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Background: The aim of this study is to report the radiological glenoid modifications and clinical out-
comes at 3 years mean follow-up of hemi shoulder arthroplasty (HA) with pyrocarbon (PYC) humeral
head. Our hypothesis was that the PYC implants would provide good outcomes without major glenoid
erosion. Additionally, we hypothesized that HA-PYC allowed for remodeling of the bone.
Methods: Patients underwent HA with PyC humeral head for treatment of primary or secondary oste-
oarthritis, excluding post-traumatic cases. All patients had a Constant Score assessed preoperatively and
at the last follow-up. Preoperative and postoperative computed tomography scans at the last follow-up
were performed to achieve 3-dimensional reconstructions of the scapulae. Deformities of the glenoid
surface were analyzed as a distance differential between postoperative and preoperative to investigate
potential bone remodeling vs. glenoid erosion. The subluxation index (SLI) was measured.
Results: We included 41 patients implanted with a HA-PYC. Average age at the time of implant was 63.8
(40 to 79 years). All patients were followed for �2 years with an average follow-up of 36.3 months (24 to
60 months). Constant Scores increased from 34 at baseline to 80 at the last follow-up points on average
(P < .01). Return to work rate was 100% and 96% had resumed their physical activity. Ten (77%) of the 13
patients with posterior head subluxation had normalized their SLI. Furthermore, no significant differ-
ences were detected between the individuals having corrected their posterior subluxation and the others
(preoperative SLI between 0.45 and 0.55). Glenoid wear is less than 0.6 mm at 3 years mean follow-up, ie,
5 times less than metallic implants. A tendency to recenter the head in the anteroposterior plane was
found in type B glenoid, without increased erosion of the glenoid, with very good clinical results. We did
not find any difference according to age or glenoid type for clinical and radiological results.
Conclusion: HA-PYCs give, in the short term, excellent clinical results in terms of pain and function. The
development of a precise and objective measurement method has made it possible to demonstrate that
the glenoid surface is the site of modifications that may be part of bone remodeling or progression of the
osteoarthritis disease.

© 2023 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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Anatomic shoulder replacement for surgical treatment of gle-
nohumeral osteoarthritis with functional rotator cuff can be per-
formed by total shoulder arthroplasty (TSA), hemi shoulder
arthroplasty (HA), or reverse TSA. The overall number of these
procedures has increased by 319% since 1993 and still increases
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steadily by 10.6% each year. Survival rate of TSA is usually high
(84% at 20-year follow-up).56 The most frequently observed
complication is glenoid loosening in 14.3% of cases,25 especially in
young patients.15 Malposition and particularly retroversion of the
glenoid implant is a high-risk factor for early loosening.28-30 Higher
complication and revision rates for glenoid loosening39,62 are re-
ported in B and C glenoids according to the Walch classification.60

The risk of glenoid loosening and posterior instability is over 44%
if the glenoid is retroverted beyond 27�.61 Several options are
available to correct this retroversion, notably asymmetric reaming,
grafting, or reverse TSA to address posterior bone defects in the
case of severe deformations. However, all these options involve
ulder and Elbow Surgeons. This is an open access article under the CC BY-NC-ND

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:chivot.matthieu@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jseint.2023.06.028&domain=pdf
www.sciencedirect.com/science/journal/26666383
http://www.jsesinternational.org
https://doi.org/10.1016/j.jseint.2023.06.028
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jseint.2023.06.028
https://doi.org/10.1016/j.jseint.2023.06.028


P. Mathon, M. Chivot, A. Galland et al. JSES International 7 (2023) 2476e2485
high rates of complications and failures,17 disappointing functional
results,29 and high revision rates.39,62 Glenoid loosening sometimes
leads to large bone defects, thereby complicating revision sur-
gery.45,47 In young patients, known to be more active, characterized
by higher functional demand and longer life expectancy,19,51 sig-
nificant stress can lead to premature loosening of the glenoid
implant.15,24 However, previous studies have shown the advantages
of TSA vs. HSA on pain, functional characteristics, and sur-
vival.3,16,18,57 Glenoid erosion is the main complication of HA and is
as common as glenoid loosening in TSA. It is associated with
impaired function and poor long-term results in more than 60% of
cases.37 Functional results in these surgical revisions are lower than
in total primary arthroplasties.10,42,56 Lower functional outcomes
and lower survival rates are reported in primary osteoarthritis with
B and C glenoids.36,37 Ensuring, quality of life, and restoring long-
term function while preserving glenoid bone stock therefore re-
mains challenging. Pyrocarbon (PYC) is an inert and biocompatible
material20 with Young’s modulus similar to cortical bone.27 It al-
lows optimal stress transmission to the bone, unlike metal or
ceramic. It is wear-resistant,50 with excellent very long-term sur-
vival40 and good clinical outcomes in upper limb surgery.35,48,49,53

Its surface absorbs phospholipids, which promotes good sliding.21

In vitro, PYC damage to bone is less than those caused by
chrome-cobalt32 and induces production of type II collagen, an
essential component of the cartilaginous matrix.26 The aim of this
study is to report the radiological glenoid modifications and clinical
outcomes at 3 years mean follow-up of HAwith PYC humeral head.

Materials and methods

Study design

We retrospectively included patients who underwent HA with
PYC humeral head for glenohumeral osteoarthritis, with a mean
follow-up period of 3 years. We included patients with either gle-
nohumeral primary or secondary arthritis. Patients who received
previous surgery for cuff pathology and instability were included.
All types of glenoid erosion according to Walch (A, B, or C) were
accepted.

In our practice, every patient with arthritis and an intact rotator
cuff was treated with a PYC hemiarthroplasty. During the study
period, no patient received an anatomic or reverse TSA.

We excluded patients who underwent previous shoulder
arthroplasty. All patients included in this study gave written
informed consent and were informed of the innovative nature of
this implant.

Patient population

We conducted a monocentric, retrospective study of patients
who underwent HA with PyC head (Tornier SAS, Montbonnot,
France) between January 2014 and December 2017. All procedures
were performed by the same surgeon.

Surgical technique

Every procedure was performed in a half-sitting position, under
general and locoregional anesthesia, through a deltopectoral
approach with tenotomy of the subscapularis tendon. The tendon
was sutured with nonabsorbable heavy-gauge thread at the end of
surgery. Every patient had a tenotomy of the long head of the biceps
when it was present. In young patients (<65 years old), a tenodesis
was performed. Each intervention was 3-dimensionally (3D)
planned using BlueprintTM software (Tornier SAS, Montbonnot,
France). Humeral head osteotomy was performed at the anatomic
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neck level after osteophyte removal. The Aequalis Ascend Flex stem
(Tornier-Wright, Memphis, TN, USA) was implanted in all patients.
The diameter of the PYC head was sized with native head and
varied between 39-14 mm and 54-23 mm. No reaming of the gle-
noid was performed. Pridie microperforations43 were performed
systematically with labrum and capsule release. No humeral stem
was cemented.

Clinical and radiological assessment

Preoperative and postoperative clinical assessments were per-
formed using a Constant Score.13 Patient satisfactionwas measured
using a simple verbal scale (4 items: very satisfied, satisfied,
dissatisfied, and very dissatisfied). Preoperative radiological as-
sessments were systematically performed on axillary and ante-
roposterior radiographic views (external, neutral, and internal
rotation). Preoperative computed tomography (CT) scans were used
to evaluate the glenoid morphology according to the Walch clas-
sification60 and to perform 3D planification with BluePrint Soft-
ware. Similar radiological evaluations were systematically
performed at the last follow-up. In all cases, a preoperativeMRI was
performed to evaluate the cuff.

Postoperative rehabilitation

All patients followed the same standard rehabilitation protocol.
Immobilization only for pain was prescribed for one month.
Rehabilitation was started immediately, consisting of active and
passive mobilization, with external rotation of elbow to the body
limited to 30 degrees and active internal rotation prohibited while
the subscapularis tendon healed. After 3 weeks postoperative,
immobilization was removed, no limitations in range of motion for
active and passive movements.

Quality of humeral reconstruction and subluxation index

Subluxation index (SLI) of the humeral head was measured
preoperatively and postoperatively using the line method with
reference to the scapula axis.31 Preoperative glenoid version was
also measured and glenoid type was classified according to the
Walch classification.4,60 For type “B” glenoid, intermediate glenoid
was used to make the measurement.52 Anatomical plane of the
scapula (glenoid center, trigonum, and lowest point of scapula) was
used as a reference. 34 Native axial scanner sections are perpen-
dicular to the thorax but not necessarily to the scapula axis. Scapula
anatomical plane was therefore systematically determined before
taking measurements so that axial sections were orthogonal to it.
Quality of humeral reconstruction was assessed on frontal scanner
reconstruction. Proximal humerus has 3 invariant extra-articular
bony landmarks: lateral cortex below upper tuberosity, the rota-
tor cuff footprint, and medial calcar at the level of anatomical
neck.64 From these 3 landmarks, a circle may be drawn to predict
radius and rotation center of the original humeral head. This is
useful to determine if prosthetic reconstruction correctly restores
the patient’s anatomy. On the postoperative scanner, the median
frontal slice was determined in order to draw 2 circles: the first
circle was drawn from the 3 invariant landmarks (anatomical cir-
cle), and the second corresponded to PyC curvature implant (circle
method-fit). A 2-dimensional orthonormal landmark was created,
with the center of anatomical circle as point of origin (Fig. 1). The
radii of each circle and circle center displacements were measured
in millimeters. A center of rotation deviation exceeding 3 milli-
meters was considered clinically significant. This deviation could be
attributed to an inappropriate head size or a suspended humeral
stem of unsuitable cut.2



Figure 1 Red ¼ anatomic circle with center used as mark, Blue ¼ humeral head circle.
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3D tomodensitrometric analysis

CT scans were performed in submillimeter sections (625 mm
thick) (Fig. 2). The resolution in the axial plane was 390 mm. A
segmentation of the preoperative and postoperative scapulae was
carried out from the DICOM files of the scanners using Mimics
software (v. 22.0, Materialize, Leuven, Belgium) validated to
reconstruct 3Ds of the scapulae.8 Segmentation tools were used to
reconstruct the scapula. At the level of the glenoid, the segmenta-
tion was carried out manually, pixel by pixel, in order to obtain the
finest possible reconstruction. Scapulae were exported as an STL
file to the computer-aided design software 3-Matic (v. 14.0, Mate-
rialize, Leuven, Belgium). For each patient, the preoperative and
postoperative scapulaewere brought closer in spacemanually, then
automatically readjusted using an iterative closest point algo-
rithm.5 The iterative closest point algorithm iteratively assigned
matches between source points (preoperative reconstruction) and
target points (postoperative reconstruction) and minimized the
distance between points of each pair created at each iteration.
Precision of the two objects was between 200 and 300 mm. Dis-
tances between surface of preoperative scapula, defined as the
reference, and surface of postoperative scapula were calculated. A
first analysis was performed on the entire scapula to verify that the
distribution of distances followed a normal law centered on zero. A
second analysis was performed on the glenoid region only. The two
delimited glenoid surfaces were then isolated in order to perform
the distance analysis. The postoperative glenoid was compared to
the preoperative glenoid which constituted the reference. Results
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were in millimeters. Positive distance therefore indicates a creation
of matter and a negative distance indicates a loss of matter. To
highlight the distribution of glenoid deformities, segmentation
with a color scale was used.

Data collection and statistical analysis

Descriptive statistics were used to present patient characteris-
tics. Continuous variables were described according tomean values,
standard deviation, and extrema. In order to facilitate the repre-
sentation of these results, some cases were expressed in box-plots
form. Categorical variables were expressed in terms of absolute
frequencies and/or percentages. The Wilcoxon test was performed
on paired nonparametric variables. If these were unpaired, the
Mann-Whitney test was used. Student’s test was preferred for
parametric variables. Statistical analyses were carried out using R
language. Significant threshold for all tests was set at 0.05.

Results

Population

Between January 14 and December 2017, 67 patients underwent
HA with PyC humeral head for treatment of primary or secondary
osteoarthritis, excluding post-traumatic cases. Forty-one patients
were included. Follow-up was available for 43 HAs. Series included
21 women (50.5%) and 20 men (49.5%), with a mean age at surgery
of 63.8 ± 8.3 years (range, 40-79). The mean follow-up was
36.3 ± 11.6 months (range, 24-60). Indications for HA included
primary osteoarthritis, osteoarthritis secondary to instability, and
osteonecrosis in 37, 4 and 2 cases, respectively. According to
Walch’s classification, primary osteoarthritis included 12 A1 types,
4 A2 types, 7 B1 types, 11 B2 types, and 3 C types (Table I).

Clinical outcomes

We evaluated functional outcomes and range of motion in the
study population at the last follow-up. All parameters of the Con-
stant Score significantly improved (Table II), with initial mean
points of 34 ± 7 (range, 23-47) rising to 80 ± 10 points (range, 49.5-
98). Table III reports our results and shows that all amplitudes were
significantly improved postoperatively. Nine patients (22%) forgot
all issues associated with their shoulder and were very satisfied, 27
(66%) were very satisfied with the surgery but did not forget
shoulder-associated issues, and 4 (10%) were satisfied. One patient
(2%) was not satisfied. The mean postoperative score was signifi-
cantly higher (P ¼ .006) in the <60 years group (87.1 points)
compared to the >60 years group (77 points). This difference dis-
appeared with a weighted Constant Score (P ¼ .78). The mean
postoperative Constant Score in the B/C group was 78.9 ± 10.3 vs
81.1 ± 10.6 points for other glenoids, showing no statistical differ-
ence. All patients with professional activities returned to work at
the last follow-up. Among patients with sports activities, 23 (96%)
returned to their initial physical activity.

Complications

There were no intraoperative or early postoperative complica-
tions. One patient has stiffness treated by physiotherapy. At the last
follow-up, the patient’s shoulder was flexible with good range of
motion. The patient underwent a PyC on the contralateral shoulder
two years afterward. Six patients (14%) presented a supraspinatus
tendinopathy at the last follow-up without subscapularis tendin-
opathy. The mean age for female patients was 66 (range, 57-77).
The mean Constant Score was 65 ± 11 points (49.5-78 points) with



Figure 2 (a) Importation of the 2 STL files corresponding to preoperative and postoperative scapulae, (b) Manual reconciliation of the 2 scapulae, (c) Adjustment by ICP, (d) Selection
of the glenoidian surface.
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a mean pain score of 11 ± 3 points. Mobility score was conserved
(31 ± 5 points). Constant Score and its variables were significantly
lower than patients without tendinopathy (Table IV). Painwas most
of the time well tolerated by patients; 5 remained satisfied. The
patient with the lowest Constant Score (49.5 points, 72%) was not
satisfied. It was a woman, 68 years old, treated for a primary
osteoarthritis with a B1 glenoid. Her postoperative SLI was reduced
by 0.47. COR > 3 mm for humeral reconstruction. Pain score
decreased by one point compared to the preoperative state. Range
of motion was satisfactory (EAA 130�, abduction 140�, external
rotation 6 points, internal rotation 6 points). There was no revision
surgery. All implants were in place at the last follow-up.
Radiological outcomes and subluxation index

Twenty-four patients had a complete radiological assessment. A
statistical study was performed to compare these patients and
those not included in the radiological study. There were no signif-
icant differences in terms of age, gender, glenoid type, follow-up,
preoperative and postoperative Constant Scores (Table V). Mean
glenoid retroversion was 13� ± 9� (0�-33�). Mean preoperative SLI
was 0.63 ± 0.09 (0.45-0.74). Postoperatively, mean SLI was signifi-
cantly reduced to 0.52 ± 0.05 (0.45-0.63) (P¼ .002). Fifteen patients
had posterior subluxation of humeral head preoperatively
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(SLI>0.55). Postoperatively, 11 recentered their head with a normal
SLI (73%) (Fig. 3).

Humeral reconstruction outcomes

Mean humeral head center of rotation (COR) deviation was
2.8 ± 1.1 mm (1.1 mm �5.1 mm) (Fig. 4). Eight patients had
excessive COR deviation (>3 mm) in superior and medial direction.
Reasons for these nonanatomical reconstructions were: oversized
implant for 1 patient; inadequate cut (insufficient or vertical) for 7.
In addition, 3 other patients had an oversized implant without
affecting COR. These 8 patients presented no complications at the
last follow-up.

3D analysis

The 24 individuals are noted fromA to X in Figures. C patient had
an average distance of 1.48 ± 1.39 mm. These values were signifi-
cantly higher than those of the other individuals (P < .001, unilat-
eral test of superiority). This patient was excluded from the
statistical analysis, in order not to minimize possible bone erosion.
This is explained by the poor quality of the preoperative CT scan
and by the presence of an aberrant ossification anterior to the
glenoid, which hampered manual segmentation. The descriptive



Table I
Demographic characteristics of the 41 patients included in our study.

Number and (%)

Age (y) 63.8
�60 y 13 (31)
Gender, female/male 21/20
Dominant side 23 (53)
ASA score
ASA 1 11 (27)
ASA 2 27 (66)
ASA 3 3 (7)

Diabetes 2 (5)
History of smoking 4 (10)
Previous surgery 13 (30)
Isolated BLP tenotomy 4
BLP tenodesis 1
Acromioplasty þ tenotomy 3
Bankart 2
Latarjet intervention 3

Occupational characteristic 11 (27)
Nonmanual occupation 6
Manual occupation 2
Manual occupation, heavy duty 3

Physical activity prior to diagnosis 24 (56)
Diagnosis
Primary omarthrosis 37 (86)
Omarthrosis secondary to instability 4 (9)
Aseptic ON 2 (5)

Pridie 36 (84%)

BLP, biceps long portion; ON, osteonecrosis.

Table III
Preoperative, postoperative circular amplitudes, and gain in degrees or points ac-
cording to Constant’s Score (mean ± standard deviation).

Preoperative
(mean ± STD)

Postoperative
(mean ± STD)

Net gain
(mean ± STD)

P

AFE (�) 94 ± 24 162 ± 19 66 ± 29 <.001
ABD (�) 60 ± 21 151 ± 26 91 ± 33 <.001
ER (points/

10)
4 ± 2.5 9.5 ± 1 5 ± 2.5 <.001

IR (points/10) 3 ± 1.5 7.5 ± 2 4 ± 2 <.001

AFE, active forward elevation; ABD, abduction; ER, external rotation; IR, internal
rotation.
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statistics of values are shown in Fig. 5. Postoperative glenoids were
represented according to a color scale (Fig. 6) with the red zones
corresponding to the values higher than the 9th decile and the blue
zones to the values lower than the 1st decile. Areas where distances
were themost positive (in red) were located on the periphery of the
contact surface with the PyC head. Areas where distances were the
most negative (in blue) were located opposite to the humeral head.
Average distance was �0.3 ± 0.7 mm for patients < 60 years old
and �0.7 ± 0.9 mm for > 60 years old. This difference was not
significant (P ¼ .22). Patients who corrected their posterior sub-
luxation of the humeral head did not have a significantly greater
deformity than the others (0.3 ± 0.6 mm and �0.7 ± 0.9 mm,
P ¼ .53, respectively). Also, there was no difference according to
glenoid type (P ¼ .75) or SLI (P ¼ .6). Difference between patients
without anatomical prosthetic reconstruction and the others was
also not significant (P ¼ .92).

Discussion

This study reports short-term radio-clinical outcomes of
shoulder HAusing PyC implants at amean follow-up of 3 years with
an original 3D analysis of glenoid deformities. Results confirm a
reduction of pain and significant improvement of function with
excellent overall satisfaction and show a recentering tendency of
the prosthetic head in B and C glenoid. At the mean follow-up, the
Table II
Preoperative and postoperative scores, net gain (mean ± standard deviation).

Preoperative
(mean ± STD)

Postoperative
(mean ± STD)

Net gain
(mean ± STD)

P

Pain (points/15) 7.5 ± 2 13.5 ± 2 6 ± 3 <.001
Activity (points/20) 9 ± 2 19 ± 1 11 ± 2 <.001
Mobility (points/40) 15 ± 5 35 ± 4 20 ± 5 <.001
Strength (points/25) 2 ± 3 12 ± 7 10 ± 6 <.001
Gross Constant (points/100) 34 ± 7 80 ± 10 46 ± 10 <.001
Weighted Constant (%) 43 ± 9 107 ± 15 64 ± 15 <.001
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glenoid wear was less than 0.3 mm, and bone ingrowth was
sometimes observed, especially in cases of head recentering. Short-
term functional outcomes in our population seem to be equivalent
or even higher than those reported for TSA procedures, with amean
Constant Score of 80 ± 10 points.38 Only two previous surveys have
reported outcomes for these hemiarthroplasties12,22 In these
studies, the mean postoperative Constant Score was slightly lower
than ours (75 ± 17 points) at a shorter mean follow-up (26 ± 3
months). A meta-analysis11 reported outcomes of more than 1500
TSA procedures for primary osteoarthritis with a mean follow-up of
3.7 years, longer than that of our series. The mean Constant Score
was 70 points postoperatively. Another study44 reports outcomes of
HAs with metal in primary osteonecrosis or primary osteoarthritis
with a mean Constant Score of 64.4 ± 19 points, with a minimum of
2-year follow-up. In our study, the mean postoperative Constant
Score was 78.9 ± 10.3, even in the B and C glenoid groups, with no
inferior results compared to the A group. These good clinical results
appear to be better than those previously reported in available
literature36,37 and are encouraging for management of this glenoid
type. Postoperative range of motion in our series was excellent:
Anterior elevation 162 ± 19� and abduction 151 ± 26� (gain of
66 ± 29� et 91 ± 33�, respectively). These results are consistent with
other studies comparing the same prosthesis type,12,22 but superior
to meta-analyses of randomized trials analyzing results of HA vs.
TSA7 report a mean improvement in anterior elevation of 43� for
TSA and 31� for HA at 2-year follow-up.

However, studies included in this meta-analysis had more het-
erogeneous series than ours, which may explain this difference.
Subjectively, patients were very satisfied (88%) or satisfied (10%)
after surgery. Available studies report similar short-term satisfac-
tion rates for TSA and HA.9,38,44 In our series, only one patient was
not satisfied. The Constant Score was improved, rising from 25/100
preoperatively to 49.5/100 points postoperatively. Anterior eleva-
tion and abduction increased from 60� and 30� to 130� and 140�,
respectively. Despite this, the subjective result remained poor due
to a demanding patient who practiced bodybulding and had a
persistant supraspinatus tendinopathy. Our results are comparable
with those observed in TSA series. In a randomized trial 38

comparing HA vs. TSA, the Constant Score was 67.1 ± 19.6 points
in the HA group and 70.8 ± 17.2 points in the TSA group after 2-year
Table IV
Postoperative clinical results in patients with supraspinatus tendinopathy (Wil-
coxon test).

Values
(mean ± standard deviation)

P

Constant’s Score (/100) 66 ± 11 <.001
- Pain (/15) 11 ± 3 <.01
- Activity (/20) 8 ± 2 .002
- Mobility (/40) 31 ± 5 .06
- Strength (/25) 6 ± 4 .009

Weighted Constant’s Score (%) 93 ± 15 .02



Table V
Characteristics of patients who underwent radiological evaluation and of those excluded (OA¼ osteoarthritis), Mann-Whitney statistical test (gender, age, duration of follow-
up, Constant’s Score) and c2 test of independence (diagnosis).

Patients included in the
radiological study (n ¼ 24)

Patients not included in the
radiological study (n ¼ 17)

P

Male patients 10 10
Age (years, mean ± standard deviation) 62.9 ± 9.7 65.3 ± 6 .68
Follow-up (months, mean ± standard deviation) 35.8 ± 10.6 36.4 ± 12.7 .66
Preoperative Constant’s Score (points) 35 ± 7 33 ± 7 .63
Postoperative Constant’s Score (points) 80 ± 12 80 ± 9 .7
Diagnosis Primary OA Primary OA .42

- A1 ¼ 6 - A1 ¼ 6
- A2 ¼ 2 - A2 ¼ 2
- B1 ¼ 6 - B1 ¼ 1
- B2 ¼ 6 - B2 ¼ 5
- C ¼ 1 - C ¼ 2
Secondary OA Secondary OA
- ON ¼ 1 - ON ¼ 1
- post-instability ¼ 2 - post-instability ¼ 2
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follow-up. Difference between the two groups was not significant.
We can however notice in this series the inclusion of
post-traumatic osteoarthritis, usually showing lower results. Clin-
ical results are comparable if we only focus on primary
osteoarthritis.

Anatomical arthroplasties performed for fracture sequelae,
whether HA or TSA, show poorer results.6,41,55 We decided to
exclude this population from our study in order to keep a homo-
geneous population. Rate of return to work and sport was excellent,
suggesting that this type of prosthesis would be suitable for the
young and active population. No revisions were performed at the
last follow-up. Six patients presented supraspinatus tendinopathy,
which explains a significant decrease in the functional score. These
patients had an anatomical reconstruction of proximal humerus,
Figure 3 Individual on the left: preoperative ISL ¼ 0.63, postoperative ISL ¼ 0.50
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therefore overstuffing does not explain this symptom. We assume
that this complication is related to the preoperative quality of ro-
tator cuff tendons, in relation with specific terrain in those patients
(age, overuse). This complication of HA is known, but the rate in our
series was higher than values in literature. Other authors12,22 find
implant survival between 92 and 95.3% at 2-year follow-up.

Revisions were motivated by secondary rotator cuff tear or
persistent glenoid pain. In the literature, rate of rotator cuff ten-
dinopathy after metal HA ranges from 1 to 14%.1,18,25,38 These ten-
dinopathies are also known complications of TSA, with a
prevalence of 2%.63 For metal HA, implant survival rates are 90 to
96% at two years of follow-up.23,38 However, we know that the
revision rate of arthroplasty increases over time.54 After radiolog-
ical analysis, we found that 33.3% did not have optimal restoration
. Individual on the right: preoperative ISL ¼ 0.61, postoperative ISL ¼ 0.45.



Figure 4 Shifting of the prosthetic center of rotation vis-�a-vis the anatomic center of rotation (0, 0). x, mediolateral plane, y, cranio-caudal plane. Scale expressed in millimeters.

Figure 5 Box-plots showing the distances between the surfaces of the glenoids for each individual, preoperatively and postoperatively. Limits of the boxes ¼ 1st and 3rd quartiles.
Limits of the segments outside the boxes: maximum and minimum values. Dots ¼ outliers.
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Figure 6 3D reconstructions of the postoperative glenoids in the 24 individuals. Spatial representation of the distances between the surface of postoperative glenoids compared to
preoperative glenoids. The blue color corresponds to values below the first quartile (most negative distances ¼ loss of substance). The red color corresponds to values above the
third quartile (most positive distances ¼ substance gain).
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of proximal humerus anatomy. When deflected, center of rotation
was medialized in all cases. This medialization may lead to “over-
stuffing” the joint, a source of complications such as glenoid erosion
or rotator cuff tears. However, a majority of these deviations were
moderate and none had clinical consequences. Other studies,2,12

which had also compared the quality of humeral reconstructions
of anatomical arthroplasties, found similar rates of deviation from
the center of rotation (31.2% and 28%). Our main finding is the
anteroposterior refocusing of the humeral head. Among the 15
2483
patients with posterior subluxation of the humeral head, 11 cor-
rected their ISL at the last follow-up and no reaming of the glenoid
was performed. This was also observed by Garret et al,22 who
formulated two hypotheses formulated: PyC humeral cap allows
the restoration of an anteroposterior translational movement, in
particular, due to its surface chemical properties, with absorption of
phospholipids forming a lubricating layer21,59; as an alternate
explanation, PyC implant may induce a bone remodeling of the
paleoglenoid, which has a lower density compared to the
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neoglenoid.33 Both effects can probably be combined to explain this
remodeling.

Until now, most publications studying glenoid erosion in HA
used a subjective scale ranging from grade 1 to 4 (no erosion, mild,
moderate, severe erosion),58 read on plain radiographs. Themethod
presented by Parsons et al46 is an objective measurement using a
3Dmodeling pen on frontal radiographs. However, even if the X-ray
images had strict quality criteria, it remains less precise than CT
scan. Merolla et al42 proposed a two-dimensional glenoid erosion
scanographic measurement method allowing to measure joint
space on the middle of the glenoid cut. This method does not
provide an overall analysis of the glenoid surface. In addition, the
preoperative joint spacewas notmeasured in order to highlight any
narrowing. All these methods only allow a subjective interpreta-
tion, based on a qualitative evaluation, without taking into account
the complex 3D structure of the glenoid. The method used in our
study is a direct, objective, and precise measurement. This is an
original method which, to our knowledge, has never been used in
the field of orthopedics. It makes it possible to highlight modifi-
cations of the glenoid surface in a much finer way than an X-ray
analysis. Precision of values should be evaluated considering the
precision of the scanner (vertical resolution 650 mm, horizontal
resolution 390 mm) and the registration of objects (200 to 300 mm).
Segmentation also creates noise ie, not quantifiable. Selection of
glenoid surface to be analyzed was done manually for two reasons.
There is no standardized method for selecting the glenoid because
of interindividual morphological variability that makes it difficult
to use a reproducible technique.33 Besides, the manual selection
allows to cancel metallic artefacts. In order not to minimize a
possible loss of material by taking into account zones with very
positive distances, artefactual regions were not selected for analysis
of the glenoid deformation surface.

However, in our study, analysis is limited by several factors.
First, some glenoids presented cysts in their 3D reconstruction,
thereby limiting and strongly affecting the calculation of volumes.
Secondly, errors induced to obtain our 3D glenoids introduced vi-
sual noise in the reconstructions (possibly due to scanner resolu-
tion, segmentation, or registration). These noises, although tiny on
a small scale, accumulated and ultimately modified the apparent
volume of these objects. The main limitation of our study is the
absence of a control group. Indeed, we were not able to conduct a
direct comparisonwith patients treated with metal HA. In addition,
this is a monocentric, retrospective study, and measurements were
performed by a single observer (different from the operator, how-
ever). While results are encouraging, no conclusion on long-term
efficacy can be drawn, and it is known that the clinical and radio-
logical results of HA deteriorate over time for metallic implants.7

We can however notice that the metallic implant surface worsens
with time, unlike the PYC. Patient follow-up should be continued to
confirm our results.

Strengths of our study reside in the homogeneity of the study
group (osteoarthritis following fractures having been excluded)
and the fact that all interventions were carried out by a single
operator. PyC HA allows, at 3 years mean follow-up, pain relief,
recovery of shoulder function, and return to professional and
physical activities, regardless of age and type of glenoid. These
functional outcomes are comparable to those of short-term TSA.
The development of a precise and objective measurement method
allowed to demonstrate that glenoid surface modifications did not
reflect a simple erosion but may be part of bone remodeling with
bone ingrowth zone. Moreover, we do not find increased erosion in
patients with the longest follow-up period. Finally, we found a
trend toward a recentering of the humeral cap in the ante-
roposterior plane, without increased erosion of the glenoid, asso-
ciated with very good clinical outcomes in B and C glenoid.
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Conclusion

PyC HA implants provide excellent short-term clinical results,
without major erosion of the glenoid. They could be a solution in
currently challenging cases (young, retroverted glenoids, and pos-
terior subluxation of the head). Medium- and long-term follow-up
is necessary to confirm these results.

Disclaimers:

Funding: This study was not supported by any grants, nor were
outside sources of funds used in data collection, data analysis, or
the preparation or editing of this manuscript.
Conflicts of interest: Gravier R. is an educational consultant for
Stryker, which is related to the subject of this work, but no financial
support has been given to this study. The other authors, their im-
mediate families, and any research foundationswithwhich they are
affiliated have not received any financial payments or other bene-
fits from any commercial entity related to the subject of this article.
References

1. Aldinger PR, Raiss P, Rickert M, Loew M. Complications in shoulder arthro-
plasty: an analysis of 485 cases. Int Orthop 2010;34:517-24. https://doi.org/
10.1007/s00264-009-0780-7.

2. Alolabi B, Youderian AR, Napolitano L, Szerlip BW, Evans PJ, Nowinski RJ, et al.
Radiographic assessment of prosthetic humeral head size after anatomic
shoulder arthroplasty. J Shoulder Elbow Surg 2014;23:1740-6. https://doi.org/
10.1016/j.jse.2014.02.013.

3. Bartelt R, Sperling JW, Schleck CD, Cofield RH. Shoulder arthroplasty in patients
aged fifty-five years or younger with osteoarthritis. J Shoulder Elbow Surg
2011;20:123-30. https://doi.org/10.1016/j.jse.2010.05.006.

4. Bercik MJ, Kruse K, Yalizis M, Gauci M-O, Chaoui J, Walch G. A modification to
the Walch classification of the glenoid in primary glenohumeral osteoarthritis
using three-dimensional imaging. J Shoulder Elbow Surg 2016;25:1601-6.
https://doi.org/10.1016/j.jse.2016.03.010.

5. Besl PJ, McKay ND. A method for registration of 3-D shapes. IEEE Trans Pattern
Anal Mach Intell 1992;14:239-56.

6. Boileau P, Trojani C, Walch G, Krishnan SG, Romeo A, Sinnerton R. Shoulder
arthroplasty for the treatment of the sequelae of fractures of the proximal
humerus. J Shoulder Elbow Surg 2001;10:299-308.

7. Bryant D, Litchfield R, Sandow M, Gartsman GM, Guyatt G, Kirkley A.
A comparison of pain, strength, range of motion, and functional outcomes after
hemiarthroplasty and total shoulder arthroplasty in patients with osteoar-
thritis of the shoulder. A systematic review and meta-analysis. J Bone Joint Surg
Am 2005;87:1947-56. https://doi.org/10.2106/JBJS.D.02854.

8. Bryce CD, Pennypacker JL, Kulkarni N, Paul EM, Hollenbeak CS, Mosher TJ, et al.
Validation of three-dimensional models of in situ scapulae. J Shoulder Elbow
Surg 2008;17:825-32. https://doi.org/10.1016/j.jse.2008.01.141.

9. Burroughs PL, Gearen PF, Petty WR, Wright TW. Shoulder arthroplasty in the
young patient. J Arthroplasty 2003;18:792-8. https://doi.org/10.1016/s0883-
5403(03)00253-5.

10. Carroll RM, Izquierdo R, Vazquez M, Blaine TA, Levine WN, Bigliani LU. Con-
version of painful hemiarthroplasty to total shoulder arthroplasty: long-term
results. J Shoulder Elbow Surg 2004;13:599-603. https://doi.org/10.1016/
j.jse.2004.03.016.

11. Carter MJ, Mikuls TR, Nayak S, Fehringer EV, Michaud K. Impact of total
shoulder arthroplasty on generic and shoulder-specific health-related quality-
of-life measures: a systematic literature review and meta-analysis. J Bone Joint
Surg Am 2012;94:e127. https://doi.org/10.2106/JBJS.K.00204.

12. Cointat C, Raynier JL, Vasseur H, Lareyre F, Raffort J, Gauci MO, et al. Short-term
outcomes and survival of pyrocarbon hemiarthroplasty in the young arthritic
shoulder. J Shoulder Elbow Surg 2022;31:113-22. https://doi.org/10.1016/
j.jse.2021.06.002.

13. Constant CR, Murley AH. A clinical method of functional assessment of the
shoulder. Clin Orthop Relat Res 1987:160-4.

14. Day JS, Lau E, Ong KL, Williams GR, Ramsey ML, Kurtz SM. Prevalence and
projections of total shoulder and elbow arthroplasty in the United States to
2015. J Shoulder Elbow Surg 2010;19:1115-20. https://doi.org/10.1016/
j.jse.2010.02.009.

15. Denard PJ, Raiss P, Sowa B, Walch G. Mid- to long-term follow-up of total
shoulder arthroplasty using a keeled glenoid in young adults with primary
glenohumeral arthritis. J Shoulder Elbow Surg 2013;22:894-900. https://
doi.org/10.1016/j.jse.2012.09.016.

16. Dillon MT, Inacio MCS, Burke MF, Navarro RA, Yian EH. Shoulder arthroplasty in
patients 59 years of age and younger. J Shoulder Elbow Surg 2013;22:1338-44.
https://doi.org/10.1016/j.jse.2013.01.029.

https://doi.org/10.1007/s00264-009-0780-7
https://doi.org/10.1007/s00264-009-0780-7
https://doi.org/10.1016/j.jse.2014.02.013
https://doi.org/10.1016/j.jse.2014.02.013
https://doi.org/10.1016/j.jse.2010.05.006
https://doi.org/10.1016/j.jse.2016.03.010
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref5
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref5
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref6
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref6
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref6
https://doi.org/10.2106/JBJS.D.02854
https://doi.org/10.1016/j.jse.2008.01.141
https://doi.org/10.1016/s0883-5403(03)00253-5
https://doi.org/10.1016/s0883-5403(03)00253-5
https://doi.org/10.1016/j.jse.2004.03.016
https://doi.org/10.1016/j.jse.2004.03.016
https://doi.org/10.2106/JBJS.K.00204
https://doi.org/10.1016/j.jse.2021.06.002
https://doi.org/10.1016/j.jse.2021.06.002
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref13
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref13
https://doi.org/10.1016/j.jse.2010.02.009
https://doi.org/10.1016/j.jse.2010.02.009
https://doi.org/10.1016/j.jse.2012.09.016
https://doi.org/10.1016/j.jse.2012.09.016
https://doi.org/10.1016/j.jse.2013.01.029


P. Mathon, M. Chivot, A. Galland et al. JSES International 7 (2023) 2476e2485
17. Donohue KW, Ricchetti ET, Iannotti JP. Surgical management of the biconcave
(B2) glenoid. Curr Rev Musculoskelet Med 2016;9:30-9. https://doi.org/
10.1007/s12178-016-9315-1.

18. Edwards TB, Kadakia NR, Boulahia A, Kempf J-F, Boileau P, N�emoz C, et al.
A comparison of hemiarthroplasty and total shoulder arthroplasty in the
treatment of primary glenohumeral osteoarthritis: results of a multicenter
study. J Shoulder Elbow Surg 2003;12:207-13. https://doi.org/10.1016/s1058-
2746(02)86804-5.

19. Essilfie AA, Gamradt SC. The role for shoulder hemiarthroplasty in the young,
active patient. Clin Sports Med 2018;37:527-35. https://doi.org/10.1016/
j.csm.2018.05.004.

20. Feng L, Andrade JD. Protein adsorption on low temperature isotropic carbon: V.
How is it related to its blood compatibility? J Biomater Sci Polym Ed 1995;7:
439-52.

21. Gale LR, Coller R, Hargreaves DJ, Hills BA, Crawford R. The role of SAPL as a
boundary lubricant in prosthetic joints. Tribol Int 2007;40:601-6. https://
doi.org/10.1016/j.triboint.2005.11.006.

22. Garret J, Harly E, Le Huec J-C, Brunner U, Rotini R, Goden�eche A. Pyrolytic
carbon humeral head in hemi-shoulder arthroplasty: preliminary results at 2-
year follow-up. JSES Open Access 2019;3:37-42. https://doi.org/10.1016/
j.jses.2018.09.002.

23. Gartsman GM, Roddey TS, Hammerman SM. Shoulder arthroplasty with or
without resurfacing of the glenoid in patients who have osteoarthritis. J Bone
Joint Surg Am 2000;82:26-34.

24. Gauci MO, Bonnevialle N, Moineau G, Baba M, Walch G, Boileau P. Anatomical
total shoulder arthroplasty in young patients with osteoarthritis: all-
polyethylene versus metal-backed glenoid. Bone Joint Lett J 2018;100-B:485-
92. https://doi.org/10.1302/0301-620X.100B4.BJJ-2017-0495.R2.

25. Gonzalez J-F, Alami GB, Baque F, Walch G, Boileau P. Complications of un-
constrained shoulder prostheses. J Shoulder Elbow Surg 2011;20:666-82.
https://doi.org/10.1016/j.jse.2010.11.017.

26. Hannoun A, Ouenzerfi G, Brizuela L, Mebarek S, Bougault C, Hassler M, et al.
Pyrocarbon versus cobalt-chromium in the context of spherical interposition
implants: an in vitro study on cultured chondrocytes. Eur Cell Mater 2019;37:
1-15. https://doi.org/10.22203/eCM.v037a01.

27. Hassler M. Chapter 3: other commonly used biomedical coatings: pyrolytic
carbon coatings - Coatings for Biomedical Applications [Book] [Internet] [cited
2022 Dec 1]; Available from: https://www.oreilly.com/library/view/coatings-
for-biomedical/9781845695682/xhtml/B9781845695682500035.htm.

28. Ho JC, Sabesan VJ, Iannotti JP. Glenoid component retroversion is associated
with osteolysis. J Bone Joint Surg Am 2013;95:e82. https://doi.org/10.2106/
JBJS.L.00336.

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

30. Iannotti JP, Greeson C, Downing D, Sabesan V, Bryan JA. Effect of glenoid defor-
mity on glenoid component placement in primary shoulder arthroplasty.
J Shoulder Elbow Surg 2012;21:48-55. https://doi.org/10.1016/j.jse.2011.02.011.

31. Kidder JF, Rouleau DM, Pons-Villanueva J, Dynamidis S, DeFranco MJ, Walch G.
Humeral head posterior subluxation on CT scan: validation and comparison of
2 methods of measurement. Tech Shoulder Elbow Surg 2010;11:72-6. https://
doi.org/10.1097/BTE.0b013e3181e5d742.

32. Klawitter JJ, Patton J, More R, Peter N, Podnos E, Ross M. In vitro comparison of
wear characteristics of PyroCarbon and metal on bone: shoulder hemi-
arthroplasty. Shoulder Elbow 2020;12:11-22. https://doi.org/10.1177/
1758573218796837.

33. Knowles NK, Athwal GS, Keener JD, Ferreira LM. Regional bone density varia-
tions in osteoarthritic glenoids: a comparison of symmetric to asymmetric
(type B2) erosion patterns. J Shoulder Elbow Surg 2015;24:425-32. https://
doi.org/10.1016/j.jse.2014.07.004.

34. Kwon YW, Powell KA, Yum JK, Brems JJ, Iannotti JP. Use of three-dimensional
computed tomography for the analysis of the glenoid anatomy. J Shoulder
Elbow Surg 2005;14:85-90. https://doi.org/10.1016/j.jse.2004.04.011.

35. Lamas C, Castellanos J, Proubasta I, Dominguez E. Comminuted radial head
fractures treated with pyrocarbon prosthetic replacement. Hand (N Y) 2011;6:
27-33. https://doi.org/10.1007/s11552-010-9282-8.

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

37. Levine WN, Fischer CR, Nguyen D, Flatow EL, Ahmad CS, Bigliani LU. Long-term
follow-up of shoulder hemiarthroplasty for glenohumeral osteoarthritis. J Bone
Joint Surg Am 2012;94:e164. https://doi.org/10.2106/JBJS.K.00603.

38. Lo IKY, Litchfield RB, Griffin S, Faber K, Patterson SD, Kirkley A. Quality-of-life
outcome following hemiarthroplasty or total shoulder arthroplasty in patients
with osteoarthritis. A prospective, randomized trial. J Bone Joint Surg Am
2005;87:2178-85. https://doi.org/10.2106/JBJS.D.02198.

39. Luedke C, Kissenberth MJ, Tolan SJ, Hawkins RJ, Tokish JM. Outcomes of
anatomic total shoulder arthroplasty with B2 glenoids: a systematic review.
JBJS Rev 2018;6:e7. https://doi.org/10.2106/JBJS.RVW.17.00112.
2485
40. Ma L, Sines G. Fatigue of isotropic pyrolytic carbon used in mechanical heart
valves. J Heart Valve Dis 1996;5:S59-64.

41. Mansat P, Guity MR, Bellumore Y, Mansat M. Shoulder arthroplasty for late
sequelae of proximal humeral fractures. J Shoulder Elbow Surg 2004;13:305-
12. https://doi.org/10.1016/j.jse.2004.01.020.

42. 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.

43. Müller B, Kohn D. [Indication for and performance of articular cartilage drilling
using the Pridie method]. Orthop€a 1999;28:4-10.

44. Ohl X, N�erot C, Saddiki R, Dehoux E. Shoulder hemi arthroplasty radiological
and clinical outcomes at more than two years follow-up. Orthop Traumatol
Surg Res 2010;96:208-15. https://doi.org/10.1016/j.otsr.2010.01.001.

45. €Oztürk M, Cunningham G, Holzer N, Hoffmeyer P. Arthroplastie de l’�epaule : le
point en 2014. Rev Med Suisse 2014;10:2398-402.

46. Parsons IM, Millett PJ, Warner JJP. Glenoid wear after shoulder hemi-
arthroplasty: quantitative radiographic analysis. Clin Orthop Relat Res 2004:
120-5. https://doi.org/10.1097/01.blo.0000119249.61696.f1.

47. Pinkas D, Wiater B, Wiater JM. The glenoid component in anatomic shoulder
arthroplasty. J Am Acad Orthop Surg 2015;23:317-26. https://doi.org/10.5435/
JAAOS-D-13-00208.

48. Poumellec M-A, Camuzard O, Pequignot J-P, Dreant N. Adaptive proximal
Scaphoid implant: Indications and long-term results. J Wrist Surg 2019;8:344-
50. https://doi.org/10.1055/s-0039-1681034.

49. Ric�on FJ, S�anchez P, Lajara F, Gal�an A, Lozano JA, Guerado E. Result of a pyro-
carbon prosthesis after comminuted and unreconstructable radial head frac-
tures. J Shoulder Elbow Surg 2012;21:82-91. https://doi.org/10.1016/
j.jse.2011.01.032.

50. Ritchie RO, Dauskardt RH, Yu WK, Brendzel AM. Cyclic fatigue-crack propa-
gation, stress-corrosion, and fracture-toughness behavior in pyrolytic carbon-
coated graphite for prosthetic heart valve applications. J Biomed Mater Res
1990;24:189-206.

51. Rodosky MW, Bigliani LU. Indications for glenoid resurfacing in shoulder
arthroplasty. J Shoulder Elbow Surg 1996;5:231-48.

52. Rouleau DM, Kidder JF, Pons-Villanueva J, Dynamidis S, Defranco M, Walch G.
Glenoid version: how to measure it? Validity of different methods in two-
dimensional computed tomography scans. J Shoulder Elbow Surg 2010;19:
1230-7. https://doi.org/10.1016/j.jse.2010.01.027.

53. Sarris IK, Kyrkos MJ, Galanis NN, Papavasiliou KA, Sayegh FE, Kapetanos GA.
Radial head replacement with the MoPyC pyrocarbon prosthesis. J Shoulder
Elbow Surg 2012;21:1222-8. https://doi.org/10.1016/j.jse.2011.12.004.

54. Sayegh ET, Mascarenhas R, Chalmers PN, Cole BJ, Romeo AA, Verma NN. Sur-
gical treatment options for glenohumeral arthritis in young patients: a sys-
tematic review and meta-analysis. Arthroscopy 2015;31:1156-1166.e8.
https://doi.org/10.1016/j.arthro.2014.11.012.

55. Schoch BS, Barlow JD, Schleck C, Cofield RH, Sperling JW. Shoulder arthroplasty
for post-traumatic osteonecrosis of the humeral head. J Shoulder Elbow Surg
2016;25:406-12. https://doi.org/10.1016/j.jse.2015.08.041.

56. Sperling JW, Cofield RH. Revision total shoulder arthroplasty for the treatment
of glenoid arthrosis. J Bone Joint Surg Am 1998;80:860-7.

57. Sperling JW, Cofield RH, Rowland CM. Minimum fifteen-year follow-up of Neer
hemiarthroplasty and total shoulder arthroplasty in patients aged fifty years or
younger. J Shoulder Elbow Surg 2004;13:604-13. https://doi.org/10.1016/
S1058274604001296.

58. Sperling JW, Cofield RH, Schleck CD, Harmsen WS. Total shoulder arthroplasty
versus hemiarthroplasty for rheumatoid arthritis of the shoulder: results of
303 consecutive cases. J Shoulder Elbow Surg 2007;16:683-90. https://doi.org/
10.1016/j.jse.2007.02.135.

59. Vitale MA, Taylor F, Ross M, Moran SL. Trapezium prosthetic arthroplasty
(silicone, Artelon, metal, and pyrocarbon). Hand Clin 2013;29:37-55. https://
doi.org/10.1016/j.hcl.2012.08.020.

60. Walch G, Badet R, Boulahia A, Khoury A. Morphologic study of the glenoid in
primary glenohumeral osteoarthritis. J Arthroplasty 1999;14:756-60.

61. Walch G, Moraga C, Young A, Castellanos-Rosas J. Results of anatomic non-
constrained prosthesis in primary osteoarthritis with biconcave glenoid.
J Shoulder Elbow Surg 2012;21:1526-33. https://doi.org/10.1016/j.jse.
2011.11.030.

62. Walch G, Young AA, Boileau P, Loew M, Gazielly D, Mol�e D. Patterns of loos-
ening of polyethylene keeled glenoid components after shoulder arthroplasty
for primary osteoarthritis: results of a multicenter study with more than five
years of follow-up. J Bone Joint Surg Am 2012;94:145-50. https://doi.org/
10.2106/JBJS.J.00699.

63. Wirth MA, Rockwood CA. Complications of total shoulder-replacement
arthroplasty. J Bone Joint Surg Am 1996;78:603-16.

64. Youderian AR, Ricchetti ET, Drews M, Iannotti JP. Determination of humeral
head size in anatomic shoulder replacement for glenohumeral osteoarthritis.
J Shoulder Elbow Surg 2014;23:955-63. https://doi.org/10.1016/j.jse.2013.
09.005.

https://doi.org/10.1007/s12178-016-9315-1
https://doi.org/10.1007/s12178-016-9315-1
https://doi.org/10.1016/s1058-2746(02)86804-5
https://doi.org/10.1016/s1058-2746(02)86804-5
https://doi.org/10.1016/j.csm.2018.05.004
https://doi.org/10.1016/j.csm.2018.05.004
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref20
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref20
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref20
https://doi.org/10.1016/j.triboint.2005.11.006
https://doi.org/10.1016/j.triboint.2005.11.006
https://doi.org/10.1016/j.jses.2018.09.002
https://doi.org/10.1016/j.jses.2018.09.002
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref23
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref23
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref23
https://doi.org/10.1302/0301-620X.100B4.BJJ-2017-0495.R2
https://doi.org/10.1016/j.jse.2010.11.017
https://doi.org/10.22203/eCM.v037a01
https://www.oreilly.com/library/view/coatings-for-biomedical/9781845695682/xhtml/B9781845695682500035.htm
https://www.oreilly.com/library/view/coatings-for-biomedical/9781845695682/xhtml/B9781845695682500035.htm
https://doi.org/10.2106/JBJS.L.00336
https://doi.org/10.2106/JBJS.L.00336
https://doi.org/10.2106/00004623-200302000-00011
https://doi.org/10.1016/j.jse.2011.02.011
https://doi.org/10.1097/BTE.0b013e3181e5d742
https://doi.org/10.1097/BTE.0b013e3181e5d742
https://doi.org/10.1177/1758573218796837
https://doi.org/10.1177/1758573218796837
https://doi.org/10.1016/j.jse.2014.07.004
https://doi.org/10.1016/j.jse.2014.07.004
https://doi.org/10.1016/j.jse.2004.04.011
https://doi.org/10.1007/s11552-010-9282-8
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref36
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref36
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref36
https://doi.org/10.2106/JBJS.K.00603
https://doi.org/10.2106/JBJS.D.02198
https://doi.org/10.2106/JBJS.RVW.17.00112
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref40
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref40
https://doi.org/10.1016/j.jse.2004.01.020
https://doi.org/10.1016/j.jse.2017.06.038
https://doi.org/10.1016/j.jse.2017.06.038
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref43
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref43
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref43
https://doi.org/10.1016/j.otsr.2010.01.001
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref45
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref45
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref45
https://doi.org/10.1097/01.blo.0000119249.61696.f1
https://doi.org/10.5435/JAAOS-D-13-00208
https://doi.org/10.5435/JAAOS-D-13-00208
https://doi.org/10.1055/s-0039-1681034
https://doi.org/10.1016/j.jse.2011.01.032
https://doi.org/10.1016/j.jse.2011.01.032
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref50
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref50
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref50
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref50
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref51
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref51
https://doi.org/10.1016/j.jse.2010.01.027
https://doi.org/10.1016/j.jse.2011.12.004
https://doi.org/10.1016/j.arthro.2014.11.012
https://doi.org/10.1016/j.jse.2015.08.041
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref56
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref56
https://doi.org/10.1016/S1058274604001296
https://doi.org/10.1016/S1058274604001296
https://doi.org/10.1016/j.jse.2007.02.135
https://doi.org/10.1016/j.jse.2007.02.135
https://doi.org/10.1016/j.hcl.2012.08.020
https://doi.org/10.1016/j.hcl.2012.08.020
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref60
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref60
https://doi.org/10.1016/j.jse.2011.11.030
https://doi.org/10.1016/j.jse.2011.11.030
https://doi.org/10.2106/JBJS.J.00699
https://doi.org/10.2106/JBJS.J.00699
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref63
http://refhub.elsevier.com/S2666-6383(23)00176-7/sref63
https://doi.org/10.1016/j.jse.2013.09.005
https://doi.org/10.1016/j.jse.2013.09.005

	Pyrolytic carbon head shoulder arthroplasty: CT scan glenoid bone modeling assessment and clinical results at 3-year follow-up
	Materials and methods
	Study design
	Patient population
	Surgical technique
	Clinical and radiological assessment
	Postoperative rehabilitation
	Quality of humeral reconstruction and subluxation index
	3D tomodensitrometric analysis
	Data collection and statistical analysis

	Results
	Population
	Clinical outcomes
	Complications
	Radiological outcomes and subluxation index
	Humeral reconstruction outcomes
	3D analysis

	Discussion
	Conclusion
	Disclaimers
	References


