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Results Sixteen patients were available for final follow-
up. The mean preoperative retroversion of the glenoid was 
24°, while the post-op was 2° (p = 0.002). At 24 months of 
follow-up, mean CS and SSV were 61 and 70. Respect to 
preoperative scores, the results were statistically significant 
(p < 0.001). The last CT scan revealed: a complete healing 
of the graft in 100% of cases; graft resorption less than 25% 
in two patients (12.5%); glenoid retroversion of 4°. A nega-
tive statistically significant correlation was found between 
final CS and preoperative glenoid retroversion (0.039).
Conclusions The present study reports the favorable out-
comes of retroverted glenoid reconstruction with glenoid 
plates in RSA, an alternative method to address severe gle-
noid deficiency.
Level of evidence Level IV, case series with no comparison 
group.

Keywords Reverse shoulder arthroplasty · Glenoid 
deficiency · Glenoid bone loss · Retroverted glenoid · 
Glenoid reconstruction

Introduction

Glenoid bone loss is a challenging preoperative variable in 
shoulder arthroplasty that is often inadequately addressed 
with current techniques and implants. Its presence has a 
negative effect on any type of adopted replacement [1, 2]. 
Moreover, asymmetric posterior glenoid erosion in osteoar-
thritis with resultant retroversion presents a more difficult 
scenario for surgical reconstruction. It is reported that pos-
terior erosion is due to extended subluxation of the humeral 
head, even if it is not clear if osteoarthritis leads to altered 
kinematics and subluxation or altered kinematics with sub-
luxation leads to osteoarthritis [3]. Walch et al. proposed a 
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classification system for glenoid morphology based on the 
architecture and patterns of posterior wear in glenohumeral 
arthritis: A1, concentric; A2, concentric and centrally 
eroded; B1, posteriorly subluxated; B2, posteriorly eroded 
and subluxated, with resulting biconcavity; and C, with ret-
roversion >25° (hypoplastic) [3]. The posterior erosion of 
type B2 leads to a biconcavity, resulting in 2 articular facets. 
The posterior facet is called the neoglenoid and is created 
by erosion from the posteriorly subluxated humeral head. 
The anterior facet, which is the remaining articular surface 
of the native glenoid, is called the paleoglenoid. In contrast, 
in type C glenoids there may not be a significant component 
of posterior wear or humeral head subluxation. This clas-
sification system has been recently modified by Chan et al. 
[4] that described the B3 glenoid, characterized by unicon-
cavity, absent paleoglenoid, medialization, retroversion, and 
subluxation.

Erosion affects glenoid component fixation and con-
tributes to failure. Several techniques are used to combat 
varying amounts of glenoid bone loss, including asymmetric 
reaming of the glenoid [5, 6], alteration of humeral compo-
nent version, use of special glenoid components [7, 8], and 
glenoid bone grafting [7, 9, 10]. In reverse shoulder arthro-
plasty (RSA), complication related to the glenoid component 
(e.g., loosening, mechanical baseplate failure, dissociation) 
is reported in 4–16% of cases [11, 12], and scapular notch-
ing, that is an inferomedial impingement of the humeral 
insert against the pillar of the scapula during adduction and 
rotation of the arm responsible for bone erosion and polyeth-
ylene wear, is observed in 50–96% of postoperative radio-
graphs [11–14]. For such reasons, Boileau et al. [13] have 
introduced the concept of bio-RSA, with a humeral head 
autologous bone grafting of the glenoid that lateralizes the 
center of rotation of RSA. The prosthesis is lateralized by 
an autogenous bone graft harvested from the humeral head 
placed on a specifically designed baseplate with a long cen-
tral peg. Beyond the lateralization of the center of rotation, 
this technique has improved fixation of the glenoid base-
plate, with a 0% rate of glenoid loosening and a much lower 
rate of scapular notching. At the same time, the attempt to 

restore the moderately to severely deficient glenoid by use of 
autologous bone grafting is technically difficult and charac-
terized by an high rate of complications such as screw loos-
ening and breakage, graft resorption, and early glenoid loos-
ening [9, 15]. Currently, in RSA, glenoid grafting is mostly 
performed with dedicated glenoid baseplate [14, 16], with a 
cylinder of autologous cancellous bone graft harvested from 
the humeral head placed between the reamed glenoid surface 
and baseplate. Our hypothesis is that the autologous humeral 
head graft may be better stabilized between the baseplate 
and the native glenoid surface with the use of a pre-con-
toured glenoid plate. This plate may allow the surgeon to 
compress the graft to the glenoid bone without the risk of 
graft breakage and sliding. In fact, according to Scalise et al. 
[17] bone grafting of large glenoid defects results in high 
rates of graft subsidence, particularly when there is no sup-
portive native glenoid vault. The use of the pre-contoured 
plates in cases of B2 or C glenoid may help the surgeon 
to recreate the native glenoid surface and to improve the 
fixation of the glenoid component (Fig. 1). The objective of 
this study is to evaluate the clinic and radiological results of 
RSA with glenoid plating in a consecutive series of patients 
affected by cuff tear glenohumeral arthropathy with glenoid 
retroversion >15° secondary or not to posterior erosion (B2 
or C according to Walch classification) [3].

Methods

This is a prospective case-series study of 20 consecutive 
patients affected by cuff tear arthropathy with glenoid ret-
roversion >15° secondary or not to posterior erosion (B2 or 
C according to Walch classification) [3] enrolled between 
January 2012 and December 2013, in a single shoulder sur-
gery center. Surgeries were performed by a single surgeon 
(senior author) or under his direction.

Demographic data were collected on all the subjects. Data 
included age, sex, height, weight, body mass index (BMI), 
affected side, dominant side, comorbidities (ASA status). 
All the patients were non responders to at least 8 months 

Fig. 1  Drawing showing the concept of glenoid plate reconstruction in B2 and C glenoid (Walch classification) [3]
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of non-operative treatment including intraarticular steroids, 
NSAIDs, other local injective therapies and rehabilitation.

Inclusion criteria were:

• Cuff tear arthropathy, with glenoid retroversion ≥15° sec-
ondary or not to posterior erosion (assessed on CT scan 
according to Friedman method); [18]

• Glenoid B2 or C according to Walch classification; [3]
• A minimum of 24 months of follow-up;

Exclusion criteria were:

• previous shoulder replacement;
• ASA status >3.

At the time of clinical evaluation, two researchers (two 
shoulder fellows) blinded evaluated shoulder function with 
the use of constant score (CS) [19] and subjective shoulder 
value (SSV) [20]. The researchers measured range of motion 
in the standing position using a goniometer and shoulder 
abduction strength by the MicroFET3 dynamometer (Hog-
gan Health Industries, West Jordan, UT). After a standard 
X-ray examination that included an anteroposterior, axillary 
and Y views of the shoulder, each patient was submitted 
to a CT scan of the shoulder (with bilateral shoulder axial 
images); the same two authors defined the glenoid retro-
version preoperatively using the software Osirix (Pixmeo, 
Geneva, Switzerland) using the Friedman method [18]. In 
axial images, the transverse axis of the scapula was repre-
sented by a line drawn from the midpoint of the glenoid 
fossa to the medial end of the scapular body, with a per-
pendicular line considered as the neutral version. Rouleau 
et al. [21] presented 3 different reference lines to identify 
the glenoid version. In this study, we decided to use the 
neoglenoid line, considered as a line drawn from the anterior 
to the posterior margin of the glenoid. In our opinion, the 
use of neoglenoid line allows a better reproducibility of the 
measurements and is more representative of the pathologic 
condition.

The angle between the line of neutral version and the line 
connecting the anterior to posterior margin of the patient’s 
glenoid was measured and recorded to quantify the glenoid 
defect.

Surgical technique

The procedure was carried out under general anesthesia with 
an interscalene block in the beach chair position. Cefazolin 
2 g was used as preoperative antibiotic therapy. A standard 
deltopectoral approach was used. If present, the subscapula-
ris tendon was detached using a 2-cm medial to the bicipital 
groove tenotomy. The long head of the biceps tendon under-
went simple sutures tenodesis. The procedure started with 

the humeral osteotomy and graft harvesting. After disloca-
tion of the humeral head, a slight pre-cut was done to remove 
the remaining cartilage.

In order to define the bone landmarks of the graft, the 
Lima Glenoid Reconstruction Plate (Limacorporate Spa, 
Udine, Italy) was approached to the cancellous bone fol-
lowing a k-wire inserted in the center of humeral head 
perpendicular to the bone surface. Using a thin blade, the 
surgeon contoured the graft performing an hexagonal cut 
perpendicular to the bone surface, with thickness of the graft 
depending on the size of the glenoid defect (Fig. 2). After the 
graft was positioned into the glenoid plate, it was modeled 
depending on the shape of the defect using a burr. At this 
stage, the construct glenoid baseplate, glenoid reconstruc-
tion plate and glenoid graft were implanted on the glenoid 
surface, after reaming of the articular surface until cancel-
lous bleeding bone. The fixation of the glenoid implant was 
achieved through the central keel and two cancellous screws 
to the native bone; then, the polyethylene glenosphere was 
applied to the metal back. The humeral steps were performed 
using the standard surgical technique described for implan-
tation of Lima SMR reverse (Systema Multiplana Randelli, 
Udine, Italy) [22].

Operating time (min) and blood loss (ml) were recorded. 
Immediate postoperative CT scan was obtained in all cases, 
with detection of glenoid version (°) using Friedman method 
[18]. Patients followed a conventional postoperatory reha-
bilitation program, with: (a) 2 weeks of immobilization in 
a collar and cuff sling; (b) passive exercises until recovery 
of full range of motion; (c) active range of motion allowed 
at 4 weeks post-op. Return to full activities was allowed at 
12 weeks after surgery. Clinical follow-up examination was 
prospectively done at 6, 12 and 24 months using CS and 
SSV. A CT scan was again performed at 24 months post-op 
to assess the healing of the graft, resorption of the graft (as 
suggested by Hoffelner et al. [23]: graft rate resorption <25, 
25, 50, ≥75%) and detection of the glenoid version.

Complications were documented and categorized postop-
eratively and at follow-up visits. A major complication was 
considered to be any atraumatic event that involved neural 
injury, infection, reoperation or revision.

All patients were informed of the purpose and content of 
the study and signed a written consent to participate in the 
study, according to the Declaration of Helsinki.

Statistical analysis

Inter-tester reliability of the CT assessments (graft healing, 
graft resorption and glenoid version) was determined cal-
culating intra-class correlation coefficients. Agreement was 
considered excellent if κ fell between 0.81 and 1.0, good if κ 
was between 0.61 and 0.80, moderate if κ was 0.41–0.60, fair 
if κ was 0.21–0.40, and poor if κ was 0.20 or less. Clinical 
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measurement data are presented as means (with standard 
deviations) and were analyzed with the nonparametric Wil-
coxon test. A multiple regression analysis was performed to 
identify potential associations between a dependent variable 
(final CS) and an independent variable (glenoid version). 
P < 0.05 was considered statistically significant.

Results

At the final 24-month follow-up, 16/20 (80%) patients were 
available for evaluation (study group). Of the four patients 
who were not available for final follow-up, one died for trau-
matic causes, two were not reachable and one had revision 
surgery for a peri-prosthetic fracture due to a fall with an 
hyper-stretched arm. Mean age was 75 (range 61–81, SD 5), 
with ten males and six females. Other demographic data are 
synthetized in Table 1.

Preoperative clinical evaluation of the study group 
revealed a mean CS of 31 (range 18–42, SD 7) and a mean 
SSV of 25 (range 0–40, SD 16). Inter-observer reliabil-
ity of glenoid version (Friedman method) was rated as 
excellent (k value of 0.88); according to the senior author 
measurements, the mean preoperative retroversion of the 
glenoid was 24° (range 15°–38°, SD 7). According to 
Walch classification, there were 13 B2 and 3C glenoids. 

No intra- or perioperative complication was noted. Mean 
operation time was 54 min (range 42–84, SD 20), while 
mean blood loss was 269 ml (range 150–560, SD 66). No 
patient received postoperative blood transfusion. Post-
operative CT scan revealed a mean glenoid retroversion 
of 2° (range 0°–7°, SD 2). Respect to the preoperative 
version, the result is statistically significant (p = 0.002). 
Mean discharge time from the hospital was 4.4 days (range 
4–7, SD 1.05).

At the 24 months of follow-up, mean CS and SSV were 
61 (range 45–70, SD 8) and 70 (range 35–90, SD 18). 
Respect to the preoperative scores, the results were statis-
tically significant (p < 0.001). The scores of the interme-
diate follow-ups are synthetized in Table 2. At the latest 
CT examination, inter-observer reliability of glenoid ver-
sion was rated as excellent (k value of 0.83), graft heal-
ing as excellent (k value of 0.81) and graft resorption as 

Fig. 2  Graft preparation with an hexagonal cut perpendicular to the bone surface, with thickness of the graft depending on the size of the gle-
noid defect a, b glenoid reconstruction plate is used to define the bone landmarks of the graft, c, d graft is prepared and positioned into the plate

Table 1  Demographic data of study group (14 patients)

Height (cm) 166 (148–185, SD 21)
Weight (kg) 78 (64–102, SD 18)
BMI 26.3 (21–32, SD 4)
Affected side (dominant) 10 right (11)
ASA status ASA 2:4; ASA 3:12
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good (k value of 0.72). According to the senior author 
results, the last CT scan revealed: a complete healing of 
the graft in 100% of cases, with no radiolucency at the 
baseplate–bone interface; graft resorption less than 25% in 
two patients (12.5%); glenoid retroversion of 4° (0°–10°, 
SD 3) (Fig. 3). Respect to the postoperative glenoid ret-
roversion, there was no significant difference (p = 0.73).

No major complication was recorded. A negative statisti-
cally significant correlation was found between final CS and 

preoperative glenoid retroversion (p = 0.039); no correla-
tion was found between final CS and last follow-up glenoid 
retroversion (p = 0.097).

Discussion

This study addressed the clinical and radiographic results 
of RSA with glenoid reconstruction using humeral head 
autograft and glenoid reconstruction plates in a consecutive 
series of glenoid with a retroversion >15°. In the literature, 
the evidence of unsatisfactory results with glenoid erosion is 
high, because, if not correctly addressed, glenoid component 
retroversion decreases glenohumeral contact area, increases 
contact pressure, and may lead to eccentric loading with 
resultant glenoid component loosening [24, 25]. Several 

Table 2  Intermediates scores

Constant score Subjective shoulder value

6 months of FU 55 (45–60, SD 6) 65 (35–70, SD 13)
12 months of FU 60 (45–65, SD 9) 70 (35–85, SD 15)

Fig. 3  CT scans at 24 months of follow-up showing a complete healing of the graft with no radiolucency at the baseplate–bone interface
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techniques are proposed to correct the glenoid version; in 
cases of severe retroversion (>15°), eccentric reaming of 
the anterior glenoid is limited by the amount of bone that 
can be removed safely without risking glenoid vault perfo-
ration [26]. Additionally, eccentric anterior reaming results 
in medialization and it may reduce the surface area of sup-
portive bone where the glenoid component sits. The logic 
solution would be represented by an autologous graft that 
may correct the version of the glenoid and that should be sta-
bilized in order to favor its healing and integration. Thanks 
to a modeled humeral head graft wedged between the gle-
noid metal back laterally, the glenoid reconstruction plate 
anteriorly and posteriorly and the glenoid surface medially, 
we have obtained a 100% of graft healing, a very low resorp-
tion (<25%) in two patients and a restored glenoid version 
in all cases. Respect to other studies where an autologous 
bone graft was used to restore the glenoid anatomy, the rate 
is encouraging. In particular, in a series of 24 patients who 
received structural bone grafting with a humeral head auto-
graft and screw fixation, Klika et al. [15] had a large number 
of glenoid components radiographically at risk for loosening 
at a very long follow-up. They suggested that alternative 
treatment methods may well prove to be better to address 
this problem of substantial, asymmetric glenoid bone wear 
[15]. In patients with chronic anterior dislocation treated 
with bone grafting and RSA, Werner et al. [27] registered 
2 cases of failure due to baseplate loosening and 1 collapse 
of the graft. As well as Klika et al. [15], they used screw 
fixation of the graft in addition to a long central peg of the 
glenoid baseplate, suggesting that a minimum anchorage 
length of 10–15 mm of the central peg in the native glenoid 
bone stock should be required to attain reliable baseplate 
stability [27]. In a different pathologic scenario of glenoid 
defect treated with iliac crest bone grafting, Hoffelner et al. 
[23] registered graft resorption less than 25% in one patient, 
25% in three patients, 50% in five patients and 75% in two 
patients. While they noted a very high incidence of resorp-
tion, they affirmed that the implant was stable [23]. When 
lateralizing the center of rotation of RSA with humeral head 
bone graft, Boileau and colleagues showed the disk of can-
cellous bone graft healed to the native glenoid in 98% (41 of 
42) of cases and no observed graft resorption or lysis under 
the baseplate [13]. We hypothesize that the very low rate of 
resorption we had is both due to the symmetric compression 
obtained with the reconstruction plate and to graft compres-
sion with the baseplate, the central keel and two cancellous 
screws to the native bone. Respect to the use of the humeral 
head graft to lateralize the center of rotation (with a not 
deficient glenoid surface) [13], we registered a higher per-
centage of resorption, probably because of the scant quantity 
of native bone supporting the graft.

In cases of severe glenoid deficiency, just as Levigne et al. 
[28] had in 6 of 34 cases of corticocancellous glenoid bone 

grafting for different etiologies, graft failure and resorption 
may be frequent, with rates up to 18% [28]. In addition, 
they noted a correlation between severe glenoid defects and 
both poorer outcome and the likelihood of glenoid failure 
[28]. This result reflects the negative correlation between 
final outcome and preoperative glenoid retroversion we have 
found in our study. Overall, it seems that bone grafting for 
glenoid deficiency in reverse shoulder arthroplasty has a 
favorable outcome, at least at short-term follow-up. In fact, 
our clinical results are comparable to those emerging from 
recent reports in the literature dealing with reverse shoulder 
arthroplasty and large glenoid bone deficiency [15, 27–29].

Assessment of graft resorption may be over or under 
estimated, as well as graft healing. We have evaluated the 
inter-observer reliability of both outcomes, with good and 
excellent results, respectively. Together with glenoid ver-
sion, we believe these are the three fundamental parameters 
when performing glenoid reconstruction using bone grafts, 
both from humeral head or iliac crest.

This paper has several limitations. First, the study group 
is limited to only 16 cases, but these are represented by 
selected cases of patients with B2 or C glenoid with a retro-
version ≥15° that underwent RSA with glenoid reconstruc-
tion using glenoid plates, an alternative technique that has 
never been reported in the literature. Second, the follow-up 
is limited to only 24 months, and so late radiological changes 
of the graft may not be noted. Third, there are some surgical 
difficulties due to the characteristics of the used hardware: 
(a) the planning and preparation of the graft is not supported 
by any dedicated instrumentation, and so our results may be 
not standardized and reproducible; (b) in small glenoids, the 
plate may overflow the neck of the scapula.

Conclusions

The present study reports the favorable outcomes of RSA 
with retroverted glenoid reconstruction using glenoid plates, 
an alternative method to address severe glenoid deficiency. 
Both clinical and radiological results at 24 months of follow-
up are encouraging, even if some technical limitations rela-
tive to the glenoid implant should be improved.
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