org/10.1016/j.jse.2017.06.038
https://doi.org/10.1016/j.jse.2017.06.038
https://doi.org/10.4236/ojo.2014.410043
https://doi.org/10.1016/j.jse.2006.08.004
https://doi.org/10.1097/01.blo.0000110249.61696.f1
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref22
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref22
https://doi.org/10.1302/0301-620x.86b3.14024
https://doi.org/10.1302/0301-620x.86b3.14024
https://doi.org/10.1016/j.jse.2004.03.013
https://doi.org/10.1016/j.jse.2004.03.013
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref25
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref25
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref25
https://doi.org/10.1302/0301-620X.97B8.34029
https://doi.org/10.1302/0301-620X.97B8.34029
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref27
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref27
http://refhub.elsevier.com/S2666-6383(22)00175-X/sref27
https://doi.org/10.1155/2012/195876
https://doi.org/10.1016/j.jse.2010.08.00130
https://doi.org/10.1016/j.jse.2010.08.00130

	Risk factors for eccentric glenoid wear after humeral head replacement for cuff tear arthropathy
	Material and methods
	Surgical technique
	Postoperative treatment
	Evaluation and analysis
	Statistics

	Results
	Discussion
	Limitations

	Conclusions
	Disclaimers:
	References


