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Radiologic Comparison of Humeral Position according to the Implant
Designs Following Reverse Shoulder Arthroplasty: Analysis between
Medial Glenoid/Medial Humerus, Lateral Glenoid/Medial Humerus,
and Medial Glenoid/Lateral Humerus Designs
Nam Su Cho , Ju Hyun Nam, Se Jung Hong, Tae Wook Kim, Myeong Gu Lee, Jung Tae Ahn, Yong Girl Rhee
Shoulder & Elbow Clinic, Department of Orthopaedic Surgery, College of Medicine, Kyung Hee University, Seoul, Korea

Background: The currently available reverse shoulder arthroplasty (RSA) designs can be classified into medial glenoid/medial humerus
(MGMH), lateral glenoid/medial humerus (LGMH), and medial glenoid/lateral humerus (MGLH) prosthesis designs. The purpose of this
study was to radiologically analyze the effect of different RSA designs on humeral position following RSA.
Methods: A total of 50 patients who underwent primary RSA were retrospectively analyzed. Among 50 patients, 33 patients (group A:
MGMH) underwent RSA with Aequalis system (Wright, Inc, Bloomington, MN, USA), 6 (group B: LGMH) with Aequalis system using
bony increased offset, and 11 (group C: MGLH) with Aequalis Ascend Flex system. The acromiohumeral distance, acromioepiphyseal
distance (AED), lateral humeral offset (LHO), LHO from the center of rotation (LHOCOR), and deltoid length were radiologically measured
to quantify the distalization and lateralization of the humerus.
Results: The increment in postoperative AED was 19.92 ± 3.93 mm in group A, 24.52 ± 5.25 mm in group B, and 25.97 ± 5.29 mm
in group C, respectively (p=0.001). The increment in postoperative LHO was 0.13 ± 6.30 mm, 8.00 ± 12.14 mm, and 7.42 ± 6.88
mm, respectively (p=0.005). The increment in postoperative LHOCOR was 20.76 ± 6.06 mm, 22.04 ± 5.15 mm, and 28.11 ± 4.14
mm, respectively (p=0.002).
Conclusions: The radiologic analysis of the effect of different RSA designs on humeral position following RSA showed significant differences in the increment in postoperative AED, LHO, and LHOCOR between the 3 groups. Therefore, MGLH design seems to be more effective for humeral distalization and lateralization compared to original Grammont design.
(Clin Shoulder Elbow 2018;21(4):192-199)
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Introduction
The Grammont prosthetic design of reverse shoulder arthroplasty (RSA) is widely used in irreparable rotator cuff deficient
patients or cuff tear arthropathy patients, and provides postoperative pain relief and improved function.1,2) Numerous recent
studies have reported positive clinical outcomes of RSA.1,3-5)
However, several complications or adverse effects have also

been reported, including scapular notching, acromial fracture,
glenoid loosening, instability, neurologic lesions and excessive
arm lengthening.3,6-8) To overcome these complications, some
modifications in the prosthesis and surgical techniques of the
Grammont design have been proposed: bony lateralization or
metallic lateralization of the center of rotation (COR); different
baseplate implantation techniques; modification of the glenoshpere shape; and modification of the neck-shaft angle of the
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humerus.9-14) Based on the different prosthesis combinations of
glenoid and humeral offsets, the current available RSA designs
are classified as medial glenoid/medial humerus (MGMH), lateral glenoid/medial humerus (LGMH), and medial glenoid/lateral
humerus (MGLH) prosthesis.15)
The MGMH design, such as the Grammont prosthesis,
achieves an increased deltoid moment arm and reduces shear
forces at the fixation surface by medializing the COR to the face
of the scapula.3) The LGMH design is characterized by more lateral glenoid position and more medial humeral position, allowing for better residual rotator cuff tension and improved deltoid
wrapping.16-18) However, due to the more lateralized COR, the
deltoid abductor moment arm of the LGMH design is less than
the MGMH designs.12,19,20) Furthermore, there is an increased
risk of baseplate failure and glenoid loosening due to stress concentration and shear forces on the bone-implant surface of the
glenoid component.12,19-22)
The MGLH design allows the lateral position of the humerus
to compensate for the relative medialization of the COR due to
the medial glenoid position.15) The lateral position of the humerus allows better tensioning of the residual rotator cuff, greater
deltoid wrapping, and increased deltoid abductor moment arms
as compared with the original Grammont design. Additional advantages of this technique include reduction of scapular notching, lower glenoid loosening rate, and improved range of motion
(ROM).15)
Since each design has its own advantages and disadvantages,
the debate to decide the most suitable RSA design continues. To
date, the impacts of RSA design on postoperative humeral position are not been well-studied. This study was therefore undertaken to radiologically analyze the effect of different RSA designs
on humeral position following RSA. Considering the characteristics of all three designs, we hypothesized that there would be differences between the 3 groups (the MGLH group, LGMH group,
and MGMH group) for lateral humeral offset (LHO), and the
MGLH group would have greater LHO from the COR (LHOCOR).

AHD

Methods
Final approval of exemption from review by the Institutional
Review Board was obtained for this study due to its retrospective
nature (KHNMC 2018-06-010).

Patient Selection
Totally, 57 shoulders (57 patients) that underwent primary
RSA for irreparable rotator cuff tear or cuff tear arthropathy
between September 2009 and April 2017 were enrolled for
this study and retrospectively analyzed. Patients preoperatively
diagnosed as glenohumeral arthritis (1 case), secondary glenohumeral arthritis due to infection sequelae or trauma (2 cases),
four-part proximal humerus fracture (3 cases), or osteonecrosis
of humeral head (1 case) were excluded from the study. Finally,
a total of 50 patients (10 male and 40 female) were included in
this study. The mean patient age at the time of operation was
75.3 years (range, 64–86 years).
Of the 50 patients included in the final analysis, 33 patients
(group A: MGMH) underwent RSA using the Aequalis system
(Wright, Inc., Bloomington, MN, USA), 6 patients (group B:
LGMH) with Aequalis system using bony increased offset (Wright,
Inc.), and 11 patients (group C: MGLH) with Aequalis Ascend
Flex system (Wright, Inc.).

Preoperative and Postoperative Evaluations
All patients underwent preoperative and postoperative radiologic examinations. All radiographic measurements were
performed on a true anteroposterior view of each patient. The
acromiohumeral distance (AHD) (Fig. 1), acromioepiphyseal
distance (AED), LHO, LHOCOR, and deltoid length were radiologically measured to quantify the distalization and lateralization
of the humerus. All parameters were evaluated twice by a single
observer to assess repeatability of the measurements. Intraobserver reproducibility was based on the data acquired during
the measurement series.
The distance between the most lateral point of the under-
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Fig. 1. Preoperative (A) and postoperative
(B) acromiohumeral distance (AHD).
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surface of the acromion and a line parallel to the top of the
greater tuberosity was defined as the AHD (Fig. 2).23) As previously described by Renaud et al.,24) the distance between a line
parallel to the superior cortex of the acromion and the COR of
the humeral head or the center of the prosthetic epiphysis was
measured as the AED (Fig. 3). The LHO was determined as the
distance from the perpendicular line to the most lateral point

of the undersurface of the acromion to the most lateral part of
the greater tuberosity (Fig. 4).23) Humeral offset from the COR of
humeral head or from the glenosphere to the most lateral point
of greater tuberosity was measured as the LHOCOR, as described
previously by Lädermann et al.25) (Fig. 4). The distance from the
inferolateral tip of the acromion to the midpoint of the deltoid
tuberosity26) was defined as the deltoid length (Fig. 5), as initially
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Fig. 2. Preoperative (A) and postoperative
(B) acromioepiphyseal distance (AED).

B

Fig. 3. Preoperative (A) and postoperative
(B) lateral humeral offset (LHO).
AHD: acromiohumeral distance.
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Fig. 4. Preoperative (A) and postoperative
(B) lateral humeral offset from the center of
rotation (LHOCOR).
AHD: acromiohumeral distance.
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Deltoid length

Deltoid length

A

described by De Wilde et al.27) All measurements were assessed
preoperatively and postoperatively.

Operative Techniques
All operations were performed by the senior author; patient
was under general anesthesia and placed in a beach chair flexed
about 30°. For prosthesis, the Aequalis system (Wright, Inc.) was
used for 33 of the 50 patients, the Aequalis system using bonyincreased offset (Wright, Inc.) was used for 6 patients, and the
Aequalis Ascend Flex system (Wright, Inc.) was used for 11 patients. In all patients, implantation of the prosthesis was achieved
using the deltopectoral approach. Remnants of the subscapularis
tendon were detached during exposure and tagging sutured. For
the Aequalis system using bony-increased offset, a 10 mm thick
humeral head bone block was harvested using a cutting guide
for bone graft, to lateralize the COR. The glenoid baseplate
was tilted 5° to 10° inferiorly, and the center of glenoid ball was
targeted just posterior and inferior to the bare spot to minimize
scapular notching in all patients.
Tension of the deltoid muscle and conjoined tendon was
checked with a trial cup; both tensions were checked again during distal humeral traction with a real implant. If possible, the
detached subscapularis tendon was repaired. After wound closure, the upper extremity was placed in a ‘hand shake’ orthosis.

Statistical Analysis
The Wilcoxon signed-rank test was used for data analysis
between the preoperative and postoperative measurements of
each group. Kruskal-Wallis test with a Tukey post hoc comparison analyzed the data between the three groups. Significance

B

Fig. 5. Preoperative (A) and postoperative
(B) deltoid length.

was set at a level of 0.05 with associated 95% confidence intervals. The SPSS software package ver. 16.0 (SPSS Inc., Chicago,
IL, USA) was used for all statistical analyses.

Results
The intra-observer correlation coefficient of repeated radiographic measurements ranged from 0.979 to 0.998 for single
measurements, and from 0.988 to 0.999 for average measurements. The results demonstrate good to excellent intra-observer
reproducibility, indicating that all measurements can be performed with good repeatability.
Groups A and B showed statistically significant postoperative increases for all factors except postoperative LHO (Table 1
and Table 2, respectively), whereas Group C showed significant
postoperative increases for all factors (Table 3). There were no
statistical differences in preoperative radiologic measurements of
each item when comparing the three groups, but postoperative
measurements of AED, LHO, and LHOCOR showed statistical differences among the three groups (Table 4).
The increment in postoperative AHD was 23.70 ± 5.88
mm in group A, 28.12 ± 6.01 mm in group B, and 27.90 ±
8.49 mm in group C, with no statistical difference observed
between the three groups (p=0.101) (Table 5). The increment
in postoperative AED was 19.92 ± 3.93 mm in group A, 24.52
± 5.25 mm in group B, and 25.97 ± 5.29 mm in group C, and
was significantly different between the groups (p=0.001). The
increment in postoperative LHO was 0.13 ± 6.30 mm, 8.00 ±
12.14 mm, and 7.42 ± 6.88 mm, respectively, with statistically
significant differences (p=0.005). The increment in postoperawww.cisejournal.org
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Table 1. Group A (MGMH)
Variable

LHOCOR

Deltoid length

14.56

22.73

147.96

14.68

43.49

169.13

AHD

AED

LHO

Preoperative (mm)

5.05

33.82

Postoperative (mm)

28.75

53.75

Difference (mm)

23.70

19.92

0.13

20.76

21.18

p-value

<0.001

<0.001

0.909

<0.001

<0.001

Values are presented as mean only.
MGMH: medial glenoid/medial humerus, AHD: acromiohumeral distance, AED: acromioepiphyseal distance, LHO: lateral humeral offset, LHOCOR: lateral humeral offset from the center of rotation.
Table 2. Group B (LGMH)
Variable

AHD

AED

LHO

LHOCOR

Deltoid length

Preoperative (mm)

3.19

33.12

13.24

21.27

147.55

Postoperative (mm)

31.31

57.64

21.24

43.31

173.45

Difference (mm)

28.12

24.52

8.00

22.04

25.90

p-value

<0.001

<0.001

0.167

<0.001

0.01

Values are presented as mean only.
LGMH: lateral glenoid/medial humerus, AHD: acromiohumeral distance, AED: acromioepiphyseal distance, LHO: lateral humeral offset, LHOCOR: lateral humeral offset from the center of rotation.
Table 3. Group C (MGLH)
AHD

AED

LHO

LHOCOR

Deltoid length

Preoperative (mm)

2.12

32.78

15.53

20.15

145.27

Postoperative (mm)

30.17

58.75

22.95

48.25

173.18

Difference (mm)

27.90

25.97

7.42

28.10

27.91

p-value

<0.001

<0.001

0.005

<0.001

<0.001

Variable

Values are presented as mean only.
MGLH: medial glenoid/lateral humerus, AHD: acromiohumeral distance, AED: acromioepiphyseal distance, LHO: lateral humeral offset, LHOCOR: lateral humeral offset from the center of rotation.
Table 4. Preoperative and Postoperative Comparison among Groups A, B, and C
Variable

AHD

AED

LHO

LHOCOR

Deltoid length

Preoperative
Group A (mm)

5.05

33.82

14.56

22.73

145.27

Group B (mm)

3.19

33.12

13.24

21.27

147.55

Group C (mm)

2.12

32.78

15.53

20.15

145.27

p-value

0.058

0.679

0.762

0.125

0.868

Postoperative
Group A (mm)

28.75

53.75

14.68

43.49

169.13

Group B (mm)

31.31

57.64

21.24

43.31

173.45

Group C (mm)

30.17

58.75

22.95

48.25

173.18

p-value

0.521

0.011

0.04

0.036

0.706

Values are presented as mean only.
Group A: medial glenoid/medial humerus, Group B: lateral glenoid/medial humerus, Group C: medial glenoid/lateral humerus, AHD: acromiohumeral distance,
AED: acromioepiphyseal distance, LHO: lateral humeral offset, LHOCOR: lateral humeral offset from the center of rotation.
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Table 5. Comparison of Differences in Increment among Groups A, B, and C
Variable

AHD

AED

LHO

LHOCOR

Deltoid length

Group A (mm)

23.70

19.92

0.13

20.76

21.18

Group B (mm)

28.12

24.52

8.00

22.04

25.90

Group C (mm)

27.90

25.97

7.42

28.11

27.91

p-value

0.101

0.001

0.005

0.002

0.095

Values are presented as mean only.
Group A: medial glenoid/medial humerus, Group B: lateral glenoid/medial humerus, Group C: medial glenoid/lateral humerus, AHD: acromiohumeral distance,
AED: acromioepiphyseal distance, LHO: lateral humeral offset, LHOCOR: lateral humeral offset from the center of rotation.
Table 6. Multiple Comparisons
Dependent variable

A

DAED

B

0.062

-9.38

0.19

0.001

-9.80

-2.30

A

0.062

-0.19

9.38

C

0.798

-6.92

4.02

A

0.001

2.27

9.80

B

0.798

-4.02

6.92

A

B

0.047

-15.68

-0.08

C

0.016

-13.41

-1.17

B

A

0.047

0.08

15.68

C

0.986

-8.34

9.50

A

0.016

1.17

13.41

B

0.986

-9.50

8.34

A

B

0.864

-7.31

4.74

C

0.001

-12.07

-2.62

B

A

0.864

-4.74

7.31

C

0.094

-12.96

0.82

A

0.001

2.62

12.07

B

0.094

-0.82

12.96

C

C

DLHO

COR

95% CI

C
B

DLHO

p-value

Group

C

Group A: medial glenoid/medial humerus, Group B: lateral glenoid/medial humerus, Group C: medial glenoid/lateral humerus, CI: confidence interval, D: postoperative increment, AED: acromioepiphyseal distance, LHO: lateral humeral offset, LHOCOR: lateral humeral offset from the center of rotation.

tive LHOCOR was 20.76 ± 6.06 mm in group A, 22.04±5.15
mm in group B, and 28.11 ± 4.14 mm in group C, and was also
statistically significant (p=0.002). The increments in postoperative deltoid length for groups A, B and C were 21.18±7.27 mm,
25.90 ± 15.61 mm, and 27.91 ± 10.51 mm, respectively, but
were not statistically significant (p=0.095). The multiple comparisons revealed no statistically significant differences between
group B and C, but there were significant differences between
groups A and B in the increment of LHO, and between groups
A and C in increments of AED, LHO, and LHOCOR (Table 6).

Discussion
The impacts of RSA design on postoperative humeral position
have not been well-studied. Also, it is uncertain whether the
theoretical effects of MGLH design can be confirmed by radiologic imaging. Moreover, some studies have reported the results
of each design individually, but, to our knowledge, no clinical
study has compared the radiologic measurements of all three
designs simultaneously. Therefore, this study was undertaken to
evaluate the imaging data obtained from surgeries performed
using all three designs, all executed by a single surgeon.
Numerous biomechanical studies have recently reported efficacy of the MGLH design. Lädermann et al.25) reported that
www.cisejournal.org
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the 145° onlay stem was more effective than the traditional
Grammont design in ROM. Hamilton et al.28) reported that the
MGLH design showed the highest efficiency compared to the
MGMH and LGMH designs, and had the greatest posterior deltoid moment arm. A biomechanical study by Routman et al.15)
showed that the MGLH design had a lower scapular notching
rate compared to the MGMH design. Another biomechanical
study found the MGLH design has a large humeral offset and
the greatest moment arm during external rotation.16) A recently
published clinical study further reported the clinical success
of the MGLH design. Friedman et al.29) demonstrated that the
lateralized humeral prosthesis showed a lower rate of instability
and dislocation and better clinical improvement in ROM and
outcome scores.29)
Since the concept of MGLH design is ideal and several studies have published biomechanical and clinical advantages of this
design,15,19) we assumed that MGLH would have a clear radiological difference based on its design philosophy compared to
other designs. However, in this study, the radiologic analysis of
the effect of different RSA designs on humeral position following
RSA showed no statistically significant differences in increment
values among the three groups in postoperative AHD. This result
differs from the findings of Lädermann et al.25) who observed
that the increment in postoperative AHD of 145° onlay MGLH
design group was shorter than the traditional 155° inlay MGMH
Grammont design group. Unlike our hypothesis, there were
significant differences in the increment of AED among the three
groups when considering increment of LHO and LHOCOR, but
no statistically significant difference for the increment in postoperative deltoid length. In multiple comparisons, the MGLH
group showed significant differences in the increment in postoperative AED, LHO and LHOCOR compared to the MGMH group,
but showed no significant differences compared to the LGMH
group. The LGMH group showed significant difference in increment of LHO compared to the MGMH group. This is consistent
with the findings of Lädermann et al.,25) who reported greater
increment in postoperative LHO of 145° onlay MGLH design
than traditional 155° inlay MGMH Grammont design. As the
position of the eccentric tray (which is expected to make theoretically diverse differences) does not actually have a significant
effect on arm lengthening in the study of Werner et al.,30) the
values of some factors differed in the results of this study as compared to our hypotheses. This is probably because the concept
or philosophy of each design does not directly make a significant
difference in the imaging measurements.
Our study has a few limitations. First, being retrospective in
nature, our study has limitations similar to other retrospective
studies. Second, the number of patients included in this study
is small. Only 6 patients were included in group B. In addition,
although both bony-increased offset and metallic offset can be
used for RSA using the LGMH design, this study used only the
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bony-increased offset. Also, a centric or an eccentric humeral
tray configuration can be used for artificial joint surgery using
the MGLH design, and while using the eccentric humeral tray
configuration, the dial can be rotated in different directions depending on the situation of each individual case at the time of
operation. Lastly, all postoperative follow-up images may not be
exact true anteroposterior views in neutral rotation. However,
the observer tried to measure an image as close as possible to a
true anteroposterior view in neutral rotation. Minor changes in
arm position or shoulder angle could affect each measurement.
Despite several limitations of this study, the results of the current
study can be coherent because this study is a single-surgeon
series performing all three different designs of operations in the
same standardized method.

Conclusion
The radiologic analysis of the effect of different RSA designs
on humeral position following RSA showed no significant difference between the three groups in postoperative AHD and
deltoid length increments. However, significant differences were
observed in the postoperative AED, LHO and LHOCOR increment values. In multiple comparison, the MGLH group showed
significant differences in the increment in postoperative AED,
LHO and LHOCOR compared to the MGMH group, but the
LGMH group showed significant difference in LHO only compared to the MGMH group. Taken together, we believe that the
MGLH design is effective for humeral distalization and lateralization compared to the original Grammont design.
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