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Abstract

Background—Reverse total shoulder arthroplasty has been used to treat rotator cuff tear
arthropathy, proximal humeral fractures and for failed conventional total shoulder prostheses. It
has been suggested that polyethylene wear is potentially higher in reverse shoulder replacements
than in conventional shoulder replacements. The modes and degree of polyethylene wear have not
been completely elucidated. The purpose of this study was to evaluate polyethylene wear patterns
in seven specimens retrieved at revision arthroplasty and identify factors that may be associated
with increased wear.

Methods—Reverse total shoulder components were retrieved from 7 patients during revision
arthroplasty for loosening and/or pain. Pre-operative glenoid tilt and placement, and scapular
notching were evaluated using pre-operative radiographs. Polyethylene wear was evaluated using
microCT and optical microscopy.

Results—Wear on the rim of the polyethylene humeral cup, was identified on all retrieved
components. The extent of rim wear varied from a penetration depth of 0.1 to 4.7 mm. We could
not demonstrate a correlation between scapular notching and rim wear. However, rim wear was
more extensive when the inferior screw had made contact with the liner. Metal on metal wear
between the humeral component and the inferior screw of one component was also observed.
Wear of the intended bearing surface was minimal.

Discussion—Rim damage was the predominant cause of polyethylene wear in our retrieved
specimens. Direct contact between the humeral component and inferior metaglene screws is
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Introduction

Reverse total shoulder arthroplasty was developed specifically for the treatment of rotator
cuff tear arthropathy but has also been used for the treatment of proximal humeral fractures
and their sequelae and for failed conventional total shoulder prostheses. In short term
studies, favorable results have been reported with respect to pain and
function?3:8.9.11,23,24.26,30 The potential for ultra high molecular weight polyethylene
(hereafter referred to as polyethylene) wear is substantial, given the relatively large surface
area of contact. However, studies defining the type and extent of polyethylene wear are
sparse. Recently, Nam and colleagues reported on 14 retrieved specimens and noted that
inferior quadrant wear was most common 8. However, no distinction was made between
wear on the articulating surface versus the component rim. Scapular notching was present in
6 of 14 specimens and was correlated with inferior component deformation but was not
correlated with inferior component abrasive wear. Scapular notching describes bone loss
along the scapular neck, most commonly inferiorly, that is thought to be caused by
mechanical impingement between the ultra-high molecular weight polyethylene (hereafter
referred to as polyethylene) liner of the humeral implant and the scapula 152030, However,
more severe grades of scapular notching may occur via two processes: (1) the mechanical
impingement described above in concert with (2) an osteolytic reaction brought on by the
presence of polyethylene wear debris within the joint space 2:9:15.20,21,30,

Impingement has been a source of concern in other joint replacements such as the hip or
spine, as well as in conventional total shoulder replacement. In the hip, impingement of the
neck of the femoral component against the rim of the acetabular liner gives rise to concerns
about rim fracture, particularly in highly crosslinked polyethylenes %12, In the spine, Kurtz
and colleagues found that impingement led to higher oxidation on the rims of Charité

cores 13, In a recent study by Nho, et al., impingement, as evidenced by abrasion on the
inferior rim of polyethylene glenoid components, was present in 37% of retrieved
unconstrained total shoulder replacements. In conforming total shoulder designs, this led to
severe polyethylene wear and was thought to play a possible role in observed
radiolucencies 19,

In addition to any wear debris generated by impingement, reverse total shoulder replacement
designs are expected to produce greater amounts of polyethylene wear at the bearing surface
than their conventional counterparts, largely because of the increased surface area of
contact 27. While the clinical significance and prevalence of polyethylene wear at the
bearing surface and/or impingement in reverse total shoulder replacement remains unclear,
both are potential areas of concern because of the potential association between
polyethylene wear debris and aseptic component loosening. Polyethylene impingement
against the scapula may be of particular concern because of the possibility of accelerated
polyethylene wear and progressive osteolysis or notching. Although polyethylene wear
debris is considered a possible culprit in severe scapular notching and component loosening,
there is little literature describing the extent, prevalence, or sources of polyethylene wear in
reverse total shoulder replacement.
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The purposes of this study were to evaluate polyethylene wear patterns in seven consecutive
specimens retrieved at the time of revision arthroplasty. Radiographic parameters, such as
scapular notching and glenoid component positioning, were examined in order to identify
factors that may be associated with increased polyethylene wear. We hypothesized that,
because of bony impingement, wear would be much greater at the rim of the component as
opposed the intended bearing surface. We also hypothesized that the degree of notching seen
in radiographs would correlate to the amount of impingement and polyethylene wear that
was evident in the retrieved devices.

At each authors’ respective institution, an Institutional Review Board (IRB) reviewed and
approved the protocol for this study. Specimens were obtained by three trained shoulder
surgeons (GRW, CLG, MLR). Retrieval analysis was conducted at a university retrieval
laboratory (Implant Research Center, Drexel University).

Seven (7) reverse total joint replacements were consecutively retrieved after revision surgery
at a single institution under an IRB approved protocol. These devices were all revised for
pain and/or loosening (Table 1). Three patients had both humeral and glenoid loosening.
Two patients had loosening of only the humeral component. One patient was revised for
impingement of the greater tuberosity on the acromion. One patient was revised for extreme
deltoid based pain, presumed to be from partial axillary nerve palsy and deltoid over
tensioning. For the purposes of this study, loosening was defined as the presence of gross
motion, visible to the naked eye, between the component and bone at the time of revision
surgery. (Table 1).

The initial surgical approach was deltopectoral in all cases. Six of the seven patients
underwent reverse shoulder replacement for revision from a painful hemiarthroplasty. Three
hemiarthroplasties were placed for proximal humerus fractures and three for rotator cuff tear
arthropathy. One patient under went the reverse replacement for malunion of a three part
proximal humerus fracture. Patient demographics (i.e. age, handedness, etc.) were obtained
from available patient records.

Infection or presumed infection was present in two patients. All patients had pre-operative
white blood cell count, sedimentation rate, and C-reactive protein for screening. No patient
underwent aspiration. Operative cultures were held for seven to ten days. Patient number 29,
who had a catastrophic failure, had normal pre-operative infection workup and normal
appearing intra-operative tissue but grew out Propionibacterterium acnes from the intra-
operative cultures. The patient was treated with six weeks of intravenous vancomycin.
Patient number 23 had normal infection workup but abnormal appearing fluid at the time of
retrieval. An antibiotic spacer was placed for presumptive treatment of infection. Intra-
operative cultures were negative. The patient received six weeks of antibiotics and was
reimplanted three months after removal of the original prosthesis.

Radiographic Review

Pre-revision radiographs were available for review for all patients. The extent and presence
of scapular notching was assessed by two surgeons (GW and CG). Scapular notching was
graded on a scale from 0 to 4 according to the Nérot method originally described by
Valenti?®. A score of 0 indicates no notching; 1 describes a small notch where the defect
only concerns the pillar. A score of 2 describes a notch that has become stable, whereas a
score of 3 is given when there is a progressing notch that begins erosion of the inferior
screw. Grade 4 is given when there is extension of the notch under the baseplate and glenoid
loosening from notching first begins. In one case, there was a complete catastrophic failure
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of the glenoid, which made scoring that patient impossible. In another, the pre-operative
films were of too poor of quality to assess notching.

All available films prior to the retrieval surgery were reviewed to assess placement of the
glenoid baseplate and glenosphere component by two fellowship trained shoulder surgeons
(GRW, CLG). One patient presented with catastrophic failure and with no immediate post
implantation films available. One patient had inadequate films to assess glenoid baseplate
position.

Retrieval Analysis

Following removal, the retrieved components were cleaned and disinfected by gently
brushing the components in a bleach solution followed by 60 minutes in an ultrasonicator to
remove any loose debris prior to analysis.

The polyethylene components were inspected using optical microscopy. The extent and
presence of wear on the articulating surface was assessed using a modified Hood
techniquel®. The polyethylene inserts were graded for seven different modes of wear
(burnishing, scratching, embedded debris, pitting, surface deformation, abrasion and
delamination) on a scale from 0 to 3. A score of 0 was given where evidence of the wear
mode was not present, a score of 1 was given when the wear was present on less than 10%
of the surface, a score of 2 was given when the wear mode was observed on 10-50% of the
surface, and a score of 3 was given when the damage was severe and covered more than
50% of the surface.

Rim damage was assessed by determining the extent of the rim circumference that exhibited
rim damage. High-resolution micrographs were taken of each liner. Straight lines were
drawn from the each edge of the region of rim damage to the center of the humeral liner.
The angle formed by the two intersecting lines was measured using publically available
image analysis software (NIH Image J).

MicroCT Analysis

Results

The wear and damage to the polyethylene components were also assessed using
microcomputed tomography (microCT). The components were scanned at 0.05 mm
isotropic resolution (uCT80, Scanco Medical, Switzerland), to produce a full three-
dimensional reconstruction of the polyethylene component. To assess wear on the intended
articulating surface, an idealized 3-Dimensional sphere was registered with polyethylene
surface as was originally described by Bowden . The extent of wear can then be determined
by calculating the volume of polyethylene missing. Rim wear was assessed by calculating
the depth of rim loss. The depth of rim damage in millimeters was calculated by counting
the amount of micro-CT slices in which damage was apparent and multiplying this by the
slice thickness or resolution (0.05 mm).

Five of the devices were manufactured by Depuy (Delta I11), one was manufactured by
Zimmer (Inverse/Reverse Anatomical Shoulder), and one by Tornier. All of the devices
employ a medialized center of rotation located on the native glenoid surface. The devices
were implanted for an average of 1.9 years (Range: 1.3-3.3 y). The average age at
implantation was 71 years (Range: 57-83 y) and five (71%) of the patients were female.
They were implanted on the patient’s dominant side in 3/7 (43%) of the cases. Scapular
notching could be scored radiographically for 5/7 (71%) patients. Of these, 1/5 was Grade 0,
3/5 were Grade 1, 1/5 was Grade 2, and 0/5 were Grade 3 (Table 1). Two patients could not
be scored radiographically due to catastrophic glenoid failure or poor radiograph quality.
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The position of the glenoid baseplate on the glenoid was appropriately low in the five
patients with available films (Figure 1). Two patients (2/5) had a slight inferior tilt to the
glenoid component and three (3/5) had no tilt.

Microscopic inspection of the articulating surface revealed that machining marks were
visible on portions of the articulating surface, indicating low amounts of wear. Inspection of
the registered micro-CT confirmed that little to no wear occurred at the articulating surface
(Figure 2). Although only small amounts of wear were observed on the intended articulating
surface, the dominant modes of observed articulating surface wear were burnishing,
multidirectional scratching, and pitting (cumulative Hood score = 14, 13, 13, respectively).
There was evidence of articulating surface abrasion in 3 of the devices (cumulative Hood
score = 7) and 1 component that had slight evidence of delamination (cumulative Hood
score = 1) on the articulating surface.

All of the rims of the polyethylene components showed evidence of bony impingement with
the scapula. However, the extent and depth of the impingement varied between the devices.
The impingement region ranged from 87 — 226° (average: 136°) of the circumference of the
rim. The depth of the impingement scar ranged from 0.1 mm to as much as 4.7 mm
(average: 2.1 mm). We could discern no correlation between notching scores and the extent
or depth of impingement at the rim. However, the most severe cases of rim wear were seen
in the two specimens that demonstrated evidence of contact with the inferior locking screw.

As mentioned, two cases of extreme rim wear were observed. Both implants exhibited wear
depths exceeding 4 mm and there was evidence of contact with the inferior screw. In the
first case, the polyethylene rim wore all the way through to the metal baseplate. Grooves
within the remaining polyethylene suggest that the rim was worn away by a combination of
the scapula and subsequently the inferior screw. Inspection of the humeral metallic cup and
inferior screw revealed metal on metal wear at this surface (Figure 3). In the second case,
the rim appeared to be worn by the scapula and inferior screw, as in the first case. However,
the inferior screw fractured (Figure 4) and the broken screw then became a new wear surface
that created abrasive wear on intended bearing surface (Figure 4).

Discussion

Edge loading wear and impingement has been a cause for concern in many different forms
of total joint replacement and may lead to rim fracture and the need for revision 1-12-14.28,
Although impingement has been observed in conventional total shoulder replacements, there
are only sporadic reports of evidence of impingement of the polyethylene glenoid of reverse
shoulders with the exception of studies on scapular notching. Nam and colleagues recently
reported on 14 retrieval specimens and noted inferior quadrant polyethylene wear was the
most common wear patterni8. Although there was a strong correlation between scapular
notching and inferior component deformation, there was no correlation between scapular
notching and inferior component abrasive wear. They did not make a specific distinction
between intended articulating surface and rim wear and did not note any association between
inferior screw contact and severity of polyethylene wear. Their retrieved implants had been
functioning for only 0.46 +/— .5 years. Additionally, their components were revised mainly
for instability or infection, while the retrievals in our collection were revised primarily for
loosening.

The predominant form of wear in our specimens was rim wear from impingement with the
scapula and the inferior locking screw. There was almost no detectable wear on the bearing
surface, even though the implants had been functioning for 1.9 years, on average (Range:

1.3-3.3 y). Therefore, our hypothesis that rim wear would be greater than articulating wear
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was correct. All of the polyethylene inserts in this study showed evidence of bony
impingement at the rim. However the severity varied greatly and did not correlate with the
scapular notching scores, contrary to our second hypothesis. This is likely because of the
small number of cases and the relative lack of severe notching scores. However, we did note
that the polyethylene rim wear was most severe in cases where the notch contacted the
inferior screw. Rim damage has been mentioned in a handful of previous case reports, which
mention that the polyethylene component of the retrieval displayed wear?2. However, the
majority of the studies do not report on the extent of rim wear in order to compare with our
results 37:22. Nam and colleagues recently reported on 14 retrieved specimens in which
inferior quadrant polyethylene wear was most common. However, wear on the intended
articulating surface was grouped with rim wear when calculating the damage score, and
therefore, separate analysis of rim and articulating surface wear was not included. Nyffeler
et al. reported severe wear of the rim covering an arc of 120° and as deep as the metal tray 21
in a case study. Of particular concern are reported cases, as seen in our study, where there is
evidence of wear between the inferior screw and the metal shell 15, This wear mechanism
has the potential to release metal debris, which could have a negative clinical effect,
especially in patients with metal hypersensitivity.

In addition to undesired metal on metal wear, the contact of the of the humeral component
on the inferior locking screw may induce a moment on the glenoid component leading to
distraction of the component at the superior glenoid as most inferior screws are locked to the
baseplate. Assuming that the locking mechanism with the baseplate does not fail, contact
between the inferior screw and the humerus could lead to premature mechanical loosening
of the glenoid baseplate from a rocking mechanism or to a fatigue fracture of the inferior
locking screw. The latter mechanism was observed in only one retrieval in our collection.
The broken screw in this case subsequently created abrasive wear on the articulating surface
of the humeral inlay (Figure 3).

There is currently debate in the literature about altering the glenoid component design and
surgical technique to reduce scapular notching (and rim impingement). Factors that could
potentially decrease impingement and notching include inferior placement of the glenoid
sphere, decreased depth of the humeral cup, and lateralization of the glenoid center of
rotation. Frankle et al., evaluated the Reverse Shoulder Prosthesis (Encore, DJO Surgical,
Austin, Texas) and found zero incidence of scapular notching 8. However, Levy and Blum
have recently described a case report where they observed scapular notching in the same
designi6. This design laterilizes the center of rotation 6 to 10 mm from the glenosphere. To
date, our collection does not include any retrievals of this design to investigate the incidence
of impingement. However, Nam and colleagues noted inferior quadrant wear in 5 implants
of this type but a low incidence of radiographic notching. Despite the potential for decreased
notching, some researchers are hesitant to adopt lateralization because of increases in the
shear forces seen in the glenoid 3617,

In designs where the center of rotation is medialized to the native glenoid surface (e.g. Delta
I11, Delta xtend, Tornier, etc.), scapular notching has been reported as occurring in anywhere
from 25% to 96% of patients 2:3:9:11.15.23-26,30.31 The temporal progression of the severity
of scapular notching still remains unclear. Previously, it was thought to occur rapidly and
then become stable showing no progression 23-26:30, Recently, it has been suggested that the
severity of the notch progresses with implantation time®15, The clinical significance of
scapular notching is also currently unknown, as studies have reported conflicting results

with respect to correlating scapular notching scores with functional or pain
scores 21523252630
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While we observed severe wear at the rim of some of our components, we did not observe
an appreciable amount of wear on the intended articulating surface of the component. This
was evident in the micro-CT analysis, as well as, in the observation that machining marks
from manufacturing were still present on many of the articulating surfaces. In a finite
element study by Terrier et al., it was predicted that reverse shoulders could generate as
much as 5 times more wear than their anatomical shoulder counterparts?’. Since we did not
see significant wear on the intended articulating surface of our retrievals, it is possible that
the loading paradigms used in these models do not apply to patients with reverse total
shoulders.

We recognize that this study has several limitations, not the least of which is our small
sample size. Although this limits the power for statistical testing, we were able to document
evidence of impingement on all of our retrievals. Additionally, in two of our cases, the
presence of contact between the inferior screw and the humeral component was either
unrecognized or under appreciated on preoperative radiographs. This highlights the need for
adequate, standardized pre-operative radiographs. Our observations are also limited to a
population that was revised after a short term of implantation. Since reverse total shoulder
arthroplasty has only been approved for use by the FDA since 2004, longer-term retrievals
are, as of yet, unavailable at our institution. Future studies will allow for the assessment of
the progression of impingement in mid to long-term implantation of reverse total shoulder
replacement.

Conclusions

We have identified rim damage as the predominant source of polyethylene wear in a
consecutive series of 7 retrieved reverse shoulders. Direct contact between the humeral
component and inferior screws are of particular concern. Not only could this lead to the
potential for accelerated wear of the polyethylene, but could also induce mechanical
loosening of the glenoid component, especially in the presence of locking screws. In patients
with scapular notching, true anteroposterior radiographs may help identify impingement
between the inferior screw and the humeral component. Although we are unable to make
clinical recommendations on the basis of this small study, removal of the inferior locking
screw when notching is grade 2 or greater, especially in symptomatic patients, should at
least be considered. Alterations in surgical technique (i.e. inferior glenoid component
placement) and glenoid component design (offset glenoid spheres, variable angle locking
screws, lateralization of the center of rotation) may lead to decreased contact between the
humeral cup and the scapula or inferior glenoid screw. However, some of these alterations
may have other negative consequences. Therefore, further studies are warranted to
determine the clinical significance of this unintended wear mode of reverse total shoulder
arthroplasty.
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Figure 1.
Preoperative revision radiographs. Note the catastrophic glenoid failure in Patient 29.
Radiographs from Patient 23 are omitted due to poor radiographic quality.
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Figure 2.

MicroCT data registered with idealized head (columns A and B) for all of the reverse
shoulder arthroplasty retrievals. Column A is coronal plane from the middle of the implant
while column B is the frontal plane. Column C is the three dimensional reconstruction of the
microCT dataset.
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Figure 3.

Retrieved reverse total shoulder implant that was implanted for 2.7 years. Note the extreme
polyethylene wear at the rim (yellow arrows) as well as metal-on-metal contact (red arrows)
(A). Note the metal wear on the inferior screw (B).
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Figure 4.

Retrieved reverse total shoulder implant that was implanted for 3.3 years with evidence of
wear on the rim from the screw as well as abrasive wear on the intended bearing surface
from the broken screw.
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